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Abstract

The specific concentrations of tetracycline, chlortetracycline, oxytetracycline and doxycycline in non-
target feed for food-producing animals, below which there would not be an effect on the emergence of,
and/or selection for, resistance in bacteria relevant for human and animal health, as well as the specific
antimicrobial concentrations in feed which have an effect in terms of growth promotion/increased yield
were assessed by EFSA in collaboration with EMA. Details of the methodology used for this assessment,
associated data gaps and uncertainties are presented in a separate document. To address antimicrobial
resistance, the Feed Antimicrobial Resistance Selection Concentration (FARSC) model developed
specifically for the assessment was applied. The FARSC for these four tetracyclines was estimated. To
address growth promotion, data from scientific publications obtained from an extensive literature
review were used. Levels in feed that showed to have an effect on growth promotion/increased yield
were reported for tetracycline, chlortetracycline, oxytetracycline, whilst for doxycycline no suitable data
for the assessment were available. Uncertainties and data gaps associated with the levels reported
were addressed. It was recommended to perform further studies to supply more diverse and complete
data related to the requirements for calculation of the FARSC for these antimicrobials.
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1. Introduction

The European Commission requested EFSA to assess, in collaboration with the European Medicines
Agency (EMA), (i) the specific concentrations of antimicrobials resulting from cross-contamination in
non-target feed for food-producing animals, below which there would not be an effect on the
emergence of, and/or selection for, resistance in microbial agents relevant for human and animal
health (term of reference 1, ToR1), and (ii) the levels of the antimicrobials which have a growth
promotion/increase yield effect (ToR2). The assessment was requested to be conducted for 24
antimicrobial active substances specified in the mandate.1

For the different substances (grouped by class if applicable)1, separate scientific opinions included
within the ‘Maximum levels of cross-contamination for 24 antimicrobial active substances in non-target
feed’ series (Scientific Opinions Part 2–Part 13, EFSA BIOHAZ Panel, 2021b–l – see also the Virtual
Issue; for practical reasons, they will be referred as ‘scientific opinion Part X’ throughout the current
document) were drafted. They present the results of the assessments performed to answer the
following questions: Assessment Question 1 (AQ1), which are the specific antimicrobial concentrations
in non-target feed below which there would not be emergence of, and/or selection for, resistance in
the large intestines/rumen, and AQ2: which are the specific antimicrobial concentrations in feed of
food-producing animals that have an effect in terms of growth promotion/increased yield. The
assessments were performed following the methodology described in Section 2 of the Scientific
Opinion ‘Part 1: Methodology, general data gaps and uncertainties’ (EFSA BIOHAZ Panel, 2021a, see
also the Virtual Issue). The present document reports the results of the assessment for the
tetracyclines: tetracycline, chlortetracycline, oxytetracycline, and doxycycline assessments.

1.1. Background and Terms of Reference as provided by the requestor

The background and ToRs provided by the European Commission for the present document are
reported in Section 1.1 of the Scientific Opinion “Part 1: Methodology, general data gaps and
uncertainties” (see also the Virtual Issue).

1.2. Interpretation of the Terms of Reference

The interpretation of the ToRs, to be followed for the assessment is in Section 1.2 of the Scientific
Opinion the Scientific Opinion ‘Part 1: Methodology, general data gaps and uncertainties’ (see also the
Virtual Issue).

1.3. Additional information

1.3.1. Short description of the class/substance

The tetracyclines are a class of antimicrobials first described in the late 1940s. Tetracycline,
chlortetracycline and oxytetracycline were among the first substances described within this class. They
are natural products of different Streptomyces spp. bacteria and are usually referred to as first-
generation tetracyclines. The second-generation tetracyclines (e.g. doxycycline) are mainly the
products of semisynthetic approaches with increased lipophilicity compared to the first-generation
tetracyclines. The third- (tigecycline) and fourth- (eravacycline, omadacycline) generation tetracyclines
are obtained from total synthesis and were specifically designed to overcome common mechanisms of
tetracycline resistance (Agwuh and MacGowan, 2006; Greer, 2006; Fuoco, 2012; Grossman, 2016).
Most tetracyclines target the ribosomal complex. Once inside the bacterial cell, they bind reversibly to
the 16S rRNA of 30S ribosomal subunit, blocking protein synthesis by preventing the accommodation
of incoming aminoacyl-tRNAs at the acceptor site (A-site) (Chopra and Roberts, 2001; Wilson, 2009).
These tetracyclines are bacteriostatic when administered at therapeutic concentrations (Nelson and
Levy, 2011). The most lipophilic tetracyclines have a bactericidal mechanism of action that relies on
membrane perturbation (Nelson and Levy, 2011).

The spectrum of activity and minimum inhibitory concentration (MIC) values of tetracycline,
chlortetracycline and oxytetracycline is similar (EMEA/CVMP, 1995). The third- and fourth-generation

1 Aminoglycosides: apramycin, paromomycin, neomycin, spectinomycin; Amprolium; Beta-lactams: amoxicillin, penicillin V;
Amphenicols: florfenicol, thiamphenicol; Lincosamides: lincomycin; Macrolides: tilmicosin, tylosin, tylvalosin; Pleuromutilins:
tiamulin, valnemulin; Sulfonamides; Polymyxins: colistin; Quinolones: flumequine, oxolinic acid; Tetracyclines: tetracycline,
chlortetracycline, oxytetracycline, doxycycline; Diaminopyrimidines: trimethoprim.
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products have higher activity (lower MIC). Tetracycline, chlortetracycline and oxytetracycline will be
addressed jointly in the framework of this scientific opinion. Conversely, doxycycline is analysed
separately due to its specific pharmacokinetics (PK) and antimicrobial activity.

1.3.2. Main use2

Tetracyclines are first-line drugs in food-producing animals, including aquatic animal species. They
are broad-spectrum antimicrobials, acting against Gram-positive and Gram-negative bacteria,
mycoplasma and several protozoans. The main indication for tetracycline in food-producing animals is
the treatment of respiratory infections in cattle (Pasteurella multocida, Mannheimia haemolytica,
Mycoplasma spp.), swine (Pasteurella multocida, Bordetella bronchiseptica, Actinobacillus
pleuropneumoniae, Mycoplasma spp.) and poultry (Pasteurella multocida, Mycoplasma gallisepticum,
Mycoplasma synoviae and secondary bacterial infections). Other treated infections include
chlamydiosis, Lawsonia proliferative enteropathy, rickettsiosis and salmonellosis (Agunos et al., 2013;
Gigu�ere et al., 2013; Riviere and Papich, 2017). Tetracycline, chlortetracycline and oxytetracycline are
commonly used notably as oral formulations (feed, water, oral doser, bolus medications) for all the
food-producing species in Europe, as well as intramammary, intrauterine (mainly bovine) and topical
applications.

Tetracycline is the representative molecule for first generation tetracyclines used in susceptibility
testing assays, because it is more stable than chlortetracycline and oxytetracycline molecules in culture
media.

The broad-spectrum, the low cost, the ease of administration per os and the general effectiveness
led to the first-generation tetracyclines being widely used in food-producing animals. However, they
had the drawback of rapid selection for, and emergence of (mainly) transferable resistance (Gigu�ere
et al., 2013; Riviere and Papich, 2017) in multiple pathogens and commensal organisms.

1.3.3. Main pharmacokinetic data

1.3.3.1. Main pharmacokinetic data for tetracycline, chlortetracycline and oxytetracycline

The bioavailability (i.e. the fraction of the antimicrobials absorbed from the digestive tract to the
plasma) of the tetracyclines tetracycline, chlortetracycline and oxytetracycline after oral administration
in non-fasted animals is generally very low.

The oral bioavailability of oxytetracycline in fed animals has been reported as 5% (Luthman and
Jacobsson, 1983) to 46% (in milk replacer) in calves (Schifferli et al., 1982), 3–5% in pigs (Decundo
et al., 2019), 3% in rainbow trout (Rogstad et al., 1991), 2% in Atlantic salmon (Elema et al., 1996),
6% in chickens (Zi�ołkowski et al., 2019) and 9% in turkeys (Dyer, 1989).

The oral bioavailability of chlortetracycline in non-fasted animals was reported as 37% in calves
(Luthman and Jacobsson, 1983), 6% (Nielsen and Gyrd-Hansen, 1996), 13% (Wanner et al., 1991),
18% (Kilroy et al., 1990) or 25% in pigs (Riviere and Papich, 2017), 1% (Riviere and Papich, 2017) to
18% in chicken (Anad�on et al., 2012) and 6% in turkeys (Pollet et al., 1985).

The oral bioavailability of tetracycline in fed animals ranged from 5% (Nielsen and Gyrd-Hansen,
1996) to 23% in pigs (Kniffen et al., 1989). In rabbits, the bioavailability was described as very low,
but no value was provided (Percy and Black, 1988).

These percentages of bioavailability can be reduced by complexation with multivalent cations that
precipitate with increasing pH, or by feed particles. In contrast, water and feed acidifiers improve the
release and absorption of tetracyclines from medicated feeds in pigs, without leading to high
bioavailability.

These results reveal a bioavailability ranging from 1% to 46% among animal species and suggest
that the remaining fraction of the dose in the digestive tract (from around 50% to 99%) would pass
through the distal part of the digestive tract, before being eliminated in faeces, and be available to
microorganisms after consumption of contaminated feed.

For the fraction of the antimicrobial absorbed (1–46% of the dose depending on the antimicrobial
and on the species), the elimination occurs mainly by glomerular filtration resulting in the excretion in
urine and finally in the environment. Tetracyclines can also be partly excreted in bile and are recycled

2 Antimicrobials are currently used in food-producing animal production for treatment, prevention and/or metaphylaxis of a
large number of infections, and also for growth promotion in non-EU countries. In the EU, in future, use of antimicrobials for
prophylaxis or for metaphylaxis is to be restricted as addressed by Regulation (EU) 2019/6 and use in medicated feed for
prophylaxis is to be prohibited under Regulation (EU) 2019/4.
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back to the intestinal tract (especially for the most lipid soluble antimicrobials), but this intestinal
elimination has, based on PK calculations, a very small influence on the already high intestinal
concentrations resulting from the low level of systemic absorption of most tetracyclines after oral
administration.

Chelation of tetracyclines by polyvalent metallic cations was described many years ago to explain
decreased bioavailability of the antimicrobial after oral administration. In man, the plasma
concentration obtained after the oral administration of 500 mg of tetracycline hydrochloride was 30%
lower when administered simultaneously with zinc sulfate (45 mg Zn2+) (Penttil€a et al., 1975), and,
similarly, the oxytetracycline plasma concentrations obtained after the administration of 500 mg
oxytetracycline to human subjects were 50–60% lower when administered simultaneously with ferrous
sulfate (200 mg) (Neuvonen et al., 1970). However, these results, although suggesting that chelates
are not absorbable, did not directly prove that bound tetracyclines remained inactive in the gut.

A recent study from Ahn et al. (2018) provided detailed information on the activity of tetracycline in
the human gut in the context of the determination of the microbiological acceptable daily intake
(mADI). This study demonstrated by means of in vitro experiments that, in human faecal slurries
proposed to be representative of colon content, only 41% of chelated tetracyclines would remain
active because of extensive binding. No information was provided regarding the molecules to which
tetracyclines were bound; therefore, there are uncertainties associated with extrapolating this finding
to animals, as the animal gut content may show different binding properties than human material and
may vary within groups of animals according to their age and diet.

For tetracycline, the optimal pH is around 6–7 (Maurin and Raoult, 2001) and, thus, the influence of
the pH at intestinal concentrations was not considered in the calculations of FARSC.

1.3.3.2. Main pharmacokinetic data for doxycycline

Doxycycline is a semi-synthetic derivative of oxytetracycline and is more lipophilic than first-
generation tetracyclines. There are several formulations containing doxycycline hyclate for food-
producing animals that can be mixed to feed or drinking water. Doxycycline is not intended for use in
dairy cows and laying hens, as no maximum residue limits (MRLs) are available (EMEA/CVMP, 1997).

The bioavailability of doxycycline after oral administration in fed animals is higher than
chlortetracycline and oxytetracycline but remains low in most animal species.

The average oral bioavailability of doxycycline has been reported as 70% in fed veal calves (Meijer
et al., 1993), 36% in fasted adult sheep (Castro et al., 2009), 21% in unfasted pigs (Baert et al.,
2000), 41% in fasted chickens (Anad�on et al., 1994), 25–63% in fasted turkeys (Santos et al., 1996),
6% after top dressing application in unfasted horses (Winther et al., 2011), 23.4% in tilapia (Yang
et al., 2014) and 43.8% in channel catfish (Xu et al., 2020).

These results suggest that 30–94% of the dose would pass through the digestive tract and be
available to microorganisms after consumption of contaminated feed. In a study of Peeters et al.
(2016), in which six pigs were administered with feed containing doxycycline with 3% carry-over
corresponding to 6.76 mg doxycycline/kg feed for 10 days, very high concentrations of doxycycline
ranging from 1 to 6 mg/kg were found in caeca and colonic digesta. The mean concentration in faeces
from day 4 to 10 was around 4 mg/kg faeces corresponding to 60% of the concentration in feed.

Doxycycline is distinguished from the other tetracyclines by its high rate of elimination through
secretion through the intestinal wall (Riviere and Papich, 2017). In pigs and cattle, doxycycline was
described as not transformed (Riond et al., 1989, Riond and Riviere, 1990). However, a report from
EMA suggested that doxycycline may be metabolised by up to 40% and be largely excreted in faeces
probably in a microbiologically inactive form (EMEA/CVMP, 1997). This assumption comes from an old
article on the disposition of doxycycline in humans and dogs (Schach Von Wittenau and Twomey,
1971) demonstrating that oral doxycycline was well absorbed from the digestive tract, while the
doxycycline excreted via intestines seemed not to be reabsorbed. They also observed that formic acid
was needed to recover doxycycline from faeces, suggesting that doxycycline could be conjugated or
included in a stable complex in faeces. The conclusion of the article was that the reasons for the
apparent unavailability of much of the doxycycline eliminated with faeces was not clear at that time
and we could not find other data published since then.

1.3.4. Main resistance mechanisms

Several mechanisms of tetracycline resistance have been described in bacteria, including increased
efflux, reduced uptake, ribosomal protection and enzymatic inactivation (Chopra and Roberts, 2001;
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Grossman, 2016). Tetracycline resistance can be mediated by acquisition of resistance genes and
upregulation and/or mutation of intrinsic genes (Grossman, 2016). Tetracycline resistance is
widespread in bacteria and has been described in at least 49 Gram-positive and 85 Gram-negative
genera (https://faculty.washington.edu/marilynr/). Increased tetracycline efflux may be mediated by
changes in the expression of intrinsic transcriptional activators and two-component systems and by
horizontal acquisition of genes, as described both in Gram-negative and in Gram-positive bacteria.
Various compounds including tetracyclines can modulate the expression of transcriptional regulators
and two-component systems leading not only to tetracycline resistance, but to a multidrug resistance
phenotype (Grossman, 2016). Regarding acquired genes, more than 30 genes carried on transposons
or plasmids have been described. Intracellular accumulation of tetracyclines can also be controlled by
reducing tetracycline uptake, which is a resistance mechanism described in association with modulation
of expression of intrinsic genes in Gram-negative bacteria (Grossman, 2016). Ribosomal protection
may be mediated by at least 14 genes and 11 mosaic genes, and such resistance has been described
both in Gram-positive and in Gram-negative species. Most ribosomal protection genes mediating
tetracycline resistance are carried on plasmids and a few have also been detected in the chromosome.
Recently, a gene conferring resistance to tetracyclines, phenicols and oxazolidinones was described
(Antonelli et al., 2018). Enzymatic inactivation may be mediated by at least 13 genes, which have been
described in Gram-negative bacteria and, for the majority, in uncultured bacteria. These genes have
been identified both in transposable elements, plasmids and in the chromosome, but for the majority
the genomic location remains unidentified. The possibility of also inactivating the fourth-generation
tetracyclines, as occurs with TetX, already described in several clinically relevant Gram-negative
bacteria is of special concern (Yang et al., 2004). Finally, a gene mediating tetracycline resistance by
an unknown mechanism has been described in Gram-positive bacteria, although its role in tetracycline
resistance is controversial (Caryl et al., 2012; Roberts and Schwarz, 2016). Notably, new tetracycline
resistance genes are continuously being discovered.

2. Data and methodologies

The data sources and methodology used for this opinion are described in a dedicated document,
the Scientific Opinion ‘Part 1: Methodology, general data gaps and uncertainties’ (see also the Virtual
Issue).

3. Assessment

3.1. Introduction

As indicated in the Scientific Opinion ‘Part 1: Methodology, general data gaps and uncertainties’
(see also the Virtual Issue), exposure to low concentrations of antimicrobials (including sub-minimum
inhibitory concentrations, Sub-MIC) may have different effects on bacterial antimicrobial resistance
evolution, properties of bacteria and in animal growth promotion. Some examples including emergence
of, and selection for, antimicrobial resistance, mutagenesis, virulence and/or horizontal gene transfer
(HGT), etc. for the antimicrobials under assessment are shown below.

3.1.1. Resistance development/spread due to sub-MIC concentrations of
tetracyclines including tetracycline, chlortetracycline, oxytetracycline and
doxycycline: examples

Several publications have demonstrated the development and selection of resistance to
tetracyclines due to the use of these antimicrobials at low concentrations, especially in animal feed.
Similarly, sub-MIC of tetracyclines may significantly increase the conjugation transfer frequency
(in vitro, in the animal gut and in moist/wet feed or the environment), which could also indirectly
cause an increase in tetracycline resistance. Finally, tetracyclines can also have effects on the virulence
properties of bacteria, which potentially could increase spread of resistant clones. A subset of several
relevant studies are briefly summarised below with regard to their main findings.

3.1.1.1. Effects of Sub-MIC concentrations on selection for resistance and mutagenesis

• In a competition experiment in defined laboratory growth medium between a tetracycline
susceptible and resistant (due to the presence of a Tn10 element) S. enterica, the minimal
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selective concentration (MSC) for tetracycline was determined to 15 lg/L, which is 100-fold
below the MIC of the susceptible strain (Gullberg et al., 2011).

• Tetracycline (0.01 mg/L) increased the relative abundance of tetracycline-resistant bacteria in
in vitro experiments representing biofilms of complex aquatic bacterial communities. In the
same study, it was shown that tetracycline (0.001 and 0.01 mg/L) selected for tet(A) and tet
(G). Furthermore, despite not affecting the overall taxonomic diversity, tetracycline (0.001 and
0.01 mg/L) had an effect on specific genera (Lundstr€om et al., 2016).

• Exposure of P. aeruginosa to 1/10 MIC of tetracycline resulted in selection for resistance in a
few hundred generations of serial passage (Chow et al., 2015).

• Tetracycline (1, 10 and 100 mg/L) administered via drinking water to human microbiota-
associated mice selected for several tetracycline-resistant bacteria including Gram-positive
anaerobes, Bacteroides fragilis, enterobacteria and enterococci, whereas it was not possible to
conclude on the effect of tetracycline on selection of resistant lactobacilli, bifidobacteria and
clostridia (Perrin-Guyomard et al., 2001).

• In in vitro experiments with a tetracycline susceptible (MIC = 4 lg/mL) E. coli strain, it was
shown that at tetracycline concentration between 0.0075 and 0.06 lg/mL, there was an
increase in bacterial counts as compared to the control without tetracycline (Migliore et al.,
2013). This is an example of hormesis, i.e. a biphasic dose–response relationship that occurs
when low concentrations of toxic agents elicit apparent improvements in growth.

• The effects of 0.15, 1.5, 15 and 150 mg/L of tetracycline, after 24 h and 40 days of exposure,
in 3% human faecal suspensions, collected from three individuals were investigated using
in vitro batch cultures. The evaluation of bacterial community changes at the genus level, from
control to tetracycline-treated faecal samples, suggested that tetracycline (of 0.15 mg/L or
above) under the conditions of the study could lead to slight differences in the composition of
the intestinal microbiota. Twenty-three resistance genes were screened, being four tet genes
(tetO, Q, W and X) major in control and tetracycline-dosed faecal samples. A variable or slight
increase of copy number of tet genes was identified and appeared to be related to tetracycline
treatment, inter-individual variability and duration of exposure (Jung et al., 2018).

• Benthic denitrification rates and bacterial communities were examined during continuous
exposure to tetracycline at 0.5, 20 and 10,000 lg/L for 2 weeks in flow-through reactors.
Denitrification rates were unaffected by exposure to tetracycline. In contrast, the bacterial
community composition changed significantly during exposure from subinhibitory (ng-lg/L) to
therapeutic (mg/L) concentrations (Roose-Amsaleg et al., 2013).

• Veal calves received therapeutic oral dosages of 1 g oxytetracycline, twice per day, during
5 days (referred to as oxytetracycline-high) or 100–200 lg per day during 7 weeks (referred to
as oxytetracycline-low), mimicking animal exposure to environmental contamination. The
temporal effects on the gut microbiota and antimicrobial resistance gene abundance were
analysed by metagenomic sequencing. Oxytetracycline-high had a transient effect, significantly
impacting gut microbiota composition between day 0 and day 2. Metagenomic sequence
analysis showed that six antimicrobial resistance genes representing three gene classes (tet
(M), floR and mel) were increased in relative abundance in the oxytetracycline-high group, but
no increase was seen in oxytetracycline-low (Keijser et al., 2019).

3.1.1.2. Effects of Sub-MIC concentrations on horizontal gene transfer and virulence

• Tetracycline (0.01 mg/L) increased horizontal transfer of resistance (including ampicillin,
chloramphenicol, ciprofloxacin, gentamicin, streptomycin and/or tetracycline resistance) from a
complex donor community (treated effluent from a sewage treatment plant) to a recipient
E. coli strain in in vitro experiments (Jutkina et al., 2016).

• Tetracycline (20 mg/L) increased the expression levels of genes involved in the conjugative
transfer of a trimethoprim, sulfonamide and tetracycline resistance plasmid from Aeromonas
hydrophila, which is expected to result in increased conjugation frequency in Aeromonas
hydrophila (Cantas et al., 2012).

• In in vivo experiments to study the transfer of Tn916 (a conjugative, tetracycline resistance
transposon) from E. faecalis, administration of tetracycline (5, 10 and 50 mg/L) to mice
resulted in significantly higher numbers of transconjugants (measured as colony forming unit
(CFU)/g of faeces) compared to the untreated controls. No significant difference in number of
transconjugants among the mice receiving 5, 10 or 50 mg/L of tetracycline was observed (Bahl
et al., 2004).
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• E. coli transconjugants acquiring a tetracycline resistance plasmids from an E. coli donor
increased significantly in the gut of mice administered 0.1 g/L of tetracycline in drinking water
as compared to the number of transconjugants in the gut of mice receiving 0, 0.01 or 0.2 g/L
of tetracycline. This was likely due to a selective advantage of the transconjugants as
colonisers in the presence of low but non-negligible amounts of tetracycline, which led the
authors to hypothesise that there is an optimal ‘window’ between the highest and the lowest
tetracycline doses tested that allows the establishment of transconjugants in the intestine
(Licht et al., 2003).

• Addition of tetracycline (0.01 g/L) in drinking water of chickens increased the transfer of
tetracycline resistance between chicken-origin E. coli in an in vivo chicken model (Hart et al.,
2006).

• Stimulation (40- to 2,300-fold) of transfer of conjugative transposon Tn916 in E. faecalis by
subinhibitory levels of several antimicrobials, including tetracycline and doxycycline. For
tetracycline, maximum transfer frequency at 20 mg/L and for doxycycline at 2 mg/L. However,
stimulatory effects start at 0.1 mg/L and 0.01 mg/L, respectively (Scornec et al., 2017).

• Up to 106-fold stimulation of transfer of conjugative transposon CTnDOT in Bacteroides at
1 mg/L of tetracycline (Whittle et al., 2002).

• Sub-MIC levels of doxycycline and oxytetracycline (1 mg/L) induced htpG gene (encodes a
virulence factor) in S. Typhimurium and increased virulence in mouse model (200 mg/L in
drinking water, in vivo concentration unknown) (Verbrugghe et al., 2016).

• Sub-MIC levels of tetracycline (1 mg/L) induced the T3SS in cytotoxic P. aeruginosa and thus,
enhanced the cytotoxic effect on macrophages (cell line) fourfold (Linares et al., 2006).

In summary, several different studies show that sub-MIC concentrations of tetracyclines in both
defined single species and complex microbial communities can have a number of effects, including
selection for de novo resistance, enrichment of pre-existing resistance, alterations in composition of
bacterial communities, increased horizontal gene transfer and increased bacterial virulence, all of which
could potentially contribute to an increase in both the number of resistance genes (fraction of bacteria
that are resistant) and the level of resistance (MIC value of the resistant cells) in a microbial
population. With regard to the concentrations of tetracyclines where the biological effects are
observed, the concentration for resistance enrichment and selection appears to be the lowest (0.001
and 0.015 mg/L depending on experimental set-up), whereas effects on horizontal gene transfer occur
in the 0.01–1 mg/L range and virulence effects are seen at even higher levels (mg/L).

3.2. ToR1. Estimation of the antimicrobial levels in non-target feed that
would not result in the selection of resistance: Feed Antimicrobial
Resistance Selection Concentration (FARSC)

3.2.1. Tetracycline, chlortetracycline and oxytetracycline FARSC determination

As explained in the Methodology Section (2.2.1.3) of the Scientific Opinion ‘Part 1: Methodology,
general data gaps and uncertainties’ (see also the Virtual Issue), the estimation of this value for these
three tetracyclines for different animal species followed a two-step approach as described below.

The first step was the calculation of the predicted minimal selective concentration (PMSC) for
tetracycline (representative of the other substances) as indicated in Table 1.

In this case, for tetracycline, resistance selection was performed in defined environments with a
single species (S. enterica var Typhimurium LT2). The minimal selective concentration (MSC)
determined from competition experiment between wild type (wt) and a tetA (tetracycline resistance)
mutant was 100-fold below MIC of wt (MICtest = 1.5 mg/L and MSCtest = 0.015 mg/L (Gullberg et al.,
2011). Accordingly, the ratio MICtest/MSCtest was 100 (Table 1).

The PMSC for tetracycline, calculated using the lowest MIC value available in the EUCAST MIC
distribution database (MIClowest), divided by the MICtest/MSCtest factor (as described in 2.2.3.2 of the
Scientific Opinion Part 1; see also the Virtual Issue), was 0.00016 mg/L (Table 1).
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From the PMSC, the FARSC (FARSCintestine and FARSCrumen) corresponding to the maximal
concentrations in feed were calculated for each species from the equations below (for details, see
Section 2.2.1.3.2 of the Scientific Opinion Part 1; see also the Virtual Issue) by including specific values
for tetracycline:

FARSCintestineðmg=kg feedÞ ¼ PMSC� daily faeces
ð1� IÞ � ð1� F þ F � GEÞ � daily feed intake

FARSCrumenðmg=kg feedÞ ¼ PMSC� volume of rumen
ð1� IÞ � daily feed intake

With daily faeces being the daily fresh faecal output in kg, I the inactive fraction, F the fraction
available, GE the fraction of the antimicrobial that is secreted back into the intestinal tract for
elimination, after initially being absorbed into the bloodstream, and daily feed intake being the daily
dry-matter feed intake expressed in kg.

A recent publication of Ahn et al. (2018) estimated that the binding of tetracyclines was
56.9 � 9.1% and 58.2 � 10.8% in 25% (w/v) human faecal slurries spiked with 0.15 and 1.5 lg/mL
tetracycline, respectively. Therefore, I for tetracyclines was set to 0.5. Due to the lack of information
for animal species and to the possibility that tetracycline chelates to intestinal contents, other
simulations were performed with I equal to 0.2 and 0.8.

From the publications cited above, F for tetracycline was set to 0.3 for young ruminants and 0.1 for
pigs, poultry, horses and rabbits. No value of F was found for adult ruminants and so, no FARSC was
provided for these species. Due to the large range of the bioavailability reported in the literature, other
additional simulations (named ‘scenario’ in Table 2) were performed with values ranging from 0.01 to
0.5 depending on the species. Since GE is multiplied by F, its influence would systematically be very
low when F is low. So, GE was set to 0.

The different selected values of F and I for the calculations of FARSC are summarised in Table 2.
There is no value for the bioavailability in adult ruminants, horses and rabbits. The first set of values
(scenario 1) corresponds to the average of published values, while scenario 2 corresponds to scenario
that would lead to lower FARSC and scenario 3 to scenario that would lead to higher FARSC. The
lowest FARSC (scenario 2) was obtained with lowest published values of I (lower inactivation of the
drug resulting in higher activity on bacteria) and lowest published values of F (lower absorption
resulting in more drug in the intestines). The estimated FARSCintestine values obtained with these three
different set of values (= scenario) for the parameters are reported in Table 3.

Table 1: Calculation of the tetracycline predicted minimal selective concentration (PMSC)

Antimicrobial
(all values in
mg/L)

MICtest MSCtest
MICtest/

MSCtest ratio
MIClowest

Predicted MSC (PMSC) for
most susceptible species

(MIClowest/MICtest/MSCtest)

Tetracycline 1.5
(S. enterica)

0.015
(S. enterica)

100 0.016 0.00016

MIC: minimum inhibitory concentration; MSC: minimal selective concentration; MSCtest: MSC experimentally determined;
MIClowest: lowest MIC data for tetracycline calculated based on data from the EUCAST database as described in Bengtsson-Palme
and Larsson (2016), see Methodology Section 2.2.1.3.1.1 in the Scientific Opinion Part 1). (EUCAST database https://mic.eucast.
org/search/ last accessed 15 May 2021). NA: not available.
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The values of FARSCintestine, for the species with available data, ranged in the scenario 1 using
averaged published values from 0.22 9 10�3 mg/kg feed in turkeys for fattening to 0.57 9 10�3 mg/kg
feed in veal calves. From other simulations (scenario 2 and scenario 3) made with a wider range of values
for the data used in the calculation, FARSC could range from 0.13 9 10�3 mg to 0.62 9 10�3 mg /kg
feed for turkeys for fattening and from 0.26 9 10�3 mg to 2 9 10�3 mg/kg feed in veal calves. In
general, for the different animal species, it ranged from 0.13 to 2.00 9 10�3 mg/kg feed.

Table 2: Predicted minimal selective concentration (PMSC) and pharmacokinetic (PK) values used
for the calculation of Feed Antimicrobial Resistance Selection Concentration (FARSCintestine)
of tetracycline for the different animal species

Tetracycline data Scenario #1 Scenario #2 Scenario #3

PMSC (mg/L) 0.00016

Inactive fraction (I) 0.5 0.2 0.8
Bioavailability (F) veal calves 0.3 0.05 0.5

Bioavailability (F) pig 0.1 0.03 0.25
Bioavailability (F) poultry 0.1 0.01 0.2

Bioavailability (F) salmon 0.02 0.02 0.02

Gastrointestinal elimination (GE) 0 0 0

PMSC: Predicted minimal selective concentration (PMSC). Inactive fraction (I) is the fraction of antimicrobial that would not have
any activity on bacteria. Bioavailability (F) is the fraction of antimicrobial that is absorbed from the digestive tract to the blood.
The fraction remaining in the digestive tract and that could be available for the bacteria is equal to (1 – F). Gastrointestinal
elimination (GE) is the fraction of the antimicrobial that is secreted back into the intestinal tract for elimination, after initially
being absorbed into the blood stream.

Table 3: The Feed Antimicrobial Resistance Selection Concentration of tetracycline (representing
chlortetracycline and oxytetracycline) corresponding to the maximum concentration of
residues in non-target feed that would not develop resistance in the large intestine
bacteria (FARSCintestine)

Animal
category(a)

Body
weight
(kg)(a)

Daily Feed
Intake (kg
DM/animal
per day)(a)

Daily output of
fresh faeces

(kg FM/animal
per day)(b)

FARSC
(3 10�3 mg

drug/kg feed)
Scenario 1

FARSC
(3 10�3 mg

drug/kg feed)
Scenario 2

FARSC
(3 10�3 mg

drug/kg feed)
Scenario 3

Sow lactating 175 5.28 7.7 0.52 0.30 1.56

Piglet
(weaned)

20 0.88 0.88 0.36 0.21 1.07

Pig for
fattening

60 2.2 2.64 0.43 0.25 1.28

Veal calf (milk
replacer)

100 1.89 2.36 0.57 0.26 2.00

Dairy cows 650 20 55.71 – – –

Cattle for
fattening

400 8 18.89 – – –

Goat (adult) 60 1.2 1.73 – – –

Sheep (adult) 60 1.2 1.47 – – –

Chicken for
fattening

2 0.158 0.133 0.30 0.17 0.84

Laying hen 2 0.106 0.16 0.54 0.30 1.51
Turkey for
fattening

3 0.176 0.109 0.22 0.13 0.62

Horse 400 8 8.33 – – –

Rabbit 2 0.1 0.053 – – –

Salmon 0.12 0.0021 0.00238 0.37 0.23 0.93

DM: dry matter: FM: faecal matter; FARSC: Feed Antimicrobial Resistance Selection Concentration.
(a): EFSA FEEDAP Panel (2017), as indicated in Section 2.1.1.3 of the Scientific Opinion Part 1.
(b): Estimated data, obtained as indicated in Section 2.1.1.3.1 of the Scientific Opinion Part 1.
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For the estimation of FARSCrumen, no data were available concerning the activity of tetracycline so, I
was set to 0. The estimated FARSCrumen values are reported in Table 4.

The values of FARSCrumen ranged, for the different species, from 0.72 to 2.40 9 10�3 mg /kg feed.

3.2.2. Doxycycline FARSC determination

The PMSC value used was the same as for all other tetracyclines (see Section 3.2.1).
From the PMSC, the FARSC was calculated for each species from the equations shown above (see

Section 3.2.1) by including specific values for doxycycline.
Due to the lack of information for the inactive fraction in the digestive tract, the I value was set to

0. However, since one old study suggested that the inactivation of doxycycline in the distal part of the
intestines could be high, other simulations were done with I set to 0.7.

From the publications cited above, F for doxycycline was set to 0.7 for calves, 0.3 for adult
ruminants, 0.2 for pigs, 0.06 for horses and 0.03 for rabbits. Due to the wider range of reported
individual bioavailability in the literature, other additional simulations were performed with F values
from 0 to 0.8 depending on the species.

Since the EMA reported that doxycycline was excreted in faeces, mostly in a microbiologically
inactive form, GE was set to 0.

The different values of the parameters used for the calculations are summarised in Table 5 and the
estimated FARSC values are reported in Table 6. There is no value for the bioavailability in rabbits. The
first set of values (scenario 1) corresponds to the average of published values while scenario 2
corresponds to scenario that would lead to lower FARSC and scenario 3 to scenario that would lead to
higher FARSC. The lowest FARSC (scenario 2) were obtained with lowest published values of I (lower
inactivation of the drug resulting in higher activity on bacteria) and lowest published values of F (lower
absorption resulting in more drug in the intestines). The estimated FARSCintestine values obtained with
these three different set of values (= scenario) for the parameters are reported in Table 6.

The values of FARSC, for the species with available data, ranged in the scenario 1 using averaged
published values from 0.17 9 10�3 mg/kg feed in turkeys for fattening to 0.67 9 10�3 mg/kg feed in
veal calves. From other simulations (scenario 2 and scenario 3) made with a wider range of values for

Table 4: The Feed Antimicrobial Resistance Selection Concentration of tetracycline (representing
chlortetracycline and oxytetracycline) corresponding to the maximum concentration of
tetracycline residues in non-target feed that would not develop resistance in the rumen
bacteria (FARSCrumen)

Animal
category(a)

Body
weight
(kg)(a)

Daily Feed Intake
(kg DM/animal per day)(a)

Volume of
rumen

content (L)(b)
FARSCrumen

(3 10�3 mg drug/kg feed)

Dairy cows 650 20 90–180 0.72–1.44

Cattle for fattening 400 8 60–120 1.20–2.40

Sheep/Goat 60 1.2 9–18 1.20–2.40

DM: dry matter; FARSC: Feed Antimicrobial Resistance Selection Concentration.
(a): EFSA FEEDAP Panel (2017), as indicated in Section 2.1.1.3 of the Scientific Opinion Part 1.
(b): Source of data indicated in Section 2.1.1.3 of the Scientific Opinion Part 1.

Table 5: Predicted minimal selective concentration (PMSC) and pharmacokinetic (PK) values used
for the calculation of Feed Antimicrobial Resistance Selection Concentration (FARSC) of
doxycycline (DOX) for the different animal species

Doxycycline data Scenario #1 Scenario #2 Scenario #3

PMSC (mg/L) 0.00016

Inactive fraction (I) 0 0 0.7
Bioavailability (F) veal calves 0.7 0.5 0.8

Bioavailability (F) adult ruminant 0.3 0.1 0.5
Bioavailability (F) pig 0.2 0.05 0.4

Bioavailability (F) poultry 0.4 0.2 0.6
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the data used in the calculation, FARSC could range from 0.12 to 0.83 9 10�3 mg/kg feed for turkeys
for fattening and from 0.40 to 3.33 9 10�3 mg/kg feed in veal calves. In general, for the different
animal species, it ranged from 0.12 to 3.33 9 10�3 mg/kg feed.

The estimation of FARSCrumen for doxycycline was identical as FARSCrumen for tetracycline since the
PMSC was the same and I was also set to 0 (absence of data). FARSCrumen values are shown in
Table 7.

Doxycycline data Scenario #1 Scenario #2 Scenario #3

Bioavailability (F) horse 0.06 0 0.15

Bioavailability (F) salmon 0.3 0.2 0.5

Gastrointestinal elimination (GE) 0 0 0

PMSC: predicted minimal selective concentration. Inactive fraction (I) is the fraction of antimicrobial that would not have any
activity on bacteria. Bioavailability (F) is the fraction of antimicrobial that is absorbed from the digestive tract to the blood. The
fraction remaining in the digestive tract and that could be available for the bacteria is equal to (1 – F). Gastrointestinal
elimination (GE) is the fraction of the antimicrobial that is secreted back into the intestinal tract for elimination, after initially
being absorbed into the bloodstream.

Table 6: The Feed Antimicrobial Resistance Selection Concentration of doxycycline corresponding to
the maximum concentration of doxycycline residues in non-target feed that would not
develop resistance in the large intestinal bacteria (FARSCintestine)

Animal
category(a)

Body
weight
(kg)(a)

Daily Feed
Intake (kg
DM/animal
per day)(a)

Daily output of
fresh faeces (kg
FM/animal per

day)(b)

FARSC
(3 10�3 mg

drug/kg feed)
Scenario 1

FARSC
(3 10�3 mg

drug/kg feed)
Scenario 2

FARSC
(3 10�3 mg

drug/kg feed)
Scenario 3

Sow lactating 175 5.28 7.7 0.29 0.25 1.30

Piglet
(weaned)

20 0.88 0.88 0.20 0.17 0.89

Pig for
fattening

60 2.2 2.64 0.24 0.20 1.07

Veal calf (milk
replacer)

100 1.89 2.36 0.67 0.40 3.33

Dairy cows 650 20 55.71 0.64 0.50 2.97

Cattle for
fattening

400 8 18.89 0.54 0.42 2.52

Goat (adult) 60 1.2 1.73 0.33 0.26 1.54

Sheep (adult) 60 1.2 1.47 0.28 0.22 1.31
Chicken for
fattening

2 0.158 0.133 0.22 0.17 1.12

Laying hen 2 0.106 0.16 0.40 0.30 2.01
Turkey for
fattening

3 0.176 0.109 0.17 0.12 0.83

Horse 400 8 8.33 0.18 0.17 0.65
Rabbit 2 0.1 0.053 – – –

Salmon 0.12 0.0021 0.00238 0.26 0.23 1.21

DM: dry matter; FM: faecal matter; FARSC: Feed Antimicrobial Resistance Selection Concentration.
(a): EFSA FEEDAP Panel (2017), as indicated in Section 2.1.1.3 of the Scientific Opinion Part 1.
(b): Estimated data, obtained as indicated in Section 2.1.1.3.1 of the Scientific Opinion Part 1.
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The values of FARSCrumen ranged, for the different species, from 0.72 9 10-3 to 2.40 9 10-3 mg/kg
feed.

3.2.3. Associated data gaps and uncertainties

With regard to the uncertainties and data gaps described in the Scientific Opinion Part 1
(Sections 3.1 and 3.3; see also the Virtual Issue), we identified the following for the tetracyclines
under assessment:

i) MSC data: data for MSCs are only available for tetracycline for S. enterica (Gullberg et al.,
2011) but not for other tetracyclines.

ii) Extrapolation from one antimicrobial to another within an antimicrobial class: we suggest that
this uncertainty is limited with the reasonable assumption that MSCs are similar if the
different antimicrobials within a class share similar MICs, mechanism of action and resistance
mechanisms. The PK properties are also very similar for tetracycline, chlortetracycline and
oxytetracycline within animal species/categories and thus FARSC calculations for tetracycline
were extrapolated to the other two substances. For doxycycline, only the same MSC values
as those from tetracycline were used.

iii) Impact of complexity on determined MSCs: no data determining the community effect on the
MSC of chlortetracycline, oxytetracycline or doxycycline. For tetracycline, a single study shows
that tetracycline may have a reduced MSC in the presence of a microbial community (Lundstr€om
et al., 2016) as compared to a competition experiment in defined laboratory growth medium
(Gullberg et al., 2011). Those data suggest that the MSCs differ by 15-fold between
communities and single species. Thus, for tetracycline the MSC is reported to be 15-fold lower in
the community compared to the defined single species set-up (1 lg/L vs 15 lg/L) (Gullberg
et al., 2011; Lundstr€om et al., 2016). The conservative estimate would therefore be the
community MSC value (1 lg/L).

iv) Inactive fraction: no data available for tetracycline and doxycycline in the rumen and the
estimations were obtained with a value of 0 for the inactive fraction. As the chemical
properties of doxycycline and other tetracyclines are different, the obtained values for the
inactive fraction of tetracyclines in human faecal slurries were not applied for doxycycline.
One publication on the disposition of doxycycline in dogs and humans in 1971 suggested that
doxycycline could be inactivated in large intestines without any quantitative data.

v) Bioavailability: the bioavailability for tetracycline, chlortetracycline and oxytetracycline were
considered as similar for a given species. No data was found for adult ruminants, horses and
rabbits and no calculation of FARSC in large intestines were done for these species. For
doxycycline, the value for adult sheep was applied to other adult ruminants. The value for
tilapia and channel catfish was applied to Atlantic salmon. No data were found for rabbits
and no calculation of FARSC were done for this species.

vi) Intestinal elimination: no data found for tetracycline. For doxycycline, the EMA reported that
the drug is excreted in faeces mostly in microbiologically inactive form. So, the GE was set 0.

A detailed analysis of the associated uncertainties for tetracyclines is included in Appendix A (Table A.1)
of this document, and in Section 3.3. of the Scientific Opinion Part 1 (see also the Virtual Issue).

Table 7: The Feed Antimicrobial Resistance Selection Concentration of doxycycline corresponding to
the maximum concentration of doxycycline residues in non-target feed that would not
develop resistance in the rumen bacteria (FARSCrumen)

Animal
category(a)

Body
weight (kg)(a)

Daily Feed Intake
(kg DM/animal

per day)(a)

Volume of
rumen

content (L)(b)
FARSC

(3 10�3 mg drug/kg feed)

Dairy cows 650 20 90–180 0.72–1.44

Cattle for fattening 400 8 60–120 1.20–2.40

Sheep/Goat 60 1.2 9–18 1.20–2.40

DM: dry matter; FARSC: Feed Antimicrobial Resistance Selection Concentration.
(a): EFSA FEEDAP Panel (2017), as indicated in Section 2.1.1.3 of the Scientific Opinion Part 1.
(b): Source of data indicated in Section 2.1.1.3 of the Scientific Opinion Part 1.
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3.2.4. Concluding remarks

The FARSC for chlortetracycline, oxytetracycline and tetracycline (for large intestine and/or
rumen in the case of adult ruminants after weaning) ranges, for the different animal species, from
0.13 to 2.4 9 10�3 mg/kg feed. No FARSC was determined for horses and rabbits.

–[0.30–1.56] 9 10�3 mg/kg feed for lactating sows
–[0.21–1.07] 9 10�3 mg/kg feed for piglets
–[0.25–1.28] 9 10�3 mg/kg feed for pigs for fattening
–[0.26–2.00] 9 10�3 mg/kg feed for veal calves
–[0.72–1.44] 9 10�3 mg/kg feed for dairy cows (FARSCrumen, no FARSCintestine was determined)
–[1.20–2.40] 9 10�3 mg/kg feed for cattle for fattening, adult sheep and goats (FARSCrumen, no
FARSCintestine was determined)

–[0.17–0.84] 9 10�3 mg/kg feed for chickens for fattening
–[0.30–1.51] 9 10�3 mg/kg feed for laying hens
–[0.13–0.62] 9 10�3 mg/kg feed for turkeys for fattening
–[0.23–0.93] 9 10�3 mg/kg feed for salmons

The values for dairy cows, cattle for fattening, sheep and goats only correspond to FARSCrumen,
because the absence of data on bioavailability for ruminants after weaning prevents the calculation of
FARSCinstestine.

The FARSC for doxycycline ranges, for the different species, from 0.12 to 3.33 lg/kg feed. No
FARSC was determined for rabbits.

–[0.25–1.30] 9 10�3 mg/kg feed for lactating sows
–[0.17–0.89] 9 10�3 mg/kg feed for piglets
–[0.20–1.07] 9 10�3 mg/kg feed for pigs for fattening
–[0.40–3.33] 9 10�3 mg/kg feed for veal calves
–[0.50–2.97] 9 10�3 mg/kg feed for dairy cows (FARSCintestine and FARSCrumen)
–[0.42–2.52] 9 10�3 mg/kg feed for cattle for fattening (FARSCintestine and FARSCrumen)
–[0.26–2.40] 9 10�3 mg/kg feed for goats (FARSCintestine and FARSCrumen)
–[0.22–2.40] 9 10�3 mg/kg feed for sheep (FARSCintestine and FARSCrumen)
–[0.17–1.12] 9 10�3 mg/kg feed for chickens for fattening
–[0.30–2.01] 9 10�3 mg/kg feed for laying hens
–[0.12–0.83] 9 10�3 mg/kg feed for turkeys for fattening
–[0.17–0.65] 9 10�3 mg/kg feed for horses
–[0.23–1.21] 9 10�3 mg/kg feed for salmons

The probability that tetracycline, chlortetracycline, oxytetracycline and/or doxycycline concentrations
below the lowest FARSC value for an animal species will confer any enrichment of, and/or selection for,
resistant bacteria in the intestine and/or rumen is estimated to be 1–5% (extremely unlikely).

3.3. ToR2. Specific antimicrobials concentrations in feed which have an
effect in terms of growth promotion/increased yield

3.3.1. Tetracycline

3.3.1.1. Literature search results

The literature search, conducted according to the methodology described in Section 2.2.2.1 of the
Scientific Opinion Part 1 (see also the Virtual Issue), resulted in 3,145 publications mentioning
tetracycline and any of the food-producing animal species considered3 and any of the performance

3 Ruminants: growing and dairy (cattle, sheep, goats, buffaloes); pigs: weaned, growing and reproductive; equines; rabbits;
poultry: chickens and turkeys for fattening, laying hens, turkeys for breeding, minor avian species (ducks, guinea fowl, geese,
quails, pheasants, ostrich); fish: salmon, trout, other farmed fish (seabass, seabream, carp, other); crustaceans; other animal
species.
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parameters identified as relevant for the assessment of the possible growth-promoting effects of
tetracycline.4 After removing the reports not matching the eligibility criteria, 34 publications were
identified.

3.3.1.2. Evaluation of the studies

The 34 publications identified in the literature search were appraised for suitability for the
assessment of the effects of tetracycline on growth or yield of food-producing animals; this appraisal
was performed by checking each study against a series of pre-defined exclusion criteria (see
Section 2.2.2.2.1 of the Scientific Opinion Part 1; see also the Virtual Issue).5 A total of 32 publications
were not considered suitable for the assessment because of several shortcomings identified in the
design of the study or the reporting of the results. The list of excluded publications and their
shortcomings are presented in Appendix B.1 (Table B.1).

The publications considered suitable for the assessment are presented in Section 3.3.1.3.

3.3.1.3. Assessment of the effects of tetracycline on growth performance and yield

Two publications were considered suitable for the assessment of the effects of tetracycline on
growth and yield performance in food-producing animals. The effects of the administration of the
antimicrobial on the endpoints described in Section 2.2.2.2.2 of the Scientific Opinion Part 1 (see also
the Virtual Issue) were evaluated. The selected papers and the effects on the relevant endpoints are
described below. The summary of the studies includes the description of the source of tetracycline
used —either as the base or as any specific form/commercial preparation—, and the concentration(s)
applied as reported in each study; where a specific compound has been used, the calculation of the
concentration applied to the base substance is provided.

3.3.1.3.1. Study in pigs

In the study reported by Wenner et al. (2013) a total of 360 pigs (progeny of successive farrowings
of one Landrace breeding female population) were divided into six experimental groups, following a
3 9 2 factorial design (three diets 9 two housing systems) with seven pen replicates of 12 pigs
(indoors) or 6 replicates of 6 pigs (outdoors) per treatment. Four were the relevant treatments: two
non-supplemented control diets (0 mg tetracycline/kg feed, indoors or outdoors) and two tetracycline
(unspecified form) supplemented diets (55 mg tetracycline/kg feed, indoors or outdoors). For each
treatment, three basal diets (starter, grower and finisher) based on maize and soybean meal were
used. Body weight (BW) was recorded every two weeks. Average daily feed intake (ADFI) and feed to
gain ratio (F:G) were calculated for each growing phase and at the end of the experiment for the
overall period (84 days). Tenth rib backfat thickness and loin muscle area were measured via
ultrasound at the end of the experiment. At the end of the trial, the pigs receiving tetracycline-
supplemented diets showed lower average daily gain and required three more days to reach the final
weight, compared to the control group. Dietary tetracycline supplementation (at 55 mg/kg feed)
adversely affected the performance of pigs for fattening.

3.3.1.3.2. Study in poultry

In the study reported by Manafi et al. (2018) a total of 600 one-day-old male Ross 308 chickens for
fattening were allocated to six dietary treatments and distributed in five pens per treatment (with 20
birds per pen). Three diets based on maize and soybean meal (starter, grower and finisher) were
either not supplemented (control) or supplemented with different treatments. Two were the relevant
treatments, a control (0 mg tetracycline/kg feed) and a treatment consisting of tetracycline–
supplemented (unspecified form) diet at a concentration of 500 mg/kg feed. Mortality and health
status were checked every day. BW and cumulative feed intake (FI) were recorded weekly (per pen),

4 (i) Intake-related parameters: feed intake, feed/gain ratio, feed efficiency, feed intake/milk yield, feed intake/egg mass; (ii)
Weight-related parameters: body weight, body weight gain; (iii) Carcass-related parameters: carcass weight, carcass yield,
carcass chemical composition, relative weight of the (different sections of) intestine; (iv) Milk or egg production/quality: milk
yield, fat/protein yield, egg production/laying rate, egg weight, egg mass; (v) Digestibility/utilisation of nutrients: utilisation of
some nutrients (e.g. DM, Ca, P), digestibility; (vi) Health-related parameters: reduction of morbidity and/or mortality; (vii)
Herd/flock related parameters; (viii) Other endpoints: e.g. intestinal morphological characteristics (villi height/width), changes
in microbiota.

5 The following exclusion criteria were applied: ‘Combination of substances administered to the animals’, ‘Antimicrobial used
different from the one under assessment’, ‘Administration via route different from oral’, ‘Use of the antimicrobial with a
therapeutic scope’, ‘Animals subjected to challenges with pathogens’, ‘Animals in the study sick or not in good health,
Zootechnical parameters not reported’, ‘Insufficient reporting/statistics’, ‘Other (indicate)’.
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and F:G calculated. At the end of the experiment (42 days), five birds per treatment were slaughtered,
and the weights of the liver, spleen, heart, abdominal fat, breast muscle, thigh muscle and eviscerated
carcass, and length of the intestine were measured. In addition, the small intestine was dissected, and
villi height, crypt depth and the number of goblet cells were determined at the ileum. The faecal
digesta of ten birds per treatment were used to enumerate Escherichia coli, total coliform bacteria and
Salmonella. At the end of the trial, the birds receiving tetracycline at 500 mg/kg feed showed higher
final BW (2.58 vs 2.51 kg) and improved F:G (1.68 vs 1.73) than those in the control group. Some
carcass traits were negatively affected by tetracycline supplementation which reduced the relative
weight of thigh and breast muscle, liver and abdominal fat The faecal digesta of the treated animals
showed a reduction in total coliform bacteria (1.73 vs 3.06 log10 CFU/g), E. coli (0.13 vs 3.56 log10
CFU/g) and Salmonella (0.56 vs 3.43 log10 CFU/g), compared to the control, and an increase in villi
height (3.63 vs 3.13 lm) and crypt depth (0.96 vs 0.88 lm) and a decrease in Goblet cell numbers
(8.33 vs 9.00). Dietary tetracycline supplementation (500 mg/kg feed) had beneficial effects on growth
performance in chickens for fattening, but with conflicting results on carcass traits.

3.3.1.4. Discussion

From the studies examined, the test item has been described as tetracycline (unspecified form; two
studies). Therefore, an uncertainty on the exact product used/concentration applied has been
identified.

A detailed analysis of the uncertainties for tetracycline is included in Appendix A.2 (Table A.2) of
this document and Section 3.3 of the Scientific Opinion Part 1 (see also the Virtual Issue).

The two studies considered suitable for the assessment covered only two species/categories
(chickens for fattening and pigs) and one concentration of tetracycline against control, precluding any
assessment of dose-effect relationships.

3.3.1.4.1. Pigs

The study in grower-finisher pigs (Wenner et al., 2013) showed an adverse effect on productivity
(reduced average daily gain) related to the inclusion of 55 mg tetracycline/kg feed.

3.3.1.4.2. Poultry

The study in chickens for fattening (Manafi et al., 2018) showed positive effects on growth
performance as a consequence of the inclusion of 500 mg tetracycline /kg feed. However, contrasting
results were reported regarding the chickens’ carcass traits. A reduction in coliforms, E. coli and
Salmonella in the gastrointestinal tract was also observed.

3.3.1.5. Concluding remarks

It is judged 33�66% certain (‘about as likely as not’) that tetracycline has growth-promoting/
increase yield effects in chickens for fattening at a concentration of 500 mg/kg complete feed (one
study).

It is judged 33�66% certain (‘about as likely as not’) that tetracycline has negative effects at a
concentration of 55 mg/kg complete feed on growth performance in pigs for fattening (one study).

No data are available in the scientific literature showing effect of tetracycline on growth promotion/
increased yield when added (i) to chickens for fattening feed at concentrations below 500 mg/kg, or
(ii) to feed of any other food-producing animal species or categories.

3.3.2. Chlortetracycline

3.3.2.1. Literature search results

The literature search, conducted according to the methodology described in Section 2.2.2.1 of the
Scientific Opinion Part 1 (see also the Virtual Issue), resulted in 2,225 papers mentioning
chlortetracycline and any of the food-producing animal species considered3 and any of the
performance parameters identified as relevant for the assessment of the possible growth-promoting
effects of chlortetracycline.4 After removing the reports not matching the eligibility criteria, 234
publications were identified.

3.3.2.2. Evaluation of the studies

The 234 publications identified in the literature search were appraised for suitability for the
assessment of the effects of chlortetracycline on growth or yield of food-producing animals; this
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appraisal was performed by checking each study against a series of pre-defined exclusion criteria (see
Section 2.2.2.2.1 of the Scientific Opinion Part 1; see also the Virtual Issue).5 A total of 144
publications were not considered suitable for the assessment because of several shortcomings
identified in the design of the study or in the reporting of the results. The list of excluded publications
and their shortcomings are presented in Appendix B.2 (Table B.2).

The publications considered suitable for the assessment are described and assessed in
Section 3.3.2.3.

3.3.2.3. Assessment of the effects of chlortetracycline on growth performance and yield

A total of 90 publications were considered suitable for the assessment of the effects of
chlortetracycline on growth and yield performance in food-producing animals. The effects of the
administration of the antimicrobial on the endpoints described in Section 2.2.2.2.2 of the Scientific
Opinion Part 1 (see also the Virtual Issue) were evaluated. The selected publications and the effects
on the relevant endpoints are described below. The summary of the studies includes the description of
the source of chlortetracycline used —either as the base or as any specific form/commercial
preparation—, and the concentration(s) applied as reported in each study; where a specific compound
has been used, the calculation of the concentration applied to the base substance is provided.

3.3.2.3.1. Studies in ruminants

In the studies of Baldwin et al. (2000) and Rumsey et al. (2000) the results of an experiment to
evaluate the effect of dietary protein level and chlortetracycline supplementation on animal
performance, carcass merit characteristics and visceral organ mass in beef steers were presented. A
total of 32 Angus steers (285 kg BW) were individually housed, and, after an adaptation period of six
weeks, randomly allotted by weight to a 2 9 2 factorial design of dietary treatments consisting of
either 10 or 13% crude protein (CP) with a maize meal carrier containing either 0 or 350 mg
chlortetracycline/head and day (unspecified chemical form; Aureomycin Hoffmann-La Roche Inc.,
Paramus, NJ, USA) (corresponding to ca. 35 mg/kg DM). The study lasted 91 days. Animals were
weighed at the beginning and end of the experiment and once weekly. Feed intake was measured
daily and F:G calculated. On day 56, all animals were challenged with a combination of thyrotropin-
releasing hormone (TRH) and growth hormone-releasing hormone (GHRH) to test responsiveness of
the pituitary. At the end of the study, steers were slaughtered, visceral organs removed, and samples
collected and prepared for histopathological and immunohistochemical analysis. Longissimus fat cover
(cm) and marbling (scores: 2.00 = slight to 3.00 = small) were greater for steers fed chlortetracycline
than for steers not fed chlortetracycline for both the 10% CP (0.36 vs 0.30 cm; 2.6 vs 2.3) and 13%
CP diets (0.42 vs 0.29 cm; 2.8 vs 2.2). Dietary administration of chlortetracycline decreased small
intestinal weight both on absolute (4.83 vs 5.39 kg) and percentage of empty BW bases (1.22 vs
1.36%) and increased the villi height in jejunum (351 vs 302 lm). Dietary chlortetracycline
supplementation at 35 mg/kg DM had growth-promoting effects in cattle for fattening.

In the study of Beacom et al. (1988) a total of 209 Charolais-sired, three-way cross steers and heifers,
classified in five groups according to their weight (light heifers (BW 354 kg); light steers (367 kg);
medium weight heifers (420 kg); medium weight steers (420 kg) and a mixed group of heavy steers and
heifers (470 kg)), were distributed in 20 pens (four animals per BW-sex-category) and allocated to four
dietary treatments. Two basal diets (a high forage-based diet for 56 days and a rolled grain-based
finishing diet until slaughter) were either not supplemented or supplemented with different treatments.
Two were the relevant treatments: a control and a treatment consisting of 35 mg/kg DM chlortetracycline
(unspecified form). The study lasted until animal’s slaughter when they were judged to qualify for
Canada’s A1 or A2 grade. Cattle were weighed weekly. At the end of the trial, just prior to shipping to a
commercial abattoir, ruminant fluid was sampled by stomach tube from five animals within each of the 20
pens and subsequently analysed for volatile fatty acids. All livers were visually inspected, and
representative lesions were examined histologically. During the high-forage feeding period, animals
supplemented with chlortetracycline had a higher average daily gain (1.52 vs 1.32 kg/day) and a higher
daily FI (14.1 vs 13.1 kg) compared to controls; for the total feeding trial, feed:gain ratio was better for
the animals supplemented with chlortetracycline (9.2 vs 9.9) compared to controls. Dietary
chlortetracycline supplementation at 35 mg/kg DM had growth-promoting effects in cattle for fattening.

In the study of Brown et al. (1975) the effect of chlortetracycline on performance and prevention
of liver abscesses in fattening cattle was evaluated. A total of four feedlot experiments were
performed. The first experiment included 50 crossbred steers (BW 268 kg) per treatment and lasted
153 days; the second experiment included 102/104 mixed crossbred cattle (BW 352 kg) per treatment
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and lasted 157 days; the third experiment included 26 crossbred steers (BW 288 kg) per treatment
and lasted 168 days; and the fourth experiment included 430 mixed steers (BW 286 kg) per treatment
and lasted 154 days. Basal diets were either not supplemented or supplemented with 70 mg
chlortetracycline (unspecified form) per head per day (corresponding to ca. 9 mg chlortetracycline/kg
DM). Average daily gain and feed conversion ratio were calculated by treatment for the entire
experiment. At slaughter, the number of livers condemned for abscesses was recorded for each
treatment group in each feedlot and was scored for level of severity. The overall incidence of liver
abscesses in the four feedlot experiments was 56% for the control cattle and 44% for animals treated
with chlortetracycline. Dietary chlortetracycline supplementation at 9 mg/kg DM reduced the incidence
of liver abscesses but did not have growth-promoting effects in cattle for fattening.

In the study of Brown et al. (1960) the effect of chlortetracycline supplementation on urea
utilisation in young dairy calves fed different levels of protein was evaluated. Forty-eight 2-day-old
male and female calves (Holstein and Jersey breeds) were distributed in eight pens in groups of six
calves (three Jersey and three Holstein). Four experimental starters ranging from 6.5% to 15.3%
protein equivalent were fed with and without chlortetracycline (unspecified chemical form; Aurofac D).
Chlortetracycline was added to the starters at a rate of 33.3 mg/kg of feed. Animals on the
chlortetracycline containing starters were fed additionally 50 mg of chlortetracycline daily in the milk,
up to 42 days of age. Overall, the mean chlortetracycline concentration in the diet of treated animals
was 45 mg/kg DM. The study lasted 12 weeks (from 2 to 86 days of age). All calves were weighed at
two days of age and at weekly intervals thereafter throughout the 12 weeks experimental period.
Skeletal measurements (height at withers and heart girth) were made at two and 86 days of age.
Daily record was kept of milk and starter consumption. Digestion and nitrogen balance studies were
conducted, using two male calves (one Jersey and one Holstein) from each experimental group at 5, 8
and 11 weeks of age. Blood samples were collected from two calves in each group at two days and at
4, 8 and 12 weeks of age. Calves receiving chlortetracycline compared to the control animals showed a
higher average daily gain (0.499 vs 0.417 kg) and a reduced feed:gain ratio (3.02 vs 3.30). Dietary
chlortetracycline supplementation at 45 mg/kg DM had growth-promoting effects in calves.

In the study of Bush et al. (1959) the effect of chlortetracycline on growth and nutrient utilisation
was studied in dairy calves. Sixteen 4-day-old male dairy calves (12 Holsteins, two Ayrshires and two
Brown Swiss) were distributed in two dietary treatments, supplemented or not with 80 mg
chlortetracycline (unspecified chemical form; Aurofac D) per calf and day (corresponding to 45 mg
chlortetracycline/kg DM) for 16 weeks. Growth performance was studied during the 16-week
experiment. The incidence and severity of diarrhoea was observed daily. In each group, a three-day
adjustment period preceded a six-day collection period, during which total collections of urine and
faeces were made. Digestion trials were conducted during the 5th, 8th and 11th weeks of the
experiment. At the beginning of the 12th week each calf was given Ca45 for studying calcium
utilisation and bone growth. Blood, urine and faeces were assayed for Ca45 determination. Calves
receiving chlortetracycline showed higher average weight gain (74.4 vs 65.8 kg) during the 16-week
experiment compared to the control animals. Dietary chlortetracycline supplementation at 45 mg/kg
DM had growth-promoting effects in calves.

In the study of Cabral et al. (2013) a total of 40 12-week-old Holstein heifers were allocated to four
dietary treatments. Two were the relevant treatments: a control and a supplementation with 22 mg
chlortetracycline (unspecified form)/kg BW (corresponding to 589 mg/kg DM). The study lasted 12
weeks. Heifers on the chlortetracycline group were treated Monday through Friday and carrier only on
Saturday and Sunday; these heifers were provided their respective treatment during weeks 1 to 4, 6
and 10 (week 5, 7–9 and 11–12 heifers were provided the non-medicated carrier). DM intake was
monitored for each heifer throughout the 12 weeks study and feed provided was adjusted according
to individual intakes. Skeletal measurements (withers and hip height, body length and heart girth)
were taken weekly throughout the study and blood samples were obtained every three days per week
for analysis of thyroxine concentration. Dietary chlortetracycline supplementation at 589 mg/kg DM did
not have growth-promoting effects in cattle for fattening.

In the study of Hibbs and Conrad (1958), in Experiment 2, the effect of rumen cud inoculations
from older cattle and chlortetracycline on performance of calves fed high roughage pellets was
examined. A total of ten Jersey calves were either not supplemented (control) or supplemented with
chlortetracycline (unspecified chemical form; Aurofac D) at 100 mg per day (corresponding to ca.
70 mg/kg DM). All calves in each group (i.e. 5) were rumen inoculated with cud from older cattle. The
study lasted 16 weeks. All calves nursed their dams for approximately three days and then were fed
whole milk to seven weeks of age. The pelleted ration was offered free choice after the third day and,
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from the end of the milk feeding period to 16 weeks. Chlortetracycline was fed in milk up to seven
weeks and in warm water for weeks 8–16. Records were kept of daily feed consumption, weekly
changes in BW and withers height at 1, 8, 12 and 16 weeks of age. A five-day digestion trial was
conducted at week 13; pellets were fed in constant amounts based on consumption immediately prior
to the trial and urine and faeces were collected separately using metabolic crates. Based on the
average pellet consumption of the different pellet groups, and using the digestion percentages
experimentally determined, the intake of total digestible nutrients and protein digested were
calculated. Dietary chlortetracycline supplementation at 70 mg/kg DM did not have growth-promoting
effects in cattle for fattening.

In the study of Kitts et al. (2006) a total of 96 crossbred steers of 400 kg BW (English-Continental)
were distributed in 16 pens in groups of six animals and allocated to four dietary treatments (in a
2 9 2-factorial design). Two were the relevant treatments obtained from a basal diet which was either
not supplemented or supplemented with chlortetracycline (unspecified chemical form; Aureomycin,
Alpharma Animal Health, Fort Lee, NJ, USA) at a concentration of 40 mg/kg DM. The study lasted 139
days. Animal’s weight was recorded monthly, cumulative FI weekly and the gain to feed ratio (G:F)
calculated. In addition, on day 118, the subcutaneous fat of the animals from two pens per treatment
(heaviest animals) was measured and then slaughtered (on day 125). At the end of the trial (day 139),
the rest of animals were slaughtered and the carcass graded and quality measured (longissimus
muscle area and fat, peri-organ fat, marbling and bone maturity). At the end of the trial, the steer
treated with chlortetracycline showed, compared to the control group, reduced dry matter (DM) intake
(8.82 vs 9.28 kg feed/day); however, since both ADG and G:F were numerically higher in the group
treated with chlortetracycline, the reduced DM intake in this group does not seem to represent an
adverse effect of the treatment. Dietary chlortetracycline supplementation at 40 mg/kg DM did not
have growth-promoting effects in cattle for fattening.

In the study of Kitts et al. (2007) a total of 24 crossbred steers of ca. 365 kg BW (Simmental-
Angus) were distributed in 24 individual pens and allocated to four dietary treatments (under a 2 9 2-
factorial design). Two were the relevant treatments and a basal diet was either not supplemented
(control) or supplemented with chlortetracycline (unspecified chemical form; Aureomycin, Alpharma
Animal Health, Fort Lee, NJ, USA) at a concentration of 350 mg/animal/day (corresponding to ca. 38
mg/kg DM). The study lasted 112 days. Animal’s weight and cumulative FI were recorded monthly and
the G:F calculated. At days 30, 56 and 106 hormone challenges were performed with the injection of
thyrotropin-releasing hormone (TRH) and growth hormone-releasing hormone (GHRH) to measure
circulating growth hormone (GH), thyroid-stimulating hormone (TSH), thyroxine (T4) and
triiodothyronine (T3) responses. In addition, at the end of the trial all animals were slaughtered, and
the carcass graded and its quality measured (hot carcass weight, dressing percentage, longissimus
muscle area and fat, periorgan fat, marbling and bone maturity). Dietary chlortetracycline
supplementation at 38 mg/kg DM did not have growth-promoting effects in cattle for fattening.

In the study of Mir (1989) two experiments were carried out and the overall outcomes analysed
independently. In Experiment 1 (performance trial), a total of 60 weaned lambs of 20 kg BW (Suffolk-
crossbred) were distributed in individual crates and allocated to six dietary treatments. The basal diet
was either not supplemented or supplemented with different treatments. Two were the relevant
treatments: a control and a treatment consisting of chlortetracycline (unspecified form)
supplemented at the concentration of 11 mg/kg DM. The study lasted 85 days. Animal’s weight and
cumulative FI were recorded twice per week biweekly and daily, respectively, and the G:F calculated
at the end of trial. The lambs treated with chlortetracycline showed, compared to the control group,
an impaired F:G (6.17 vs 5.68). In Experiment 2 (digestibility trial), a total of 30 mature wethers
(unspecified breed) of 45 kg BW were distributed in individual pens and allocated to the same diets.
The study lasted 28 days. At the end of the trial, faeces and rumen fluid were collected to measure
nutrients’ apparent digestibility (DM), organic matter (OM), nitrogen (N), acid-detergent fibre (ADF),
neutral-detergent fibre (NDF) and energy) and fermentation parameters (volatile fatty acid (VFA),
ammonia and pH), respectively. The lambs treated with chlortetracycline showed, compared to the
control group, a reduction in apparent digestibility of DM (54.8% vs 60.6%), OM (57.2% vs 62.3%),
ADF (42.4% vs 53.9%) and NDF (42.5% vs 51.8%) despite of improved N digestibility (69.6% vs
66.3%). Dietary chlortetracycline supplementation at 11 mg/kg DM had a negative effect on the
performance of lambs.

In the study of Murdock et al. (1961) a total of 40 mixed calves (Holstein, half male and half
female) of three days of age were distributed in individual pens and allocated to four dietary
treatments (in a 2 9 2 factorial design) to compare growth response and the incidence and severity of

AMR GP Feed Residues

www.efsa.europa.eu/efsajournal 21 EFSA Journal 2021;19(10):6864



scours of calves fed limited whole milk or milk replacer, with or without chlortetracycline.
Chlortetracycline (unspecified form) was supplemented at a concentration of 13.8 mg/kg whole milk or
110 mg/kg milk replacer (corresponding to 83 and 80 mg/kg DM, respectively). The study lasted 77
days. Mortality, scouring and health status were checked every day. Animal’s weight, height at withers
and heart girth and cumulative FI were recorded weekly. At the end of the trial, the calves treated
with chlortetracycline showed, compared to the controls and regardless of the milk type, improved BW
gain until weaning at day 46 (ca. 35.5 vs 29.8 kg BW/day for males and ca. 29.7 vs 27.0 kg BW/day
for females) and heart girth gain (ca. 15.7 vs 13.5 cm in for males and ca. 14.5 vs 13.5 cm for
females). Dietary chlortetracycline supplementation at 80 mg/kg DM had growth-promoting effects in
calves.

In the study of Reid et al. (2014) a total of 40 Holstein heifers (BW 363 kg, 12-month-old) were
allocated to one of two dietary treatments. The basal diet was either not supplemented (control) or
supplemented with chlortetracycline (unspecified chemical form; Aureomycin 90, Alpharma Inc., Fort
Lee, NJ, USA) at a concentration of 350 mg/head/day (corresponding to ca. 40 mg/kg DM). The study
lasted 90 days. BW, health score (coughing, diarrhoea, coat condition, eyeball recession into the orbit)
and body condition score (BCS, 1–5 scale) were recorded weekly. Heifers were bred by artificial
insemination and reproductive data were collected. Blood samples from all heifers were collected every
four days to determine serum glucose, serum thyroxine and plasma progesterone. Reproduction traits
were also recorded (age at first breeding and conception rate at first breeding and during the
experiment). Dietary chlortetracycline supplementation at 40 mg/kg DM did not have growth-
promoting effects in cattle for fattening.

In the study of Rumsey et al. (1982) three trials were carried out and the overall outcomes
analysed separately. In Trial 1, a total of 50 lambs (Morlan 9 Western), 21 kg BW, were allocated to
five dietary treatments; the study lasted nine weeks. In Trial 2, a total of 80 wether lambs of mixed
breeding, 25 kg BW, were allocated to four dietary treatments; the study lasted 13 weeks. In Trial 3,
80 crossbred lambs (crossbred ewes 9 Hampshire rams), 22 kg BW, were allocated to four dietary
treatments; the study lasted 13 weeks. In all trials, the basal diets were either not supplemented or
supplemented with different treatments. Two were the relevant treatments: a control and a treatment
consisting of chlortetracycline (unspecified form) at the concentration of 25 mg/kg DM. Feed intake
was recorded daily and BW weekly. Blood samples were collected at 0, 4 and 9 weeks (Trial 1) and at
0, 7 and 13 weeks (Trials 2 and 3) to determine haematocrit, cell volume, haemoglobin, total lipids,
cholesterol, T3 and T4. At the end of the trial, animals were slaughtered and ruminal fluid samples
collected to analyse volatile fatty acids (VFA), pH and ammonia. Weights of liver, kidney, thyroid,
adrenal, bile and carcass were recorded. Animals receiving chlortetracycline showed, compared to the
control group, an improvement of ADG at the end of the trial (204.8 vs 163.8 g/day) and a higher liver
weight (663 vs 630 g) in Trial 1; in Trial 3, the improvement of ADG was only significant for the period
from 0 to 9 weeks (339 vs 294 g/day); and in Trial 2, a reduction of DMI (1,450.5 vs 1,479.4 g/day)
and of ADG (220.8 vs 227.0 g/day) at the end of the trial was observed. Dietary chlortetracycline
supplementation at 25 mg/kg DM showed growth-promoting effects in cattle for fattening in one of
the three experiments conducted.

In the study Stanford et al. (2015) two trials were conducted over two consecutive years by using
240 (per year) predominantly Angus mixed-breed steer calves (BW 251 kg and 273 kg in year 1 and 2,
respectively), allocated to five dietary treatments and distributed in five replicates per treatment in
groups of ten animals. The basal diets were either not supplemented or supplemented with different
treatments. Three were the relevant treatments: control and two treatments consisting of
chlortetracycline (unspecified chemical form; Alpharma Canada Corp., Kirkland, QC, Canada)
supplemented at a concentration of 350 mg/head/day (corresponding to ca. 39 and 36 mg/kg DM in
year 1 and 2, respectively) and chlortetracycline (unspecified chemical form; Alpharma Canada Corp.,
Kirkland, QC, Canada) supplemented at a concentration of 11 mg/kg feed. The study lasted 233 days
in the 1st year and 187 days in the 2nd year. Health status was checked twice daily. Animals were
weighted at the start of the experiment and at slaughter. Growth performance (DMI, ADG, G:F), health
status and carcass characteristics were assessed. In the first year of the study, chlortetracycline at 350
mg/head per day improved DMI in comparison with control group (8.95 vs 8.72 kg/day, respectively).
In the second year, chlortetracycline at 350 mg/head per day reduced DMI in comparison with control
group and chlortetracycline supplemented at a concentration of 11 mg/kg (9.84, 9.98 and 10.04 kg/
day, respectively). Dietary chlortetracycline supplementation at 11 and 36�39 mg/kg DM did not have
growth-promoting effects in cattle for fattening.
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In the study of Ternus et al. (1971), Experiment 1, a total of 96 lambs (unspecified breed; BW 29.2 kg)
were distributed in 16 pens in groups of six animals and allocated to four dietary treatments. Two were
the relevant treatments: a control and a treatment consisting of chlortetracycline (unspecified form)
supplemented at a concentration of 55 mg/kg feed (corresponding to ca. 63 mg/kg DM). The study lasted
77 days. BW and FI were measured. Dietary chlortetracycline supplementation at 63 mg/kg DM did not
have growth-promoting effects in lambs for fattening.

3.3.2.3.2. Studies in pigs

Ahmed et al. (2018) studied the effect of fermented bamboo vinegar liquid on growth performance,
nutrient digestibility, faecal Escherichia coli concentration and ammonia emissions in growing pigs and
included a positive control with 30 mg/kg of chlortetracycline. A total of 84 growing pigs
(Landrace 9 Yorkshire, 68 days of age, BW 28 kg) were assigned to four dietary treatments, and each
treatment had three replicate pens with seven pigs per replicate. Two were the relevant treatments
obtained from a basal diet which was either not supplemented (control) or supplemented with
chlortetracycline (unspecified form) at a concentration of 30 mg/kg feed. The study lasted 42 days.
The initial and final BW of pigs and feed consumption per group were recorded and F:G calculated.
Fresh faecal samples were collected directly via rectal massage (from six pigs per treatment, two per
replicate) and used to determine nutrient digestibility, faecal ammonia and E. coli counts. An increase
on the final BW (62 vs 59.7 kg) and BW gain (808 vs 748 g/day) and a reduction on F:G (2.53 vs
2.75) were observed in pigs supplemented with chlortetracycline. Antimicrobial supplementation
increased the faecal digestibility of DM and CP (79.8% vs 71.9% and 75.0% vs 70.3%, respectively)
and reduced the faecal E. coli counts and ammonia emissions of growing pigs. Dietary chlortetracycline
supplementation (at 30 mg/kg feed) had a growth-promoting effect in pigs for fattening.

Amachawadi et al. (2011) studied in pigs the effect of feeding grade antimicrobials and copper on
performance. A total of 240 weaned piglets (unspecified breed/genotype; 34 days of age, BW 7.7 kg)
were used in a 35-day growth trial to compare the effects of copper (Cu, from copper sulfate) and
feed grade antimicrobials in a 2 9 3 factorial design (the factors being copper level 16.5 and 141.5 mg
Cu/kg feed and antimicrobial level 0 or chlortetracycline or tylosin supplementation). Pigs were
allocated to eight pens (each with five pigs) per treatment. Two were the relevant treatments, and a
basal diet was either not supplemented (control) or supplemented with chlortetracycline (unspecified
chemical form; Alpharma, Fort Lee, NJ, USA) at the concentration of 500 mg/kg feed. Following 13
days of acclimatisation period, pigs were fed dietary treatments for 21 days followed by another 14
days on the control diet to examine for any carryover effects. Pig weights and feed disappearance
were recorded every week to calculate BW gain, FI and F:G. No copper 9 antimicrobial interactions
were observed for any of pig performance response. At the end of the experiment (day 35), dietary
supplementation with chlortetracycline did not affect performance (final BW, BW gain, FI and F:G),
while for days 1 to 21 of experiment, chlortetracycline fed pigs showed an increased BW at day 21
(18.6 vs 17.6 kg) and BW gain (0.52 vs 0.47 kg/day). Dietary chlortetracycline supplementation (at
500 mg/kg feed) had a growth-promoting effect in weaned piglets.

In another study (Brown et al., 1952) the effectiveness of dietary chlortetracycline (Aureomycin
hydrochloride) supplementation (22 mg/kg feed) on the growth and metabolism of growing pigs was
studied. Twenty-four Hampshire barrow pigs (eight weeks of age, BW 16.3 kg) were divided into four
dietary treatments on the basis of litter and BW (under a 2 9 2 factorial design), the factors being
feeding method and chlortetracycline hydrochloride dietary supplementation, i.e. equalised vs
ad libitum FI and none vs chlortetracycline hydrochloride (Aureomycin hydrochloride) feeding at
concentration of 22 mg/kg feed (corresponding to 20.5 mg chlortetracycline/kg feed). Pigs were
penned individually with six replicate pens per treatment; the experimental diets were fed from 16.3 kg to
90 kg BW. Animals’ BW and FI were recorded at the end of each phase (47 kg BW for grower phase and 90
kg BW for finisher phase) and F:G calculated at the end of the experiment and each experimental phase.
At the end of the trial, animals fed ad libitum and treated with chlortetracycline had, compared to the
control group (fed ad libitum and not treated with chlortetracycline), improved BW gain (0.69 vs 0.60 kg/
day). Growth parameters were not affected by chlortetracycline hydrochloride dietary supplementation in
animals with equalised FI. Dietary chlortetracycline hydrochloride supplementation (at 22 mg/kg feed)
(corresponding to 20.5 mg chlortetracycline/kg feed) had a growth-promoting effect in pigs for fattening.

In another study, Brumm and Peo (1985) studied the effect of receiving diets containing alfalfa
meal and certain antimicrobials on performance of comingled feeder pigs previously transported long
distances in three different experiments. In two of the three experiments (Experiments 2 and 3), two
treatment groups were relevant for the current assessment. In these groups, 80 crossbred pigs
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(Experiment 2, BW 19.1 kg; Experiment 3, BW 16.8 kg) were distributed in eight pens, and received
two dietary treatments consisting on a basal diet either not supplemented (control) or supplemented
with 110 mg chlortetracycline (unspecified form)/kg feed; in each chlortetracycline level (0 and 110
mg/kg), two diets were used, a basal diet and a basal diet plus 10% dehydrated alfalfa meal,
corresponding to two pens (ten pigs per pen) per diet and chlortetracycline level, thus a 2 9 2
factorial design was applied. Experiments 2 and 3 lasted two periods, a 14-day chlortetracycline
supplementation period, and a period from 15 days of experiment to BW of 95 kg, in which all pigs
were switched to the control diet. The effect of chlortetracycline on BW gain (kg), daily FI (kg) and
F:G, was determined at 14 days and in the whole experimental period. Faecal score was rated daily for
the severity of diarrhoea using a scale ranging from 1 (normal) to 5 (severe) diarrhoea. In Experiment
2, at the end of the 14-day supplementation period, dietary chlortetracycline supplementation
improved BW gain (0.45 vs 0.37 kg/day) and F:G (2.05 vs 2.36) compared to the control group and,
at the end of the experiment, improved BW gain (0.63 vs 0.60 kg/day) compared to the control group.
In Experiment 3, at the end of the 14-day supplementation period, dietary chlortetracycline
supplementation increased ADFI (0.83 vs 0.77 kg/day) compared to the control group, and, at the end
of the experiment, improved BW gain (0.62 vs 0.58 kg/day) and F:G (3.11 vs 3.26) compared to the
control group. In both Experiments 2 and 3, dietary chlortetracycline supplementation reduced faecal
score. Dietary chlortetracycline supplementation at 110 mg/kg feed had a growth-promoting effect in
pigs for fattening.

Another study (Capps et al., 2020) aimed to assess the impact of copper, alone or with
chlortetracycline, on growth performance, transferable copper resistance gene and faecal enterococci
in weaned piglets. A total of 320 barrow piglets (DNA 200 9 400, DNA Genetics; 21 days of age, BW
7.4 kg) in a 35-day study. Piglets were fed a common non-medicated diet for seven days of
acclimation. Treatments were arranged in a 2 9 2 factorial design with main effects of added copper
(0 vs 200 mg/kg feed from copper sulfate) and chlortetracycline (0 vs 440 mg/kg feed, unspecified
chemical form; Aureomycin 50®, Zoetis Services LLC, NJ, USA), and distributed in 16 replicates/
treatments with five pigs each for 28 days. Chlortetracycline was not administered on day 22 of the
experiment. Animals’ BW and FI were recorded on days 1, 14 and 28 and F:G calculated. At the end of the
experiment, pigs fed chlortetracycline improved BW (20.1 vs 18.9 kg) and BW gain (457 vs 412 g/day) and
increased ADFI (647 vs 602 g/day) and G:F (0.706 vs 0.684). Dietary chlortetracycline supplementation at
440 mg/kg feed had a growth-promoting effect in weaned piglets.

Cha et al. (2013) investigated the effects of an additive known to exert antimicrobial properties
(GallaRhois) on growth performance and diarrhoea incidence of weaned piglets; the study included a
chlortetracycline group as positive control. One hundred crossbred weaned piglets
((Yorkshire 9 Landrace) 9 Duroc; 28 days of age, BW 6.85 kg) were randomly assigned into five
experimental groups (20 pigs per treatment). Two were the relevant treatments, and the basal diet
was either not supplemented (control) or supplemented with chlortetracycline (unspecified form) at a
concentration of 300 mg/kg feed. Treatments were administered for 28 days. BW and FI were
measured weekly. At the end of the experiment, blood samples were collected. Faecal scoring and
measurement of diarrhoea duration were conducted daily. The severity of diarrhoea was noted by
visually scoring the consistency of the faeces using a scale of 0�3 (0 no diarrhoea to 3 severe
diarrhoea). Supplementation with chlortetracycline increased the final BW (18.9 vs 17.2 kg), BW gain
(432 vs 371 g/day) ADFI (713 vs 657 g/day) and reduced the F:G (1.65 vs 1.77). Chlortetracycline
reduced the faecal score (1.86 vs 2.47), the duration of diarrhoea (2.13 vs 3.58 days), the rate of
diarrhoea (22 vs 26%) and the incidence of diarrhoea (2.3 vs 3.5%) and had no effect on blood
biochemical parameters. Dietary chlortetracycline supplementation at 300 mg/kg feed had a growth-
promoting effect in weaned piglets.

Chen et al. (2005) conducted a study to investigate the effects of biotite (aluminosilicate mineral)
supplementation on growth performance, nutrients digestibility and blood constituents and to finally
evaluate if biotite could replace antimicrobials in growing pigs, including two chlortetracycline groups
as positive control. One hundred twenty growing pigs ((Landrace 9 Yorkshire) 9 Duroc; BW 18.3 kg)
were used in a 28-day growth trial. Pigs were allotted to four treatments (with six replicate pens per
treatment with five pigs each) by sex and BW in a randomised complete block design. Two were the
relevant treatments obtained from a basal diet (maize–soybean-based) which was either not
supplemented (control) or supplemented with chlortetracycline (unspecified form) at a concentration of
1,000 mg/kg feed. BW and FI were measured at the end of the experiment to determine BW gain,
ADFI and G:F. Chromic oxide was added to the diets as indigestible marker for nutrient digestibility
study (DM, N, Ca and P). Blood samples were collected from pigs at the end of the experiment.
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Chlortetracycline supplementation increased the G:F (0.529 vs 0.495), but had no effect on BW gain
and ADFI or other determined parameters. Dietary chlortetracycline supplementation at 1,000 mg/kg
feed had a growth-promoting effect in pigs for fattening.

The objective of the study by Chen et al. (2006) was to investigate the effects of feeding probiotics
(Enterococcus faecium) on growth performance, nutrient digestibility, blood characteristics and faecal
noxious gas in growing-finishing pigs. A positive control including 1,000 mg chlortetracycline/kg feed
was used. A total of 80 growing-finishing pigs ((Landrace 9 Yorkshire) 9 Duroc; BW 50.5 kg) were
used in an eight weeks growth trial. Pigs were allotted to four treatments (four replicate per treatment
and five pigs per pen) according to randomised complete block design. Two were the relevant
treatments obtained from a basal diet (maize–soybean-based) which was either not supplemented
(control) or supplemented with chlortetracycline (unspecified form) at a concentration of 1,000 mg/kg
feed. BW and FI were measured at four weeks intervals to determine BW gain, ADFI and G:F. One
week before the end of the experiment, chromium oxide was added to calculate digestibility
coefficients (DM and N). At the end of the experiment, faecal grab samples were taken randomly from
at least two pigs per pen for analysis of faecal NH3-N, H2S and VFA concentrations. At the beginning of
the experiment, two pigs were randomly chosen from each pen and blood samples were taken. The
same pigs were bled at the end of the experiment for evaluation of white and red blood cells and
lymphocyte levels. No effect of dietary supplementation of chlortetracycline on any of the endpoints
measured was identified. Dietary chlortetracycline supplementation at 1,000 mg/kg feed did not have
a growth-promoting effect in pigs for fattening.

Another study (Cheng et al., 2018) was performed to investigate the effect of the inclusion of
oregano essential oil in a reduced protein, amino acid supplemented diet on growth performance,
nutrient digestibility, gut health and antioxidative capacity of growing finishing pigs as an alternative to
antimicrobials. Forty-eight growing barrows (Large White 9 Landrace; 75 days of age, BW 29.6 kg)
were randomly allotted to four treatments (with 12 replicate pens with 1 pig per replicate). Treatments
included a normal protein diet (CP 17%), a reduced protein amino acid supplemented diet and a
reduced protein amino acid supplemented diet either supplemented with chlortetracycline (150 mg/kg
feed, unspecified form) or oregano essential oil. Pigs were fed with the experimental diets for 98 days
in two phases: growing (from 30 to 65 kg BW) and finishing (from 66 to 115 kg BW). The study lasted
98 days. Pigs were individually weighed on days 1, 49 and 98. Feed intake was recorded, and ADFI,
BW gain and G:F were calculated per pig. Chromic oxide was supplemented to diets for determining
the apparent total tract digestibility of DM, gross energy and CP from day 36 to 42 and day 85 to 91,
respectively. On day 98, six barrows per treatment were sacrificed and used for carcass
measurements. Blood samples (for determination of antioxidant capacity) and ileum content (for
quantification of selected ileal bacteria) were collected. Jejunum and ileum samples were taken for
intestinal morphological analysis. Antimicrobial supplementation increased the ADFI in the growing
period (2.14 vs 1.79 kg/day) and overall period (2.63 vs 2.38 kg/day), and had no effect on BW and
BW gain. Dietary chlortetracycline supplementation showed negative effect on G:F (0.345 vs 0.377) in
the growing period, but no effect in the overall period. Chlortetracycline reduced the CP apparent
digestibility during the growing and finishing period (negative effect). Chlortetracycline also increased
the backfat thickness in 10th rib and reduced the Lactobacillus and E. coli intestinal content and did
not affect the intestinal histology. No effect of the antimicrobial on plasma antioxidant enzymes was
observed. Dietary chlortetracycline supplementation at 150 mg/kg feed adversely affected growth
performance and CP digestibility in pigs for fattening.

In another study (Choi et al., 2011a), the effect of a potential multimicrobe probiotic was investigated
in two experiments with weaned piglets; a positive control with chlortetracycline was also included in
both experiments. In Experiment 1, a total of 288 weaned piglets (Landrace 9 Yorkshire 9 Duroc;
mixed sex, BW 6.4 kg) were allotted to four treatments (four pens with 18 pigs per pen). Two were the
relevant treatments obtained from a basal diet (maize–soybean-based) which was either not
supplemented (control: 0 mg chlortetracycline/kg feed) or supplemented with chlortetracycline
(unspecified chemical form; 1 g/kg Aurofac 200G, providing 100 g chlortetracycline/kg, CTC Bio Inc.,
Seoul, Republic of Korea) at a concentration of 100 mg/kg feed. In Experiment 2, a total of 288 weaned
piglets (Landrace 9 Yorkshire 9 Duroc, mixed sex, with initial BW of 5.8 kg) were allotted to four
treatments (four pens with 18 pigs per pen) in a 2 9 2 factorial arrangement of treatments to evaluate
the effect of two levels of probiotic subjected to high temperature drying (3 and 6 g/kg feed) without or
with antimicrobial (0 or 100 mg chlortetracycline/kg). Both experiments 1 and 2 lasted 28 days. In both
experiments, individual weaned pig BW and feed disappearance from each pen was recorded at the end
of every phase to calculate BW gain, ADFI and G:F. Chromium oxide was used as indigestible marker in

AMR GP Feed Residues

www.efsa.europa.eu/efsajournal 25 EFSA Journal 2021;19(10):6864



diets to calculate the apparent total tract digestibility (DM, CP and gross energy) and faeces were
collected over a three days period (from 25 to 28 days). On days 14 and 28, fresh faecal samples were
collected from two pigs per pen and used to measure faecal bacteria counts. In Experiment 2, the effect
of diets on small intestinal morphology and microflora of ileal and caecal digesta were performed in two
pigs per pen. At the end of the Experiment 1, chlortetracycline increased the BW gain (346 vs 298 g/
day), ADFI (476 vs 443 g/day) and G:F (0.728 vs 0.672). Chlortetracycline did not affect the apparent
total tract digestibility of DM, CP and gross energy in weaned piglets (at day 28) and reduced the
Clostridium spp. (7.38 vs 8.29 log10 CFU/g). At the end of the experiment 2, chlortetracycline
supplementation increased the BW gain (343 vs 330 g/day) and ADFI (521 vs 510 g/day), but no effect
on G:F was observed. An increase of DM digestibility (83.2 vs 82.3%) was found at day 14, but no effect
was observed for other parameters on neither day 14 nor day 28. A reduction on Clostridium spp. (7.12
vs 7.37 log10 CFU/g) on day 28 and no effect on ileum and caecum microbiota was obtained with
chlortetracycline. Chlortetracycline supplementation increased the villus height in jejunum (416 vs 411
lm) and ileum (368 vs 363 lm) and villus height/crypt depth (1.53 vs 1.47). Dietary chlortetracycline
supplementation at 100 mg/kg feed had a growth-promoting effect in weaned piglets.

In another study (Choi et al., 2011b), the effect of a potential multimicrobe probiotic and different
antimicrobials was investigated in weaned piglets. A total of 288 weaned piglets
(Landrace 9 (Yorkshire 9 Duroc); male:female 1:1, BW 7.0 kg) were allotted to four treatments (four
pens with 18 pigs per pen). Two were the relevant treatments, obtained from a basal diet (maize–
soybean-based) which was either not supplemented (control) or supplemented with chlortetracycline
(unspecified form) at a concentration of 100 mg/kg feed. The experiment lasted 28 days. Individual
weaned pig BW and feed disappearance from each pen was recorded at the end of every phase to
calculate BW gain, ADFI and G:F. Chromium oxide was used as indigestible marker in diets to calculate
the apparent total tract digestibility (DM, CP and gross energy) and faeces were collected over a three
days period (from 25 to 28 days). At day 14 and 28, fresh faecal samples were collected from two pigs
per pen and used to measure faecal bacteria counts. At the end of the experiment, chlortetracycline
increased the BW gain (363 vs 315 g/day) and G:F (0.720 vs 0.658). Chlortetracycline also increased
the apparent total tract digestibility of CP (82.2 vs 77.2%) in weaned piglets (at day 28), but did not
affect the apparent total tract digestibility of DM and gross energy, and reduced the Clostridium spp.
(7.28 vs 7.90 log10 CFU/g at day 14 and 8.09 vs 8.63 log10 CFU/g at day 28) and coliforms (6.53 vs
7.14 log10 CFU/g at day 14 and 5.72 vs 6.37 log10 CFU/g at day 28). Dietary chlortetracycline
supplementation at 100 mg/kg feed had a growth-promoting effect in weaned piglets.

In the study of Feldpausch et al. (2018), two 47-day experiments were conducted with 21-day-old
weaned piglets (PIC1050, 240 piglets in Experiment 1 and 350 piglets in Experiment 2; BW 6.1 kg in
both experiments). The study aimed at determining the effects of feeding low and high concentrations of
chlortetracycline and antimicrobial alternatives (copper, zinc and essential oil), alone or in combination,
on growth performance. On day 5 post-weaning, pens of five pigs were allotted to diet treatment with
eight (Experiment 1) or seven (Experiment 2) replicate pens per treatment. In Experiment 1, treatments
were fed from day 5 to 26 post-weaning and arranged in a 2 9 3 factorial with main effects of added
zinc oxide (0 vs 2,500 mg Zn/kg) and chlortetracycline (0, 55, 441 mg/kg feed; unspecified form). In
Experiment 2, treatments were fed from day 5 to 33 and structured in a (2 9 2 9 2) + 2 factorial with
main effects of added copper sulfate (0 vs 125 mg/kg Cu), added zinc oxide (0 vs 3,000 mg Zn/kg) with
3,000 mg Zn/kg from day 5 to 12 and 2,000 mg/kg Zn from day 13 to 33, and origanum oil (0 vs 0.1%).
The additional treatments were performed with subtherapeutic (55 mg/kg feed) and therapeutic (441
mg/kg feed) levels of chlortetracycline (unspecified form). Following the treatment period (from 5 to 26
day in Experiment 1 and from 5 to 33 day in Experiment 2), a common diet without antimicrobial was fed
until 47 days in both experiments. In both experiments, BW gain, ADFI and G:F were determined by
weighing pigs and measuring feed disappearance on day 5, 26 (Experiment 1) or 33 (Experiment 2) and
47. In Experiment 1, the piglets treated with chlortetracycline (at both 55 and 441 mg/kg feed) showed,
compared to the control group, higher BW (14.6 and 14.9 vs 14.3 kg at day 26), BW gain (0.39 and 0.41
vs 0.37 kg/day during days 5 to 26) and ADFI (0.53 and 0.55 vs 0.52 kg/day for days 5�26). In
Experiment 2, the piglets treated with chlortetracycline (at 441 mg/kg feed) showed, compared to the
control group, higher BW gain (0.46 vs 0.44 kg/day for days 5�33). Dietary chlortetracycline
supplementation at 55 and 441 mg/kg feed had a growth-promoting effect in weaned piglets.

Another study (Han et al., 2018) was carried out to investigate the effect of dietary combinations of
organic acids and medium chain fatty acids as replacement for chlortetracycline on the growth
performance, serum immunity and faecal microbiota of weaned piglets. Over 28 days, 144 weaned
piglets (Duroc 9 (Landrace 9 Yorkshire), 72 male and 72 female, BW of 8.1 kg) were allocated to four
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treatments (six replicates per treatment with six piglets each). Two were the relevant treatments
obtained from a basal diet (maize–soybean-based) which was either not supplemented (control) or
supplemented with chlortetracycline (unspecified form) at a concentration of 75 mg/kg feed. The study
lasted 28 days (with two feeding periods from 1 to 14 and 15–28 days). BW was recorded at the
beginning of the experiment and on days 14 and 28, and feed consumption per pen was recorded at
the end of each phase (day 14 and 28) to calculate BW gain, ADFI and F:G. Faecal score was
performed using a five-grade scoring system (from 1 indicating well-formed faeces to 5 as watery
faeces). Piglets with scores higher than 3 were regarded as having diarrhoea. At 14- and 28-days
samples were collected from two boars of each replication to analyse immunoglobulins (IgG, IgA and
IgM), and antioxidant capacity. On day 24, fresh faecal samples were collected for bacterial
characterisation. Piglets fed chlortetracycline had a higher BW (10.1 vs 9.7 kg at day 14 and 13.6 vs
12.5 at day 28), BW gain (for 1�14 days 153 vs 122 g/day and for 1–28 days 200 vs 164 g/day) and
reduced the F:G (for days 1–14 2.0 vs 2.4 and for days 1–28 2.0 vs 2.3). The incidence of post-
weaning diarrhoea during days 1–14 was lower in piglets fed chlortetracycline (12.5 vs 22.4%).
Antimicrobial supplementation increased the concentration of IgG (20.8 vs 19.6 g/L at day 14) and IgA
(1.31 vs 1.16 g/L at day 28). The antimicrobial supplementation modified the ratio of faecal Firmicutes
to Bacteroidetes, decreasing the abundance of the Bacteroidetes phylum and Escherichia-Shigella but
showed no increase of Lactobacillus. Dietary chlortetracycline supplementation at 75 mg/kg feed had a
growth-promoting effect in weaned piglets.

Another study (Helm et al., 2019) was performed to investigate the mechanisms of action by which
antimicrobials increase nursery pig performance. A total of 24 weaned female piglets (Genetiporc
6.0 9 Genetiporc F25, PIC; 19�21 days of age, BW 6.75 kg) were randomly allotted to individually
pens and assigned to one of two dietary treatments (12 piglets/treatment) consisting in either a
control diet or subtherapeutic antimicrobial (40 mg chlortetracycline/kg feed, unspecified form, Zoetis,
NJ, USA). The experiment lasted 35 days with a two-phase feeding program (1�14 days and 15�35
days). On days 1, 7, 14, 21, 28 and 35 post-weaning, individual pig BW and feed disappearance were
recorded to calculate BW gain, ADFI and G:F ratio. On day 35, six pigs per treatment were killed and
sections from the ileum, colon, Longissimus dorsi muscle, liver and content from caecum were taken
and used for proteomics and measurement of caecal short-chain fatty acid (SCFA) concentrations.
Fresh ileum and colon segments were also used to determine intestinal barrier integrity and ileal active
nutrient transport (glucose and glutamine). At the end of the experiment, supplementation with
chlortetracycline increased BW (21.5 vs 17.5 kg), BW gain (0.43 vs 0.32 kg/day) and ADFI (0.51 vs
0.37 kg/day), while no effect of treatment on G:F was observed, and on intestinal nutrient transport or
SCFA concentration. Of the proteins identified across all tissues examined, 65 protein abundances were
different among treatments. Among these proteins some were primarily involved with biological
processes including metabolism and transport. Dietary chlortetracycline supplementation at 40 mg/kg
feed had a growth-promoting effect in weaned piglets.

In the study of Holman and Ch�enier (2013), a total of 12 male and 12 female piglets (from
Landrace 9 Yorkshire sows, 24 days of age) were distributed in six pens in groups of four animals
(three pens with males and three pens with females) and allocated to three dietary treatments
(corresponding to one pen with males and one pen with females in each treatment). Two were the
relevant treatments, and the basal diets (weaner, starter and fattener) were either not supplemented
(control) or supplemented with chlortetracycline (unspecified form) at a concentration of 5.5 mg/kg
feed in weaner (for 21 days), starter (for 21 days) and fattener (for 70 days) diets, respectively. The
study lasted ca. 112 days. Animals’ BW was recorded on days 28, 42, 84, and 133 of age. On days 21,
42, 63, 84, 133, and 147 (after antimicrobial withdrawal) faeces were sampled to enumerate total
anaerobic bacteria. Dietary chlortetracycline supplementation (at 5.5 mg/kg diet) did not affect
performance of pigs for fattening.

In the study of Hossain et al. (2012a), a total of 80 crossbred castrated male growing pigs
(Landrace 9 Yorkshire; BW 51 kg) were allocated to four dietary treatments with four replicate pens
per treatment of five animals each. Two were the relevant treatments and two basal diets (grower and
finisher) were either not supplemented (control) or supplemented with chlortetracycline (unspecified
form) at a concentration of 30 mg/kg feed. The study lasted eight weeks. Animals’ BW and FI were
recorded biweekly and F:G ratio calculated. In addition, at the end of the trial, animals were
slaughtered and the carcass weighed and graded and the backfat thickness determined as well as
the loin sampled to determine the chemical composition (moisture, crude ash, crude fat (CF), CP,
cholesterol, iron, calcium, and magnesium), shear force, cooking loss, juiciness, tenderness
and flavour. The oxidative stability (malondialdehyde – MDA) of the loin in refrigeration after 3 weeks
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post-slaughter was also measured. In addition, blood was sampled and total cholesterol, high-density
lipoprotein (HDL), low-density lipoprotein (LDL), triglyceride, glucose, cortisol and insulin
concentrations measured as well as the spleen was sampled and the response to lipopolysaccharide
(LPS) and concanavalin A (Con A) was determined in terms of splenocyte growth and IL-6 and TNF-a
concentrations. At the end of the experiment, dietary chlortetracycline supplementation had no effect
on growth performance of pigs. Pigs treated with chlortetracycline showed, compared to the control
group, a reduced CP percentage in loin muscle (22.3% vs 23.6%) and improved juiciness (5.10 vs
4.22) and tenderness (4.85 vs 4.35). The serum insulin concentration was higher in the
chlortetracycline treated animals than in the control ones, although it is worth to mention that the
same difference was detected at the start of the trial. In addition, splenocyte growth was reduced with
the chlortetracycline medicated diet, compared to the control diet, in response to Con A at 0.3 lg/mL,
but increased in response to LPS at 10 lg/mL. Moreover, IL-6 concentrations response to Con A and
TNF-a concentrations to LPS were lower in the chlortetracycline-treated animals than in the control
ones. Dietary chlortetracycline supplementation (at 30 mg/kg diet) did not affect performance of pigs
for fattening.

In the study of Hossain et al. (2012b), a total of 100 crossbred castrated male finishing pigs
(Landrace 9 Large White; BW 77 kg) were allocated to five dietary treatments with five replicate pens
per treatment and five animals each. Two were the relevant treatments obtained from a basal diet
which was either not supplemented (control) or supplemented with chlortetracycline (unspecified form)
at a concentration of 30 mg/kg feed. The study lasted six weeks. Animals’ BW and FI were recorded
biweekly and F:G ratio calculated. In addition, at the end of the trial, animals were slaughtered and
the carcass weighed and graded and the backfat thickness determined as well as the loin sampled to
determine the chemical composition (moisture, crude ash, CF, CP), shear force, cooking loss, water
holding capacity, pH, colour, juiciness, tenderness and flavour. The oxidative stability (malondialdehyde
(MDA)) of the loin in refrigeration after four weeks post-slaughter was also measured. In addition,
blood was sampled and total protein, cholesterol, albumin, globulin, blood urea nitrogen, white blood
cells, red blood cells and haemoglobin concentrations measured as well as spleen was sampled and
weighed and the T-helper and T-cytotoxic cells measured and the response of splenocyte growth and
IL-6 and TNF-a to lipopolysaccharide (LPS) and concanavalin A (Con A) determined. At the end of the
experiment, dietary chlortetracycline supplementation had no effect on growth performance of pigs.
Pigs treated with chlortetracycline showed, compared to the control group, a reduced MDA
concentration in loin (until week 3) and an increased stimulation of spleen cell growth to Con A (at
0.1, 0.3 and 1.0 lg/mL) and to LPS at 1.0 lg/mL. The response of IL-6 concentrations in spleen were
also increased with the chlortetracycline diet compared to the control one. Dietary chlortetracycline
supplementation (at 30 mg/kg diet) did not affect performance of pigs for fattening.

In the study of Jiang et al. (2019) a total of 96 nursery pigs (half Duroc 9 Landrace 9 Yorkshire,
35 days of age, and half Chinese native Licha-black, 42 days of age; BW of 11.2 kg for both breeds/
genotypes) were allocated to four dietary treatments with 24 replicate cages (12 cages per breed) per
treatment and one animal each. Two were the relevant treatments obtained from a basal diet which
was either not supplemented (control) or supplemented with chlortetracycline (unspecified form) at a
concentration of 50 mg/kg feed. The study lasted 42 days. Animals’ BW was recorded weekly and FI
was recorded daily and G:F ratio calculated. In addition, all animals were bled (day 42 of the study)
and serum obtained to determine antioxidant enzymes (superoxide dismutase – T-SOD, glutathione
peroxidase – (GSH-Px)) and malondialdehyde – MDA. Afterwards, animals were slaughtered and the
liver sampled to measure the expression of the nuclear factor erythroid 2-related factor 2 (nrf2) and
TNF-a genes and proteins as well as to quantify T-SOD, GSH-Px and MDA. Furthermore, positive cell
optical density of nrf2 and TNF-a genes was determined in the liver. At the end of the trial, the pigs
treated with chlortetracycline showed, compared to the control group, an improved BW gain (552 vs
487 g/day) and G:F ratio (0.45 vs 0.41). The antioxidant enzyme concentrations in serum were lower
for GSH-Px, whilst hepatic MDA was greater in the chlortetracycline group than in the control group. In
addition, compared to the control group, the livers from chlortetracycline treated animals showed
greater TNF-a mRNA relative expressions, optic densities and protein expressions. Linked to this, the
nrf2 to TNF-a gene expression ratio and protein expression ratio were lower in the chlortetracycline
treated animals compared to the control ones as well as nrf2 protein expression was lower. Dietary
chlortetracycline supplementation at 50 mg/kg feed had a growth-promoting effect in weaned piglets.

In the study of Ke et al. (2014), a total of 150 weaned piglets (Duroc 9 Landrace 9 Yorkshire, 21
days of age, BW 6.2 kg) were allocated to five dietary treatments and distributed in five replicate pens
per treatment with six animals each. Two were the relevant treatments obtained from a basal diet
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which was either not supplemented (control) or supplemented with chlortetracycline (unspecified form)
at a concentration of 75 mg/kg feed. The study lasted 21 days. Animals’ BW and FI were recorded at
the end of the trial and the G:F ratio calculated. In addition, six animals per treatment were
slaughtered at the end of the trial and blood, intestinal mucosa (distal jejunum), tissue and digesta
(distal jejunum and proximal colon) were collected to determine diamine oxidase (DAO) activity in
plasma and intestinal mucosa, perform the histomorphometry analysis and to enumerate Escherichia
coli and Streptococcus suis by 16S rRNA-sequencing methodology, respectively. At the end of the trial,
the pigs treated with chlortetracycline showed, compared to the control group, improved BW gain (290
vs 266 g/day) as well as villi height and villus to crypt ratios (758 vs 629 lm and 2.30 vs 1.80,
respectively). In addition, chlortetracycline treated animals showed, compared to the control, lower
counts of E. coli and S. suis in the jejunum (6.30 vs 7.20 gene copies/g and 5.19 vs 6.20 gene copies/
g, respectively) and colon (7.62 vs 8.42 gene copies/g and 6.48 vs 7.67 gene copies/g, respectively).
Moreover, DAO activity in plasma was lower in the chlortetracycline medicated animals than in the
control ones, but greater in jejunal mucosa. Dietary chlortetracycline supplementation at 75 mg/kg
feed had a growth-promoting effect in weaned piglets.

In the study of Kijparkorn et al. (2009), a total of 20 crossbred mixed pigs
(Hampshire 9 Landrace 9 Duroc; 12 barrows and 8 gilts, BW 52 kg) were allocated to four dietary
treatments and distributed in five individual replicate pens per treatment (three barrows and two gilts
per treatment). Two were the relevant treatments and a basal diet was either not supplemented
(control) or supplemented with chlortetracycline (unspecified form) at a concentration of 50 mg/kg
feed. The study lasted eight weeks. Animals’ BW and FI were recorded on weeks 4 and 8 and the G:F
ratio calculated. All animals were also bled on weeks 4 and 8 to determine haematological parameters
(red blood cell counts, haemoglobin, packed cell volume, total white blood cell counts and differential
lymphocyte counts) and lipid peroxidation (thiobarbituric acid reactive substances). In addition, at the
end of the trial faeces were collected to measure the apparent total tract digestibility of CP, ether
extract, crude fibre, ash, calcium and phosphorus. At the end of the trial, the pig treated with
chlortetracycline showed, compared to the control group, improved apparent total tract digestibility of
total phosphorus (0.60 vs 0.50). Dietary chlortetracycline supplementation at 50 mg/kg feed had a
growth-promoting effect in pigs for fattening.

In the study of Ko and Yang (2008), a total of 90 crossbred finishing pigs (Landrace 9 Yorkshire; BW
70.5 kg) were allocated to five dietary treatments with three replicate pens per treatment and six animals
each. Two were the relevant treatments and a basal diet (finisher) was either not supplemented (control)
or supplemented with chlortetracycline (unspecified form) at a concentration of 30 mg/kg feed. The study
duration was not defined. Animals’ BW and FI were recorded biweekly and F:G ratio calculated. In
addition, at the end of the trial, nine animals per treatment were slaughtered and the loin meat sampled
to determine the chemical composition (moisture, crude ash, CF, CP), cholesterol and the oxidative status
(thiobarbituric acid value, TBA) in refrigeration after three weeks post-slaughter. In addition, the spleen
was sampled and the response to lipopolysaccharide (LPS) and concanavalin A (Con A) was determined in
terms of splenocyte growth and IL-6 and TNF-a concentrations. At the end of the experiment, dietary
chlortetracycline supplementation had no effect on growth performance of pigs. Pigs treated with
chlortetracycline showed, compared to the control group, lower contents of crude ash and TBA in the loin
meat. In addition, IL-6 and TNF-a concentrations in the spleen were higher in the chlortetracycline
treated animals than in the control ones. Dietary chlortetracycline supplementation (at 30 mg/kg diet) did
not affect performance of pigs for fattening.

In the study of Langlois et al. (1978), a total of five trials were carried out and overall outcomes
were provided separately and pooled. The five trials shared common experimental design, and, in each
trial, a total of 60 mixed sex pigs (Specific-Pathogen-Free Yorkshire; 5�7 weeks of age, BW 14 kg)
were allocated to five dietary treatments with three replicate pens per treatment and four pigs each.
Two were the relevant treatments obtained from a basal diet which was either not supplemented
(control) or supplemented with chlortetracycline (unspecified form) at a concentration of 44 mg/kg
feed during 6, 11 and 16 weeks. All five trials lasted 16 weeks (until approx. BW of 98 kg). Animals’
BW and FI were recorded at weeks 6, 11 and 16 and F:G ratio calculated. In addition, at same dates,
faeces were sampled to enumerate coliforms and lactobacilli, as well as coliform chlortetracycline-
resistant isolates and intestinal isolates resistant to other antimicrobials. At the end of the experiment,
dietary chlortetracycline supplementation had no effect on growth performance of pigs. At week 11,
the pig treated with chlortetracycline during 11 weeks showed, compared to the control group, lower
faecal counts of coliforms (5.36 vs 6.28 log10 CFU/g faeces), but when treated with chlortetracycline
during six weeks the chlortetracycline-resistant coliform counts were greater than in the control group

AMR GP Feed Residues

www.efsa.europa.eu/efsajournal 29 EFSA Journal 2021;19(10):6864



(6.80 vs 4.30 log10 CFU/g faeces) as well as this incidence increased in any of the treatment durations
(90 vs 39%). Moreover, a greater number of faecal isolates resistant to neomycin and kanamycin were
detected in the 11-week- chlortetracycline treated animals than in the control ones at week 11 (10 vs
5% and 13 vs 7%, respectively) and at week 16 (29 vs 11% for both antimicrobials). Dietary
chlortetracycline supplementation (at 44 mg/kg diet) did not affect performance of pigs for fattening.

In the study of Liu et al. (2008) a total of 50 weaned barrows (Large White 9 Landrace; 16 days
of age, initial BW 4.72 kg) were allocated to five dietary treatments with ten individual (replicate)
metabolism cages per treatment. Two were the relevant treatments and a basal diet was either not
supplemented (control) or supplemented with chlortetracycline (unspecified form) at a concentration of
80 mg/kg feed. The study lasted 21 days. Mortality, diarrhoea and health status were checked every
day. Animals’ BW and FI were recorded weekly and G:F ratio calculated. At days 0, 7, 14 and 21
faeces were collected to enumerate E. coli and Lactobacillus. In addition, at the end of the trial, faeces
were also collected to measure the apparent digestibility of DM, gross energy, CF, CP, calcium and
phosphorus contents and, afterwards, all animals were slaughtered and the duodenum, jejunum and
ileum sampled to analyse the mucosal morphology. At the end of the trial, pigs treated with
chlortetracycline showed, compared to the control group, improved final BW (11.3 vs 10.7 kg), BW
gain (315 vs 285 g/day), ADFI (463 vs 436 g/day) and G:F ratio (0.68 vs 0.66), as well as reduced
incidence of diarrhoea (5.7 vs 13.8%) and cumulative diarrhoea score (8 vs 19) and faecal counts of
E. coli (3.38 vs 3.87 log10 CFU/g digesta). In addition, at the end of the trial, animals treated with
chlortetracycline showed, compared to the control group, improved apparent digestibility of gross
energy (85.4 vs 82.5%), DM (84.3 vs 81.4%), CF (74.2 vs 72.2%), CP (78.1 vs 74.7%), calcium (56.4
vs 52.0%) and phosphorus (46.5 vs 44.1%), as well as improved villus lengths (418 vs 406 lm in
jejunum and 353 vs 331 lm in ileum) accompanied by improved villus to crypt ratios (1.86 vs 1.78 in
the jejunum and 1.77 vs 1.62 in the ileum). Dietary chlortetracycline supplementation at 80 mg/kg
feed had a growth-promoting effect in weaned piglets.

In the study of Loh et al. (2013), a total of 40 mixed weaned piglets at (Large White 9

Landrace 9 Duroc; 26 days of age, initial BW 6.53 kg) were allocated to five dietary treatments with four
replicate pens per treatment and two piglets per pen. Two were the relevant treatments and a basal diet
was either not supplemented (control) or supplemented with chlortetracycline (unspecified form) at a
concentration of 300 mg/kg feed. The study lasted five weeks. Mortality, diarrhoea and health status
were checked every day. Animals’ BW and FI were recorded weekly and the F:G ratio calculated. At the
end of the trial, four male pigs per treatment were slaughtered and the ileal digesta and faeces sampled
to measure pH, SCFA, protein and energy digestibility and lactobacilli and enterobacteria enumeration. At
the end of the trial, pigs treated with chlortetracycline showed, compared to the control group, improved
BW gain (293 vs 252 g/day) and reduced diarrhoea scores (0.09 vs 0.40). In addition, chlortetracycline
treated animals showed lower counts of lactobacilli in faeces than control ones (6.12 vs 6.51 log10 CFU/
g). Dietary chlortetracycline supplementation at 300 mg/kg feed had a growth-promoting effect in
weaned piglets.

In the study of Long et al. (2019) a total of 108 mixed weaned piglets (Duroc 9

(Landrace 9 Yorkshire), half barrows and half gilts, 28 days of age, with initial BW of 8.68 kg) were
allocated to three dietary treatments with six replicate pens per treatment and six piglets (three
barrows and three gilts) per pen. Two were the relevant treatments obtained from two basal diets
which were either not supplemented (control) or supplemented with chlortetracycline (unspecified
form) at a concentration of 75 mg/kg feed. The study lasted 35 days. Mortality, diarrhoea and health
status were checked every day. Animals’ BW and FI were recorded at days 1, 14, 28 and 35 and the
F:G ratio calculated. At days 14 and 28, faeces were collected to measure total apparent tract
digestibility of DM, ether extract, CP, carbohydrate, gross energy and organic matter and nitrogen
excretion, and to enumerate E. coli. In addition, at day 28, 6 pigs per treatment were bled and the
serum triglyceride, blood urea nitrogen, IgG, IgM and IgA, antioxidant capacity (catalase, superoxide
dismutase (SOD), glutathione peroxidase (GSH-Px)) and malondialdehyde (MDA) concentrations
measured. The same pigs were afterwards slaughtered and the duodenal, jejunal, and ileal tissues
sampled to analyse histomorphometry. At the end of the experiment, dietary chlortetracycline
supplementation had no effect on growth performance of pigs. Pigs treated with chlortetracycline
showed, compared to the control group, a reduced diarrhoea rate (0.71% vs 3.09%, between days 1
and 14). In addition, at day 28, chlortetracycline treated animals showed lower activities of serum
antioxidant capacity, superoxide dismutase and catalase than control animals, but greater
concentrations of malondialdehyde. Dietary chlortetracycline supplementation at 75 mg/kg feed did not
have a growth-promoting effect in weaned piglets.
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In the study of Ma et al. (2019) a total of 126 crossbred mixed piglets (Duroc 9 (Landrace 9 Large
White)), half barrows and half gilts, 28 days of age; initial BW 7.33 kg) were allocated to three dietary
treatments with seven replicate pens and six animals (three barrows and three gilts) per pen. Two
were the relevant treatments and two basal diets (phase 1: day 1 to 14 and phase 2: day 15 to 28)
were either not supplemented (control) or supplemented with chlortetracycline (unspecified form) at a
concentration of 75 mg/kg feed. The study lasted 28 days. Mortality, diarrhoea and health status were
checked every day. Animals’ BW and FI were recorded at days 1, 14 and 28 days and the G:F ratio
calculated. In addition, in the same days, seven animals per treatment were bled and the serum IgA,
IgG, IgM, malondialdehyde (MDA), total superoxide dismutase (T-SOD), glutathione peroxidase (GSH-
Px) and total antioxidant capacity (T-AOC) measured. At the end of the trial, the same pigs were
slaughtered and the liver and mucosa from duodenum, jejunum and ileum and intestinal contents
(from ileum and caecum) collected to measure hepatic Gpx1 and Gpx4 gene expression, mucosal
IL-1b, TNF-a and IFN-c as well as zonulin-1 (ZO-1), and occludin (OCLN), and to assess intestinal
morphology, respectively. At the end of the trial, pigs treated with chlortetracycline showed, compared
to the control group, improved BW gain (371 vs 354 g/day), G:F ratio (0.61 vs 0.57) and reduced
diarrhoea rate (2.70 vs 5.70%). Regarding serum parameters, at day 14, chlortetracycline treated
animals, compared to control ones, showed greater concentrations of IgM, T-SOD and GSH-Px and
lower concentrations of MDA and, at day 28, greater concentrations of IgA and T-SOD. In addition, at
the end of the trial, the pigs treated with chlortetracycline showed, compared to the control group,
higher Gpx1 and Gpx4 gene expressions, lower concentrations of TNF-a in the duodenum and jejunum
and greater concentrations in the jejunum of ZO-1 and OCLN. Dietary chlortetracycline
supplementation at 75 mg/kg feed had a growth-promoting effect in weaned piglets.

In the study of Mader and Brumm (1987), two experiments were carried out and the outcomes
analysed independently. In Experiment 1, a total of 288 crossbred mixed growing pigs (unspecified
breed; initial BW 19.1 kg) were allocated to four dietary treatments with three replicate pens per
treatment and 24 animals per pen. Two were the relevant treatments obtained from three basal diets
(receiver, grower and finisher) which were either not supplemented (control) or supplemented with
chlortetracycline (unspecified form) at a concentration of 55 mg/kg feed. Experiment 1 lasted 15 weeks.
In Experiment 2, a total of 192 crossbred mixed growing pigs (breed not given, with initial BW of 19.3 kg)
were allocated to the same four dietary treatments, as in Experiment 1, with three replicate pens per
treatment and 16 animals per pen. Two were the relevant treatments and a basal diet (grower) was
either not supplemented (control) or supplemented with chlortetracycline at a concentration of 55 mg/kg
feed. Experiment 2 lasted eight weeks. Animals’ BW and FI were recorded at the end of each phase
(grower phase at 56 days and finisher phase at 17 weeks) and the F:G ratio calculated. At the end of
Experiment 1, dietary chlortetracycline supplementation had no effect on growth performance of pigs. At
the end of Experiment 2, the pigs treated with chlortetracycline showed, compared to the control group,
improved BW gain (0.59 vs 0.58 kg/day) and ADFI (1.52 vs 1.48 kg/day). In one experiment, dietary
chlortetracycline supplementation at 55 mg/kg feed had a growth-promoting effect in pigs for fattening.

In the study of Maxwell et al. (1994), a total of 850 litters from nulliparous and multiparous sows
were monitored over two reproductive cycles. The study was carried out in five research stations
(average parities from 2.3 to 4.3) located at five different states in the US (number of litters
contributed by each station ranged from 76 to 299), using sows of different genotypes
(Yorkshire 9 Large White, Duroc 9 Yorkshire, Yorkshire, Yorkshire 9 Hampshire 9 Landrace, Dekalb
30), and different diets (maize–soybean meal in four locations and sorghum-soybean meal in the
other). In each location, sows were randomly distributed into four experimental treatments, consisting
in a non-medicated control diet, or the same diet supplemented with chlortetracycline (unspecified
form) at 220 mg/kg feed fed for three weeks at the time of breeding, or at the end of gestation and
during lactation, or at both times (breeding plus end gestation and lactation). Piglets were weaned from
21.0 to 41.1 days of age depending on location. Mortality and health status were checked every day.
BW of sows was recorded at breeding, at days 90 and 110 of gestation, the day after farrowing, at
day 21 of lactation and at weaning. Feed intake of sows was recorded from farrowing to day 21 of
lactation. Litter size (total number of piglets and piglets alive) and piglet weights at farrowing and at
weaning were recorded. In addition, the first-service and overall conception rates, the number of days
to first-oestrus and the sow’s rectal temperature were registered. Feeding chlortetracycline during the
breeding season increased the sow weight at breeding (168 vs 163 kg) and the litter size at birth (10.8
vs 10.3), and decreased feed consumption (5.4 vs 5.5 kg/day) in the subsequent lactation period.
Feeding chlortetracycline during lactation reduced lactation weight loss in sows (4.3 vs 6.1 kg) and
improved subsequent conception rate at the first service (80 vs 73%) and overall conception rate (89
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vs 84%). The results indicate that feeding chlortetracycline at 220 mg/kg feed during the breeding
period or/and during lactation improved overall reproductive performance of sows.

The study by Messersmith et al. (1966) included two experiments involving 409 sows housed in
eight farms. Experiment 1 included four breeding batches and a total of 179 sows (unspecified breed;
nulliparous in two batches and multiparous in the other two) that were allocated (with their litters) to
two dietary treatments: control non-medicated feed (87 sows) or the same diet supplemented with
220 mg chlortetracycline/kg (unspecified chemical form; Aureomycin chlortetracycline, Agricultural
Division, American Cyanamid Co., Princeton, NJ, USA) feed (92 sows). Experiment 2 included five
breeding batches and a total of 198 sows (breed not given, all multiparous) that were allocated (with
their litters) to two dietary treatments: control non-medicated feed (97 sows) or the same diet
supplemented with 110 mg chlortetracycline/kg feed (101 sows). Sows started to receive the
medicated diets prior to breeding and were fed the same diets throughout a 21 to 24 day breeding
period. The study lasted one reproductive cycle. Mortality and health status were monitored every day.
The farrowing rate, the number of pigs born per litter and stillborn per litter, as well as the mortality of
piglets 24 h and three weeks post-farrowing were measured. Farrowing rate was increased from 62%
to 79% when sows were fed diets with 220 mg chlortetracycline/kg feed, and from 74% to 86% when
the level of supplementation was 110 mg chlortetracycline/kg feed. Farrowing performance was
improved with both chlortetracycline concentrations.

In the study of Myers and Speer (1973) a total of 249 sows (Yorkshire 9 Landrace) were housed in
individual pens and allocated to four experimental treatments balanced by parity, weight and backfat
thickness upon completion of a 3-week lactation period. The four treatments were arranged according
to a 2 9 2-factorial design, with two levels of intake (basal vs flushing the first day post-mating) and
two levels of chlortetracycline (unspecified form) in feed (either non-medicated feed or at a
concentration of 1,000 mg/day from weaning to 15 days post-mating). The sows were fed 2.27 kg
feed/day, this level being equivalent to 440 mg/kg feed. The study lasted one reproductive cycle.
Reproduction performance parameters were measured (breeding, conception and farrowing rates,
conception rate at first oestrus, interval to the first oestrus, matings per sow, weight at weaning,
backfat thickness). Piglet data included total number born and born alive per litter, birth weight and
the number of pigs weaned per litter and litter weight weaned. The addition of chlortetracycline at
440 mg/kg to breeding sows had no effects on reproductive or farrowing performance.

In the study of Nitikanchana et al. (2012), a total of 1,313 growing pigs (PIC 1,050 9 337, 22 kg
initial BW) were distributed in 40 pens (31–33 pigs per pen, with similar number of barrows and gilts
per pen) and allocated to four dietary treatments (arranged according to a 2 9 2-factorial design with
ten replicates or pens per treatment). Pigs were fed a maize–soybean based diet that was either not
supplemented (control) or supplemented with different treatments. Two were the relevant treatments
obtained from basal diets which were either not supplemented (control) or supplemented with
chlortetracycline (unspecified form) at a concentration of 400 mg/kg feed during the first 15 days,
then all pigs received the same control diet. The study lasted 35 days. BW and feed consumption
(per pen) were determined at days 15 and 35 to calculate average daily gain (ADG) and G:F. ADG was
increased in chlortetracycline pigs from day 1 to day 15 of the trial (685 vs 649 g/days in the control).
Thus, chlortetracycline at 400 mg/kg feed had a growth-promoting effect in pigs for fattening.

In the study of Papaioannou et al. (2002), a total of 240 sows/gilts (Large White 9 Landrace) were
housed in individual pens and assigned to four dietary treatments. Two types of basal diets were used:
a pregnancy feed and a lactation feed. The four experimental treatments were arranged according to
a 2 9 2-factorial design, with two levels of a mycotoxin binder (zeolite) and two levels of dietary
addition of chlortetracycline (either a non-supplemented control or supplemented with chlortetracycline
(unspecified chemical form; AUROFAC® (Aureomycin), Roche) at a concentration of 800 mg/kg for two
weeks post-service plus two weeks starting at five days pre-farrowing). The study lasted one
reproductive cycle. Mortality and health status (inappetence, pyrexia, mastitis, vaginal discharge) were
checked every day. BW and FI were recorded weekly and the F:G calculated. In addition, reproductive
data (dates from the oestrus and service, pregnancy confirmation, farrowing, weaning and subsequent
oestrus and service) were recorded and the litter performance parameters measured (number of
piglets born alive and dead, malformed, weaned, mortality and piglet weight at birth and at weaning).
Sows treated with chlortetracycline in diets with no zeolite showed, compared to the control group,
reduced inappetence (25% vs 49%) and a shorter weaning-to-first oestrus interval after the second
weaning on trial (8.8 vs 10.3 days). In the case of the farrowing and weaning performances, litters
from chlortetracycline-treated sows, compared to the control, showed more pigs born alive (10.5 vs
9.1 pigs/litter), weaned (9.8 vs 8.1 pigs/litter) and greater weight of piglets at birth (1.4 vs 1.3 kg)
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and at weaning (6.4 vs 5.9 kg). Chlortetracycline at 800 mg/kg feed improved reproductive and litter
performance in breeding sows.

In the study of Ribeiro de Lima et al. (1981), a total of 252 crossbred pigs (Yorkshire-Hampshire;
initial BW 20 kg, 65–76 days of age) were distributed in 63 pens (two barrows and two gilts pigs per
pen) and allocated to several dietary treatments (three replicates or pens per treatment) in three
separate trials (six treatments (72 pigs), in two trials and nine treatments (108 pigs) in the other trial).
In the three trials, there were two relevant treatments obtained from a basal diet which was either not
supplemented (control) or supplemented with chlortetracycline (unspecified chemical form;
Aureomycin-50, American Cyanamid Co., Inc, Princeton, NJ, USA) at a concentration of 55 mg/kg feed.
Trial 1 lasted 105 days (from 17.4 to 95 kg BW), trial 2 102 days (from 19.9 to 90 kg BW) and trial 3
92 days (from 23.3 to 93 kg BW). Individual pig weights and FI for each pen were measured every
two weeks and feed conversion ratio calculated. Compared to the control, in the first trial pigs fed the
chlortetracycline-supplemented diet showed higher average daily weight gain (778 vs 682 g/day) and
improved F:G (2.83 vs 2.94), but there were no differences between both treatments in the other two
trials. In one trial, dietary chlortetracycline supplementation at 55 mg/kg feed had growth-promoting
effects in pigs for fattening.

In the study of Sarker et al. (2010d), a total of 90 finishing pigs (Landrace 9 Yorkshire, both sexes,
70.8 kg initial BW) were distributed in 15 pens (six pigs per pen) and allocated to five dietary
treatments (three replicates or pens per treatment). Pigs were fed a maize–wheat-soybean based
finishing diet that was either not supplemented (control) or supplemented with different treatments.
Two were the relevant treatments with basal diets either not supplemented (control) or supplemented
with chlortetracycline (unspecified form) at a concentration of 30 mg/kg feed. The study lasted 42
days. BW and FI were measured every two weeks and feed conversion ratio calculated. At the end of
the trial, pigs were slaughtered and carcass weight, backfat thickness and carcass grade were
determined. Carcass composition and thiobarbituric acid (TBA) value were also measured. Meat quality
(shear force, cooking loss, meat colour), including sensory evaluation (juiciness, tenderness and
flavour), was assessed. Pigs fed chlortetracycline-supplemented diets showed, compared to the control
group, greater total weight gain after 42 days (42.3 vs 39.4 kg) and higher ash content in meat
(2.58% vs 2.09%). Thus, chlortetracycline at 30 mg/kg feed had growth-promoting effect in pigs for
fattening.

In the study of Sbiraki et al. (2003), a total of 400 gilts/sows (Landrace 9 Large White) were
monitored for two consecutive breeding cycles. The females were distributed in two experimental
groups, a control and a treated group receiving chlortetracycline (unspecified chemical form; Aurofac,
a granular premix containing 10% of chlortetracycline; Hoffmann-La-Roche, now Alpharma, Oslo,
Norway) in feed (10 g/day for each animal) during the lactation of the first cycle, from five days before
farrowing to the first service after weaning. During the second breeding cycle, all animals were fed the
non-medicated diets. Sows were fed cereal-soybean based gestation and lactation diets. Weaning was
at 22–28 days post-farrowing (mean duration of lactation was 23.1 days in cycle 1 and 23.7 days in
cycle 2). Phase 2 began immediately after Phase 1 and ended when the sows were first mated after
their litters had been weaned. Feed intake of sows was adjusted to litter size and to gestation period.
Health status of sows and piglets was assessed daily, and signs of disease of sows recorded (poor
appetite, fever, clinical mastitis and vaginal discharge). Pregnancy was confirmed by ultrasound. During
each phase of the study (Phase 1 and Phase 2), each female was weighed at farrowing, at weaning
and at the first subsequent oestrus. Feed intake was recorded in both phases during lactation and
during weaning-to-oestrus interval and G:F calculated. The duration of the interval from weaning to
first oestrus and farrowing interval (number of days between the first and second farrowing) were also
recorded. For litters, the following data were recorded: numbers of live-born and stillborn piglets,
number of piglets that died during lactation, number of weaned piglets, individual BW of piglets at
birth and weaning. Piglets were monitored daily for diarrhoea. Considering the FI during lactation, the
concentrations of chlortetracycline in the treated group would be approximately 2,000 mg/kg feed
during lactation. Compared to the control, chlortetracycline-treated sows ate less feed from weaning to
first oestrus (22.9 vs 25.5 kg), lost less weight during lactation (�8.5 vs �10.3 kg) and from weaning
to first oestrus (�2.1 vs �2.5 kg) and less females had to be excluded because of anoestrus (6 vs
12%). The duration of weaning to first oestrus (8.1 vs 9.1 days) and of farrowing interval (146 vs 147
days) were shorter in chlortetracycline-treated than in control females. The health status of
chlortetracycline-treated sows was improved in comparison with the control group with a reduced
percentage of animals showing poor appetite (38% vs 49%), clinical mastitis (16% vs 28%) and
vaginal discharge (7% vs 14%). Litters from chlortetracycline-treated sows showed, when compared
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to control animals, more weaned piglets (9.2 vs 8.8) with a higher BW at weaning (6.1 vs 5.9 kg) and
a reduced diarrhoea score (0.59 vs 0.93). During the second cycle, the health status of
chlortetracycline-treated sows was improved in comparison with the control group with less animals
showing poor appetite (36% vs 50%) and vaginal discharge (5% vs 13%). In the second cycle, litters
from chlortetracycline-treated sows showed, compared to control, more total born (10.4 vs 10.1), live-
born (9.8 vs 9.5) and weaned (9.1 vs 8.6) piglets, and reduced diarrhoea score of piglets (0.70 vs
0.86). Chlortetracycline-treated sows showed, when compared to control, a reduced proportion of
females with return to oestrus (5% vs 12%) in the second cycle. Dietary supplementation during
lactation with chlortetracycline at 10 g/day per sow (~ 2,000 mg/kg feed) improved reproductive and
litter performance in breeding sows.

Two experiments were reported in the study of Shen et al. (2009). In Experiment 1, 192 piglets
(Landrace 9 Large White; initial BW 7.5 kg) weaned at 28 days of age, were distributed in 48 pens
(four piglets per pen) and allocated to one of six dietary treatments (eight pens or replicates per
treatment). Two were the relevant treatments obtained from a basal diet (maize–soybean–spray-dried
plasma-fish meal) which was either not supplemented (control) or supplemented with chlortetracycline
(unspecified chemical form; Jinhe Biotechnology Co. Ltd., Tuoketuo, China) at 80 mg/kg feed. The study
lasted 21 days. Feed and water were available ad libitum, FI was recorded and piglets were weighed at
the beginning and at the end of the experiment to calculate ADG and G:F. Compared to the control,
piglets fed the chlortetracycline-supplemented diet showed higher ADG (412 vs 362 g/day) and FI (749
vs 655 g/day) with no differences in G:F. In Experiment 2, 24 nursery piglets (Landrace 9 Large White,
initial BW 5.8 kg, weaned at 21 days of age) were housed in individual pens and allocated to one of three
dietary treatments (eight piglets or replicates per treatment). Two were the relevant treatments obtained
from a basal diet (maize–soybean–sprayed plasma and fish meal) which was either not supplemented
(control) or supplemented with chlortetracycline at 80 mg/kg feed. The study lasted 21 days. FI and BW
were measured weekly and G:F was calculated. During the last three days of the experiment, faeces
were collected to estimate the apparent digestibility of DM, gross energy and protein (chromium oxide
used as indigestible marker). On days 0, 7, 14 and 21 blood samples were collected to determine blood
CD4+ and CD8+ lymphocyte subset concentrations. At the end of the experiment, piglets were
euthanised and samples of duodenum, jejunum and ileum were collected for assessment of microscopic
morphology, gut microbiota and immune function. Samples of jejunum were processed to determine
cytokines. The digesta from caecum and colon were used for the analysis of VFA. Compared to the
control, piglets fed the chlortetracycline-supplemented diet showed higher ADG (338 vs 275 g/day),
increased digestibility of gross energy (82 vs 75%), DM (81 vs 73%) and protein (79 vs 71%), reduced
E. coli counts in caecum (4.7 vs 5.3 log10 CFU/g digesta). In both experiments, chlortetracycline at 80
mg/kg feed showed growth-promoting effects in weaned piglets.

In the study published by Song et al. (2013) a total of 96 piglets (Duroc 9 (Landrace 9 Large
White), initial BW 5.6 kg, weaned at 21 days of age) were distributed in 24 pens (four piglets per pen)
and allocated to one of four dietary treatments (6 pens or replicates per treatment). Two were the
relevant treatments obtained from a basal diet (maize–soybean–sprayed plasma and fish meal) which
was either not supplemented (control) or supplemented with chlortetracycline (unspecified form) at
75 mg/kg feed. The study lasted 2 weeks. Feed and water were available ad libitum, FI was recorded
and piglets were weighed at the beginning and at the end of the experiment to calculate ADG and G:F.
Faecal score was assessed using a 1-to-4 scale (1 = normal; 4 = severe scours). Blood samples were
taken for the analysis of D-lactate and diamine oxidase (DAO). At the end of the trial, one pig per
replicate was euthanised and the intestinal contents from ileum and proximal colon were collected for
microbial population enumeration. Ileal mucosa was analysed for pro-inflammatory cytokines (IL-6;
TNF-a and IFN-ϒ). Piglets fed the chlortetracycline-supplemented diet showed, compared to the
control group, greater ADG (257 vs 224 g/day) and G:F (0.826 vs 0.746). Faecal score was lower in
chlortetracycline-treated piglets (1.95 vs 3.94). Chlortetracycline-treated piglets showed less
Clostridium (5.6 vs 6.5 log10 CFU/g in ileum and 6.8 vs 7.8 log10 CFU/g in colon) and E. coli (6.7 vs 7.6
log10 CFU/g in ileum and 7.7 vs 8.7 log10 CFU/g in colon). Chlortetracycline-treated piglets had lower
blood levels of D-lactate and of DAO, and lower levels of mucosal IL6 and TNF-a. The antimicrobial
chlortetracycline at 75 mg/kg feed was effective for alleviating diarrhoea and inflammation and
improving intestinal microbiota and mucosal barrier integrity, showing growth promotion effects in
weaned piglets.

In the study of Stahly et al. (1980), a total of 183 piglets (Hampshire 9 Yorkshire; initial BW 6.75
kg, weaned at 28 days of age) were distributed in 32 pens (4–8 piglets per pen depending on litter
size) and allocated to one of four dietary treatments (eight pens or replicates per treatment from two
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separate trials with four replicates per trial). Two were the relevant treatments obtained from a basal
diet (maize–soybean) which was either not supplemented (control) or supplemented with
chlortetracycline (unspecified chemical form; Aureomycin 50, American Cyanamid, Co., Princeton, NJ,
USA) at 55 mg/kg feed. The study lasted 28 days. Feed and water were available ad libitum, FI and
piglet weight were determined at 14-day intervals to calculate ADG and F:G. Piglets fed the
chlortetracycline-supplemented diet showed, compared to the control group, greater ADG (230 vs 188
g/day) and daily FI (419 vs 370 g/day), and improved F:G (1.83 vs 2.01). The antimicrobial
chlortetracycline at 55 mg/kg feed had growth-promotion effects in weaned piglets.

The study of Teague et al. (1966) included two pooled data analyses using information from 20
trials carried out between 1950 and 1963 with pigs for fattening (Duroc), with chlortetracycline
(unspecified chemical form; from 1951 to 1954 Aurofac 2A feed supplement containing 7.94 g
chlortetracycline/kg, from 1957 to 1963 Aurofac 10 feed supplement containing 22.05 g
chlortetracycline/kg; American Cyanamid Co) ranging from 11 to 88 mg/kg feed. Each trial consisted of
a direct comparison in growth performance between pigs fed basal diets either not supplemented
(control) or supplemented with chlortetracycline. At the start of the trials, pigs were 7–9 weeks old.
Average daily weight gain (ADG) and F:G were calculated from the start of the experiment to 54 kg
BW, and from 54 kg to market weight. In the first data analysis, results from ten pairwise comparative
trials were pooled. In five of these trials, there were two lots (pens) and between 10 and 17 pigs per
treatment in each trial. Treatments were control non-supplemented diet and the same diet
supplemented with 10 mg chlortetracycline/kg feed. In the other five trials, there were two or three
lots (pens) and between 16 and 27 pigs per treatment in each trial. Treatments were control non-
supplemented diet and the same diet supplemented with 11 mg chlortetracycline/kg feed. By pooling
data analysis from the ten trials adjusted for year and initial weight, it was observed that pigs fed diets
with 10–11 mg chlortetracycline/kg showed greater ADG than control (0.65 vs 0.62 kg/day) up to 54
kg BW, but not at higher BW, with no effect on feed efficiency. In the second data analysis, results
from ten pairwise comparative trials were pooled. In each of these trials, there were two or three lots
(pens) and between 14 and 27 pigs per treatment. Treatments were control non-supplemented diet
and the same diet supplemented with 22 mg chlortetracycline/kg feed. By pooling data analysis
adjusted for year and initial weight, it was observed that pigs fed diets with 22 mg chlortetracycline/kg
showed greater ADG than control (0.67 vs 0.62 kg/day) up to 54 kg BW, but not at heavier BW, with
no effect on feed efficiency. Other trials reported in the publication by Teague et al. (1966) showed
effects of supplementing diets for pigs for fattening with chlortetracycline at 11, 22, 44 or 88 mg/kg
increasing ADG and enhancing F:G. Thus, chlortetracycline at 11 or 22 mg/kg feed showed growth-
promoting effect in pigs for fattening. These growth-promoting effects were also observed in animals
fed diets containing 44 or 88 mg chlortetracycline/kg feed.

In the study of Thu et al. (2011) a total of 120 piglets (Duroc 9 (Landrace 9 Large White), initial
BW 6.3 kg, weaned at 26 days of age) were distributed in 30 pens (four piglets per pen) and allocated
to one of five dietary treatments (six pens or replicates per treatment). Two were the relevant
treatments obtained from a basal diet (maize–soybean) which was either not supplemented (control)
or supplemented with chlortetracycline (unspecified form) at 300 mg/kg feed. The study lasted five
weeks. Feed and water were available ad libitum, FI and piglet weights were recorded weekly and
ADG and F:G were calculated. Faecal score was assessed using a 1-to-3 scale (1 = normal; 3 =
watery) on days 3, 5, 10, 12, 17 and 24. At the end of the trial, three piglets per treatment were
euthanised and intestinal tissues (duodenum, jejunum and ileum) were collected for villi height and
crypts depth measurements. Faecal samples were collected for microbial counts and determination of
SCFAs. At the end of the trial, piglets receiving chlortetracycline showed, compared to the control
group, greater final BW (14.1 vs 12.8 kg) and ADG (213 vs 186.7 g/day) and better F:G (1.89 vs
2.17). Piglets fed chlortetracycline had lower diarrhoea score (0.24 vs 0.56) and larger duodenal villi
height (499 vs 403 lm). The antimicrobial chlortetracycline at 300 mg/kg feed had growth promotion
effects in weaned piglets.

In the study of Wang et al. (2012) a total of 90 piglets (Duroc 9 (Landrace 9 Large White); initial
BW 7.2 kg, weaned at 21 days of age) were distributed in nine pens (ten piglets per pen) and
allocated to one of three dietary treatments (three pens or replicates per treatment). In the two
relevant treatments, the basal diet (maize–soybean–fish meal) was either not supplemented (control)
or supplemented with chlortetracycline (unspecified form) at 100 mg/kg feed. The study lasted 28
days. Feed intake and piglet weights were recorded and ADG and F:G were calculated. Faecal score
was assessed. At the end of the trial, two piglets per pen were euthanised and, serum and intestinal
digesta and tissue (duodenum, jejunum and ileum) were collected for histomorphology and microbial
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counts. At the end of the trial, piglets receiving chlortetracycline showed, compared to the control
group, greater final weight (17.5 vs 15.1 kg), ADG (360 vs 287 g/day) and FI (685 vs 597 g/day) and
better F:G (1.90 vs 2.08). Piglets fed chlortetracycline-supplemented diet showed less E. coli in
duodenum (6.7 vs 7.9 log10 CFU/g), jejunum (7.1 vs 9.2 log10 CFU/g) and caecum (9.1 vs 9.7 log10
CFU/g) and more Lactobacilli in duodenum (5.8 vs 5.2 log10 CFU/g) and jejunum (5.9 vs 5.3 log10
CFU/g). Furthermore, chlortetracycline-treated piglets showed shorter crypt depth in duodenum (150
vs 169 lm), jejunum (149 vs 154 lm) and ileum (133 vs 138 lm) and higher villus height to crypt
depth ratio in the duodenum (2.54 vs 2.28). The antimicrobial chlortetracycline at 100 mg/kg feed had
growth promotion effects in weaned piglets.

In the study of Wang et al. (2019) a total of 108 piglets (Duroc 9 (Landrace 9 Large White); initial
BW 7.1 kg, weaned at 28 days of age) were distributed in 18 pens (three female and three male
piglets per pen) and allocated to one of three dietary treatments (six pens or replicates per
treatment). Two were the relevant treatments obtained from a basal diet which was either not
supplemented (control) or supplemented with chlortetracycline (unspecified chemical form;
commercially available chlortetracycline with a purity of 15%) at 75 mg/kg feed. The study lasted 28
days. Feed and water were offered ad libitum, and FI and piglet weights were recorded every 2
weeks, and ADG and F:G were calculated. Faecal score was assessed. Diarrhoea prevalence was
recorded. At the end of the trial six piglets per treatment were selected to collect blood samples
(determination of immunoglobulins and inflammatory cytokines) and three piglets per treatment were
euthanised and samples of digesta were collected to determine SCFAs and microbiota composition. At
the end of the trial, piglets receiving chlortetracycline showed, compared to the control group, lower
concentrations of lactic and propionic acids in colonic digesta and lower levels in blood serum of IL-10,
IL-1b, IL-6 and IFN-ϒ. At a phylum level, in the colon, Firmicutes were higher in chlortetracycline
group while Bacteroidetes were lower; in caecum Spirochaetae were less abundant. No differences
were observed for growth parameters. The antimicrobial chlortetracycline at 75 mg/kg feed did not
show growth promotion effects in weaned piglets.

In the study of Williams et al. (2018) a total of 300 piglets (DNA 200 9 400 Columbus NE, 5.9 kg
initial BW) weaned at 21 days of age, were distributed in 60 pens (five piglets per pen) and allocated
to one of six dietary treatments (ten pens or replicates per treatment). Two were the relevant
treatments obtained from two basal diets —phase 1 days 0–14 (maize–soybean–whey) and phase
2 days 14–42 (maize–soybean)— which were either not supplemented (control) or supplemented
with chlortetracycline at 400 mg/kg feed (unspecified chemical form; Zoetis Services, LLC, Florham
Park, NJ, USA). The study lasted 42 days. Feed and water were offered ad libitum. Feed intake and
piglet weights were recorded weekly at pen level, and ADG and G:F were calculated. On days 0, 21
and 42 faecal samples were collected from three randomly selected piglets per pen for bacterial
isolation and antimicrobial resistance test of faecal E. coli isolates. At the end of the trial, piglets
receiving chlortetracycline-supplemented diets showed, compared to the control group, greater final
weight (25.6 vs 24.2 kg), ADG (469 vs 424 g/day) and FI (726 vs 644 g/day), with no differences in
G:F. The antimicrobial chlortetracycline at 400 mg/kg feed showed growth promotion effects in
weaned piglets.

In the study of Zhao et al. (2015) a total of 150 piglets (Duroc 9 (Landrace 9 Large White); initial
BW 9.2 kg) weaned at 28 days of age, were distributed in 30 pens (five piglets per pen) and allocated
to one of five dietary treatments (six pens or replicates per treatment). Two were the relevant
treatments obtained from a basal diet (maize–soybean–fish meal) which was either not supplemented
(control) or supplemented with chlortetracycline (unspecified form) at 150 mg/kg feed. The study
lasted 21 days. Feed and water were offered ad libitum, FI per pen was recorded and piglets were
weighed on days 1, 10 and 21, and ADG and F:G were calculated. Diarrhoea incidence was monitored.
At the end of the trial six pigs for treatment were euthanised and blood samples were taken for
determination of serum glucose, BUN, T3, T4, GH and IGF-1. In addition, samples of digesta from
caecum, colon and rectum were taken for microbiota enumeration (E. coli, Bifidobacterium and
Lactobacillus). Piglets receiving chlortetracycline-supplemented diet showed, compared to the control
group, lower diarrhoea incidence (3.67% vs 5.61%) and higher serum levels of T3, T4 and IGF-1. No
differences were observed for growth parameters, except that initial weight was greater in control than
in chlortetracycline piglets. The antimicrobial chlortetracycline at 150 mg/kg feed did not show growth
promotion effects in weaned piglets.
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3.3.2.3.3. Studies in poultry

In the study of Aguirre et al. (2015) a total of 300 one-day-old Cobb chickens for fattening were
allocated to five dietary treatments and distributed in six pens per treatment, in groups of ten chickens
per each pen. Three basal diets based on maize and soybean meal (booster, starter and finisher) were
either not supplemented (control) or supplemented with different treatments. Two were the relevant
treatments: a control and a treatment consisting of 150 mg chlortetracycline/kg feed (unspecified
form; 1 g chlortetracycline 15%/kg feed). Viability was 100%. Chicken weights were recorded on days
7, 28 and 42, cumulative FI was recorded on days 8, 28 and 42 and cumulative BW gain and F:G were
calculated. A digestibility trial was conducted for 6 days starting on day 23. Three chickens per
treatment randomly selected (replicates not indicated) were transferred to individual cages for faeces
collection. Crude protein, gross energy and apparent metabolisable energy digestibility were assessed
and at the end of the experiment (42 days), these chickens were slaughtered. Intestines of each
slaughtered bird were collected for histological analysis. At the end of the trial, the birds treated with
chlortetracycline at 150 mg/kg feed, compared to the control group, showed higher final BW (2,078 vs
1,862 g), higher cumulative BW gain (1,921 vs 1,701 g) and improved F:G (1.90 vs 2.19). Crude
protein and gross energy digestibility of animals treated with chlortetracycline was improved, (75.5 vs
70.1% and 83.1 vs 78.6%, respectively), compared to the control group. In addition, in birds treated
with chlortetracycline, compared to the control group, an increase of duodenal villi height (820 vs 673
lm) and a decrease of crypt depth (334 vs 412 lm) were observed. Dietary chlortetracycline
supplementation at 150 mg/kg feed had a growth-promoting effect in chickens for fattening.

In the study of Alvares et al. (1964), a total of 1,440 1-day-old male Vantress-Arbor Acres chickens
for fattening were used in three experiments (one preliminary study and two experiments). In each
experiment, birds were allocated to 12 dietary treatments and distributed in four lots per treatment, in
groups of 15 birds per each lot. Two successive experiments with 24 lots each were carried out, with
means for the parameters established from both experiments. A basal diet was either not
supplemented (control) or supplemented with different treatments. Six were the relevant treatments:
three control diets (basal diet containing sucrose, dextrose or starch) and three treatments consisting
of chlortetracycline supplementation (unspecified form) at a concentration of 100 mg/kg feed, for the
diet containing sucrose, dextrose or starch. Mortality and health status were not indicated. Chicken BW
was recorded on days 0, 14 and 28 and cumulative weight gain and feed conversion ratio were
calculated. At the end of the trial, the birds treated with chlortetracycline at 100 mg/kg feed,
compared to the control group, showed higher BW gain (319 vs 265 g) and improved feed utilisation
efficiency (0.55 vs 0.52). No effect of the supplementation with chlortetracycline was observed with
dextrose and starch diets. Dietary chlortetracycline supplementation at 100 mg/kg feed had a growth-
promoting effect in chickens for fattening, only with sucrose diet.

In the study of Bagal et al. (2016), a total of 400 1-day-old Cobb chickens for fattening were
allocated to 10 dietary treatments and distributed in four pens per treatment, in groups of 10 birds per
pen. Two basal diets, based on maize and soybean meal (starter and grower), were either not
supplemented (control) or supplemented with different treatments. Two were relevant treatments: a
control and a treatment consisting of chlortetracycline supplementation (unspecified form) at a
concentration of 335 mg/kg feed. Mortality and health status were not indicated. Chicken weight and
FI were recorded on days 0, 15, 30 and 45 and cumulative weight gain and feed conversion ratio were
calculated. At the end of the trial (45 days), the birds treated with chlortetracycline at 335 mg/kg feed,
compared to the control group, showed higher cumulative weight gain (2,404 vs 2,236 g), higher
cumulative FI (4,702 vs 4,222 g) and improved F:G (1.95 vs 1.97). Dietary chlortetracycline
supplementation at 335 mg/kg feed had a growth-promoting effect in chickens for fattening.

In the study of Bai et al. (2013), a total of 696 1-day-old male Cobb chickens for fattening were
allocated to four dietary treatments and distributed in six pens per treatment, in groups of 29 birds per
each pen. Two basal diets based on maize and soybean meal (starter and grower) were either not
supplemented (control) or supplemented with different treatments. Two were the relevant treatments:
a control and a treatment consisting of chlortetracycline supplementation (unspecified form) at a
concentration of 100 mg/kg feed. Mortality and health status were not indicated. Animal weight and
daily FI were recorded on days 1, 21 and 42 and daily weight gain and F:G were calculated. On days
21 and 42, two birds from each replicate were selected according to the average BW of the pen, and
slaughtered. At the end of the trial (42 days), the birds treated with chlortetracycline at 100 mg/kg
feed, compared to the control group, showed no effect on growth performance. Dietary
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chlortetracycline supplementation at 100 mg/kg feed did not have a growth-promoting effect in
chickens for fattening.

The study of Begin (1971) reported three different experiments with different concentrations of
chlortetracycline. In Experiment 1, a total of 120 one-day-old male Inbred-Hybrid (light) chickens for
fattening were allocated to four dietary treatments and distributed in three pens per treatment, in
groups of ten birds per each pen. In Experiment 2, a total of 90 one-day-old male New
Hampshire 9 Columbian cross (heavy) chickens for fattening were allocated to three dietary
treatments and distributed in three pens per treatment, in groups of ten birds per each pen. In
Experiment 3, a total of 120 one-day-old male New Hampshire 9 Columbian cross heavy chickens for
fattening were allocated to four dietary treatments and distributed in three pens per treatment, in
groups of ten birds per each pen. A basal diet based on maize and soybean meal was either not
supplemented (control) or supplemented with different treatments. The relevant treatments were: in
Experiments 1 and 3, a control diet and three treatments consisting of chlortetracycline
supplementation (unspecified chemical form; Aurofac 50 from American Cyanamid Co., Inc.) at
concentrations of 50, 100 and 200 mg/kg feed; in Experiment 2, a control diet and two treatments
consisted of chlortetracycline supplementation at a concentration of 100 and 200 mg/kg feed. In
Experiment 3, the determination of carcass energy gain was accomplished by slaughtering 10-day-old
chicks (neither number nor origin was indicated) to obtain the initial gross energy content of the birds
and at the end of the experiment (day 28), five chickens/each experimental group were fasted for
16 h and selected for final energy determinations, after slaughter. Mortality and health status were not
indicated. In the three experiments, chicken BW and cumulative FI were recorded at the start (day 1)
and at the end (day 28) of the trials, and cumulative weight gain and feed conversion ratio were
calculated. Excreta samples were collected from each pen on two consecutive days during the fourth
week of each experiment, in order to calculate the metabolisable energy of the experimental diets,
corrected for nitrogen equilibrium. Energy utilisation values were calculated in the three experiments.
At the end of the trial, in Experiment 1, the birds treated with chlortetracycline at 50, 100 or 200 mg/
kg feed compared to the control group, showed higher BW gain (272, 287 and 277 g, respectively, vs
265 g), improved feed utilisation efficiency (0.52, 0.52 and 0.50, respectively, vs 0.47) and improved
metabolisable energy utilisation efficiency (gain to metabolisable energy ratio) (0.18, 0.18 and 0.17,
respectively, vs 0.16); in Experiment 2, the birds treated with chlortetracycline at the concentration of
100 or 200 mg/kg feed compared to the control group, showed higher BW gain (311 and 337 g,
respectively, vs 300 g), improved feed utilisation efficiency (0.55 and 0.53, respectively, vs 0.49) and
improved metabolisable energy utilisation efficiency (gain to metabolisable energy ratio) (0.19 and
0.18, respectively, vs 0.17); in Experiment 3, the birds treated with chlortetracycline at 50, 100 or 200
mg/kg feed compared to the control group, showed higher BW gain (327, 327 and 323 g, respectively,
vs 298 g), improved feed utilisation efficiency (0.55, 0.57 and 0.55, respectively, vs 0.53), higher
carcass energy gain (591, 561 and 587 kcal, respectively, vs 521 kcal) and improved metabolisable
energy efficiency (33.6, 34 and 34%, respectively, vs 31%). There was the same effect of
chlortetracycline on the different performance parameters, whatever its concentrations. Dietary
chlortetracycline supplementation at 50, 100 and 200 mg/kg feed had a growth-promoting effect in
chickens for fattening.

In the study of Bostami et al. (2016), a total of 300 1-day-old mixed-sex Ross (exact strain not
specified) chickens for fattening were allocated to three dietary treatments and distributed in ten pens
per treatment, in groups of ten chickens per pen. Two basal diets based on maize and soybean meal
(starter and finisher) were either not supplemented (control) or supplemented with different
treatments. Two were the relevant treatments: a control and a treatment consisting of 1,000 mg
chlortetracycline hydrochloride/kg feed (corresponding to 930 mg chlortetracycline/kg feed). Mortality
was recorded daily. Chicken weights and FI were recorded on days 0, 21, 28 and 35 and daily weight
gain and F:G were calculated. At the end of the trial (42 days), three birds/each pen were randomly
selected to perform microbial analysis. At the end of the trial, the birds treated with chlortetracycline
hydrochloride at 1,000 mg/kg feed, compared to the control group, showed higher daily weight gain
(63.2 vs 57.6 g), improved F:G (1.49 vs 1.60) and reduced mortality (4 vs 8%). The caecal digesta of
the treated animals showed a reduction in E. coli (6.55 vs 7.47 log10 CFU/g) and Salmonella (6.21 vs
6.59 log10 CFU/g). Dietary chlortetracycline hydrochloride supplementation at 1,000 mg/kg feed
(corresponding to 930 mg chlortetracycline/kg feed) had a growth-promoting effect in chickens for
fattening.

In the study of Chen et al. (2018) a total of 144 1-day-old male Arbor Acres Plus chickens for
fattening were allocated to three dietary treatments and distributed in six cages per treatment, in
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groups of eight birds per each cage. Two basal diets based on maize and soybean meal (starter and
grower) were either not supplemented (control) or supplemented with different treatments. Two were
the relevant treatments: a control and a treatment consisting of chlortetracycline (unspecified form)
supplementation at a concentration of 40 mg/kg feed. Mortality and health status were not indicated.
Chicken weight and daily FI were recorded on days 21 and 42 (after 12 h fasting) and daily weight
gain and feed conversion ratio were calculated. On days 21 and 42, 6 birds per treatment were
slaughtered and thymus, bursa and spleen were weighed, content of caeca was collected and cultured
to determine colonies of E. coli and Lactobacillus; the jejunum and ileum were also excised and their
mucosa was collected for immune and oxidative markers. At the end of the trial (42 days), the birds
treated with chlortetracycline at 40 mg/kg feed compared to the control group, showed higher daily
weight gain (60.7 vs 55.6 g) and improved F:G (1.69 vs 1.85). At day 42, relative thymus weight was
also higher than in controls (5.98 vs 4.12 g/kg), the jejunum and ileum of treated chickens exhibited
higher concentration of IgA in jejunum and higher concentration of IgG in ileum. Dietary
chlortetracycline supplementation at 40 mg/kg feed had a growth-promoting effect in chickens for
fattening.

In the study of Dong et al. (2011) a total of 360 one-day-old male Arbor Acres chickens for
fattening were allocated to five dietary treatments and distributed in six cages per treatment, in
groups of 12 birds per each cage. Two basal diets based on maize and soybean meal (starter and
grower) were either not supplemented (control) or supplemented with different treatments. Two were
the relevant treatments: a control and a treatment consisting of chlortetracycline (unspecified form)
supplementation at a concentration of 150 mg/kg feed. Mortality and health status were not indicated.
Animal weight and daily FI were recorded on days 0, 21, 28 and 42 (after 12 h fasting) and feed
conversion ratio was calculated. On day 42, one bird per replicate was slaughtered after 12 h fasting,
blood and liver samples were collected and a sample of the left breast muscle and the right breast
muscle were collected. At the end of the trial (42 days), the birds treated with chlortetracycline at 150
mg/kg feed, compared to the control group, showed higher BW (2,607 vs 2,488 g) and higher daily FI
(112.2 vs 107.5 g/day). Dietary chlortetracycline supplementation at 150 mg/kg feed had a growth-
promoting effect in chickens for fattening.

In the study of Guo et al. (2020), a total of 240 one-day-old mixed-sex Arbor Acres chickens for
fattening were allocated to six dietary treatments and distributed in five cages per treatment, in
groups of eight birds per cage. Two basal diets based on maize and soybean meal (starter and
grower) were either not supplemented (control) or supplemented with different treatments. Two were
the relevant treatments: a control and a treatment consisting of chlortetracycline (unspecified form,
purity 100%) supplementation at a concentration of 50 mg/kg feed. Mortality and health status were
not indicated. Chicken weight and daily FI were recorded on days 21 and 42, and daily weight gain
and feed conversion ratio were calculated. At the end of the trial (42 days), the supplementation of
chlortetracycline at 50 mg/kg feed had no effect on growth performance. Dietary chlortetracycline
supplementation at 50 mg/kg feed did not have a growth-promoting effect in chickens for fattening.

In the study of Han et al. (2012) a total of 252 one-day-old male Arbor Acres chickens for fattening
were allocated to three dietary treatments and distributed in 14 cages per treatment, in groups of six
birds per cage. Two basal diets based on maize and soybean meal (starter, 1–21 days and grower,
22–42 days) were either not supplemented (control) or supplemented with different treatments. Two
were the relevant treatments: a control and a treatment consisting of chlortetracycline (unspecified
form) supplementation at a concentration of 80 mg/kg feed in the starter diet and 50 mg/kg feed in
the grower diet. Mortality and health status were not indicated. Chicken weight and daily FI were
recorded on days 21 and 42 (after 12 h fasting) and daily weight gain and feed conversion ratio were
calculated. The excreta were collected from each cage from day 19 to day 21, and from day 22 to day
42 to measure digestibility of nutrients and energy. At 42 days of life, one bird per cage was
slaughtered and the content of caeca was collected and cultured to determine colonies of E. coli and
Lactobacillus and the duodenum, jejunum and ileum were also excised for the analysis of their
morphology. At the end of the trial (42 days), the birds treated with chlortetracycline at 80 mg/kg feed
in the starter diet and at 50 mg/kg feed in the grower diet, compared to the control group, showed
higher daily weight gain (54 vs 50 g/day), higher daily FI (92 vs 85 g/day) and lower count of E. coli
(5.31 vs 6.19 log10 CFU/g wet digesta). The dietary supplementation of chlortetracycline had no effect
on nutrient and energy digestibility and on intestinal morphology. Dietary chlortetracycline
supplementation at 80 mg/kg feed from 1 to 21 days of age and at 50 mg/kg feed from 22 to 42 days
of life had a growth-promoting effect in chickens for fattening.
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In the study of He et al. (2019) a total of 168 one-day-old mixed-sex Arbor Acres chickens for
fattening were allocated to three dietary treatments and distributed in seven cages per treatment, in
groups of eight birds per cage. Two basal diets based on maize and soybean meal (starter and
grower) were either not supplemented (control) or supplemented with different treatments. Two were
the relevant treatments: a control and a treatment consisting of chlortetracycline (unspecified form)
supplementation at a concentration of 75 mg/kg feed. Mortality and health status were not indicated.
Chicken weight and daily FI were recorded on days 0, 21 and 42 and daily weight gain and feed
conversion ratio were calculated. On days 39 and 42, excreta samples were collected from each
replicate to determine total tract digestibility. At 42 days of age, birds were slaughtered. At the end of
the trial (42 days), the supplementation with chlortetracycline at 75 mg/kg feed, compared to the
control group, had no effect on growth performance, but increased the digestibility of DM and organic
matter, dietary chlortetracycline supplementation at 75 mg/kg feed did not have a growth-promoting
effect in chickens for fattening.

In the study of Hong et al. (2019) a total of 180 one-day-old male Cobb 500 chickens for fattening
were allocated to three dietary treatments and distributed in four pens per treatment, in groups of 15
birds per cage. Two basal diets based on maize and soybean meal (starter and grower) were either
not supplemented (control) or supplemented with different treatments. Two were the relevant
treatments: a control and a treatment consisting of chlortetracycline (unspecified chemical form; Hubei
Huada Real Technology Co., Wuhan City, Hubei Province, China) supplementation at a concentration of
50 mg/kg feed. Mortality and health status were not indicated. Chickens weight and daily FI were
recorded on days 7, 14, 21 and 35 and daily weight gain and feed conversion ratio were calculated at
the end of the trial (day 42). On days 7, 14, 21 and 35, 8 birds per treatment were slaughtered to
sample the caecal content. At the end of the trial (42 days), the birds treated with chlortetracycline at
50 mg/kg feed, compared to the control group, showed higher final BW (2,206 vs 1,901 g), higher
daily weight gain between 14 and 21 days (70 vs 51.3 g/day) and between 21 and 35 days (92.8 vs
80.2 g/day) and improved F:G (1.63 vs 2.02). Furthermore, compared to the control group, the
chickens treated with chlortetracycline showed greater proportion of caecal Firmicutes bacteria (0.7%
vs 0.6%) while caecal Bacteroidetes were in lower proportion (0.15% vs 0.25%). Dietary
chlortetracycline supplementation at 50 mg/kg feed had a growth-promoting effect in chickens for
fattening.

In the study of Hossain et al. (2012c), a total of 140 1-day-old Ross chickens for fattening were
allocated to four dietary treatments and distributed in five cages per treatment, in groups of seven
birds per cage. Two basal diets based on maize and soybean meal (starter and finisher) were either
not supplemented (control) or supplemented with different treatments. Two were the relevant
treatments: a control and a treatment consisting of chlortetracycline (unspecified form)
supplementation at a concentration of 50 mg/kg feed. Mortality and health status were not indicated.
Chicken weight and daily FI were recorded on days 1, 21, 28 and 35, daily weight gain was recorded
daily and feed conversion ratio was calculated at the end of the trial (day 35). At the end of the
experiment, 15 chickens per treatment were selected and slaughtered to determine the weight
of organs and of thighs and breast meat. At the end of the trial (35 days), the supplementation of
chlortetracycline at 50 mg/kg feed, compared to the control group, had no effect on growth
performance but showed greater breast relative weight (14.5% vs 12.5%), lower thigh relative weight
(12% vs 13%) and lower large intestine relative weight (0.12% vs 0.19%). Dietary chlortetracycline
supplementation at 50 mg/kg feed did not have a growth-promoting effect in chickens for fattening.

In the study of Hosseini and Meimandipour (2018), a total of 250 one-day-old male Ross 308
chickens for fattening were allocated to five dietary treatments and distributed in five pens per
treatment, in groups of ten birds per each pen. Two basal diets based on maize and soybean meal
(starter 1�21 days and grower 22�42 days) were either not supplemented (control) or supplemented
with different treatments. Two were the relevant treatments: a control and a treatment consisting of
chlortetracycline (unspecified form) supplementation at a concentration of 80 mg/kg feed in the starter
diet and 50 mg/kg feed in the grower diet. Mortality and health status were checked every day.
Chicken weight and daily FI were recorded on days 1, 21, 28 and 42 and daily weight gain and feed
conversion ratio were calculated. On day 42, all the birds were slaughtered. At the end of the trial (42
days), the birds treated with chlortetracycline at 80 mg/kg feed in the starter diet and at 50 mg/kg
feed in the grower diet, compared to the control group, showed higher cumulative BW gain (2,025 vs
1,925 g). Dietary chlortetracycline supplementation at 80 mg/kg feed from 1 to 21 days of age and
then at 50 mg/kg feed from 22 to 42 days of life had a growth-promoting effect in chickens for
fattening.
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The study of Huang et al. (2018) reported two experiments. In Experiment 2, a total of 600 one-day-
old Arbor Acres chickens for fattening were allocated to five dietary treatments and distributed in ten
cages per treatment, in groups of 12 birds per cage for 42 days. In Experiment 3, a total of 600 one-day-
old local Yellow-Feather chickens for fattening were allocated to five dietary treatments and distributed in
ten cages per treatment, in groups of 12 birds per each cage for 56 days. A basal diet was either not
supplemented (control) or supplemented with different treatments. In the 2 experiments two were the
relevant treatments: a control and a treatment consisting of chlortetracycline (unspecified chemical form;
Citifac®, chlortetracycline 20% w/w premix) supplementation at a concentration of 50 mg/kg feed.
Mortality and health status were checked daily. In both experiments, chicken BW and cumulative FI were
recorded for each replicate at the start (day 1) and at the end of the trial (day 42 for Experiment 2 and
day 56 for Experiment 3), and cumulative weight gain and feed conversion ratio were calculated. In
Experiment 2, ten birds per treatment were selected on days 21 and 42, slaughtered and ileal tissue was
sampled. Moreover, five additional birds were slaughtered at the end of each study and the digesta from
the duodenum, jejunum, ileum and caecum and colorectum was collected to sequence the microbiota. At
the end of the trial, (1) in Experiment 2, the chlortetracycline supplementation had no effect on growth
performance; (2) in Experiment 3, the birds treated with chlortetracycline at the concentration of 50 mg/
kg feed compared to the control group, showed higher cumulative FI (3,548 and 3,443 g). In both
experiments the birds treated with chlortetracycline at 50 mg/kg feed, compared to the control group,
showed lower abundances of Corynebacterium, Brachybacterium and Dietzia and higher abundances of
Kitasatospora and Streptomyces. Dietary chlortetracycline supplementation at 50 mg/kg feed did not
have a growth-promoting effect in chickens for fattening.

In the study of Kim and Choi (2014) a total of 150 one-day-old male Arbor Acres chickens for
fattening were allocated to five dietary treatments and distributed in three pens per treatment, in
groups of ten birds per each pen. Two basal diets based on maize, soybean meal and wheat bran
(starter, 1–21 days and finisher, 22–35 days) were either not supplemented (control) or supplemented
with different treatments. Two were the relevant treatments: a control and a treatment consisting of
chlortetracycline (unspecified chemical form; CTC Bio Inc., Seoul, South Korea) supplementation at a
concentration of 500 mg/kg feed. Mortality and health status were not specified. Chicken weights were
recorded daily from the start until the end of the experiment (35 days), FI was recorded weekly per
pen and cumulative daily weight gain and feed conversion ratio were calculated. At the end of the trial
(35 days), the birds treated with chlortetracycline at 500 mg/kg feed, compared to the control group,
showed no effect on growth parameters. Dietary chlortetracycline supplementation at 500 mg/kg feed
did not have a growth-promoting effect in chickens for fattening.

In the study of Li et al. (2007) a total of 196 one-day-old male Arbor Acres chickens for fattening
were allocated to four dietary treatments and distributed in seven cages per treatment, in groups of
seven birds per cage. Two basal diets (starter, 1–21 days and grower, 22–42 days) were either not
supplemented (control) or supplemented with different treatments. Two were the relevant treatments:
a control and a treatment consisting of chlortetracycline (unspecified form) supplementation at a
concentration of 80 mg/kg feed in the starter diet and 50 mg/kg feed in the grower diet. Mortality and
health status were not specified. Chicken weight and cumulative FI were recorded on days 21 and 42,
and daily FI daily weight gain and feed conversion ratio were calculated. At the end of each phase
(days 21 and 42) excreta from each cage were collected to measure digestibility. At 42 days of age,
seven birds per treatment (one bird per each cage) were bled, slaughtered and caeca content was
sampled to enumerate Lactobacillus and E. coli. At the end of the trial (42 days), the birds treated with
chlortetracycline at 80 mg/kg in the starter diet and at 50 mg/kg feed in the grower diet, compared to
the control group, showed higher daily weight gain (49.5 vs 47.3 g/day) and lower counts of E. coli
(5.32 vs 6.20 log10 CFU/g digesta), but no effect on digestibility. Dietary chlortetracycline
supplementation at 80 mg/kg in the starter diet (1�21 days) and at 50 mg/kg feed in the grower diet
(22�42 days) had a growth-promoting effect in chickens for fattening.

In the study of Li et al. (2020) a total of 144 one-day-old male Arbor Acres chickens for fattening
were allocated to three dietary treatments and distributed in six cages per treatment, groups of eight
birds per each cage. One basal diet based on maize and soybean meal was either not supplemented
(control) or supplemented with different treatments. Two were the relevant treatments: a control and
a treatment consisting of chlortetracycline (unspecified form) supplementation at a concentration of
50 mg/kg feed. Mortality and health status were not specified. Chicken weight and FI were recorded at
the start and at the end (21 days) of the study, and daily FI daily weight gain and feed conversion
ratio were calculated. At 21 days of age, six birds/ treatment (one bird per cage) were selected,
slaughtered (after a 12-h fast), the immune organs were weighed and duodenal, jejunal and ileal
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mucosa were sampled. At the end of the trial (21 days), the birds treated with chlortetracycline at 50
mg/kg feed, compared to the control group, showed improved F:G (1.53 vs 1.60), higher duodenal villi
length (1,729 vs 1,523 lm) and higher villus height to crypt depth ratios in the duodenum (9.80 vs
7.24) and the jejunum (5.75 vs 4.51), and shorter crypt depth in the jejunum (209 vs 289 lm) and
the ileum (125 vs 188 lm). Dietary chlortetracycline supplementation at 50 mg/kg feed had a growth-
promoting effect in chickens for fattening.

In the study of Li et al. (2020) a total of 120 one-day-old mixed sex Arbor Acres chickens for
fattening were allocated to three dietary treatments and distributed in 40 individual cages per
treatment. Two basal diets (starter (0–3 weeks) and grower (4–6 weeks)) were either not
supplemented (control) or supplemented with different treatments. Two were the relevant treatments:
a control and a treatment consisting of chlortetracycline (unspecified chemical form; chlortetracycline
(20%), Qilu Pharmaceutical Co., Ltd., Jinan, China) supplementation at a concentration of 50 mg/kg
feed. Mortality and health status were not specified. Chicken weight and cumulative FI were recorded
at the start and the end of the experiment (day 42), and daily FI daily weight gain and feed
conversion ratio were calculated. At 42 days of age, all the birds were bled and slaughtered. At the
end of the trial (42 days), the birds treated with chlortetracycline at 50 mg/kg feed, compared to the
control group, showed higher BW (2,389 vs 2,107 g), higher daily FI (96 vs 85 g/day), higher carcass
weight (2,312 vs 2,033 g) and higher blood triglycerides concentration (3 vs 2 mg/mL). Dietary
chlortetracycline supplementation at 50 mg/kg feed had a growth-promoting effect in chickens for
fattening.

In the study of Liao et al. (2015) a total of 320 one-day-old male Arbor Acres chickens for fattening
were allocated to five dietary treatments and distributed in eight cages per treatment, in groups of
eight birds per cage. Two basal diets based on maize and soybean meal (starter 1�21 days and
grower 22�42 days) were either not supplemented (control) or supplemented with different
treatments. Two were the relevant treatments: a control and a treatment consisting of
chlortetracycline (unspecified form; Aureomycin) supplementation at a concentration of 150 mg/kg
feed. Mortality and health status were checked daily. Chicken weight and FI were recorded on days 21
and 42, and daily FI daily weight gain and feed conversion ratio were calculated. The birds treated
with chlortetracycline at 150 mg/kg feed, compared to the control group, showed higher daily gain
from day 22 to day 42 (82.7 vs 76.0 g/day). Dietary chlortetracycline supplementation at 150 mg/kg
feed had a growth-promoting effect on the performance of chickens for fattening.

In the study of Mahfuz et al. (2019), a total of 252 1-day-old male Arbor Acres chickens for
fattening were allocated to four dietary treatments and distributed in seven cages per treatment, in
groups of nine birds per cage. Two basal diets based on maize and soybean meal (starter and finisher)
were either not supplemented (control) or supplemented with different treatments. Two were the
relevant treatments: a control and a treatment consisting of chlortetracycline (unspecified form)
supplementation at a concentration of 80 mg/kg feed. Mortality and health status were not specified.
Animal weight and FI were recorded weekly, and daily FI daily weight gain and feed conversion ratio
were calculated. Blood from seven birds per treatment (one bird per cage) was collected on days 14,
21, 28 and 42. At the end of the trial (42 days), the birds treated with chlortetracycline at 80 mg/kg
feed, compared to the control group, showed no effect on growth parameters, they only showed lower
plasma total cholesterol concentration. Dietary chlortetracycline supplementation at 50 mg/kg feed did
not have a growth-promoting effect in chickens for fattening.

In the study of Proudfoot et al. (1988), a total of four experiments were carried out and the
outcomes analysed separately by pooling results from trials 1 and 2 apart from trials 3 and 4. In
Experiment 1/2, a total of 800 1-day-old male Arbor Acres chickens for fattening were allocated to four
dietary treatments and distributed in four pens per treatment, in groups of 50 birds per pen. Two
basal diets based on maize, soybean meal and wheat (starter and finisher) were either not
supplemented (control) or supplemented with different treatments. All the four treatments were
relevant: a control (a) and three treatments consisting of chlortetracycline (unspecified form)
supplementation at a concentration of 5.5 mg/kg feed (treatment b), or a quantity in drinking water to
give equivalence of 5.5 mg/kg feed (treatment c), or a quantity in drinking water with a concentration
of half of the concentration used in treatment c (treatment d). In Experiment 3/4, a total of 2,400
one-day-old male Arbor Acres chickens for fattening were allocated to six dietary treatments and
distributed in four pens per treatment, in groups of 100 birds per pen. Two basal diets based on
maize, soybean meal and wheat (starter and finisher) were either not supplemented (control) or
supplemented with different treatments. Two were the relevant treatments: a control and a treatment
consisting of chlortetracycline supplementation at a concentration of 5.5 mg/kg feed. Mortality and
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health status were checked daily in all the experiments. Chicken weight and cumulative FI were
recorded on days 21 and 42, and feed conversion ratio was calculated. As in the paper the water
intake is not reported and the chlortetracycline concentration in the drinking water is not provided,
only the treatment given in feed will be considered. At the end of the trial (42 days), the birds treated
with chlortetracycline at 5.5 mg/kg feed, compared to the control group, showed no difference in any
of the performance parameters. Dietary chlortetracycline supplementation at 5.5 mg/kg feed did not
have a growth-promoting effect in chickens for fattening.

In the study of Qu et al. (2019), a total of 144 1-day-old male Arbor Acres chickens for fattening
were allocated to three dietary treatments and distributed in six cages per treatment, in groups of
eight birds per each cage. Two basal diets (starter, 1�21 days and grower, 22�42 days) were either
not supplemented (control) or supplemented with different treatments. Two were the relevant
treatments: a control and a treatment consisting of chlortetracycline (unspecified chemical form; Jinhe
Biotechnology Co. Ltd. Hohhot, China) supplementation at a concentration of 50 mg/kg feed. Mortality
and health status were checked daily. Chicken weight and cumulative FI were recorded on days 21
and 42 (after a 12-h fast), and daily FI daily weight gain, and feed conversion ratio were calculated. At
the end of the trial (42 days), the birds treated with tetracycline at 50 mg/kg feed compared to the
control group, showed higher daily weight gain (52.6 vs 49.7 g/day). Dietary chlortetracycline
supplementation at 50 mg/kg feed had a growth-promoting effect in chickens for fattening.

In the study of Shi et al. (2005) two experiments were reported. In Experiment 1, a total of 294
one-day-old male Arbor Acres chickens for fattening were allocated to seven dietary treatments and
distributed in six cages per treatment, in groups of seven birds per cage. In Experiment 2 a total of 42
one-day-old male Arbor Acres chickens for fattening were allocated to seven dietary treatments and
distributed in six individual cages per treatment. In both experiments, two basal diets based on maize
and soybean meal (starter days 1 to 21 and finisher days 22–42) were either not supplemented
(control) or supplemented with different treatments. Two were the relevant treatments: a control and
a treatment consisting of chlortetracycline (unspecified form) supplementation at a concentration of 50
mg/kg feed. Mortality and health status were checked daily. In Experiment 1, chicken weight and
cumulative FI were recorded on days 0, 21 and 42, and daily FI daily weight gain and feed conversion
ratio were calculated. In Experiment 2, FI was recorded on days 19�21 and 40�42, and excreta were
collected to determine gross energy and nitrogen contents. Apparent metabolisable energy, N retained
per day and the efficiency of utilisation of nitrogen were calculated at the end of the trial (42 days).
The birds treated with chlortetracycline at 50 mg/kg feed, compared to the control group, showed no
differences in any of the measured parameters, in both experiments. Dietary chlortetracycline
supplementation at 50 mg/kg feed did not have a growth-promoting effect in chickens for fattening.

In the study of Stutz and Lawton (1984), in Experiment 2, a total of 168 two-day-old male chickens
for fattening (Hubbard) were allocated to six dietary treatments and distributed in six (control) or
three (experimental) pens per treatment, in groups of eight birds per pen. The basal diet based on
maize and soybean meal was either not supplemented (control) or supplemented with different
treatments. Two were the relevant treatments: a control and a treatment consisting of
chlortetracycline (unspecified form) supplementation at a concentration of 55 mg/kg feed. The
experiment lasted eight days (from day 3 to day 11 of age). BW and cumulative FI were recorded and
F:G calculated at the end of the experiment. At the end of the experiment, 32 chickens (control) or 16
chickens (chlortetracycline treatment) were slaughtered for relative ileal weight determination, whereas
ileal digesta from 12 (control) or six (chlortetracycline treatment) chickens were used for enumeration
of C. perfringens. At the end of the experiment, the birds treated with chlortetracycline at 55 mg/kg
feed, compared to the control group, showed higher daily weight gain (127 vs 111 g/day) and an
improved F:G (1.21 vs 1.26), and had decreased relative ileum weight (1.10% vs 1.62% BW) and
lower C. perfringens count (2.4 vs 3.8 log10/g digesta). Dietary chlortetracycline supplementation at
55 mg/kg feed had a growth-promoting effect in chickens for fattening.

In the study of Tang et al. (2014) a total of 300 one-day-old Arbor Acres chickens for fattening
were allocated to five dietary treatments and distributed in six pens per treatment, in groups of ten
birds per pen. Two basal diets based on maize and soybean meal (starter days 1�21 and grower days
22�42) were either not supplemented (control) or supplemented with different treatments. Two were
the relevant treatments: a control and a treatment consisting of chlortetracycline (unspecified form)
supplementation at a concentration of 40 mg/kg feed. Mortality was recorded. Chicken weight and FI
were recorded on days 21 and 42 and F:G was calculated. On days 21 and 42, 6 chickens per
treatment were slaughtered and jejunum and ileum were sampled and caeca content was collected for
enumeration of E. coli and Lactobacillus. At the end of the trial (42 days), the birds treated with
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chlortetracycline at 40 mg/kg feed, compared to the control group, showed lower E. coli count (6.86
vs 7.32 log10 CFU/g digesta) but showed no effect on growth performance. Dietary chlortetracycline
supplementation at 40 mg/kg feed did not have a growth-promoting effect in chickens for fattening.

In the study of €Ur€us�an and B€ol€ukbas�ı (2017), a total of 350 (175 males and 175 females) 1-day-old
Ross PM 308 chickens for fattening were allocated to seven dietary treatments and distributed in five
pens per treatment, in groups of 10 birds per each pen. Two basal diets based on maize, soybean
meal and full-fat soybean (starter, days 1�21 and finisher, days 22�42) were either not supplemented
(control) or supplemented with different treatments. Two were the relevant treatments: a control and
a treatment consisting of chlortetracycline (unspecified form) supplementation at a concentration of 10
mg/kg feed. Mortality and health status were not specified. Chicken weight and FI were recorded and
F:G was calculated. At 42 days of age, five chickens per treatment were slaughtered, carcass yield was
calculated and intestinal content from jejunum was collected for enumeration of microbial population.
At the end of the trial (42 days), the birds treated with chlortetracycline at 10 mg/kg feed, compared
to the control group, showed higher slaughtering weight (2,782 vs 2,392 g), higher hot and cold
carcass weights (2,092 vs 1,813 g and 2,050 vs 1,773 g, respectively), higher content of aerobe
mesophilic bacteria (8.49 vs 7.92 CFU/g) and lactic bacteria (7.74 vs 7.28 CFU/g). Dietary
chlortetracycline supplementation at 10 mg/kg feed had a growth-promoting effect in chickens for
fattening.

In the study of Uuganbayar et al. (2005), a total of 180 40-week-old Tetra Brown laying hens were
allocated to six dietary treatments with five replicates per treatment, in groups of six birds per
treatment (each group consisted of three adherent cages of two birds). One basal diet based on maize
grain and soybean was either not supplemented (control) or supplemented with different treatments.
Two were the relevant treatments: a control and a treatment consisting of chlortetracycline
(unspecified form) supplementation at a concentration of 500 mg/kg feed. Mortality and health status
were not specified. Feed intake was recorded weekly. Egg production rate, egg weight, egg mass and
feed conversion ratio were calculated. Fifteen eggs per treatment were selected for eggshell thickness
measurements. At the end of the trial (56 days), the dietary supplementation with chlortetracycline at
500 mg/kg, compared to the control group, had no effect on laying performance. Dietary
chlortetracycline supplementation at 500 mg/kg feed did not have a growth-promoting effect in laying
hens.

In the study of Zhang et al. (2015) a total of 700 one-day-old Arbor Acres chickens for fattening
were allocated to seven dietary treatments and distributed in five pens per treatment, in groups of 20
birds per each pen. Two basal diets based on maize and soybean meal (starter days 1�21 and grower
days 22�42) were either not supplemented (control) or supplemented with different treatments. Two
were the relevant treatments: a control and a treatment consisting of chlortetracycline (unspecified
chemical form; Aureomycin 0.1%, Agrichina company, Beijing, China) supplementation at a
concentration of 1,000 mg/kg feed. Mortality and health status were not recorded. Chicken weight and
FI were recorded weekly and F:G was calculated. At the end of the trial (42 days) 42 samples of
caecal content were analysed to determine caecal microbiota. At the end of the trial (42 days), the
dietary supplementation with chlortetracycline at 1,000 mg/kg feed, compared to the control group,
had no effect on growth performance and caecal microbiota. Dietary chlortetracycline supplementation
at 1,000 mg/kg feed did not have a growth-promoting effect in chickens for fattening.

3.3.2.3.4. Studies in fish

In the study of Kim et al. (2009), a total of 225 native wild crucian carp (Carassius auratus), 20 g
BW, were distributed in 15 tanks in groups of 15 animals and allocated to five dietary treatments
(three replicates/treatment). Two were the relevant treatments obtained from a basal diet which was
either not supplemented (control) or supplemented with chlortetracycline (unspecified chemical form;
chlortetracycline purity 98.8%; Wuhan Hezhongs) at a concentration of 50 mg/kg feed. The fish were
fed at a rate of 4% (wet weight basis) of their total biomass per day. The daily ration was divided into
two equal portions. The study lasted 60 days. Animals’ weight and cumulative FI were recorded at the
end of the trial and the G:F calculated. In addition, at the end of the trial, nine animals per treatment
were slaughtered and skin, gill and intestine sampled to enumerate total aerobes, E. coli and
lactobacilli as well as to examine intestinal morphology. At the end of the trial, the carp treated with
chlortetracycline showed, compared to the control group, lower counts in the intestine of total aerobes
(ca. 4.75 vs 5.5 log10 CFU/cm2), Vibrio (ca. 3.75 vs 4.5 log10 CFU/cm2) and E. coli (1.9 vs 2.25 log10
CFU/cm2), and improved structure of the intestine mucosae by increased villus height of both intestinal
parts – in the mid (65.7 vs 51.5 lm) and distal (50.7 vs 42.3 lm) intestine. Dietary supplementation with
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chlortetracycline at a concentration of 50 mg/kg feed showed growth-promoting effects in crucian carp
(Carassius auratus).

3.3.2.4. Discussion

From the studies examined, the test item has been described as (i) ‘chlortetracycline hydrochloride’
(2 studies), (ii) a chlortetracycline commercial preparation (unspecified chemical form; 30 studies) or
(iii) ‘chlortetracycline’ (unspecified form; 58 studies). Therefore, for the cases (ii) and (iii), an
uncertainty on the exact product used/concentration applied has been identified.

A detailed analysis of the uncertainties for chlortetracycline is included in Appendix A.2 (Table A.2)
of this document, and Section 3.3 of the Scientific Opinion Part 1 (see also the Virtual Issue).

3.3.2.4.1. Ruminants

The 15 studies (16 publications) considered as suitable for the assessment included four studies in
calves, eight in cattle for fattening and three in lambs. Except for one study (Stanford et al., 2015),
treatments contained groups of animals treated with only one chlortetracycline concentration and did
not allow to assess any dose-related effects.

In the four studies in calves, three studies including a dietary chlortetracycline supplementation at
45 mg chlortetracycline/kg DM (Bush et al., 1959; Brown et al., 1960) and 80 mg chlortetracycline/kg
DM (Murdock et al., 1961) showed growth-promoting effects; no effects were observed at 70 mg
chlortetracycline/kg DM (Hibbs and Conrad, 1958).

In eight studies in fattening cattle, only two studies including a dietary chlortetracycline
supplementation at 35 mg chlortetracycline/kg DM (Beacom et al., 1988; Baldwin et al., 2000) showed
growth-promoting effects. On the contrary, in other four studies, a dietary chlortetracycline
supplementation at the same range of concentration in feed did not affect animal performance: 11 and
36–39 mg chlortetracycline/kg DM (Stanford et al., 2015); 38 mg chlortetracycline/kg DM (Kitts et al.,
2007); 40 mg chlortetracycline/kg DM (Kitts et al., 2006; Reid et al., 2014). Equally, no effects on
growth performance were observed when chlortetracycline was supplemented at 9 mg
chlortetracycline/kg DM (Brown et al., 1975) or 589 mg chlortetracycline/kg DM (Cabral et al., 2013).

The three studies in lambs for fattening showed rather inconsistent results: dietary chlortetracycline
supplementation had growth-promoting effects at 25 mg chlortetracycline/kg DM (Rumsey et al., 1982;
only in one out of three trials); no effects at 63 mg chlortetracycline/kg DM (Ternus et al., 1971) or
negative effects on performance at 11 mg chlortetracycline/kg DM (Mir, 1989).

3.3.2.4.2. Pigs

The 44 studies considered as suitable for the assessment covered three animal categories within
pigs: weaned piglets (22), pigs for fattening (17) and sows (5). In most studies, treatments included
groups of animals treated with only one chlortetracycline concentration and did not allow to assess any
dose-related effects.

In 19 studies in weaned piglets, dietary chlortetracycline supplementation at 40 to 500 mg/kg feed
had growth-promoting/increase yield effects (Helm et al. (2019), 40 mg chlortetracycline/kg feed;
Jiang et al. (2019), 50 mg chlortetracycline/kg feed; Stahly et al. (1980), 55 mg chlortetracycline/kg
feed; Feldpausch et al. (2018), 55 and 441 mg chlortetracycline/kg feed; Song et al. (2013), Ke et al.
(2014), Han et al. (2018) and Ma et al. (2019), 75 mg chlortetracycline/kg feed; Liu et al. (2008) and
Shen et al. (2009), 80 mg chlortetracycline/kg feed; Choi et al. (2011a,b) and Wang et al. (2012), 100
mg chlortetracycline/kg feed; Thu et al. (2011), Cha et al. (2013) and Loh et al. (2013), 300 mg
chlortetracycline/kg feed; Williams et al. (2018), 400 mg chlortetracycline/kg feed; Capps et al. (2020)
440 mg chlortetracycline/kg feed; Amachawadi et al. (2011), 500 mg chlortetracycline/kg feed). Other
three studies in weaned piglets showed that dietary chlortetracycline supplementation did not have a
growth-promoting effect in piglets at 75 mg chlortetracycline/kg feed (Long et al. (2019) and Wang
et al. (2019)) or 150 mg chlortetracycline/kg feed (Zhao et al. (2015)).

In nine studies in pigs for fattening, dietary chlortetracycline supplementation at 11 to 1,000 mg/kg
feed had growth-promoting/increase yield effects in pigs. Specifically, these positive effects were
shown in seven studies (Teague et al. (1966) from 11 to 88 mg chlortetracycline/kg feed; Brown et al.
(1952), 22 mg chlortetracycline hydrochloride/kg feed, corresponding to 20.5 mg chlortetracycline/kg
feed; Ahmed et al. (2018), 30 mg chlortetracycline/kg feed; Kijparkorn et al. (2009), 50 mg
chlortetracycline/kg feed; Brumm and Peo (1985), 110 mg chlortetracycline/kg feed; Nitikanchana
et al. (2012), 400 mg chlortetracycline/kg feed; Chen et al. (2005), 1,000 mg chlortetracycline/kg
feed). In two studies in pigs for fattening, dietary chlortetracycline supplementation at 55 mg/kg feed
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had growth-promoting/increase yield effects in pigs in two experiments (Ribeiro de Lima et al. (1981)
and Mader and Brumm (1987), one experiment), 55 mg chlortetracycline/kg feed), but also did not
show any growth-promoting effect in other three experiments (Ribeiro de Lima et al. (1981) and
Mader and Brumm (1987), 55 mg chlortetracycline/kg feed). Other seven studies in pigs for fattening
showed that dietary chlortetracycline supplementation did not have a growth-promoting effect
(Holman and Ch�enier (2013), 5.5 mg chlortetracycline/kg feed; Hossain et al. (2012a,b), Ko and Yang
(2008) and Sarker et al. (2010d), 30 mg chlortetracycline/kg feed; Langlois et al. (1978), 44 mg
chlortetracycline/kg feed; Chen et al., 2006, 1,000 mg chlortetracycline/kg feed). In contrast, one
study in pigs for fattening showed that dietary chlortetracycline supplementation adversely affected
growth performance and feed utilisation of pigs (Cheng et al., 2018, 150 mg chlortetracycline/kg feed).

In four studies in sows, dietary chlortetracycline supplementation at 110 to 2,000 mg/kg feed
improved reproductive performance in sows (Messersmith et al. (1966), 110 and 220 mg
chlortetracycline/kg feed; Maxwell et al. (1994), 220 mg chlortetracycline/kg feed; Papaioannou et al.
(2002), 800 mg chlortetracycline/kg feed; Sbiraki et al. (2003), 2,000 mg chlortetracycline/kg feed).
Another study in sows for reproduction showed that dietary chlortetracycline supplementation did not
affect performance (Myers and Speer (1973), 440 mg chlortetracycline/kg feed).

3.3.2.4.3. Poultry

The 29 studies considered as suitable for the assessment covered two animal categories within
poultry: chickens for fattening (27) and laying hens (2). In most studies, treatments included groups
of birds treated with only one chlortetracycline concentration and did not allow to assess any dose-
related effects.

In 17 studies in chickens for fattening, dietary chlortetracycline supplementation at concentrations
ranging from 10 to 930 mg/kg feed improved growth performance of chickens for fattening (€Ur€us�an
and B€ol€ukbas�ı (2017), 10 mg chlortetracycline/kg feed; Chen et al. (2018), 40 mg chlortetracycline/kg
feed; Qu et al. (2018), Hong et al. (2019), Li et al. (2019a, 2020), 50 mg chlortetracycline/kg feed;
Begin (1971), 50, 100 and 200 mg chlortetracycline/kg feed; Stutz and Lawton (1984), 55 mg
chlortetracycline/kg feed; Han et al. (2012), Hosseini and Meimandipour (2018) and Li et al. (2007),
80 mg chlortetracycline/kg feed from day 1 to day 21 of age and then 50 mg chlortetracycline/kg feed
from day 22 to day 42 of age; Alvares et al. (1964), 100 mg chlortetracycline/kg feed; Dong et al.
(2011), Aguirre et al. (2015) and Liao et al. (2015), 150 mg chlortetracycline/kg feed; Bagal et al.
(2016), 335 mg chlortetracycline/kg feed; Bostami et al. (2016), 1,000 mg chlortetracycline
hydrochloride/kg feed, corresponding to 930 mg chlortetracycline/kg feed). Moreover, two studies out
of 17 presented some limitations: in the study of Alvares et al. (1964), the positive effect of dietary
chlortetracycline supplementation was observed in feed containing sucrose but not in feed containing
starch or dextrose; in the study of Liao et al. (2015), the positive effect of dietary chlortetracycline
supplementation was observed only on weight gain from 22 to 42 days of age.

Other ten studies in chickens for fattening showed that dietary chlortetracycline supplementation in
the range of 5.5 to 500 mg/kg feed did not affect performance of chickens for fattening (Proudfoot
et al. (1988), 5.5 mg chlortetracycline/kg feed; Tang et al. (2014), 40 mg chlortetracycline/kg feed;
Shi et al. (2005), Hossain et al. (2012c), Huang et al. (2018), Mahfuz et al. (2019) and Guo et al.
(2020), 50 mg chlortetracycline/kg feed; He et al. (2019), 75 mg chlortetracycline/kg feed; Bai et al.
(2013), 100 mg chlortetracycline/kg feed; Kim and Choi (2014), 500 mg chlortetracycline/kg feed).

The two studies in laying hens showed that dietary chlortetracycline supplementation did not affect
laying performance of hens (Uuganbatar et al., 2005, 500 mg chlortetracycline/kg feed; Zhang et al.,
2015, 1,000 mg chlortetracycline/kg feed).

3.3.2.4.4. Fish

Only one study in fish (native wild crucian carp, Carassius auratus) was identified as a relevant (Kim
et al., 2009). Dietary chlortetracycline supplementation at 50 mg/kg had growth-promoting effects in
crucian carp.

3.3.2.5. Concluding remarks

It is judged 66�90% certain (‘likely’) that chlortetracycline has growth-promoting/increase yield
effects in weaned piglets at concentrations ranging from 40 to 500 mg/kg complete feed (19 studies).

It is judged 50�66% certain that chlortetracycline has growth-promoting/increase yield effects in
pigs for fattening at concentrations ranging from 11 to 1,000 mg/kg complete feed (nine studies) and
in chickens for fattening at concentrations ranging from 10 to 929.3 mg/kg complete feed (17 studies).
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It is judged 33�66% certain (‘about as likely as not’) that chlortetracycline has growth-promoting/
increase yield effects: in calves at concentrations ranging from 45 to 80 mg/kg DM (three studies), in
cattle for fattening at concentrations ranging from 35 to 40 mg/kg DM (two studies), in lambs for
fattening at the concentration of 25 mg/kg DM (one study), in sows at concentrations ranging from
110 to 2,000 mg/kg complete feed (four studies) and in fish at a concentration of 50 mg/kg complete
feed (one study).

It is judged 33�66% certain (‘about as likely as not’) that chlortetracycline has negative effects on
performance of lambs for fattening at a concentration of 11 mg/kg DM (one study) and on
performance and feed utilisation of pigs for fattening at a concentration of 150 mg/kg complete feed
(one study).

No data are available in the scientific literature showing effects of chlortetracycline on growth
promotion/increased yield when added (i) to calves feed at concentrations below 45 mg/kg DM, (ii) to
cattle for fattening feed at concentrations below 35 mg/kg DM, (iii) to lambs for fattening feed at
concentrations below 25 mg/kg DM, (iv) to weaned piglets feed at concentrations below 40 mg/kg, (v)
to pigs for fattening feed at concentrations below 11 mg/kg, (vi) to sows feed at concentrations below
110 mg/kg, (vii) to chickens for fattening feed at concentrations below 10 mg/kg, (viii) to fish feed at
concentrations below 50 mg/kg, or (ix) to feed of any other food-producing animal species or
categories.

3.3.3. Oxytetracycline

3.3.3.1. Literature search results

The literature search, conducted according to the methodology described in Section 2.2.2.1 of the
Scientific Opinion Part 1 (see also the Virtual Issue), resulted in 1,910 papers mentioning
oxytetracycline and any of the food-producing animal species considered3 and any of the performance
parameters identified as relevant for the assessment of the possible growth-promoting effects of
oxytetracycline.4 After removing the reports not matching the eligibility criteria, 168 publications were
identified.

3.3.3.2. Evaluation of the studies

The 168 publications identified in the literature search were appraised for suitability for the
assessment of the effects of oxytetracycline on growth or yield of food-producing animals; this
appraisal was performed by checking each study against a series of pre-defined exclusion criteria (see
Section 2.2.2.2.1 of the Scientific Opinion Part 1; see also the Virtual Issue).5 A total of 119
publications were not considered suitable for the assessment because of several shortcomings
identified in the design of the study or in the reporting of the results. The list of excluded publications
and their shortcomings are presented in Appendix B.3 (Table B.3).

The publications considered suitable for the assessment are described and assessed in
Section 3.3.3.3.

3.3.3.3. Assessment of the effects of oxytetracycline on growth performance and yield

Forty-nine publications were considered suitable for the assessment of the effects of oxytetracycline
on growth and yield performance in food-producing animals. The effects of the administration of the
antimicrobial on the endpoints described in Section 2.2.2.2.1 of the Scientific Opinion Part 1; see also
the Virtual Issue) were evaluated. The selected publications and the effects on the relevant endpoints
are described below. The summary of the studies includes the description of the source of
oxytetracycline used —either as the base or as any specific form/commercial preparation—, and the
concentration(s) applied as reported in each study.

3.3.3.3.1. Studies in ruminants

In the study of Yuangklang et al. (2005), a total of 38 Dutch Friesian-Holstein calves (one week of
age, 41 kg BW, sex not specified) were housed individually and allocated to different treatments (19
replicates/ treatment). The study lasted 25 weeks. Two were the relevant treatments: a control and a
treatment consisting of oxytetracycline at 80 mg/kg milk replacer. The following parameters were
measured: daily FI final BW, BW gain, digestibility coefficients of DM, CP, total fat, ash, calcium,
phosphorus, magnesium, faecal bile acid excretion. During the first six weeks of life, the calves
received a commercial starter diet and milk replacer without any supplementary treatment. From
experimental weeks 19 to 23 the calves’ diet included a finisher diet and a milk replacer which either
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contained or not oxytetracycline (unspecified form) at a level of 80 mg/kg. Animals treated with
oxytetracycline, compared with the control group, showed an increased coefficient of digestibility of
magnesium (0.41 vs 0.32). Dietary supplementation at 80 mg/kg milk replacer had not a growth-
promoting effect in veal calves.

3.3.3.3.2. Studies in pigs

In the study of Akinfala and Tewe (2004), a total of twenty pigs (Large White 9 Hampshire, sex
not specified), with a mean BW of 13.3 kg, were allocated individually in pens. Each pen had feeders
and nipples to provide ad libitum access to feed and water. The basal diets were whole cassava plant
meal-based. Feed was given to the pigs during the experiment in an amount corresponding to 3.5% of
BW. All pigs were allocated to four different treatments via feed. Two were the relevant treatments: a
control and a treatment consisting of oxytetracycline (unspecified form) at a concentration of 450 mg/kg
feed. The study lasted a total of nine weeks. Endpoints included: FI daily gain, feed conversion ratio, final
weight, haematological parameters (PCV, red and white blood cells, Hb); apparent digestibility
coefficients of DM, N 9 6.25, CF, NDF, ADF, lignin, cellulose and haemicellulose. At the end of the
experiment the final BW and weight gain were higher in the group containing oxytetracycline than in the
control group (43.9 vs 34.0 kg for final BW and 0.47 vs 0.38 kg/day for weight gain). Oxytetracycline
supplementation compared to the control group increased content of RBC and digestibility of
haemicellulose. Oxytetracycline supplementation at 450 mg/kg feed showed growth-promoting effect in
pigs for fattening.

In the study of Han et al. (2014) a total of 60 crossbred piglets weaned at 28 days old
((Landrance 9 Yorkshire) 9 Duroc; sex unspecified, BW 8.1 kg), were randomly assigned to five
different dietary treatments with four replications per treatment and three pigs per pen in a completely
randomised design. Each pen contained feeders and nipples to provide ad libitum access to feed and
water. The basal diets were based on maize and soybean meal, without or with different treatments.
Two were the relevant treatments: a control and a treatment consisting of oxytetracycline (unspecified
form) at a concentration of 500 mg/kg feed. The study lasted 28 days. Endpoints included growth
performance parameters (BW, ADG, ADFI and G:F), blood parameters, nutrient digestibility (DM, N,
DE) and faecal noxious gas (ammonia, hydrogen sulfide, amine, R-SH) emission. At the end of the
experiment the animals receiving oxytetracycline had higher ADG and ADFI compared to control: 474
vs 412 g and 717 vs 688 g, respectively. The G:F was positively changed (0.637 vs 0.614 in control
group). Dietary oxytetracycline supplementation at 500 mg/kg feed showed growth-promoting effects
in weaned piglets.

3.3.3.3.3. Studies in poultry

In the study of Aalaei et al. (2018, 2019), a total of 300 breeder hens, 51-week-old (Ross 308),
were allocated to five dietary treatments (60 birds/treatment), each including six pens with 10 birds.
The diets were either not supplemented or supplemented with different treatments. Two were relevant
treatments: a control and a treatment consisting of oxytetracycline (unspecified form) at a
concentration of 500 mg/kg feed. The study lasted ten weeks. Egg production (hen-day and hen-
house egg, egg weight, egg mass), BW gain and F:G were recorded. Hens were artificially inseminated
to evaluate hatchability and fertility. Two hens from each pen (12 per treatment) were killed for
evaluation of reproductive organs and intestinal morphology. Samples of foregut were collected to
evaluate TLR (Toll-like receptor), mRNA expression of TLR2 and TLR4. Five hens from each pen (30
hens per treatment) were selected to measure feather (on a 1-to-5 scale from normal to naked with
injuries) and faecal (on a 0-to-4 scale from normal to diarrhoea) scores. The toe web swelling reaction
(lymphoproliferative response to phytohaemagglutinin) was measured in 12 animals per treatment and
blood samples were collected to determine monocytes, lymphocytes and heterophils. Furthermore, at
the end of trial, blood samples were collected from 12 animals per treatment to determine serum
malondialdehyde, serum glutathione peroxidase and lipid peroxidation (thiobarbituric acid-reactive
substances (TBARS)). At the end of the trial, the hens treated with oxytetracycline compared to the
control group, showed higher faecal score (2.46 vs 1.50), lower E. coli counts (5.78 vs 8.93 log10 CFU/
g) and increased expression levels were observed for the mRNA of TLR-2 and TLR-4. Dietary
oxytetracycline supplementation at 500 mg/kg feed had no promoting effect on the performance of
laying hens.

In the study of Ahmed et al. (2014) a total of 140 one-day-old chickens for fattening (Ross,
unspecified strain) were allocated to four dietary treatments (35 birds/treatment) each including five
replicates with seven birds. Two diets (starter, finisher) were either not supplemented or supplemented
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with different treatments. Two were relevant treatments: a control and a treatment consisting of
oxytetracycline (unspecified form) at a concentration of 50 mg/kg feed. The study lasted 35 days. BW
and FI were recorded weekly and F:G calculated. Excreta samples were collected weekly until the
fourth week for gas measurements (ammonia and hydrogen sulfide). At the end of the trial three birds
per replicate (15 broilers per treatment) were slaughtered and samples of muscles (from breast and
thigh) were collected to calculate proximate composition and oxidative stability. At the end of the trial,
birds receiving oxytetracycline compared to the control group, showed higher ammonia emission
during the fourth week of trial and lower lipid peroxidation (measured as malondialdehyde contents in
muscle) after the first and the second week of meat storage. Dietary oxytetracycline supplementation
at 50 mg/kg feed did not have a growth-promoting effect in chickens for fattening.

In the study of Alonge et al. (2017a), a total of 180 one-day-old chickens for fattening (Arbor
Acres) were allocated to five dietary treatments (36 birds/treatment), each including three replicates
with 12 birds. The diets (starter, finisher) were either not supplemented or supplemented with
different treatments. Two were relevant treatments: a control and a treatment consisting of
oxytetracycline (unspecified form) at a concentration of 600 mg/kg feed. The study lasted eight weeks.
BW and FI were recorded weekly and F:G calculated. At the end of weeks 4 and 8, four birds per
replicate (12 per treatment) were selected for evaluation of digestibility of DM, CP, crude fibre,
nitrogen-free extract, ether extract and ash. Birds receiving oxytetracycline compared to the control
group, showed lower mortality during weeks 4–8 (2.78% vs 8.33%); only on week 4 higher
digestibility of DM (84.2% vs 80.5%), CP (78.2% vs 74.5%) and nitrogen free extract (80.1% vs
73.1%) was observed, but not on week 8. Dietary oxytetracycline supplementation at 600 mg/kg feed
did not have a growth-promoting effect in chickens for fattening.

In the study of Attia et al. (2017), a total of 245 1-day-old chickens for fattening Cobb 500
(unsexed) were allocated to seven dietary treatments (35 birds/treatment), each including five pens
with seven birds. The diets (starter 0–21, grower 22–35, finisher 36–42) were either not supplemented
or supplemented with different treatments. Two were relevant treatments: a control and a treatment
consisting of oxytetracycline (unspecified chemical form; Terramycin® (oxytetracycline, 40% purity)
purchased from Delta Vet Center Company, Egypt) at a concentration of 200 mg/kg feed. The study
lasted 42 days. BW and FI were evaluated at the end of each feeding phase to calculate average daily
gain, daily FI and F:G. Dead birds were recorded on a daily basis. At the end of the study five birds
per treatment were slaughtered for examination of intestinal morphology (villus height, crypt depth,
crypt/villus in duodenum, jejunum and ileum) and caecal microbiota count. At 42 days of age, ten
birds per treatment were kept in their pens (2 bird/pen) for the evaluation of total tract nutrient
digestibility (DM, nitrogen, ether extract). Birds receiving oxytetracycline compared to the control
group, showed higher final BW (2,526 vs 2,322 g), higher average daily weight gain (59.1 vs 54.3 g),
better feed conversion ratio (1.66 vs 1.72) and lower mortality (0% vs 11.8%). The intestinal digesta
of the treated birds showed a reduction in lactobacilli (4.08 vs 4.98 log10 CFU/g) and coliform bacteria
(1.65 vs 2.55 log10 CFU/g). The results of digestibility study showed higher digestibility of DM (82.6%
vs 78.7%) and CP (75.2% vs 71.7%). Dietary oxytetracycline supplementation at 200 mg/kg feed had
a growth-promoting effect in chickens for fattening.

In the study of Bostami et al. (2017) a total of 240 one-day-old chickens for fattening (Ross 308,
mixed sex) were allocated to five dietary treatments (48 birds/treatment), each including six replicates
with eight birds. The diets (starter, finisher) were either not supplemented or supplemented with
different treatments. Two were relevant treatments: a control and a treatment consisting of
oxytetracycline (unspecified form) at a concentration of 500 mg/kg feed. The study lasted 35 days. BW
and FI were recorded weekly and feed conversion ratio calculated. As health-relevant parameters,
besides mortality, levels of IgG, IgM and IgA were measured at the end of the study in three randomly
selected birds/pen. Relative organ development was measured based on the final BW before slaughter
of the bird. At the end of the trial, two chickens from each replication were slaughtered and sampled
for the determination of chemical meat composition (moisture, CP, CF, crude ash, calcium, magnesium,
iron, sodium) and a full fatty acid (FA) profiling including lipid oxidation (by TBARS test). At the end of
the trial, birds receiving oxytetracycline compared to the control group, showed lower mortality (2.9%
vs 7.7%), reduced relative weight of abdominal fat (1.34% vs 1.78%) and higher CP in meat (22.1%
vs 21.2%). The FA profile of meat was also significantly affected showing reduced palmitic acid,
increased alpha-linolenic, eicosapentanoic, linoleic and dosahexanoic acids; higher total
polyunsaturated fatty acids (PUFA), higher ratio of PUFA/SFA, both higher x-3 and x-6 FA with a
reduced x-6/x-3 ratio and increased ratio of hypocholesterolaemic/hypercholesterolaemic FA. Dietary
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oxytetracycline supplementation at 500 mg/kg feed had a growth-promoting effect in chickens for
fattening.

In the study of Deepa et al. (2018), a total of 432 one-day-old chickens for fattening (unspecified
sex and strain) were allocated to six dietary treatments (72 birds/treatment), each including 12
replicates with six birds. The diets (pre-starter, starter, finisher) were either not supplemented or
supplemented with different treatments. Two were relevant treatments: a control and a treatment
consisting of oxytetracycline (unspecified form) at a concentration of 50 mg/kg feed. The study lasted
42 days. Individual BW and replicate FI were recorded weekly and feed conversion ratio calculated.
Nine birds per treatment were slaughtered for carcass characteristic (eviscerated yield, relative weight
of heart, liver, gizzard, giblets, abdominal fat) and intestinal length recording. At the end of the trial,
birds receiving oxytetracycline compared to the control group, showed higher BW gain (1,817 vs 1,742
g), higher total FI (3,014 vs 2,531 g), but worse F:G (1.659 vs 1.487). Since conflicting results were
identified for BW gain and F:G, no conclusions could be drawn on the growth-promoting effects of
oxytetracycline in chickens for fattening.

In the study of Henry et al. (1987) a total of 144 one-day-old chickens for fattening
(Peterson 9 Arbor Acres) were allocated to five groups, including a control and four dietary
treatments, each including four or five replicates with six birds (24 birds/control; 30 birds/treatment).
The diet was either not supplemented or supplemented with different treatments. Two were relevant
treatments: a control and a treatment consisting of oxytetracycline (unspecified form) at a
concentration of 200 mg/kg feed. The study lasted 21 days. The performance end points were weight
gain, daily FI and feed conversion ratio. At the end of 21 days, experimental birds were weighed and
killed for the evaluation of the relative weight of the small intestinal tract and biomarkers of deposition
of essential elements (manganese and zinc in kidney and bone; copper and iron in kidney). At the end
of the trial, birds receiving oxytetracycline compared to the control group, showed lower relative
weight of the small intestine (2.86% vs 3.34%) and higher manganese deposition in bone. Dietary
oxytetracycline supplementation at 200 mg/kg feed did not have a growth-promoting effect in chickens
for fattening.

In the study of Hong et al. (2012) a total of 240 one-day-old chickens for fattening (Arbor Acres)
were allocated to three dietary treatments (80 birds/treatment), each including four replicates with ten
males and ten females. The diets (starter, grower) were either not supplemented or supplemented
with different treatments. Two were relevant treatments: a control and a treatment consisting of
oxytetracycline (unspecified form) at a concentration of 100 mg/kg feed. The study lasted 42 days. BW
was recorded individually on days 1, 21 and 42, total FI on days 21 and 42 to calculate BW gain and
F:G for the respective period. At day 42, blood samples were harvested for the evaluation of humoral
immunity (sheep red blood cells and Newcastle disease antibody titre), immunoglobulin G, lipoprotein
profile, cholesterol, total polyphenol content and total flavonoids content. On 42 days of age all birds
were killed for carcass evaluation (carcass weight, abdominal fat) and samples from breast and thigh
muscles were taken for quality parameters analysis (colour, water holding capacity, DM and fat
content, sensory characteristics). Intestinal contents were collected on day 42 from duodenum,
jejunum, ileum and caeca of six birds per pen to determine the ileum microbiota (total bacteria count,
Salmonella, coliforms, enterococci, lactobacilli), total caeca volatile fatty acids, intestinal pH, ileum
ammonia concentration and histology of intestinal tissue (villus height, crypt depth). At the end of the
trial, birds receiving oxytetracycline compared to the control group, showed higher survival rate
(97.5% vs 88.8%), total weight gain (2,291 vs 2,030 g), total FI (3,879 vs 3,466 g) and from carcass
parameters reduced the water binding capacity of breast muscle (56.8% vs 65.7%). Faecal volatile
fatty acids and ileum ammonia were both decreased compared to control. The serum lipid profile
showed a reduction of cholesterol and VLDL lipoproteins. Supplemented chickens showed reduced
antibody titres to Newcastle virus. Dietary oxytetracycline supplementation at 100 mg/kg feed had a
growth-promoting effect in chickens for fattening.

In the study of Hossain et al. (2012d), a total of 140 1-day-old chickens for fattening (Ross,
unspecified strain) were allocated to four dietary treatments (35 birds/treatment), each including five
replicates with seven birds. The diets (starter, finisher) were either not supplemented or supplemented
with different treatments. Two were the relevant treatments: a control and a treatment consisting of
oxytetracycline (unspecified form) at a concentration of 50 mg/kg feed. The study lasted 35 days. BW
and FI were measured weekly and feed/gain ratio calculated. At the end of the experiment birds were
slaughtered and samples were collected from breast and thigh muscles for the evaluation of moisture,
CP, crude ash, CF, lipid profile and oxidative stability (TBARS). Blood samples were obtained at the end
of trial for serum biochemistry (albumin, aspartate amino transferase, alanine amino transferase,
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creatinine, urea, bilirubin, cholesterol) and immunity (IgG, IL-2) evaluation. At the end of the trial,
birds receiving oxytetracycline compared to the control group, showed improved feed conversion ratio
(1.60 vs 1.68) and higher CF content in breast (0.56% vs 0.27%). The lipid profile in thigh showed the
following changes as percentage of fatty tissue: decrease of oleic acid, increase of palmitoleic, linoleic,
eicosanoic and eicosapentaenoic acids, and increase of PUFA. Dietary oxytetracycline supplementation
at 50 mg/kg feed had a growth-promoting effect in chickens for fattening.

In the study of Hossain et al. (2012e), a total of 140 1-day-old chickens for fattening (Ross,
unspecified strain) were allocated to four dietary treatments (35 birds/treatment), each including five
replicates with seven birds. The diets (starter, finisher) were either not supplemented or supplemented
with different treatments. Two were relevant treatments: a control and a treatment consisting of
oxytetracycline (unspecified form) at a concentration of 50 mg/kg feed. The study lasted 35 days. BW
and FI were measured weekly and feed/gain ratio calculated. At the end of the experiment all birds
were slaughtered. Organ relative weight was determined and meat samples were analysed for
moisture, total ash, CP, CF, lipid profile and oxidative stability (TBARS). At the end of the trial, birds
receiving oxytetracycline compared to the control group, showed improved feed conversion ratio (1.64
vs 1.69) and higher CF content in breast (0.56% vs 0.27%). The lipid profiles showed the following
changes as percentage of fatty tissue: decrease of x-3 and increase of the x-6/ x-3 ratio in breast;
increase of linoleic acid, PUFA, x-6 FA and of the ratio PUFA/SFA in thigh. The oxidative stability of
breast and thigh muscle was improved on days 5 and 7 of storage. Dietary oxytetracycline
supplementation at 50 mg/kg feed had a growth-promoting effect in chickens for fattening.

In the study of Hossain and Yang (2014) a total of 140 one-day-old chickens for fattening (Ross,
unspecified strain) were allocated to four dietary treatments (35 birds/treatment), each including five
replicates with seven birds. The diets (starter, finisher) were either not supplemented or supplemented
with different treatments. Two were relevant treatments: a control and a treatment consisting of
oxytetracycline (unspecified chemical form, supplied by Hebei Guangren Pharmaceutical Technology
Co., Ltd., Hebei, China) at a concentration of 50 mg/kg feed. The study lasted 35 days. BW and FI
were measured weekly and feed/gain ratio calculated. At the end of the experiment all birds were
slaughtered. Organ relative weight was determined and meat samples were analysed for moisture,
total ash, CP, CF, lipid profile and oxidative stability (TBARS). At the end of the trial, birds receiving
oxytetracycline compared to the control group, showed higher BW (1,819 vs 1,773 g), BW gain (1,776
vs 1,730 g), improved F:G (1.66 vs 1.69), absolute and relative weight of breast meat (234 vs 200 g,
13.74% vs 12.22%, respectively) and lower CF content in thigh (0.40% vs 091%). The oxidative
stability of breast and thigh muscles was improved at the second week of storage. Dietary
oxytetracycline supplementation at 50 mg/kg feed had a growth-promoting effect in chickens for
fattening.

In the study of Kalavathy et al. (2008), a total of 270 1-day-old chickens for fattening (Hubbard)
were allocated to three dietary treatments (90 birds/treatment), each including six replicates with 15
birds. The diets (starter, grower) were either not supplemented or supplemented with different
treatments. Two were the relevant treatments: a control and a treatment consisting of oxytetracycline
(unspecified form) at a concentration of 50 mg/kg feed. The study lasted 42 days. BW was recorded
at 1, 21 and 42 days, FI was recorded daily and feed conversion was calculated. At 42 days two
chickens from each replicate were sacrificed and blood was collected for serum biochemistry
(cholesterol, total triglycerides, LDL cholesterol). At the end of the trial, birds receiving oxytetracycline
compared to the control group, showed higher final weight (1,962 vs 1,700 g), higher total weight
gain (1,920 vs 1,659 g), improved F:G (1.94 vs 2.12) and increased serum total triglycerides and LDL
cholesterol. Dietary oxytetracycline supplementation at 50 mg/kg feed had a growth-promoting effect
in chickens for fattening.

In the study of Khadem et al. (2014), a total of 900 1-day-old male chickens for fattening (Ross
308) were allocated to five dietary treatments (180 birds/treatment), each including 12 replicates with
15 birds. The diets (starter, finisher) were either not supplemented or supplemented with different
treatments. Two were relevant treatments: a control and a treatment consisting of oxytetracycline
hydrochloride (crystalline, supplied by Sigma-Aldrich) at a concentration of 200 mg/kg feed
(corresponding to 186 mg oxytetracycline/kg feed). The study lasted 35 days. BW, FI and G:F were
determined on days 14, 21 and 35. Twelve chickens per treatment were euthanised at the end of the
trial for the carcass characteristic (relative weights of liver, intestine, abdominal fat) and assessment of
intestinal expression of the genes of inflammatory cytokines and inducible nitric oxide synthase. Blood
samples were taken from 12 chickens per treatment on days 21 and 35 for plasma a1-acid
glycoprotein measurement. At the end of the trial, birds receiving oxytetracycline compared to the

AMR GP Feed Residues

www.efsa.europa.eu/efsajournal 51 EFSA Journal 2021;19(10):6864



control group, showed higher final weight (2,010 vs 1,900 g), total FI (3,240 vs 3,110 g) and G:F
(0.62 vs 0.61). Expression level of jejunal genes for inducible nitric oxide synthase was decreased in
supplemented group. Dietary oxytetracycline hydrochloride supplementation at 200 mg/kg feed
(corresponding to 186 mg oxytetracycline/kg feed) had a growth-promoting effect in chickens for
fattening.

In the study of Lee et al. (2011a) a total of 640 one-day-old chickens for fattening (Arbor-Acres,
both sexes) were allocated to four dietary treatments (160 birds/treatment), each including eight
replicates with 20 birds. The diet was either not supplemented or supplemented with different
treatments. Two were relevant treatments: a control and a treatment consisting of oxytetracycline
(unspecified form) at a concentration of 55 mg/kg feed. The study lasted 21 days. FI and BW were
measured weekly. Blood samples were taken on day 21 from two birds per pen (male and female) and
birds were then sacrificed. The following parameters were examined in two birds per pen: relative
weight of small intestine; histology of jejunum and ileum (villus length, crypt depth) and counting of
IgA-positive cells in 100 lL mucosal cell suspensions of jejunum or ileum; digestive enzymes in
proventriculus (pepsin), jejunum and ileum (maltase, sucrase); counts of rectal coliforms, enterococci
and lactobacilli. At the end of the trial, birds receiving oxytetracycline compared to the control group,
showed only higher mean count of IgA-positive cells in the ileum. Dietary oxytetracycline
supplementation at 55 mg/kg feed did not have a growth-promoting effect in chickens for fattening.

In the study of Mahmoud et al. (2020), a total of 336 7-day-old chickens for fattening (strain IR)
were allocated to six dietary treatments (56 birds/treatment), each including seven replicates with
eight birds. The diets (starter, grower) were either not supplemented or supplemented with different
treatments. Two were the relevant treatments: a control and a treatment consisting of oxytetracycline
(unspecified form) at a concentration of 50 mg/kg feed. The study lasted 28 days. BW and FI were
recorded weekly and feed conversion calculated. At 35 days two birds from each pen were sacrificed;
carcass quality parameters (pH, dripping loss, texture, colour, overall acceptability, eviscerated yield,
edible yield), intestinal microbial population (total bacteria, anaerobic, coliforms, lactobacilli) and blood
serum biochemistry (glucose, total protein, albumin, globulins, HDL-cholesterol, triglycerides, uric acid,
creatinine, Ca, P, Newcastle disease haemagglutination inhibition titre) were evaluated. At the end of
the trial, birds receiving oxytetracycline compared to the control group, showed improved feed
conversion ratio (1.39 vs 1.48) and decreased gizzard size (1.12% vs 1.38%). With respect to blood
parameters, results showed an increase in creatinine, a decrease in triglycerides and in the Newcastle
disease haemagglutination inhibition titre. Dietary oxytetracycline supplementation at 50 mg/kg feed
had a growth-promoting effect in chickens for fattening.

In the study of Oguntona (1988a), a total of 400 one-day-old guinea fowls (Numida meleagris)
were allocated to four dietary treatments (100 birds/treatment), each including four replicates with 15
birds. Three diets (starter, grower, finisher) were either not supplemented or supplemented with
different treatments. Two were relevant treatments: a control and a treatment consisting of
oxytetracycline (unspecified chemical form, obtained from Agbenla Farms, Akure, Nigeria) at a
concentration of 7.5 mg/kg feed. The study lasted 84 days. Feed intake and BW were recorded weekly
and G:F calculated at 4, 8 and 12 weeks. At day 84, ten birds from each treatment were put in
individual cages and used for nitrogen balance study. After the end of the trial carcass composition
was assessed on five birds and nitrogen retention on ten birds per treatment. At the end of the trial,
birds receiving oxytetracycline compared to the control group, showed higher BW (998 vs 898 g), G:F
(0.29 vs 0.26), DM (368 vs 352 g/kg) and fat (338 vs 309 g/kg) content in the carcass and also higher
retention of nitrogen (49% vs 42%). Dietary oxytetracycline supplementation at 7.5 mg/kg feed had a
growth-promoting effect in Guinea fowls.

In the study of Oguntona (1988a) two experiments are described. In Experiment 1 a total of 300
one-day-old male guinea fowls (Numida meleagris) were allocated to five dietary treatments (60 birds/
treatment), each including four replicates with 15 birds. Three diets (starter, grower, finisher) were
either not supplemented (control) or supplemented with oxytetracycline (unspecified form) at a
concentration of 5, 10, 15 and 20 mg/kg feed. The study lasted 84 days. Feed intake and BW were
recorded weekly and G:F calculated at 4, 8 and 12 weeks. After the end of the trial carcass
composition was assessed on 20 animals per treatment. In Experiment 2 the same general procedure
was used, the only difference was in the concentration of oxytetracycline which was supplemented at
5.0, 6.6, 8.2 and 10.0 mg/kg feed. At the end of the first trial, birds receiving oxytetracycline showed
higher BW with every increase in oxytetracycline up to 10 mg/kg feed (909, 993, 1,098, 1,090, 1,091
g for 0, 5, 10, 15, 20 mg/kg, respectively) and F:G for all medicated groups was lower compared to
the control group (3.29, 3.41, 3.44, 3.45 vs 3.94). The inclusion level of 20 mg/kg feed showed
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compared to control greater heart size (6.2 vs 4.0 g), lower relative weights of intestine (2.2% vs
2.92%) and liver (0.88% vs 0.94%). At the end of the second trial birds receiving oxytetracycline
showed compared to control group higher BW (1,040, 1,260, 1,190, 1,220 vs 980 g) and F:G (3.39,
2.85, 2.93, 2.97 vs 3.75). The best BW and F:G were obtained at 6.6 mg/kg, higher levels of
oxytetracycline did not produce further improvement. Dietary oxytetracycline supplementation at 5.0,
6.6, 8.2, 10.0, 15.0 and 20.0 mg/kg feed had a growth-promoting effect in Guinea fowls.

In the study of Oko et al. (2018), a total of 180 1-week-old Japanese quail chicks (Coturnix
japonica) were allocated to six dietary treatments (30 birds/treatment), each including three replicates
with ten birds. The diets (growing period, laying period) were either not supplemented or
supplemented with different treatments. Two were relevant treatments: a control and a treatment
consisting of oxytetracycline (unspecified form) at a concentration of 20 mg/kg feed. The study lasted
16 weeks. During growing phase (1–6 weeks of experiment) BW and FI were monitored weekly and
carcass characteristics were evaluated at the sixth week. In the laying phase (7–16 weeks of
experiment), layers were separated and quail eggs were collected twice daily and FI egg weight, egg
size and egg quality were measured weekly. On a weekly basis three freshly laid eggs were randomly
picked from each replicate and were used for egg quality determination. At the end of growing phase,
birds receiving oxytetracycline showed compared to the control group, lower mortality (2.7% vs
4.0%), lower daily FI (15.03 vs 15.70 g) and better feed conversion ratio (5.57 vs 5.82). Carcass
characteristics showed increased carcass yield (59.3% vs 58.9%) and abdominal fat (0.67% vs
0.34%), but reduced gizzard and intestine weight (2.75% vs 3.19% and 4.90% vs 5.69%,
respectively). Regarding egg quantity and quality, birds supplemented with oxytetracycline compared
to the control group, showed higher total number of laid eggs (1,453 vs 1,288) and hen day
production (69.19% vs 61.33%), increased shell thickness (0.30 vs 0.29 mm), but reduced egg size
(9.72 vs 9.99 g). Increased yolk weight (31.0% vs 30.7%), reduced shell weight (17.0% vs 21.6%)
and increased yolk colour (4.31 vs 3.03) were also found. Dietary oxytetracycline supplementation at
20 mg/kg feed had a growth-promoting effect in growing and laying Japanese quails.

In the study of Sarker et al. (2010a), a total of 210 one-day-old chickens for fattening (Ross,
unspecified strain) were allocated to six dietary treatments (35 birds/treatment), each including five
replicates with seven birds. The diets (starter, finisher) were either not supplemented or supplemented
with different treatments. Two were relevant treatments: a control and a treatment consisting of
oxytetracycline (unspecified form) at a concentration of 55 mg/kg feed. The study lasted five weeks.
BW and FI were measured weekly and feed conversion calculated. Four chickens per treatment were
slaughtered for the assessment of body composition (moisture, CP, CF, crude ash), organ relative
weight and length of the intestines. Carcass rancidity was evaluated in fresh, after 1, 2 and 3 weeks of
the storage in meat by measurement of TBARS. At the end of the trial, birds receiving oxytetracycline
compared to the control group, showed only increased length of the small and large intestines (182.5
vs 171.8 and 10.8 vs 8.2 cm, respectively) and lower moisture of the meat (73.7% vs 74.9%). With
respect to carcass rancidity, TBARS in meat was reduced after one week. Dietary oxytetracycline
supplementation at 55 mg/kg feed did not have a growth-promoting effect in chickens for fattening.

In the study of Sarker et al. (2010b), a total of 168 one-day-old chickens for fattening (Ross,
unspecified strain) were allocated to six dietary treatments (28 birds/treatment), each including four
replicates with seven birds. The diets (starter and finisher) were either not supplemented or
supplemented with different treatments. Two were relevant treatments: a control and a treatment
consisting of oxytetracycline (unspecified form) at a concentration of 30 mg/kg feed. The study lasted
five weeks. The following parameters were measured: FI, F:G, BW, weight of internal organs, body
composition, lipid oxidation of meat (fresh, 1, 2 and 3 weeks of storage by measurement of TBARS),
caecal microbiota. At the end of the trial, birds receiving oxytetracycline compared to the control
group, showed lower TBARS content in meat after one week. Dietary oxytetracycline supplementation
at 30 mg/kg feed did not have a growth-promoting effect in chickens for fattening.

In the study of Sarker et al. (2010c), a total of 140 one-day-old chickens for fattening (Ross,
unspecified strain) were allocated to four dietary treatments (35 birds/treatment), each including five
replicates with seven birds. The diets (starter and finisher) were either not supplemented or
supplemented with different treatments. Two were relevant treatments: a control and a treatment
consisting of oxytetracycline (unspecified form) at a concentration of 500 mg/kg feed. The study lasted
five weeks. BW and FI were measured weekly and F:G calculated. Four chickens per treatment were
slaughtered for the assessment of body composition (moisture, CP, CF, crude ash), organ relative
weight and length of the intestines. Carcass rancidity was evaluated in fresh, after 1, 2 and 3 weeks of
the storage in meat by measurement of TBARS. At the end of the trial, birds receiving oxytetracycline
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compared to the control group, had lower relative weight of large intestine (0.11% vs 0.17%) and
lower fat content in the carcass (0.68% vs 1.04%). Dietary oxytetracycline supplementation at 500
mg/kg feed did not have a growth-promoting effect in chickens for fattening.

In the study of Shalaei et al. (2014), a total of 160 laying hens (Leghorn Hy-line W36), 32 weeks
old, were allocated to five dietary treatments (32 birds/treatment), each including four replicates with
eight birds. The diet was either not supplemented or supplemented with different treatments. Two
were relevant treatments: a control and a treatment consisting of oxytetracycline (unspecified chemical
form, supplied by Damloran Co., Tehran, Iran) at a concentration of 150 mg/kg feed. The study lasted
ten weeks. BW was determined at the beginning and end of the study. Egg production and egg weight
were recorded daily, and feed conversion was calculated. At the end of the experiment three eggs
from every replicate were selected and eggshell quality parameters measured (eggshell percentage,
eggshell thickness, eggshell strength). Two hens from each replicate were slaughtered, internal organs
of gastrointestinal tract removed, the pH of different parts was measured and histomorphology of
small intestines was performed. At the end of the trial, birds receiving oxytetracycline compared to the
control group, showed only a lower pH in the duodenum (5.45 vs 5.67) and increased crypt depth
(275 vs 205 lm) in ileum. Dietary oxytetracycline supplementation at 150 mg/kg feed did not affect
performance in laying hens.

In the study of Shokaiyan et al. (2019), a total of 250 1-day-old chickens for fattening (Ross 308,
males) were allocated to five dietary treatments (50 birds/treatment), each including five replicates
with ten birds. The diets (starter, grower, finisher) were either not supplemented or supplemented with
different treatments. Two were relevant treatments: a control and a treatment consisting of
oxytetracycline (unspecified form) at a concentration of 200 mg/kg feed. The study lasted six weeks.
BW gain and FI were obtained at 42 days of age. At the end of the experiment two birds per pen
were slaughtered and used to evaluate carcass, internal organs and intestinal morphology. Blood
samples were used for measurement of serum glucose, cholesterol (LDL, HDL), triglycerides, total
protein, AST, ALT and ALP. At the end of the trial, birds receiving oxytetracycline compared to the
control group, showed higher BW gain (2,547 vs 2,416 g). With respect to intestinal morphology, villus
height (1,203 vs 885 lm) and villus surface area (0.65 vs 0.40 mm2) in the ileum were increased,
crypt depth in the jejunum was decreased (175 vs 188 lm) and the ratio of villus/crypt depth in the
jejunum was increased (8.34 vs 6.73). Dietary oxytetracycline supplementation at 200 mg/kg feed had
a growth-promoting effect in chickens for fattening.

In the study of Singh et al. (2014a), a total of 100 1-day-old chickens for fattening (IBL-80) were
allocated to five dietary treatments (20 birds/treatment), each including two replicates with ten birds.
The diets (starter, finisher) were either not supplemented or supplemented with different treatments.
Two were relevant treatments: a control and a treatment consisting of oxytetracycline (unspecified
form) at a concentration of 100 mg/kg feed. The study lasted 35 days. BW and FI were recorded
weekly and feed conversion ratio calculated. At the end of the trial six birds (three male and three
female) from each treatment were sacrificed for carcass characteristic (dressing percentage, relative
weight of abdominal fat, heart, gizzard and liver) and sensory evaluation of meat (appearance and
colour, tenderness, juiciness, flavour, overall acceptability). At the end of the trial, birds receiving
oxytetracycline compared to the control group, showed improved feed conversion ratio (2.07 vs 2.14)
and higher relative weight of heart (0.67% vs 0.55%). Dietary oxytetracycline supplementation at 100
mg/kg feed had a growth-promoting effect in chickens for fattening.

In each of the studies conducted by Singh et al. (2014b, 2015), a total of 210 1-day-old chickens
for fattening (IBL-80) were allocated to five dietary treatments (42 birds/treatment), including three
replicates/treatment with 14 birds/replicate. A common control and a positive control using
oxytetracycline (unspecified form) was used for both studies. The diets (starter, finisher) were either
not supplemented or supplemented with different treatments. Two were relevant treatments: a control
and a treatment consisting of oxytetracycline (unspecified form) at a concentration of 100 mg/kg feed.
The study lasted 5 weeks. BW and FI were recorded weekly and feed conversion calculated. On day
35 two birds (one male, one female) per replicate were slaughtered for the evaluation of carcass
(dressing percentage, weight of liver, gizzard, hearth) and sensory evaluation of meat (8-point scale
where 8 extremely desirable and 1 extremely undesirable). At the end of the trial, birds receiving
oxytetracycline compared to the control group, showed increased final body weight (1,369 vs 1,287 g),
body weight gain (1,321 vs 1,239 g) and daily FI (72 vs 68 g). Sensory meat evaluation showed better
appearance, flavour and juiciness. Dietary oxytetracycline supplementation at 100 mg/kg feed had a
growth-promoting effect in chickens for fattening.
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In the study of Singh et al. (2018) a total of 210 one-day-old chickens for fattening (unspecified
strain) were allocated to five dietary treatments (42 birds/treatment), each including three replicates
(equal sex ratio) with 14 birds. The diets (starter, finisher) were either not supplemented or
supplemented with different treatments. Two were relevant treatments: a control and a treatment
consisting of oxytetracycline (unspecified form) at a concentration of 100 mg/kg feed. The study lasted
35 days. Body weight and FI were recorded weekly and feed conversion was calculated. At the end of
the trial two birds (male and female) from each replicate were sacrificed for carcass characteristic
(dressing percentage, relative weight of abdominal fat, heart, gizzard and liver), sensory evaluation of
meat (appearance and colour, tenderness, juiciness, flavour, overall acceptability) and duodenum
morphology (villus height, crypt depth). Fresh faecal samples were taken for microbial examination
(total bacterial count, coliforms count). Blood samples of three birds from each treatment were taken
on day 35 for haematology and serum biochemistry. Balance study was done with two birds (male and
female) from each replicate at the age of five weeks to assess the digestibility of DM, CP, CF, crude
fibre, calcium and phosphorus. At the end of the trial, birds receiving oxytetracycline compared to the
control group, showed higher daily FI (72.3 vs 67.6 g), higher digestibility of calcium (52.1% vs
43.2%), reduction of total bacteria (2.0 vs 12.0 9 1,010 CFU/mL) and coliforms (1.0 vs 8.50 9 108
cfu/mL) and lower serum cholesterol. Dietary oxytetracycline supplementation at 100 mg/kg feed did
not have a growth-promoting effect in chickens for fattening.

In the study of Singh et al. (2019) a total of 210 one-day-old chickens for fattening (IBL-80) were
allocated to five dietary treatments (42 birds/treatment), each including three replicates with 14 birds
(seven male, seven female). The diets (starter, finisher) were either not supplemented or
supplemented with different treatments. Two were relevant treatments: a control and treatment
consisting of oxytetracycline (unspecified form) at a concentration of 100 mg/kg feed. The study lasted
five weeks. Body weight and FI were recorded weekly and feed conversion calculated. On day 35 two
birds (one male, one female) per replicate were slaughtered for the evaluation of carcass (dressing
percentage, weight of liver, gizzard, heart and abdominal fat), duodenum morphology (villus height,
crypt depth) and sensory evaluation of meat (8-point scale where 8 = extremely desirable and 1 =
extremely undesirable). A balance study was conducted at the age of five weeks with two birds (one
male, one female) from each replicate for evaluation of digestibility (DM, CP, CF, DM of crude fibre, DM
of calcium, DM of phosphorus). Blood samples of three birds from each treatment on 35 days were
collected for determining haemoglobin, packed cell volume, glucose, triglycerides, cholesterol, total
protein and albumin. Fresh faecal samples were collected on last day of the metabolic trial for
evaluation of faecal microbial load (total bacteria, E. coli). At the end of the trial, birds receiving
oxytetracycline compared to the control group, showed lower relative heart weight (0.80% vs 1.09%),
reduced crypt depth (92 vs 140 lm), increased the ratio of villus height/crypt depth (21 vs 15),
decreased total bacteria (2.33 vs 5.50 105/mL) and blood haemoglobin. Sensory meat evaluation
showed better appearance, flavour, tenderness and overall acceptability. Dietary oxytetracycline
supplementation at 100 mg/kg feed did not have a growth-promoting effect in chickens for fattening.

In the study of Stutz and Lawton (1984), Experiment 3, a total of 192 two-day-old male chickens
for fattening (Hubbard) were allocated to seven dietary treatments and distributed in six (control) or
three (experimental) pens per treatment, in groups of eight birds per pen. The basal diet based on
maize and soybean meal was either not supplemented (control) or supplemented with different
treatments. Two were the relevant treatments: a control and a treatment consisting of oxytetracycline
(unspecified form) supplementation at a concentration of 55 mg/kg feed. The experiment lasted eight
days (from day 3 to day 11 of age). Body weight and cumulative FI were recorded and F:G calculated
at the end of the experiment. At the end of the experiment, 32 chickens (control) or 16 chickens
(oxytetracycline treatment) were slaughtered for relative ileal weight determination, whereas ileal
digesta from twelve chickens (control) or six chickens (oxytetracycline treatment) were used for
enumeration of C. perfringens. At the end of the experiment, the birds treated with oxytetracycline at
55 mg/kg feed, compared to the control group, showed higher daily weight gain (135 vs 123 g/day),
and an improved F:G (1.26 vs 1.34), and had decreased relative ileum weight (1.37 vs 1.64% BW)
and lower C. perfringens count (2.3 vs 3.1 log10/g digesta). Dietary oxytetracycline supplementation
at 55 mg/kg feed had a growth-promoting effect in chickens for fattening.

In the study of Zamora et al. (2017) a total of 162 one-day-old chickens for fattening (Ross,
unspecified strain) were allocated to three dietary treatments (54 birds/treatment), each including 27
replicates with two birds. The diets (starter, finisher) were either not supplemented or supplemented
with different treatments. Two were relevant treatments: a control and a treatment consisting of
oxytetracycline (unspecified chemical form, supplied from Bayer Pfizer Inc, New York City, USA) at a
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concentration of 250 mg/kg feed. The study lasted 42 days. Body weight and FI were evaluated
weekly and feed efficiency calculated. At day 42 blood samples (ten per treatment) were taken for
biochemistry (cholesterol, triglycerides, high-density lipoproteins, low-density lipoproteins, very low-
density lipoproteins) and haematology parameters (erythrocytes, haemoglobin, heterophils, eosinophils
mean corpuscular volume, lymphocytes, monocytes, mean corpuscular haemoglobin) and 20 birds per
treatment were slaughtered for carcass evaluation (slaughter weight, hot carcass weight, cold carcass
weight, hot carcass yield, cold carcass yield). At the end of the trial, birds receiving oxytetracycline
compared to the control group, showed lower total FI (4,103 vs 4,287 g). Dietary oxytetracycline
supplementation at 250 mg/kg feed did not have a growth-promoting effect in chickens for fattening.

In the study of Zulkifli et al. (2000), a total of 360 female day-old chickens for fattening (180
Shaver, 180 Hubbard) were allocated to three dietary treatments (120 birds/treatment), each including
12 replicates with ten birds. The diets (starter, finisher) were either not supplemented or
supplemented with different treatments. Two were relevant treatments: a control and a treatment
consisting of oxytetracycline (unspecified chemical form, Terramycin LA-2000; Pfizer, New York, NY) at
a concentration of 50 mg/kg feed. The study lasted 42 days. The chickens were exposed to 36 � 1°C
for 3 h daily from day 21 to 42. Live Newcastle disease vaccine was applied intraocularly on day 7 and
21. Body weight was evaluated at days 1, 21 and 42, FI was recorded weekly and feed efficiency was
determined. At day 21 blood samples were taken from six chickens per strain-diet subgroup (12 per
group) for serum concentration of Newcastle disease antibody titre. At the end of the trial, birds
receiving oxytetracycline compared to the control group, showed higher body weight (1,487 vs 1,417
g) and weight gain (1,449 vs 1,379 g). Dietary oxytetracycline supplementation at 50 mg/kg feed had
a growth-promoting effect in chickens for fattening.

3.3.3.3.4. Studies in fish

In the study of Adeniyi (2020), a total of 225 fingerlings of African catfish (Clarias gariepinus), BW
3.56 g, were allocated to five dietary treatments and distributed in three replicates per treatment in
groups of 15 animals. Two were the relevant treatments obtained from a basal diet which was either
not supplemented (control) or supplemented with oxytetracycline at a concentration of 600 mg/kg
feed (unspecified chemical form, OXY 200 WSP, Kepro, Deventer, Holland). The diets were provided in
pellet/crumbles. The study lasted 70 days. Animal health was checked daily. Dead fish were removed
and counted to calculate survival. Batch weights and the weight of randomly sampled fish were
measured fortnightly and average daily growth, specific and relative growth rate and feed efficiency
calculated. Four fish were sampled from each replicate, sacrificed on ice and measured to determine
condition factor, hepato-somatic, gonado-somatic and spleen-somatic indexes. At the end of the trial,
the fish treated with oxytetracycline showed, compared to the control group, higher final weight
(36.51 vs 33.0 g) and weight gain (32.98 vs 29.47 g). Dietary oxytetracycline supplementation at 600
mg/kg feed showed growth-promoting effects in fingerlings of African catfish.

In the study of Adeniyi et al. (2018) a total of 900 fingerlings of African catfish (Clarias gariepinus),
BW 5.75 g, were allocated to one of ten dietary treatments and distributed in three replicates per
treatment in groups of 30 animals. Two were the relevant treatments obtained from a basal diet
(containing chromium oxide as indigestible marker) which was either not supplemented (control) or
supplemented with oxytetracycline (unspecified chemical form, OXY 200, WSP, Holland) at a
concentration of 400 mg/kg feed. The study lasted 84 days. Animal health was checked daily. Dead
fish were removed and counted to calculated survival rate. Twelve fish per treatment were randomly
taken fortnightly to record weight gain to calculate average daily growth, specific growth rate and feed
efficiency. Faeces were collected to determine the apparent digestibility of nutrients. At the end of the
trial, the fish treated with oxytetracycline showed, compared to the control group, higher apparent
digestibility of CP (62.83% vs 52.98%). Oxytetracycline dietary supplementation at 400 mg/kg feed
showed a growth-promoting effect in fingerlings of African catfish.

In the study of Ebrahimi et al. (2020), a total of 180 young Beluga (Huso huso) fish with initial
mean body weight of 130.94 g were randomly distributed to 18 tanks (six dietary treatments of three
replicates, 10 fish per tank). Fish were acclimatised for two weeks and then fed with prepared diets
based on 2% of their body weights. The experimental groups were either not supplemented (control)
or supplemented with different feed additives. Two are the relevant treatments: a control and a
treatment consisting of oxytetracycline (unspecified form) at a concentration of 30 mg/kg feed. The
study lasted eight weeks. Endpoints included growth performance and survival rate; immune-
haematological parameters and serum metabolic products including cholesterol, glucose, total protein,
albumin, globulin, triglyceride as well as some liver enzymes such as glutamic oxaloacetic transaminase
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(GOT) and glutamic pyruvic transaminase (GPT) as well as differential count and muscle composition
were examined. At the end of the experiment, the oxytetracycline supplementation compared to the
control group showed a higher hepatosomatic index (2.91 vs 2.17). From the haematological
parameters an increase was seen in albumin, total protein (TP) and globulin, whereas decreases were
observed in glucose, GOT and GPT. The differential leukocyte count increased in lymphocytes and
decreased in both eosinophil and neutrophil. Muscle proximal composition showed higher protein
(14.58% vs 12.39%). Dietary supplementation with oxytetracycline at a concentration of 30 mg/kg
feed did not show a growth-promoting effect in Beluga fish.

In the study of El-Sayed et al. (2014), a total of 200 Nile tilapias (Oreochromis niloticus, sex and
strain unspecified), with average weight 43 g, were allocated to four different treatments via feed, that
was either not supplemented (control) or supplemented with different feed additives. Two were the
relevant treatments: a control and a treatment consisting of oxytetracycline hydrochloride
(supplemented via Muv-Oxytetracycline) at the concentration of 200 mg/kg feed (corresponding to 186
mg oxytetracycline/kg feed). Each treatment group comprised 50 fish, in two replicates of 25 fish. Fish
were fed throughout the experiment at an amount corresponding to 3% of body weight. The study
lasted eight weeks in regard of the assessment of performance parameters. A follow-up on 20 fishes/
group challenged by intraperitoneal injection with a pathogen bacterium is outside the scope of this
review. Endpoints included final weight, FI F:G, weight (in g)/length (in cm) ratio, survival and a panel
of immune parameters. At the end of the experiment oxytetracycline supplementation compared to the
control group increased the FI (43.73% vs 41.65%) and improved the weight gain (32.92% vs
26.25%), the F:G (3.03 vs 3.69) and the weight to length ratio (1.78 vs 1.63). Dietary
supplementation with oxytetracycline hydrochloride at a concentration of 200 mg/kg feed
(corresponding to 186 mg oxytetracycline/kg feed) showed growth-promoting effects in Nile tilapia.

In the study of Lawal et al. (2019), a total of 150 juvenile African catfish (Clarias garepinus, strain
unspecified), average weight 94.3 g were allocated to five different treatments via feed, that was
either not supplemented (control) or supplemented with different feed additives. Two were the
relevant treatments: a control and a treatment consisting of oxytetracycline (unspecified form) at a
concentration of 200 mg/kg feed. Each treatment group comprised 30 fish (2 tanks of 15 fish/
treatment). The study lasted eight weeks. Endpoints included total FI daily FI feed conversion ratio
and protein efficiency ratio (based on protein content of feed, FI and weight gain); mortality; final
weight, percentage of weight increase; haematological parameters (red and white blood cells);
activities of serum enzymes (ALT, AST, alkaline phosphatase) and liver antioxidant enzymes (SOD, GSH,
catalase). At the end of the experiment, only a decrease in serum ALT and an increase of liver
superoxide dismutase (SOD) were observed. Dietary supplementation with oxytetracycline at a
concentration of 200 mg/kg feed showed no growth-promoting effects in juvenile African catfish.

In the study of Olusola et al. (2020), a total of 400 juvenile African catfish (Clarias gariepinus)
(3g BW) were distributed in 20 tanks of 20 animals and allocated to 10 treatments (2 replicates/
treatment). The fish were fed twice daily at 3% body weight. The diet was either not supplemented
(control) or supplemented with different treatments. Two were the relevant treatments: a control and
a treatment consisting of oxytetracycline (unspecified form) at a concentration of 30 mg/kg diet. The
study lasted eight weeks (feeding trial). The following parameters were measured in the feeding trial:
body weight, specific growth rate, protein efficiency ratio, protein productive value. At the end of the
trial, the animals treated with oxytetracycline, compared to the control group, showed only a lower
protein intake. Proximate composition of the fish after the experiment showed in the oxytetracycline
group increased moisture (16 vs 14), CP (66 vs 65), ash (16 vs 14) and decreased ether extract (4.4
vs 5.4) and nitrogen free extract (3.2 vs 6.0). Dietary supplementation with oxytetracycline at a
concentration of 30 mg/kg feed showed a growth-promoting effect in African catfish.

In the study of Park et al. (2016a), a total of 300 juvenile rainbow trout (Oncorhynchus mykiss)
(5.8 g BW) were distributed in 15 tanks in groups of 20 animals and allocated to 5 treatments
(3 replicates/ treatment). Fish were fed two times a day at the rate of 3.89% of wet BW per day. The
diet was either not supplemented (control) or supplemented with different treatments. Two were the
relevant treatments: a control and a treatment consisting of oxytetracycline (unspecified form) at a
concentration of 5,000 mg/kg diet. The study lasted eight weeks. The following parameters were
measured: survival rate, weight gain, feed efficiency (FE), specific growth rate (SGR), protein efficiency
ratio (PER), whole body proximate composition (on 3 fish/tank). Blood parameters (glutamic
oxaloacetic transaminase, glutamate pyruvate transaminase, glucose and cholesterol), respiratory burst
activity, serum lysozyme, myeloperoxidase activity and superoxide dismutase activity were also
assessed on 5 fish/tank. At the end of the trial, the animals treated with oxytetracycline, compared to
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the control group, showed increased weight gain (235% vs 210%) and specific growth rate (2.69% vs
2.52%/day). From the parameters of the non-specific immune responses of juvenile rainbow trout,
serum lysozyme was increased and myeloperoxidase activity was decreased. Dietary supplementation
with oxytetracycline at a concentration of 5,000 mg/kg feed showed growth-promoting effects in
juvenile rainbow trout.

In the study of Park et al. (2016b), a total of 270 starry flounders (Platichthys stellatus) (47g BW)
were distributed in 18 tanks in groups of 15 animals and allocated to 6 treatments (3 replicates/
treatment). Fish were fed two times daily at a rate of 2.0% of wet body weight per day. Two diets
(starter and grower) were either not supplemented (control) or supplemented with different
treatments. Two were the relevant treatments: a control and a treatment consisting of oxytetracycline
(unspecified form) at a concentration of 5,000 mg/kg diet. The study lasted eight weeks (feeding
trial). The following parameters were measured: weight gain, feed efficiency (FE), specific growth rate
(SGR), protein efficiency ratio (PER), survival rate, whole body proximate composition (on 3 fish/tank).
Blood parameters (GOT, GPT, glucose and total proteins), respiratory burst activity (NBT), serum
lysozyme, myeloperoxidase activity and superoxide dismutase activity were also assessed on 5 fish/
tank. At the end of the trial, no effects were shown in the parameters measured. Dietary
supplementation with oxytetracycline at a concentration of 5,000 mg/kg feed had no growth-
promoting effects in starry flounders.

In the study of Reda et al. (2016), a total of 720 fingerlings of Nile tilapia (Oreochromis niloticus)
(29 g BW) were distributed in 24 tanks in groups of 30 animals and allocated to 4 treatments
(2 subgroups, A and B, each with 3 replicates /treatment). Subgroup B is not further considered. Feed
was provided twice daily at the rate of 5% of fish live body weight. The diet was either not
supplemented (control) or supplemented with different treatments. Two were the relevant treatments:
a control and a treatment consisting of oxytetracycline (unspecified chemical form, Oxyvet 20%) at a
concentration of 100 mg/kg diet. The study lasted 60 days. The following parameters were measured:
F:G, specific growth rate (SGR), body weight, weight gain, body composition, haematological
parameters. At the end of the trial, the animals treated with oxytetracycline, compared to the control
group, showed higher body weight (40 vs 37 g) and weight gain (12 vs 8 g), improved F:G (6.3 vs
8.4) and specific growth rate (0.54 vs 0.41); in terms of body composition decreased ash (5.9% vs
6.5%); in terms of haematological parameters: lower haematocrit (19% vs 25 %) and increased
platelets (15 vs 13 9 103/lL). Dietary supplementation with oxytetracycline at a concentration of 100
mg/kg feed showed growth-promoting effects in fingerlings of Nile tilapia.

In the study of Rhee et al. (2020), a total of 300 juvenile olive flounder (Paralichthys olivaceus),
27 g BW, were distributed in 15 thanks in groups of 20 animals and allocated to 5 treatments
(3 replicates/treatment). The diet was either not supplemented (control) or supplemented with
different treatments. Two were the relevant treatments: a control and a treatment consisting of
oxytetracycline (unspecified form) at a concentration of 5,000 mg/kg diet. The study lasted eight
weeks. The following parameters were measured: WG, FE, SGR, PER, SR (survival rate), condition
factor. Whole body proximate composition, VSI (viscero-somatic index), microbial community analysis,
blood lysozyme, SOD (superoxide dismutase) and respiratory burst activity (NBT) were assessed on
three fish/replicate. At the end of the trial, the animals treated with oxytetracycline, compared to the
control group, showed increased weight gain (80 vs 63 g), G:F (FE) (52% vs 42%), SGR (1.05% vs
0.87%/day) and gain to protein ratio (PER) (0.98 vs 0.77). Dietary supplementation with
oxytetracycline at a concentration of 5,000 mg/kg feed showed growth-promoting effects in juvenile
olive flounder.

In the study of Sanchez-Mart�ınez et al. (2008), a total of 210 juvenile channel catfish (Ictalurus
punctatus), 10 g BW, were distributed in six tanks in groups of 35 animals and allocated to three
treatments (two replicates/treatment). The diet was either not supplemented (control) or
supplemented with different treatments. Two were the relevant treatments: a control and a treatment
consisting of oxytetracycline (unspecified form) at a concentration of 2,500 mg/kg diet. The study
lasted 11 weeks. The following parameters were measured: feed conversion index, specific growth
rate, feed consumption, body weight, mean weight, fork length, condition index and growth curves. At
the end of the trial, the mean weight for the oxytetracycline-treated catfish (33.23 g) was 11.7%
greater than the control group (29.35 g). The catfish treated with oxytetracycline, compared to the
control group, showed increased condition index (K, weight/length) (1.08 vs 0.98). Dietary
supplementation with oxytetracycline at a concentration of 2,500 mg/kg feed showed growth-
promoting effects in juvenile channel catfish.
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In the study of Trushenski et al. (2018), a total of 200 fish incl. 80 Nile Tilapia (Oreochromis
niloticus, 53.5 g BW) and 40 fish for each of the following taxa: channel catfish (Ictalurus punctatus,
5.4 g BW), hybrid striped bass (Morone chrysops 9 M. saxatilis, 27 g BW) and, rainbow trout
(Oncorhynchus mykiss, 34 g BW) were distributed in 16 tanks in groups of 20 (Nile Tilapia) or 10 (all
other taxa) fish and allocated to 3 treatments (4 replicates for each of the 4 fish species and
treatment). Dietary treatments were offered once daily at a rate of 3% of BW. The diets were either
not supplemented (control) or supplemented with different treatments. Three were the relevant
treatments: a control and a treatment consisting of oxytetracycline (unspecified chemical form,
Liquamycin LA-200) at concentrations of 240 and 1,200 mg/kg diet. The study lasted eight weeks. The
following parameters were measured: performance (weight gain, specific growth rate, feed conversion
ratio, FI). On 4 fish from each tank the following parameters were also assessed: for individual
weighing, health evaluation, necropsies to assess external (i.e. body surface, fins, gills and eyes) and
internal (i.e. liver, kidney, spleen, adipose tissue, gall bladder, alimentary canal and musculature)
tissues and structures. Hepatosomatic index and viscero-somatic index were also calculated. At the end
of the trial, no differences were seen in the fish supplemented with the two doses of oxytetracycline
compared to control group, with the exception of an increased hepatosomatic index in Hybrid striped
bass (3.2 vs 2.8), in the group supplemented with the lower oxytetracycline concentration used.
Necropsies identified only a reduced frequency of ‘normal skin and body surface’ of channel catfish.
Dietary supplementation with oxytetracycline at a concentration of 240 or 1,200 mg/kg feed did not
promote growth in Nile tilapia and the other species.

In the study of Won et al. (2020) a total of 480 juvenile Nile tilapias (Oreochromis niloticus) (2.8 g
BW) were distributed in 24 tanks in groups of 20 fish and allocated to eight treatments (six dietary
plus 2 additional for challenge test; three replicates/treatment). Fish were fed two times at 3–4% of
wet body weight/day. The diet was either not supplemented (control) or supplemented with different
treatments. Two were the relevant treatments: a control and a treatment consisting of oxytetracycline
(unspecified form) at a concentration of 4,000 mg/kg diet. The study lasted 8 weeks. The following
parameters were measured on nine animals per treatment: performance (survival growth rate (SGR),
final body weight (BW), weight gain (WG), feed efficiency (FE), carcass parameters, hepatosomatic
index, viscero-somatic index, condition factor and whole-body proximate composition. The following
parameters were assessed on three animals per treatment group: superoxide dismutase (SOD),
myeloperoxidase (MPO), lysozyme, aspartate transaminase (AST) and alanine transaminase, TP and
glucose. Gene expression was assessed on five animals per treatment. Intestines were used for the
evaluation of histomorphology (villi length (VL) and muscular thickness (MT)) and enzyme activities
(trypsin, lipase and amylase). At the end of the trial, the animals treated with oxytetracycline,
compared to the control group, showed increased final BW (10.6 vs 9.77 g), weight gain (276% vs
242%), better G:F (FE, 93.5 vs 81.9), SGR (2.54 vs 2.37) and gain to protein ratio (PER, 2.58 vs
2.31). Intestines histomorphology showed increased villi length (235 vs 202 lm) and muscular
thickness (46 vs 36 lm). Non-specific immune response indexes (SOD, MPO and lysozyme) were
increased (positive effects) in the group treated with oxytetracycline. With respect to blood
parameters, only AST was increased in the oxytetracycline group. Dietary supplementation with
oxytetracycline at a concentration of 4,000 mg/kg feed showed growth-promoting effects in juvenile
Nile tilapia.

In the study of Won et al. (2017), two experiments were carried out. In Experiment 1 a total of
360 juvenile Rainbow trout (Oncorhynchus mykiss) (2.7 g BW) were distributed in 18 pens in groups
of 20 animals and allocated to six treatments (three replicates/treatment). Fish were fed twice daily at
satiation rate of 3.89% of wet body weight per day. In Experiment 2 a total of 1,300 sub adult
rainbow trout (Oncorhynchus mykiss) (262 g BW) were distributed in eight ponds in groups of 163
animals and allocated to four treatments (two replicates/ treatment). Fish were fed twice daily at
satiation rate of 1~1.5% of wet body weight per day. In both experiments, the diet was either not
supplemented (control) or supplemented with different treatments. Two were the relevant treatments:
a control and a treatment consisting of oxytetracycline (unspecified form) at a concentration of 4,000
mg/kg diet. The studies lasted eight weeks (Experiment 1) and 22 weeks (Experiment 2). In
Experiment 1 the following parameters were measured: survival, performance (final BW, weight gain),
feed efficiency, survival growth rate and protein efficiency rate; carcass parameters (on three fish/tank:
condition factor, hepatosomatic index, viscero-somatic index, whole body proximate composition);
blood parameters (on 5 fish/tank: oxidative radical production (nitroblue tetrazolium assay), superoxide
dismutase, myeloperoxidase, lysozyme, aspartate transaminase and alanine transaminase, total protein
and glucose). In Experiment 2 fish growth performance and biochemical parameters were analysed in

AMR GP Feed Residues

www.efsa.europa.eu/efsajournal 59 EFSA Journal 2021;19(10):6864



duplicates as followed in the Experiment 1. At the end of the Experiment 1 the animals treated with
oxytetracycline did not show any difference in the parameters measured compared to the control
group; concerning Experiment 2, the only effect seen was on aspartate transaminase which was higher
in the treated group (140 vs 112 U/L). Dietary supplementation with oxytetracycline at a concentration
of 4,000 mg/kg diet showed no growth-promoting effects in sub-adult rainbow trout.

3.3.3.4. Discussion

From the studies examined, the test item has been described as (i) ‘oxytetracycline hydrochloride’
(two studies), (ii) an oxytetracycline commercial preparation (unspecified chemical form; ten studies)
or (iii) ‘oxytetracycline’ (unspecified form; 36 studies, corresponding to 37 publications). Therefore, for
the cases (ii) and (iii), an uncertainty on the exact product used/concentration applied has been
identified.

A detailed analysis of the uncertainties for oxytetracycline is included in Appendix A.2 (Table A.4) of
this document, and Section 5 of the Scientific Opinion Part 1 (see also the Virtual Issue).

3.3.3.4.1. Ruminants

Only one study in calves was identified as suitable for the assessment (Yuangklang et al., 2005).
Oxytetracycline at the concentration of 80 mg/kg milk replacer, added to the basal diet for 35 days
(between 19 and 32 experimental weeks) did not change zootechnical (FI, final BW, BW gain) and
other controlled parameters (faecal bile acid excretion and digestibility coefficient of DM, CP, total fat,
ash, calcium, phosphorus). However, the coefficient of digestibility of magnesium was increased in the
treated group (0.41 vs 0.32).

3.3.3.4.2. Pigs

Two studies in pigs were identified as suitable for the assessment, one in weaned piglets (Han
et al., 2014) and one in pigs for fattening (Akinfala and Tewe, 2004). In the assessed studies,
treatments contained groups of animals treated with only one oxytetracycline concentration and did
not allow dose-related effects to be assessed.

Dietary oxytetracycline supplementation in weaned piglets at 500 mg oxytetracycline/kg feed (Han
et al., 2014) and in pigs for fattening at 450 mg oxytetracycline/kg feed (Akinfala and Tewe, 2004)
showed growth-promoting effects.

3.3.3.4.3. Poultry

Thirty-two publications (30 studies) considered as suitable for the assessment covered chickens for
fattening (25), hens (2), Guinea fowls (2) and Japanese quail (1). The majority of these studies used
oxytetracycline as positive control and thus only one concentration was tested, which preclude the
possibility to correlate the observed effects with the level administered. Different doses were tested
only in one study in Guinea fowls (Oguntona, 1988a).

In fourteen studies (15 publications) in chickens for fattening, dietary oxytetracycline
supplementation at 50 to 500 mg/kg feed improved growth performance of chickens. Individual
publications reported the following doses of oxytetracycline: 50 mg oxytetracycline/kg feed (Zulkifli
et al. (2000), Kalavathy et al. (2008), Hossain and Yang (2014), Hossain et al. (2012d,e) and
Mahmoud et al. (2020)); 55 mg oxytetracycline/kg feed (Stutz and Lawton (1984)); 100 mg
oxytetracycline/kg feed (Hong et al. (2012) and Singh et al. (2014a,b, 2015)); 200 mg oxytetracycline
hydrochloride, corresponding to 186 mg oxytetracycline/kg feed (Khadem et al. (2014)); 200 mg
oxytetracycline/kg feed (Attia et al. (2017) and Shokaiyan et al. (2019)); 500 mg oxytetracycline/kg
feed (Bostami et al. (2017)).

Other ten studies in chickens for fattening showed that dietary oxytetracycline supplementation at
similar levels, 30–600 mg/kg feed, did not affect growth performance of chickens for fattening: 30 mg
oxytetracycline/kg feed (Sarker et al. (2010b)); 50 mg oxytetracycline/kg feed (Ahmed et al. (2014));
55 mg oxytetracycline/kg feed (Sarker et al. (2010a) and Lee et al. (2011a)); 100 mg oxytetracycline/
kg feed (Singh et al. (2018, 2019)); 200 mg oxytetracycline/kg feed (Henry et al. (1987)); 250 mg
oxytetracycline/kg feed (Zamora et al. (2017)); 500 mg oxytetracycline/kg feed (Sarker et al. (2010c));
600 mg oxytetracycline/kg feed (Alonge et al. (2017a)). No conclusions could be drawn on the growth-
promoting effects in chickens for fattening at 50 mg oxytetracycline/kg feed in one study since
conflicting results were identified for body weight gain and F:G (Deepa et al., 2018).
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In two studies in laying hens, dietary oxytetracycline supplementation at 150 mg oxytetracycline/kg
feed (Shalaei et al. (2014)) and 500 mg oxytetracycline/kg feed (Aalaei et al. (2018, 2019)) did not
affect performance.

Three studies in other poultry species, reported that dietary oxytetracycline supplementation from 5
to 20 mg/kg feed improved growth/yield performance. In growing Guinea fowls, the tested levels of
oxytetracycline ranged from 5 to 20 mg oxytetracycline/kg feed (Oguntona, 1988a,b) that allows the
assessment of a dose-related effect; the best feed efficiency was obtained at 6.6 mg oxytetracycline/
kg feed. In growing/laying Japanese quail, dietary supplementation at 20 mg oxytetracycline/kg feed
(Oko et al., 2018) improved growth and yield performance of birds.

3.3.3.4.4. Aquatic animals

A total of 14 studies in aquatic animals were identified as suitable for the assessment. In all these
studies oxytetracycline was added to feed. Dietary addition of oxytetracycline in five of the studies
were performed with channel catfish (mainly African, Clarias gariepinus and Ictalurus punctatus)
(Sanchez-Mart�ınez et al. (2008), Adeniyi et al. (2018), Lawal et al. (2019), Olusola et al. (2020)
Adeniyi (2020)). Three other studies (El-Sayed et al. (2014), Reda et al. (2016) and Won et al. (2020))
were conducted with Nile tilapia. Only two studies reported results on the effects of the oral
administration of oxytetracycline in rainbow trout (Park et al. (2016a) and Won et al. (2017)); and one
study in Beluga (Ebrahimi et al. (2020)), starry flounder (Park et al. (2016b)) and olive flounder (Rhee
et al. (2020)). Another study (Trushenski et al., 2018) used four species of aquatic animals – channel
catfish, hybrid striped bass, Nile tilapia and rainbow trout.

Regarding the tested levels of oxytetracycline, the supplementation was made at concentrations
within a wide range. The lowest concentration used was 30 mg oxytetracycline/kg feed in the studies
with Beluga (Ebrahimi et al. (2020)) and with channel catfish (Olusola et al. (2020)), followed by 100
mg oxytetracycline/kg feed and 200 mg oxytetracycline hydrochloride/kg feed (corresponding to 186
mg oxytetracycline/kg feed) in studies with Nile tilapia (Reda et al. (2016) and El-Sayed et al. (2014)),
200 mg oxytetracycline/kg feed in study with channel catfish (Lawal et al. (2019)) and 240 mg
oxytetracycline/kg feed in the study by Trushenski et al. (2018) with four species of fish. Doses of 400
and 600 mg oxytetracycline/kg feed were tested in two studies with African catfish (Adeniyi et al.
(2018) and Adeniyi (2020)). In all other studies the concentrations tested were higher: 2,500 mg
oxytetracycline/kg feed for African catfish (Sanchez-Mart�ınez et al. (2008)), 4,000 mg oxytetracycline/
kg feed for Nile tilapia (Won et al. (2017)) and for rainbow trout (Won et al. (2020); and 5,000 mg
oxytetracycline/kg feed for rainbow trout (Park et al. (2016a)), for starry flounder (Park et al. (2016b))
and for olive flounder (Rhee et al. (2020)).

The effect of oxytetracycline as a growth promoter or yield-enhancer was confirmed in nine studies.
In more detail, the following levels revealed a positive effect: with African and channel catfish, 30 mg
oxytetracycline/kg feed (Olusola et al. (2020)), 400 mg oxytetracycline/kg feed (Adeniyi et al. (2018)),
600 mg oxytetracycline/kg feed (Adeniyi (2020)) and 2,500 mg oxytetracycline/kg feed (Sanchez-
Mart�ınez et al. (2008)); with Nile tilapia, 100 mg oxytetracycline/kg feed (Reda et al. (2016)), 200 mg
oxytetracycline hydrochloride/kg feed (corresponding to 186 mg oxytetracycline/kg feed) (El-Sayed
et al. (2014)) and 4,000 mg oxytetracycline/kg feed (Won et al. (2020)); with rainbow trout, 5,000 mg
oxytetracycline/kg feed (Park et al. (2016a)); and with olive flounder, 5,000 mg oxytetracycline/kg feed
(Rhee et al. (2020)). Thus, the levels that had promoting effects on performance parameters were
very variable and no specific conclusion can be drawn on dose-related effects.

The other five studies in which oxytetracycline did not show growth-promoting effects were the
following: Ebrahimi et al. (2020) with Beluga and 30 mg oxytetracycline/kg feed; Lawal et al. (2019)
with African catfish and 200 mg oxytetracycline/kg feed; Park et al. (2016b) with starry flounder and
5,000 mg oxytetracycline/kg feed; Won et al. (2017) with rainbow trout and 4,000 mg oxytetracycline/
kg feed; Trushenski et al. (2018) with four fish species and 240 and 1,200 mg oxytetracycline/kg feed.

3.3.3.5. Concluding remarks

It is judged 50–66% certain that oxytetracycline has growth-promoting/increase yield effects in
chickens for fattening at concentrations ranging from 50 to 500 mg/kg complete feed (14 studies).

It is judged 33–66% certain (‘about as likely as not’) that oxytetracycline has growth-promoting/
increased yield effects: in weaned piglets at a concentration of 500 mg/kg complete feed (one study),
in pigs for fattening at a concentration of 450 mg/kg complete feed (one study), in growing Guinea
fowls at concentrations ranging from 5 to 20 mg/kg complete feed (two studies), in growing/laying
Japanese quail at a concentration of 20 mg/kg complete feed (one study), in Nile tilapia at

AMR GP Feed Residues

www.efsa.europa.eu/efsajournal 61 EFSA Journal 2021;19(10):6864



concentrations ranging from 100 to 4,000 mg/kg complete feed (three studies), in African and Channel
catfish at concentrations ranging from 30 to 2,500 mg/kg diet (four studies), in rainbow trout at a
concentration of 5,000 mg/kg diet (one study) and in olive flounder at a concentration of 5,000 mg/kg
diet (one study).

No data are available in the scientific literature showing effects of oxytetracycline on growth
promotion/increased yield when added (i) to weaned piglets feed at concentrations below 500 mg/kg,
(ii) to pigs for fattening feed at concentrations below 450 mg/kg, (iii) to chickens for fattening feed at
concentrations below 50 mg/kg, (iv) to growing Guinea fowls feed at concentrations below 5 mg/kg,
(v) to growing/laying Japanese quail feed at concentrations below 20 mg/kg, (vi) to Nile tilapia feed at
concentrations below 100 mg/kg, (vii) to African and Channel catfish feed at concentrations below
30 mg/kg, (viii) to rainbow trout and olive flounder feed at concentrations below 5,000 mg/kg or (ix)
to feed of any other food-producing animal species or categories.

3.3.4. Doxycycline

3.3.4.1. Literature search results

The literature search, conducted according to the methodology described in Section 2.2.2.1 of the
Scientific Opinion Part 1; see also the Virtual Issue) resulted in 548 papers mentioning doxycycline and
any of the food-producing animal species considered3 and any of the performance parameters
identified as relevant for the assessment of the possible growth-promoting effects of doxycycline.4

After removing the reports not matching the eligibility criteria, 15 publications were identified.

3.3.4.2. Evaluation of the studies

The 15 publications identified in the literature search were appraised for suitability for the
assessment of the effects of doxycycline on growth or yield of food-producing animals; this appraisal
was performed by checking each study against a series of pre-defined exclusion criteria (see
Section 2.2.2.2.1 of the Scientific Opinion Part 1; see also the Virtual Issue).5 None the publications
was considered suitable for the assessment because of several shortcomings identified in their design
or in the reporting of the results. The list of excluded publications and their shortcomings are
presented in Appendix B.4 (Table B.4).

3.3.4.3. Concluding remark

Owing to the lack of suitable data, levels of doxycycline in feed which may have a growth
promotion/production yield effect in any food-producing animal species could not be identified.

4. Conclusions

ToR1: to assess the specific concentrations of antimicrobials resulting from cross-
contamination in non-target feed for food-producing animals, below which there would
not be an effect on the emergence of, and/or selection for, resistance in microbial agents
relevant for human and animal health.

AQ1. Which are the specific concentrations of chlortetracycline, oxytetracycline, tetracycline and
doxycycline in non-target feed below which there would not be emergence of, and/or selection for,
resistance in the large intestines/rumen?

With regards to tetracycline, chlortetracycline, oxytetracycline:

• The Feed Antimicrobial Resistance Selection Concentration (FARSC, for large intestine and/or
rumen in the case of adult ruminants after weaning) corresponding to the concentration of
chlortetracycline, oxytetracycline and tetracycline in non-target feed below which there would
not be expected to be an effect on the emergence of, and/or selection for, resistance in
microbial agents relevant for human and animal health ranges, for the different animal species,
from 0.13 to 2.4 lg/kg feed. No FARSC was determined for horses and rabbits.

• For each animal species, the FARSC obtained ranged:

o [0.30–1.56] lg/kg feed for lactating sows
o [0.21–1.07] lg/kg feed for piglets
o [0.25–1.28] lg/kg feed for pigs for fattening
o [0.26–2.00] lg/kg feed for veal calves
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o [0.72–1.44] lg/kg feed for dairy cows (FARSCrumen, no FARSCintestine was determined)
o [1.20–2.40] lg/kg feed for cattle for fattening, adult sheep and goats (FARSCrumen, no

FARSCintestine was determined)
o [0.17–0.84] lg/kg feed for chickens for fattening
o [0.30–1.51] lg/kg feed for laying hens
o [0.13–0.62] lg/kg feed for turkeys for fattening
o [0.23–0.93] lg/kg feed for salmons

The values for dairy cows, cattle for fattening, sheep and goats only correspond to FARSCrumen,
because the absence of data on bioavailability for ruminants after weaning prevents the
calculation of FARSCintestine.

With regards to doxycycline:

• The FARSC corresponding to the concentration of doxycycline ranges, for the different species,
from 0.12 to 3.3 lg/kg feed. No FARSC was determined for rabbits.

• For each animal species, the FARSC obtained ranged:

o [0.25–1.30] 9 10-3 mg /kg feed for lactating sows
o [0.17–0.89] 9 10-3 mg /kg feed for piglets
o [0.20–1.07] 9 10-3 mg /kg feed for pigs for fattening
o [0.40–3.33] 9 10-3 mg /kg feed for veal calves
o [0.50–2.97] 9 10-3 mg /kg feed for dairy cows (FARSCintestine and FARSCrumen)
o [0.42–2.52] 9 10-3 mg /kg feed for cattle for fattening (FARSCintestine and FARSCrumen)
o [0.26–2.40] 9 10-3 mg /kg feed for goats (FARSCintestine and FARSCrumen)
o [0.22–2.40] 9 10-3 mg /kg feed for sheep (FARSCintestine and FARSCrumen)
o [0.17–1.12] 9 10-3 mg /kg feed for chickens for fattening
o [0.30–2.01] 9 10-3 mg /kg feed for laying hens
o [0.12–0.83] 9 10-3 mg /kg feed for turkeys for fattening
o [0.17–0.65] 9 10-3 mg /kg feed for horses
o [0.23–1.21] 9 10-3 mg /kg feed for salmons

For all substances:

The probability that tetracycline, chlortetracycline, oxytetracycline and/or doxycycline concentrations
below the lowest FARSC value for an animal species will confer any enrichment of, and/or selection for,
resistant bacteria in the intestine and/or rumen is estimated to be 1–5% (extremely unlikely).

ToR2: to assess which levels of the antimicrobials have a growth promotion/increase
yield effect.

AQ2. Which are the specific concentrations of chlortetracycline, oxytetracycline, tetracycline and
doxycycline in feed of food-producing animals that have an effect in terms of growth promotion/
increased yield?

With regards to chlortetracycline:

• It is judged 66�90% certain (‘likely’) that chlortetracycline has growth-promoting/increase
yield effects in weaned piglets at concentrations ranging from 40 to 500 mg/kg complete feed
(19 studies).

• It is judged 50�66% certain that chlortetracycline has growth-promoting/increase yield effects
in pigs for fattening at concentrations ranging from 11 to 1,000 mg/kg complete feed (nine
studies) and in chickens for fattening at concentrations ranging from 10 to 929.3 mg/kg
complete feed (17 studies).

• It is judged 33�66% certain (‘about as likely as not’) that chlortetracycline

o has growth-promoting/increase yield effects: in calves at concentrations ranging from 45 to
80 mg/kg DM (three studies), in cattle for fattening at concentrations ranging from 35 to
40 mg/kg DM (two studies), in lambs for fattening at the concentration of 25 mg/kg DM
(one study), in sows at concentrations ranging from 110 to 2,000 mg/kg complete feed
(four studies) and in fish at a concentration of 50 mg/kg complete feed (one study).
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o has negative effects on performance of lambs for fattening at a concentration of 11 mg/kg
DM (one study) and on performance and feed utilisation of pigs for fattening at a
concentration of 150 mg/kg complete feed (one study).

• No data are available in the scientific literature showing effects of chlortetracycline on growth
promotion/increased yield when added (i) to calves feed at concentrations below 45 mg/kg DM,
(ii) to cattle for fattening feed at concentrations below 35 mg/kg DM, (iii) to lambs for fattening
feed at concentrations below 25 mg/kg DM, (iv) to weaned piglets feed at concentrations below
40 mg/kg, (v) to pigs for fattening feed at concentrations below 11 mg/kg, (vi) to sows feed at
concentrations below 110 mg/kg, (vii) to chickens for fattening feed at concentrations below 10
mg/kg, (viii) to fish feed at concentrations below 50 mg/kg, or (ix) to feed of any other food-
producing animal species or categories

With regards to oxytetracycline:

• It is judged 50–66% certain that oxytetracycline has growth-promoting/increase yield effects in
chickens for fattening at concentrations ranging from 50 to 500 mg/kg complete feed (14
studies).

• It is judged 33–66 % certain (‘about as likely as not’) that oxytetracycline has growth-
promoting/increase yield effects: in weaned piglets at a concentration of 500 mg/kg complete
feed (one study), in pigs for fattening at a concentration of 450 mg/kg complete feed (one
study), in growing Guinea fowls at concentrations ranging from 5 to 20 mg/kg complete feed
(two studies), in growing/laying Japanese quail at a concentration of 20 mg/kg complete feed
(one study), in Nile tilapia at concentrations ranging from 100 to 4,000 mg/kg complete feed
(three studies), in African and Channel catfish at concentrations ranging from 30 to 2,500 mg/
kg diet (four studies), in rainbow trout at a concentration of 5,000 mg/kg diet (one study) and
in olive flounder at a concentration of 5,000 mg/kg diet (one study).

• No data are available in the scientific literature showing effects of oxytetracycline on growth
promotion/increased yield when added (i) to weaned piglets feed at concentrations below 500
mg/kg, (ii) to pigs for fattening feed at concentrations below 450 mg/kg, (iii) to chickens for
fattening feed at concentrations below 50 mg/kg, (iv) to growing Guinea fowls feed at
concentrations below 5 mg/kg, (v) to growing/laying Japanese quail feed at concentrations
below 20 mg/kg, (vi) to Nile tilapia feed at concentrations below 100 mg/kg, (vii) to African
and Channel catfish feed at concentrations below 30 mg/kg, (viii) to rainbow trout and olive
flounder feed at concentrations below 5,000 mg/kg or (ix) to feed of any other food-producing
animal species or categories

With regards to tetracycline:

• It is judged 33�66% certain (‘about as likely as not’) that tetracycline

o has growth-promoting/increase yield effects in chickens for fattening at a concentration of
500 mg/kg complete feed (one study).

o has negative effects at a concentration of 55 mg/kg complete feed on growth performance
in pigs for fattening (one study).

• No data are available in the scientific literature showing effects of tetracycline on growth
promotion/increased yield when added (i) to chickens for fattening feed at concentrations
below 500 mg/kg, or (ii) to feed of any other food-producing animal species or categories.

With regards to doxycycline:

• Owing to the lack of suitable data, levels of doxycycline in feed which may have a growth
promotion/production yield effect in any food-producing animal species could not be identified.

The results from these assessments for the different animal species are summarised in Annex F
(Tables F.1 and F.2) of EFSA BIOHAZ Panel, 2021a – Scientific Opinion ‘Part 1: Methodology, general
data gaps and uncertainties’ (see also the Virtual Issue).
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5. Recommendations

To perform further studies to supply more diverse and complete data to reduce uncertainties
around the calculation of the FARSC for the tetracyclines under assessment (tetracycline,
chlortetracycline, oxytetracycline, and doxycycline).
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Abbreviations

ADF acid-detergent fibre
ADG average daily gain
ALP alkaline phosphatase
ALT alanine aminotransferase
AQ assessment question
AST aspartate aminotransferase
BCS body condition score
BW/bw body weight
CF crude fat
Con A concanavalin A
CP crude protein
CVMP EMA Committee for Medicinal Products for Veterinary Use
DAO oxidase
DM dry matter
DMI dry matter intake
EMA European Medicines Agency
EMEA see EMA
EUCAST database for a certain antimicrobial
EUCAST European Committee on Antimicrobial Susceptibility testing
F:G feed conversion ratio or feed to gain ratio
FA fatty acids
FARSC Feed Antimicrobial Resistance Selection Concentration
FE feed efficiency
F fraction of the antimicrobial that is absorbed from the digestive tract to the blood
FI feed intake
FM fresh matter
G:F gain to feed ratio
GE fraction of the antimicrobial that is secreted back into the intestinal tract for elimination,

after initially being absorbed into the bloodstream
GE gross energy
GH growth hormone
GHRH growth hormone-releasing hormone
GOT glutamic oxaloacetic transaminase
GPT glutamic pyruvic transaminase
GSH-Px glutathione peroxidase
HDL high-density lipoprotein
I fraction of the antimicrobial present in the digestive tracts that would be inactive on the

microbiota
LDL low-density lipoprotein
LPS lipopolysaccharide
MDA malondialdehyde
MIC minimum inhibitory concentration
MIClowest lowest minimum inhibitory concentration of the most susceptible species/strain included

in the EUCAST database for a certain antimicrobial used to calculate the PMSC (see below)
MICres minimum inhibitory concentration of the resistant strain
MICsusc minimum inhibitory concentration of the susceptible strain
MICtest minimum inhibitory concentration of the susceptible isolate used in the competition

experiments to calculate the MSC
MPO myeloperoxidase
MRL maximum residues limit
MSC selective concentration
MT muscular thickness
NBT respiratory burst activity
NDF neutral-detergent fibre
Nrf2 nuclear factor erythroid 2-related factor 2
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OCLN occludin
OM organic matter
PCV packed cell volume
PER protein efficiency ratio
PK pharmacokinetic(s)
PMSC predicted MSC
PUFA polyunsaturated fatty acids
PUFA/SFA PUFA to saturated fatty acid ratio
RBC red blood cells
SCFA short-chain fatty acid
SGR specific growth rate
SOD superoxide dismutase
SR survival rate
T3 triiodothyronine
T4 thyroxine
T-AOC total antioxidant capacity
TBARS thiobarbituric acid-reactive substances
TBA thiobarbituric acid value
TLR toll-like receptor
ToRs terms of reference
TP total protein
TRH thyrotropin-releasing hormone
TSH thyroid-stimulating hormone
T-SOD superoxide dismutase
VFA volatile fatty acids
VL villi length
VSI viscero-somatic index
wt wild type
ZO-1 zonulin-1
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Appendix A – Table of uncertainties

Uncertainty analysis specific for tetracycline. chlortetracycline, oxytetracycline and doxycycline

A.1. Uncertainties associated with the FARSC calculation

Table A.1: Potential sources of uncertainty identified in the estimation of the maximum concentrations of tetracyclines in non-target feed that would not
select for antimicrobial resistance in the rumen or large intestines and assessment of the impact that these uncertainties could have on the
conclusion

Source or location
of the uncertainty

Nature or cause of uncertainty as described by the
experts

Impact of the uncertainty on the determination of the Feed Antimicrobial
Resistance Selective Concentration (FARSC)

Estimation
of PMSC data

Limited MSC data from competition experiments. MSC data is
available for S. enterica.

This limitation was overcome by the PMSC approach. Nevertheless, this could lead
to an overestimation of FARSC if a bacteria with a lower MIC is described.

Data extrapolation from tetracycline to the other tetracyclines
was performed. It is a reasonable assumption to consider that
MSCs are similar if the different antimicrobials within a class
share similar MICs, mechanism of action and resistance.

This could lead to an overestimation or underestimation of FARSC if new data
pointing for differences will be available.

Impact of bacterial community complexity on the MSCs values.
It is a reasonable assumption to consider that MSCs are similar
if the different antimicrobials within a class share similar
mechanism of action and resistance.

If this assumption is not correct, the PMSC, and accordingly the FARSC, could either
be over or underestimated, depending on the specific species and the targeted
community.

Antimicrobial
pharmacokinetic
and degradation
data

The percentage of inactive tetracycline was extracted from
human data and applied to other species.

The percentage of inactive drug can be higher or lower depending on the digestive
content leading to potential over or underestimation of FARSC. So, other
simulations were made with other values for binding to determine the range of
FARSC that could be obtained.

With the exception of one old study data that suggests that
inactivation in the distal part of the intestines could be high,
the percentage of inactive doxycycline was not found.
Simulations were performed considering absence (0) and
I = 0.7.

The assumption used for inactivation determinations might lead to underestimation
or overestimation of FARSC if inactivation would occur at different levels than the
ones considered.
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Source or location
of the uncertainty

Nature or cause of uncertainty as described by the
experts

Impact of the uncertainty on the determination of the Feed Antimicrobial
Resistance Selective Concentration (FARSC)

The average values for bioavailability were extracted from
literature for each species.

The complete range of possible individual values for bioavailability was not explored
even if additional simulations were performed. These values could be higher or
lower and thus, the FARSC could be over or underestimated.

For doxycycline, the intestinal elimination of the parent drug
was described as very low by EMEA, but high in two old
publications. The selected value was derived from EMEA
position. Since the EMEA reported that doxycycline was mainly
excreted in faeces, mostly in a microbiologically inactive form,
the GE was set to 0.

There is potentially an intestinal elimination of the parent drug. However, the
influence on FARSC would be limited due to low bioavailability for most species. The
FARSC could be overestimated.

DOX: doxycycline; EMEA: currently, European Medicines Agency (EMA); FARSC: Feed Antimicrobial Resistance Selection Concentration; I: inactive fraction, fraction of antimicrobial that would not
have any activity on bacteria; GE: Gastrointestinal elimination, fraction of the antimicrobial that is secreted back into the intestinal tract for elimination, after initially being absorbed into the
bloodstream; MSC: minimal selective concentration; PMSC: predicted minimal selective concentration.

A.2. Uncertainties associated with the growth promotion assessment

Table A.2: Potential sources of uncertainty identified in the levels of tetracycline in feed which have growth promotion/increase yield effect and
assessment of the impact that these uncertainties could have on the conclusion

Source of the uncertainty Nature or cause of uncertainty
Impact of the uncertainty on the conclusion on the
level(s) which have growth promotion/increase yield
effect

Form(s) of antimicrobial used The specific form of the antimicrobial used in the study (as the ‘(free)
base’ substance, its salts or specific products/formulations containing the
base substance) has not been clearly described in several publications. In
summarising the results, the concentrations have been reported as for
‘base’ substance when the form of the antimicrobial is not specified
(conservative assumption).

Underestimation of the concentration which may have shown
growth-promoting effect.

Evidence synthesis and
integration

As described in Section 2.2.3 of the Scientific Opinion Part 1 (see also the
Virtual Issue), the low number of studies retrieved prevented evidence
synthesis.

Underestimation/Overestimation
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Table A.3: Potential sources of uncertainty identified in the levels of chlortetracycline in feed which have growth promotion/increase yield effect and
assessment of the impact that these uncertainties could have on the conclusion

Source of the
uncertainty

Nature or cause of uncertainty

Impact of the uncertainty on the
conclusion on the level(s) which have
growth promotion/increase yield
effect

Form(s) of
antimicrobial used

The specific form of the antimicrobial used in the study (as the ‘(free) base’ substance, its salts or
specific products/formulations containing the base substance) has not been clearly described in several
publications. In summarising the results, the concentrations have been reported as for ‘base’
substance when the form of the antimicrobial is not specified (conservative assumption).

Underestimation of the concentration which
may have shown growth-promoting effect.

Evidence synthesis and
integration

As described in Section 2.2.3 of the Scientific Opinion Part 1 (see also the Virtual Issue), although
meta-analysis was not applicable to the studies retrieved, evidence synthesis was done, since:

• 19 studies showing consistent (positive) results in a comparable range of concentrations were
available in weaned piglets. The uncertainty resulting in the process of evidence synthesis was
based on 21 studies, 19 showing positive effect and 2 showing no effects;

• 11 studies showing consistent (positive) results in a comparable range of concentrations were
available in pigs for fattening. The uncertainty resulting in the process of evidence synthesis
was based on 19 studies, 11 showing positive effect and 7 showing no effects and 1 showing
negative effects;

• 17 studies showing consistent (positive) results in a comparable range of concentrations were
available in chickens for fattening. The uncertainty resulting in the process of evidence
synthesis was based on 27 studies, 17 showing positive effect and 10 showing no effects.

For cattle for fattening, calves, lambs for fattening, sows and laying hens and fish the low number of
studies retrieved prevented evidence synthesis.

The extent of the underestimation or
overestimation on the levels which shown
growth-promoting effect is modulated by
the consistency of the results.
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Table A.4: Potential sources of uncertainty identified in the levels of oxytetracycline in feed which have growth promotion/increase yield effect and
assessment of the impact that these uncertainties could have on the conclusion

Source of the
uncertainty

Nature or cause of uncertainty

Impact of the uncertainty on the
conclusion on the level(s) which have
growth promotion/increase yield
effect

Form(s) of
antimicrobial used

The specific form of the antimicrobial used in the study (as the ‘(free) base’ substance, its salts or
specific products/formulations containing the base substance) has not been clearly described in several
publications. In summarising the results, the concentrations have been reported as for ‘base’ substance
when the form of the antimicrobial is not specified (conservative assumption).

Underestimation of the concentration which
may have shown growth-promoting effect.

Evidence
synthesis and
integration

As described in Section 2.2.3 of the Scientific Opinion Part 1 (see also the Virtual Issue), although
meta-analysis was not applicable to the studies retrieved, evidence synthesis was done, since:

• 15 studies showing consistent (positive) results in a comparable range of concentrations were
available in chickens for fattening. The uncertainty resulting in the process of evidence synthesis
was based on 26 studies, 15 showing positive effect and 11 showing no effects;

• 9 studies showing consistent (positive) results in a comparable range of concentrations were
available in fish. The uncertainty resulting in the process of evidence synthesis was based on 11
studies, 9 showing positive effect and 2 showing no effects.

For pigs for fattening, weaned piglets, growing Guinea fowls, Japanese quail, the low number of
studies retrieved prevented evidence synthesis.

The extent of the underestimation or
overestimation on the levels which shown
growth-promoting effect is modulated by
the consistency of the results.
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Appendix B – List of excluded publications and their shortcomings

B.1. Tetracycline

The publications excluded from the assessment of the effects of tetracycline on growth promotion/increased yield following the criteria defined in
Section 2.2.2.2.1 of the Scientific Opinion Part 1 (see also the Virtual Issue) are summarised in Table B.1.

Table B.1: Publications not relevant for the assessment of the effects of tetracycline on growth promotion/increased yield and excluding criteria

Author, year Species

Excluding criteria

Combination
of substances
administered

to the
animals

Antimicrobial
used different
from the one

under
assessment

Administration
via route

different from
oral

Use of the
antimicrobial

with a
therapeutic

scope

Animals
subjected to
challenges

with
pathogens

Animals in
the study
sick or not
in good
health

Zootechnical
parameters
not reported

Insufficient
reporting/
statistics

Other
(indicate)

Abdul-Aziz and
Weber (1999)

Poultry X X X X

Abu-Ruwaida
et al. (1995)

Poultry X X X

Berge et al.
(2005)

Ruminants X X X

Berge et al.
(2009)

Ruminants X X X

Dabrowski and
Poczyczy�nski
(1988)

Fish X X X

Das (2004) Ruminants X X
Ekperigin et al.
(1983)

Poultry X X X

Fox (1980) Various X X X
Gazdzinski and
Julian (1992)

Poultry X X

Goren et al.
(1988)

Poultry X X X

Hays (1977) Pigs, Poultry X X X X

Jukes (1971) Various X X
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Author, year Species

Excluding criteria

Combination
of substances
administered

to the
animals

Antimicrobial
used different
from the one

under
assessment

Administration
via route

different from
oral

Use of the
antimicrobial

with a
therapeutic

scope

Animals
subjected to
challenges

with
pathogens

Animals in
the study
sick or not
in good
health

Zootechnical
parameters
not reported

Insufficient
reporting/
statistics

Other
(indicate)

Lema and
Nahashon
(2006)

Ruminants X

Lerner et al.
(1968)

Rabbit X

Li et al. (2019b) Ruminants X X

Mane (2010) Ruminants X X X
Marking et al.
(1988)

Fish X X

Martin (1985) Ruminants X X X
Natsir et al.
(2017)

Poultry X

NRC (1980) X X
Okerman et al.
(1990)

Rabbit X X X X X(1)

Peterson et al.
(1991)

Poultry X X

Purwanti et al.
(2019)

Poultry X X X

Roy et al.
(1991)

Poultry X

Roura et al.
(1992)

Poultry X X

Saha and Ray
(1998)

Fish X X

Samanta et al.
(2015)

Pigs X

Shrimpton et al.
(1958)

Poultry X X(2)
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B.2. Chlortetracycline

The publications excluded from the assessment of the effects of chlortetracycline on growth/production yield following the criteria defined in
Section 2.2.2.2.1 of the Scientific Opinion Part 1 (see also the Virtual Issue) are summarised in Table B.2.

Author, year Species

Excluding criteria

Combination
of substances
administered

to the
animals

Antimicrobial
used different
from the one

under
assessment

Administration
via route

different from
oral

Use of the
antimicrobial

with a
therapeutic

scope

Animals
subjected to
challenges

with
pathogens

Animals in
the study
sick or not
in good
health

Zootechnical
parameters
not reported

Insufficient
reporting/
statistics

Other
(indicate)

Slyamova et al.
(2016)

Poultry X X

Widodo et al.
(2018)

Poultry X

Yousif et al.
(2018

Ruminants X X

Zinkl et al.
(1977)

Poultry X X X

(1): Small number of animals per group.
(2): Antimicrobial was administered 24 h before death as a mean to reduce carcass spoilage.

Table B.2: Publications not relevant for the assessment of the effects of chlortetracycline on growth promotion/production yield and excluding criteria

Author (year) Species

Excluding criteria

Combination
of substances
administered

to the
animals

Antimicrobial
used different
from the one

under
assessment

Administration
via route

different from
oral

Use of the
antimicrobial

with a
therapeutic

scope

Animals
subjected to
challenges

with
pathogens

Animals in
the study

sick or not in
good health

Zootechnical
parameters
not reported

Insufficient
reporting/
statistics

Other
(indicate)

Alexopoulos
et al. (2003)

Pigs X X

Aluko et al.
(2017)

Pigs X X

Bains (1974) Poultry X X X X(1)
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Author (year) Species

Excluding criteria

Combination
of substances
administered

to the
animals

Antimicrobial
used different
from the one

under
assessment

Administration
via route

different from
oral

Use of the
antimicrobial

with a
therapeutic

scope

Animals
subjected to
challenges

with
pathogens

Animals in
the study

sick or not in
good health

Zootechnical
parameters
not reported

Insufficient
reporting/
statistics

Other
(indicate)

Banerjee et al.
(2018)

Poultry X X

Betancourt
et al. (2014)

Poultry X

Bhandari et al.
(2008)

Pigs X X X

Braude and
Johnson (1953)

Pigs X(2)

Bridge et al.
(1982)

Pigs X

Burch et al.
(1986)

Pigs X X X

Burnell et al.
(1988)

Pigs X X(1)

C�el�yk et al.
(2003)

Poultry X(3)

Cernicchiaro
et al. (2016)

Ruminants X X(4)

Che et al.
(2017)

Pigs X X

Clawson et al.
(1955)

Pigs X

Colby et al.
(1950)

Ruminants X

Connor and
Neill (1971)

Poultry X(1)

Del Castillo
et al. (2002)

Pigs X X X X(5)

Dritz et al.
(2002)

Pigs X X X
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Author (year) Species

Excluding criteria

Combination
of substances
administered

to the
animals

Antimicrobial
used different
from the one

under
assessment

Administration
via route

different from
oral

Use of the
antimicrobial

with a
therapeutic

scope

Animals
subjected to
challenges

with
pathogens

Animals in
the study

sick or not in
good health

Zootechnical
parameters
not reported

Insufficient
reporting/
statistics

Other
(indicate)

Duff et al.
(2000)

Ruminants X X(6)

Duttlinger et al.
(2019)

Pigs X

Eckerman et al.
(2011)

Ruminants X

Edmonds et al.
(1985)

Pigs X X

Feldpausch
et al. (2014a)

Pigs X(7)

Feldpausch
et al. (2014b)

Pigs X(7)

Fomenky et al.
(2017)

Ruminants X

Foreman et al.
(1961)

Ruminants X

Freeman et al.
(1975)

Poultry X(8)

Furr et al.
(1968)

Ruminants X

Furusawa
(2001)

Poultry X X(9)

Gadberry et al.
(2014)

Ruminants X

Gallo and Berg
(1995)

Ruminants X

Gebru et al.
(2010)

Pigs X

George et al.
(1977)

Poultry X X
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Author (year) Species

Excluding criteria

Combination
of substances
administered

to the
animals

Antimicrobial
used different
from the one

under
assessment

Administration
via route

different from
oral

Use of the
antimicrobial

with a
therapeutic

scope

Animals
subjected to
challenges

with
pathogens

Animals in
the study

sick or not in
good health

Zootechnical
parameters
not reported

Insufficient
reporting/
statistics

Other
(indicate)

Gibb et al.
(2006)

Ruminants X X(1)

Gibb et al.
(2008)

Ruminants X X(1)

Gottlob et al.
(2004)

Pigs X

Hahn et al.
(2006)

Pigs X

Hamid et al.
(2019)

Poultry X

Han and
Thacker (2009)

Pigs X

Han and
Thacker (2010)

Pigs X

Hansen et al.
(1954)

Poultry X

Harper et al.
(1983)

Pigs X X

Hathaway et al.
(1996)

Pigs X

Hathaway et al.
(1999)

Pigs X X

Hathaway et al.
(2003)

Pigs X

Hersom et al.
(2015)

Ruminants X

Hill et al. (1993) Ruminants X X

Holt et al.
(2011)

Pigs X(1)
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Author (year) Species

Excluding criteria

Combination
of substances
administered

to the
animals

Antimicrobial
used different
from the one

under
assessment

Administration
via route

different from
oral

Use of the
antimicrobial

with a
therapeutic

scope

Animals
subjected to
challenges

with
pathogens

Animals in
the study

sick or not in
good health

Zootechnical
parameters
not reported

Insufficient
reporting/
statistics

Other
(indicate)

Hu and
McDougald
(2002)

Poultry X X

Hu et al. (2019) Pigs X
Huang et al.
(2012)

Pigs X

Islam et al.
(2008)

Poultry X X(1)

Johnson and
Lay (2017)

Pigs X

Johnson et al.
(1956)

Ruminants X X

Jones et al.
(1978)

Poultry X(10)

Keegan et al.
(2003)

Pigs X

Keegan et al.
(2005)

Pigs X X(11)

Kiarie et al.
(2018)

Pigs X

Kim et al.
(2005)

Pigs X X

Ko et al. (2008) Pigs X(12)

Kratzer et al.
(1994)

Poultry X

Kulshreshtha
et al. (2017)

Poultry X X

Lang et al.
(1959)

Ruminants X X
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Author (year) Species

Excluding criteria

Combination
of substances
administered

to the
animals

Antimicrobial
used different
from the one

under
assessment

Administration
via route

different from
oral

Use of the
antimicrobial

with a
therapeutic

scope

Animals
subjected to
challenges

with
pathogens

Animals in
the study

sick or not in
good health

Zootechnical
parameters
not reported

Insufficient
reporting/
statistics

Other
(indicate)

Larsen et al.
(1988)

Poultry X(13)

Lee et al.
(2011b)

Pigs X

Li et al. (2008) Pigs X
Li et al. (2011) Pigs X

Li et al. (2012) Pigs X
Li et al. (2018) Poultry X(13)

Lien et al.
(2007)

Pigs X

Maneewan
et al. (2011)

Pigs X

McOrist et al.
(1999)

Pigs X

Motl et al.
(2005)

Poultry X

NCR-89 (1984) Pigs X X
Nyachoti et al.
(2012)

Pigs X X X X

Oe and
Arakawa (1975)

Poultry X X

Ohe and
Arakawa (1976)

Poultry X

Oliver et al.
(2014)

Pigs X

Olson (1977a) Poultry X X

Olson (1977b) Poultry X X
Olson and Sahu
(1976)

Poultry X
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Author (year) Species

Excluding criteria

Combination
of substances
administered

to the
animals

Antimicrobial
used different
from the one

under
assessment

Administration
via route

different from
oral

Use of the
antimicrobial

with a
therapeutic

scope

Animals
subjected to
challenges

with
pathogens

Animals in
the study

sick or not in
good health

Zootechnical
parameters
not reported

Insufficient
reporting/
statistics

Other
(indicate)

Oso et al.
(2019)

Poultry X

Patel and Baker
(1996)

Poultry X

Patterson et al.
(2019)

Pigs X

Perry et al.
(1986)

Ruminants X X

Phelps et al.
(1987)

Poultry X

Piva et al.
(2007)

Pigs X X X(1)

Powley et al.
(1981)

Pigs X

Puls et al.
(2019a)

Pigs X

Puls et al.
(2019b)

Pigs X

Radecki et al.
(1988)

Pigs X

Rae et al.
(2002)

Ruminants X

Ran et al.
(2019)

Ruminants X

Redden et al.
(2010)

Ruminants X X(14)

Robbins et al.
(2013)

Pigs X

Rollins et al.
(1976)

Pigs X
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Author (year) Species

Excluding criteria

Combination
of substances
administered

to the
animals

Antimicrobial
used different
from the one

under
assessment

Administration
via route

different from
oral

Use of the
antimicrobial

with a
therapeutic

scope

Animals
subjected to
challenges

with
pathogens

Animals in
the study

sick or not in
good health

Zootechnical
parameters
not reported

Insufficient
reporting/
statistics

Other
(indicate)

Rossi et al.
(2008)

Pigs X

Rueff et al.
(2019)

Pigs X X X(1)

Rumsey et al.
(1999)

Ruminants X

Rusoff et al.
(1959)

Ruminants X X

Sacrist�an et al.
(2012)

Pigs X X X(1)

Saloma et al.
(1970)

Poultry X(15)

Sandhu and
Dean (1980)

Poultry X X

Shelton et al.
(2009a)

Pigs X

Shon et al.
(2005)

Pigs X

Shor et al.
(1959)

Ruminants X X(16)

Shrimpton et al.
(1958)

Poultry X X(17)

Singh et al.
(1985)

Poultry X

Skinner et al.
(2014)

Pigs X X X

Sotak et al.
(2010)

Pigs X X

Souza et al.
(2018)

Ruminants X
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Author (year) Species

Excluding criteria

Combination
of substances
administered

to the
animals

Antimicrobial
used different
from the one

under
assessment

Administration
via route

different from
oral

Use of the
antimicrobial

with a
therapeutic

scope

Animals
subjected to
challenges

with
pathogens

Animals in
the study

sick or not in
good health

Zootechnical
parameters
not reported

Insufficient
reporting/
statistics

Other
(indicate)

Steidinger et al.
(2008)

Pigs X

Steidinger et al.
(2009)

Pigs X

Stipkovits et al.
(1999)

Poultry X X X

Stipkovits et al.
(2001)

Pigs X X

Suchy et al.
(2008)

Poultry X(18),(19)

Swanson (1963) Ruminants X X

Szasz et al.
(2019)

Ruminants X X X(1)

Tang et al.
(2012)

Pigs X

Thaler et al.
(1989)

Pigs X X(1)

Thongsong
et al. (2008)

Poultry X

Thomson et al.
(2014)

Ruminants X X(1),(20)

Unno et al.
(2015)

Pigs X X X(21)

Vandersall et al.
(1957;

Ruminants X X X(2)

Veum et al.
(1980)

Pigs X

Waldroup et al.
(1981)

Poultry X(1)
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Author (year) Species

Excluding criteria

Combination
of substances
administered

to the
animals

Antimicrobial
used different
from the one

under
assessment

Administration
via route

different from
oral

Use of the
antimicrobial

with a
therapeutic

scope

Animals
subjected to
challenges

with
pathogens

Animals in
the study

sick or not in
good health

Zootechnical
parameters
not reported

Insufficient
reporting/
statistics

Other
(indicate)

Walsh et al.
(2007)

Pigs X

Wang et al.
(2006)

Pigs X

Wang et al.
(2017)

Pigs X(1)

Wieser et al.
(1966)

Ruminants X X(22)

Williams et al.
(2017)

Pigs X X(18)

Woods et al.
(1972)

Pigs X X X(21)

Xiao et al.
(2013)

Pigs X X

Yan et al.
(2019)

Poultry X(1)

Yang et al.
(2003)

Poultry X

Yeh et al.
(2011)

Pigs X

Yi et al. (2018) Pigs X

Yin et al. (2010) Pigs X(13)

Young et al.
(1973)

Pigs X

Zhang et al.
(2019)

Pigs X

Zhou et al.
(2015)

Poultry X

Zhu et al.
(2017)

Pigs X
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Author (year) Species

Excluding criteria

Combination
of substances
administered

to the
animals

Antimicrobial
used different
from the one

under
assessment

Administration
via route

different from
oral

Use of the
antimicrobial

with a
therapeutic

scope

Animals
subjected to
challenges

with
pathogens

Animals in
the study

sick or not in
good health

Zootechnical
parameters
not reported

Insufficient
reporting/
statistics

Other
(indicate)

Zinn (1986) Ruminants X X X(13)

Zinn (1993) Ruminants X X

(1): Absence of a negative control group without antimicrobial.
(2): Low number of animals in the experiment.
(3): Very high levels of aflatoxins in feed.
(4): The study is a meta-analysis.
(5): The focus of the study was the pharmacokinetics of chlortetracycline and oxytetracycline.
(6): The design of this study was not appropriate to test performance/yield.
(7): This study is a conference paper and it is the same as Feldpausch et al. (2018), Experiment 2, and therefore, it should not be considered twice.
(8): Animals challenged with adrenocorticotrophic hormone three times weekly.
(9): Designed to study the transfer of antimicrobials to eggs.
(10): The study aimed to test a cholera vaccine and the chlortetracycline was given before the experiment started.
(11): The relevant trial, Experiment 3, is the same as study of Keegan et al. (2003a).
(12): The study appears to contain the same animals (and some results) as in Hossain et al. (2012a).
(13): No replication.
(14): Diets of the experiment not comparable.
(15): Study based on the intermittent (i.e. not continuative over the whole experimental period) use of the antimicrobial.
(16): Old paper (1959) aimed at defining the dietary level of antimicrobial that produces residues in milk. Very short duration (14 days). Many confounding factors: error in dosage during the trial,

sick animals, negative effect of hot season.
(17): The study deals with the prevention of carcass spoilage.
(18): It is the abstract of the study of Williams et al. (2018).
(19): Chlortetracycline was administered only during the last 8 days of trial (total duration 52 days), at a high dosage (2 g/10 kg BW) and with the aim of producing liver toxicity.
(20): Animals treated with an estrogen-trenbolone.
(21): Insufficient replication.
(22): All animals implanted with hexoestrol.
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B.3. Oxytetracycline

The publications excluded from the assessment of the effects of oxytetracycline on growth/production yield following the criteria defined in
Section 2.2.2.2.1 of the Scientific Opinion Part 1 (see also the Virtual Issue) are summarised in Table B.3.

Table B.3: Publications not relevant for the assessment of the effects of oxytetracycline on growth promotion/production yield and excluding criteria

Author (year) Species

Excluding criteria

Combination
of substances
administered

to the
animals

Antimicrobial
used different
from the one

under
assessment

Administration
via route

different from
oral

Use of the
antimicrobial

with a
therapeutic

scope

Animals
subjected to
challenges

with
pathogens

Animals in
the study
sick or
not in
good
health

Zootechnical
parameters
not reported

Insufficient
reporting/
statistics

Other
(indicate)

Abdelhamid et al.
(2009)

Fish X(1)

al-Ankari and
Homeida (1996)

Poultry X

Alonge et al. (2017b) Poultry X X

Azam and Narayan
(2013)

Crustaceans X

Battaglene et al.
(2006)

Fish X

Bray et al. (2006) Crustaceans X
Bergstrom et al.
(2007a)

Pigs X

Bergstrom et al.
(2007b)

Pigs X

Bergstrom et al.
(2007c)

Pigs X

B�onai et al. (2008) Rabbit X
B�onai et al. (2010) Rabbit X

Bovera et al. (2010) Rabbit X X X(2)

Chansiripornchai
(2009)

Poultry X X

Cunha et al. (2017) Rabbit X X X X(2)

Cusack (2004) Ruminants X X
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Author (year) Species

Excluding criteria

Combination
of substances
administered

to the
animals

Antimicrobial
used different
from the one

under
assessment

Administration
via route

different from
oral

Use of the
antimicrobial

with a
therapeutic

scope

Animals
subjected to
challenges

with
pathogens

Animals in
the study
sick or
not in
good
health

Zootechnical
parameters
not reported

Insufficient
reporting/
statistics

Other
(indicate)

Dean et al. (1973) Poultry X X X X
Del Castillo et al.
(2002)

Pigs X X X X(3)

Dennis et al. (2019) Ruminants X
Dobsikova et al.
(2013)

Fish

Donovan et al. (2002) Ruminants X
Dritz et al. (1993) Pigs X X X(2)

Dritz et al. (2002) Pigs X
El-Deek et al. (2012a) Poultry X X(4)

El-Deek et al. (2012b) Poultry X X(4)

El-Tahawy and El-
Shafey (2015)

Fish

Fonseca et al. (2005) Rabbit X(2)

Franti et al. (1971) Poultry X X

Frantz et al. (2004) Pigs X
Furusawa (2001) Poultry X X(5)

Gaikowski et al.
(2003)

Fish X

Geidam et al. (2015) Poultry X X

Glisson et al. (2004) Poultry X X X
Gottlob et al. (2004) Pigs X X

Gottlob et al. (2005a) Pigs X
Gottlob et al. (2005b) Pigs X X

Gottlob et al. (2005c) Pigs X
Gottlob et al. (2006a) Pigs X X

Gottlob et al. (2006b) Pigs X X
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Author (year) Species

Excluding criteria

Combination
of substances
administered

to the
animals

Antimicrobial
used different
from the one

under
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Administration
via route

different from
oral

Use of the
antimicrobial

with a
therapeutic

scope
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subjected to
challenges

with
pathogens

Animals in
the study
sick or
not in
good
health

Zootechnical
parameters
not reported

Insufficient
reporting/
statistics

Other
(indicate)

Gottlob et al. (2007) Pigs X

Greenfield et al.
(1973)

Poultry X X X

Hegazy et al. (2018) Poultry X X

Heinrichs et al.
(2003)

Ruminants X

Heinrichs et al.
(2009)

Ruminants X

Hildabrand et al.
(2004)

Pigs X

Hong et al. (2004) Pigs X X X(2),(6)

Humam et al. (2019) Poultry X X
Hustvedt et al. (1991) Fish X X(2),(7)

Islam et al. (2015) Fish X
Kareem et al. (2015) Poultry X

Katya et al. (2018) Fish X
Keegan et al. (2003) Pigs X

Keegan et al. (2005) Pigs X
Kehoe and Carlson
(2015)

Ruminants X

Kim et al. (2014) Fish X X
King (1968) Poultry X X(8)

Koh et al. (2016) Fish X
Kovacs et al. (2009) Rabbit X

Larsen et al. (2016) Pigs X X
Lee et al. (2009) Pigs X

Lee et al. (2011b) Pigs X
Lee et al. (2016) Fish X
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Author (year) Species

Excluding criteria
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of substances
administered

to the
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used different
from the one
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Administration
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with a
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with
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the study
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not in
good
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Zootechnical
parameters
not reported

Insufficient
reporting/
statistics

Other
(indicate)

Lee et al. (2018a) Fish X
Lee et al. (2018b) Fish X

LeMieux et al. (2003) Pigs X
Lien et al. (2007) Pigs X X

Limbu et al. (2018) Fish X X X(9)

Limbu et al. (2019) Fish X

Limbu et al. (2020) Fish X
Loh et al. (2010) Poultry X

May et al. (2012) Pigs X
Maz�on-Su�astegui
et al. (2016)

Other aquatic
animals

X X

Mosleh et al. (2016) Poultry X X X X(10)

Neill et al. (2004) Pigs X

Neill et al. (2005) Pigs X
Neill et al. (2006) Pigs X

Neveling et al. (2020) Poultry X X
Ogunwole et al.
(2011)

Poultry X(11)

Ologhobo et al.
(2014)

Poultry X(2)

Onifade (1997) Poultry X

Onifade and
Babatunde (1997)

Poultry X

Oso et al. (2013) Rabbit X

P�erez et al. (2011) Pigs X X(2)

Peterson et al. (1991) Poultry X X

Puls et al. (2019a) Pigs X X
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Author (year) Species

Excluding criteria
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of substances
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to the
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with
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the study
sick or
not in
good
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Zootechnical
parameters
not reported

Insufficient
reporting/
statistics

Other
(indicate)

Purushothaman et al.
(2014)

Poultry X X(2)

Quigley et al. (1997) Ruminants X X X
Quigley and Drew
(2000)

Ruminants X

Ramezanzadeh et al.
(2020)

Fish X X

Rhee et al. (2018) Fish X

Salaheen et al. (2017) Poultry X
Serafin (1982) Poultry X

Shaddad et al.
(1985a,b)

Poultry X X(12)

Shelton et al. (2009b) Pigs X

Shields et al. (2010) Ruminants X X
Shrimpton et al.
(1958)

Poultry X(9)

Sinclair et al. (1990) Poultry X
Smith et al. (1964) Pigs X X(2)

Soler et al. (2016) Pigs X X(10)(13)

Sokoudjou et al.
(2019)

Poultry X X

Steidinger et al.
(2008)

Pigs X

Steidinger et al.
(2009)

Pigs X

Subagja et al. (1999) Fish X
Sukandhiya et al.
(2016)

Poultry X
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parameters
not reported

Insufficient
reporting/
statistics

Other
(indicate)

Sulabo et al. (2007) Pigs X
Szasz et al. (2019) Ruminants X X X X(2)

Thanh et al. (2009) Poultry X X
Toften and Jobling
(1997)

Fish X

Touchburn and Nestor
(1971)

Poultry X X X

Vandonkergoed
(1992)

Ruminants X(14)

Vernon et al. (1962) Pigs X X
Veum et al. (1980) Pigs X

Waldroup et al.
(1981)

Poultry X X X(2)

Walker-Love et al.
(1959)

Pigs X X(15)

Williams (1985) Poultry X X
Yeh et al. (2011) Pigs X

Yu et al. (2017) Pigs X
Zeineldin et al. (2019) Pigs X X(16)

Zhang et al. (2020 Pigs X

(1): The antimicrobial was not administered to fish but used for an in vitro study.
(2): No untreated control group.
(3): Short-term study in pigs on the tolerance and palatability of high doses of oxytetracycline. The pharmacokinetics of chlortetracycline and oxytetracycline was studied.
(4): Low number of animals per replicate.
(5): Designed to study the transfer of antimicrobials to eggs.
(6): Antimicrobial diet vs diets with SDEP (spray-dried egg protein). Low number of animals (4 pens of 3 pigs/treatment).
(7): Short-term (6-h) study on the tolerance of therapeutic use in trout.
(8): Old outdated study (1968). The design does not allow to examine the results of the effects of oxytetracycline alone.
(9): Antimicrobial was administered 24 h before death as a mean to reduce carcass spoilage.
(10): Low number of animals.
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B.4. Doxycycline

The publications excluded from the assessment of the effects of doxycycline on growth promotion/increase yield following the criteria defined in
Section 2.2.2.2.1 of the Scientific Opinion Part 1 (see also the Virtual Issue) are summarised in Table B.4.

(11): Inadequate study design, including the selection of animals for carcass evaluation.
(12): No replicates.
(13): The study focused on blood parameters and proteome.
(14): The article is a meta-analysis.
(15): Animals were also exposed to UV irradiation.
(16): Single-dose administration at birth.

Table B.4: Publications not relevant for the assessment of the effects of doxycycline on growth promotion/increase yield and excluding criteria

Author
(year)

SPECIES

Excluding criteria

Combination
of

substances
administered

to the
animals

Antimicrobial
used different
from the one

under
assessment

Administration
via route

different from
oral

Use of the
antimicrobial

with a
therapeutic

scope

Animals
subjected to
challenges

with
pathogens

Animals in
the study
sick or not
in good
health

Zootechnical
parameters not

reported

Insufficient
reporting/
statistics

Other
(indicate)

Bosi et al.
(2011)

Pigs X

Bousquet
et al. (1998)

Pigs X X

Conejos et al.
(2012)

Pigs X(1) X(2)

George et al.
(1977)

Poultry X X

Goma et al.
(2018)

Poultry X(3)(4)

Goren et al.
(1988)

Poultry X X X

Gutierrez
et al. (2012)

Poultry X(5)

Isikwenu and
Udomah
(2015)

Poultry X X(6)
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from the one

under
assessment

Administration
via route

different from
oral
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parameters not

reported
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statistics

Other
(indicate)

Kyriakis et al.
(2002)

Pigs X X

Pavlova et al.
(2018)

Poultry X X X(3)

Saleh et al.
(2018)

Poultry X

Salichs et al.
(2013)

Pigs X X X(6)

Santos et al.
(1997)

Poultry X(6)

Weber et al.
(2017)

Pigs X(6)

Yakubchak
et al. (2018)

Poultry X X(6)

(1): Only digestibility and intestinal morphology/bacteria were reported.
(2): Small number of animals per treatment.
(3): No replicates.
(4): The study investigated doxycycline-overdose induced toxicity.
(5): Single administration. The study investigated pharmacokinetics after different administration routes (water bolus vs parenteral).
(6): No untreated control group.
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