ABSTRACT

ROBBBINS, REBECCA CLAIRE. Antibiotics in Pork Pradtion. (Under the direction of
Maria Correa and Glen Almond.)

The breadth of considerations that affect antibiate in swine rearing is covered in
this thesis. Chapter 1 introduces the theme an@l¢vance to readers from veterinary,
producer, industry and regulatory fields. Chagteeviews diseases and disorders of swine
where antibiotics have been used effectively. Miaing the potential for development of
bacterial resistance must be considered when asitilgiotics in pork production.

The application of antibiotic stewardship to porkguction is conducted with
experimental and epidemiologic study designs. p&aB presents an experiment to
evaluate the feeding of a non-antibiotic plant-dedialkaloid to nursery age swine
challenged with antimicrobial resisté®almonellaentericaserovar Typhimurium DT104.
The plant alkaloid improved growth, intestinal ieabnd pathogen elimination among
nursery pigs similar to a conventional antibiotrtowth promoter. Chapter 4 shows the
effect of antibiotic selection on a nursery gro@pfprmance. Nurseriest weeks post-
weaning, with moderate and severe disease, theiveetantibiotics for disease control, or
displayed non-respiratory signs all had an incréasils for receiving an injectable
antibiotic. Livability of groups that received olnfetracycline in the drinking water was
1.5% better than that of groups that received téti@cycline with neomycin through the
drinking water. Chapter 5 presents a positionesidue limits and withdrawal times for the
most commonly used antibiotics in swine health ngan@ent. Over half of countries had an
antibiotic residue limit set lower than Codex. Higcome countries had an increased odds
of setting residue limits below Codex. A lower MRRIcreased the likelihood of a longer

withdrawal time for only one of twelve antibioticemmonly used in swine.



Chapter 6 summarizes the implications of studyifigd for the veterinary, producer,
industry and regulatory fields. Effective antibtostewardship being the result of evidence

based medicine is supported by the study findings.
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CHAPTER I.

INTRODUCTION TO ANTIBIOTIC STEWARDSHIP



The theme for the thesis was judicious antibiosie for swine and pork. The
antibiotic era began with the discovery of Periittiwhich remains a widely used
therapeutic in swirfe In 1994, the Animal Medicinal Drug Use Clarifiiman Act authorized
veterinarians within a veterinary-client-patientat®nship to use drugs including antibiotics
extra-label “when the health of an animal is theeat, or suffering or death may result from
failure to treat” In addition, a veterinarian must establish asdure a sufficient withdrawal
time is observed so that no residues result.

Additional regulations have continued to change lotibiotics are used in food
animals. The use of antibiotics in food animalstfe purpose of growth promotion was
banned in the European Union and, effective Janua?@17 the use of medically important
antibiotics for this purpose is banned in the Whi2ate In addition, the over-the-counter
label for antibiotics licensed for food animal sjgsds also eliminated. Increasing
regulations are the result of concerns that arntds@dministered to food animals are
responsible for increasing antibiotic resistdrce

Veterinarians are sworn to “the protection of ardihesalth and welfare, the
prevention and relief of animal suffering, the cemvaition of animal resources, the
promotion of public health, and the advancememedical knowleddge” Evidenced-based
medicine supports judicious use of antibioticsthat is not sufficient. A method for
continuous improvement is necessary (Figure Bntibiotic stewardship is a program that
achieves judicious antibiotic use and improvesguathealth and well-being while

minimizing the development and spread of antibir¢gistance microorganisfns



The goal for the thesis was to conduct epidemialagid applied experimental
research that demonstrated antibiotic stewardshifith the intent that swine veterinarians
could use the study results to develop evidencedastibiotic stewardship programs for
their clients to ensure a healthy pig and a whatespork product. The goals were

formulated from a swine veterinarian’s point ofwie



Considera non-
antibioticalternative

Assure the
antibioticis safe
and effective

Select an antibiotic
that is safe and
effective

Figure 1. Diagram of antibiotic stewardship progranf. When the need for an antibiotic
has been established, a non-antibiotic alternatineild be considered. If one isn’t found
that is safe and effective, an antibiotic shouldrz@le through evidence-based medicine then
the antibiotic should be used safely and effecfiveThere is purposely no endpoint because

the decisions should constantly be re-evaluated.
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SWINE DISEASES AND DISORDERS
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Swine Diseases and Disorders
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Glossary

Autogenous vaccines Vaccine made from microorganisms
isolated from the animal it will be used on; in the United
States these are killed and, by permit, are extended for use in
a farm, production system, or region.

Farrow Process of parturition; location where a pig is born
and stays till weaning, usually 3-4 weeks of age.
Grow-finish Phase of production that follows the nursery
period where pigs reach slaughter weight; used to describe
pigs from 10 to 30 weeks of age.

Histopathology; -ic The science and microscopic
examination of formalin-fixed and paraffin-embedded
sections of diseased tissues.

Lesion Visible (microscopic or macroscopic) deviation
from normal.

In an approach to investigating any suspected disease or dis-
order in swine production, a history should be gathered first.
Important history to understand from caretakers includes:
age of pigs affected, duration of dlinical signs, morbidity rate,
mortality rate, treatments administered, response to treat-
ments, and any other important information regarding previ-
ous diagnoses or disease in the affected group of animals. This
is also the time to examine any production records that have
been kept on the affected group of swine as well as previous
groups for comparison. Records include but are not limited to:
where the animals originated from; number in the herd; age;
daily mortality; number treated; name of treatment, route of
delivery and dose; feed and water usage; high-low tempera-
tures; and vaccinations received or administered. After exam-
ining the production records and obtaining a history, proceed
with a visual examination of the herd. Typically, it is a bio-
security custom to observe youngest groups first; however, in
cases of suspected infectious diseases, it may be best to begin
with the healthiest group advancing in order of increasing
severity or prevalence.

Often, a definitive diagnosis is not achieved without an
extensive clinical and pathological investigation. A post-
mortem examination, or necropsy, of affected pigs should
occur last. Any pigs recently deceased of natural causes should
be examined to establish trends, with the understanding that
submission of tissues from these animals may not yield
valuable diagnostic results. Tissues for diagnostic evaluation
should be collected from clinically affected pigs that are
euthanized immediately before necropsy. Sampling of five or
more pigs may be required to obtain a valuable diagnosis.
When investigating signs referable to the central nervous sys-
tem (CNS), it is important to preserve brain and spinal cord
tissue for microscopic evaluation in cases of neurological

National Animal Health Monitoring Service A program
administered by United States Department of Agriculture-
Animal and Plant Health Inspection Service.

Nursery Phase of production that begins after weaning,
used to transition pigs from the farrowing house to
finishing; used to describe pigs from 3 to 10 weeks of age.
OIE World Organization for Animal Health created on 25
January 1924.

Pathognomonic Characteristic of a specific disease or
disorder that, when present, is sufficient to make a
diagnosis.

Veterinary diagnostic laboratory Location where samples
are submitted and tests are run to determine the cause of
disease.

disease; therefore, blunt force trauma and brain penetration by
captive bolt are not preferred methods of euthanasia. At
minimum, fresh and formalin-fixed tissue samples should
include: brain, tonsil, heart, lung, lymph nodes, spleen, kid-
ney, liver, and intestine. Additional samples that may be
beneficial for diagnosis include: premortem whole blood and
ethylenediaminetetraacetic acid-chelated blood (for serum
chemistry and complete blood count), spinal cord, intact stifle
and hock joints (remove the leg at the hip), intact eyeball with
optic nerve attachment, urine, feed, and water. Consult a
diagnostic lab regarding any additional samples that may be
required in determining an etiologic diagnosis. The etiologic
diagnosis should be based on consistent history, signs, and
pathology derived from a list of differential diagnoses that are
most common or most likely to occur in that herd or pro-
duction system.

A treatment, control, or prevention program should be
formulated simultaneously. Before using any chemical,
pharmaceutical, or biologic in swine intended for food, know
the domestic use guidelines, importer requirements or pro-
ducer-packer agreements regarding withdrawal times, residue
and tolerance limits, prescribing guidelines, and prohibited
substances.

Central Nervous System Diseases and Disorders

This section will focus on a practical approach to investigating
signs of neurological disease in swine summarized in Table 1.
It is important to determine if clinical signs are consistent
with CNS or peripheral nervous system lesions (PNS). Com-
mon CNS signs in pigs include behavioral abnormalities
(most commonly stupor), ataxia, loss of righting, seizures or

Encyclopedia of Agriculture and Food Systems, Volume 5
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262 Swine Diseases and Disorders

Table 1 Common central nervous diseases and disorders of pigs
Preweaning Postweaning nursery Postweaning grow—finish Adult
Streptococcus suis ++ Htee ++
HPS e et i
Edema disease +++ Sk
PRV +++ +
Congenital tremor ++
Hypoglycemia +++
Water deprivation + +++

Note: The first column provides the diseases. The remaining columns represent the respective phases of production. The frequency of the occurrence is + (occasional), ++

(common), and +++ (routine).

seizure-like activity (paddling), nystagmus, and blindness.
Musculoskeletal disorders may clinically confuse or complicate
perceived PNS signs and must be differentiated from
each other.

Streptococcus suis is a gram-positive cocci with 35 reported
serotypes. Observational studies implicate sows as carriers and
piglets are colonized as they pass through the birth canal
(Amass et al., 1996). Disease occurs most frequently during the
suckling and postweaning period. Commingling pigs from
different herds, concurrent infection with porcine reproductive
and respiratory syndrome (PRRS), and other stress factors may
increase the risk of developing S. suis meningitis (Villani, 2002;
Thanawongnuwech et al.,, 2000). Variable morbidity and
mortality: mortality depends on early recognition and treat-
ment. Clinical signs of S. suis meningitis include paddling,
recumbency, nystagmus, and seizure. Isolation of S. suis from
the lung, nasal secretions, or tonsil from normal pigs is clin-
ically insignificant. In contrast, S. suis isolation from cerebro-
spinal fluid (CSF), meninges, joints, endocardium, or serosal
surfaces with or without lesions is relevant (Pijoan, 1994). Few
to no gross lesions may be observed during necropsy. Early
recognition of clinical signs followed by injection with an
antimicrobial that S. suis is susceptible is the most effective
means of treatment. Administering an antimicrobial that S.
suis is susceptible to in the drinking water has been proposed
to control morbidity (Villani, 2002). Antimicrobial suscepti-
bility patterns for S. suis isolates from regional diagnostic la-
boratories can be used to assist in selection of an appropriate
antimicrobial while diagnostic tests are pending; ceftiofur is
effective (Halbur et al., 2000). Commercial and autogenous
vaccines are available but due to S. suis serologic diversity may
not be effective (Halbur et al., 2000).

Haemophilus parasuis (HPS), also called Gldsser's disease,
causes bacterial meningitis, arthritis, and polyserositis similar
to S. suis. Infections are not clinically or grossly distinguishable
from S. suis. Definitive diagnosis is by bacterial isolation.
However, HPS is a fastidious gram-negative rod and culture
media must be supplemented with V factor for successful
isolation. Owing to the difficulty in isolating HPS, Polymerase
chain reaction (PCR) tests are a suitable alternative (Oliveira
et al., 2001). Like S. suis, isolation from the airways has little
significance unless lesions are present (IHoefling, 1994). Anti-
microbial susceptibility testing identifies ceftiofur or florfeni-
col that are typically effective first choice therapeutics
(Oliveira, 2007b). Prevention may be achieved with medi-
cated early weaning.

Edema disease results when a fimbrial (F18 or F4) and
shiga-like toxin (StX-2e) positive strain of Escherichia coli suc-
cessfully attaches to brush border receptors releasing toxin that
damages blood vessels including those of the blood-brain
barrier causing edema and encephalomalacia. Edema disease
most commonly affects rapidly growing pigs, 2 weeks post-
weaning. Morbidity is moderate to high and mortality is high.
Acute death of robust pigs, ataxia, eyelid swelling, and diarrhea
are typical clinical signs (Rademacher, 2001). At necropsy,
edema may be observed in the mesentery between the loops of
the spiral colon and in the cardiac region of the gastric mu-
cosa. Stomachs are usually full of feed. Bacteriologic isolation
of a p-hemolytic strain of E. coli from affected pigs with
meningoencephalitis is not sufficient for a diagnosis. Geno-
typing is necessary to confirm that the E. coli isolated was F18
or F4 and StX-2e positive and thus capable to induce such
lesions. There is no effective treatment. Vaccination using an
avirulent live culture of E. coli postweaning, thorough cleaning
and disinfection between groups, and use of genetically re-
sistance breeds that lack the fimbrial receptor are preventatives
(Fairbrother and Gyles, 2006).

Pseudorabies (PRV), also known as Aujezsky's disease, is
caused by a herpesvirus. PRV was eradicated from the US
commercial swine herd in 2004 (USDA APHIS, 2008). Feral
swine are potential reservoirs. Cattle, sheep, dogs, and cats can
also be infected with PRV. High morbidity is due to large
quantities of virus shed in saliva and nasal secretions for sev-
eral weeks following infection. Mortality is inversely related to
age approaching 100% in neonates. Clinical signs are also age
dependent. Neonates may die without signs. Suckling and
recently weaned pigs are those that commonly exhibit ataxia,
tremors, excess salivation, and seizures. At necropsy, the brain
appears congested and hemorrhagic. Necrotic foci occur in the
spleen, liver, lung, lymph node, and specifically tonsils. His-
topathologic lesions are characterized by nonsuppurative
meningitis and intranuclear inclusion bodies. PCR, virus
isolation (VI), immunohistochemistry (IHC), or fluorescent
antibody can be used to confirm the diagnosis. No specific
treatment is available. Vaccination and eradication are effective
for control (USDA APHIS, 2008). In areas free of PRV, sus-
picion of the disease should be reported to state and federal
agencies as required.

Congenital tremors result when hypomyelination or
demyelination of the brain and spinal cord. Clinical signs are
clonic muscle contractions that cause a general tremor of the
entire body. Pigs are affected at birth but severity subsides with



eosinophilic meningoencephalitis with perivascular cuffing
and this is pathognomonic (Gudmundson and Meagher,
1961). Serum or CSF with a sodium level abovel60 mEq 17"
may also be used for supporting evidence (Osweiler and Hurd,
1974). Treatment of swine showing signs with an anti-in-
flammatory is variably effective. When water is restored, limit
intake to short, 10-15 min intervals until all animals have had
a chance to drink and fighting has ceased after which water can
be provided ad libitum. Prevention is daily observation to en-
sure each animal can access water, adequate water delivery
system, and equipping the facility with a generator or alter-
native method to deliver water during power outages.

Gastrointestinal System Diseases and Disorders

Gastrointestinal diseases and disorders can occur in all ages of
swine as summarized in Table 2. Most digestive diseases are
referable to the gastrointestinal tract and result in diarrhea and
occasional vomiting. Diarrhea is the result of an intestinal
dysfunction caused by malabsorption, excessive secretion, or
effusion. Unfortunately, this is not an exclusive character-
ization of diarrhea and overlap occurs (Moeser and Blikslager,

duction facilities.

Rotavirus is a nonenveloped RNA virus with a double-
layered capsid allowing it to remain stable and infective in the
environment for months and intrinsically resistant to some
disinfectants. Four serogroups infect swine: A, B, C, and E (the
latter only reported from the United Kingdom). In addition,
infections with particular serogroups vary by age: Type C
mostly in suckling piglets and Type A predominately in nur-
sery pigs (Stephenson et al., 2013). Type A is the most preva-
lent serogroup. Severity of disease decreases with age and is
self-limiting. The virus infects and destroys villous enterocytes
resulting in villous atrophy. In response, crypt cells fill in the
gaps but, because they are incapable of absorption, suckling
piglets quickly loose body condition and have a gaunt or
wasted appearance. Neither clinical signs nor gross lesions are
pathognomonic although loops of small intestine appear thin-
walled with moderate to large amounts of watery contents. A
histopathologic report of blunted villi and crypt hyperplasia is
suggestive of rotavirus infection. Infection with rotavirus can
be confirmed by PCR or electron microscopy (EM). Enzyme-
linked immunosorbent assay (ELISA) is also available but
limited to detection of serogroup A. IHC and EM detect rota-
virus and confirm its role in pathology, but both tests lack

Table 2 Common gastrointestinal diseases and disorders of pigs

Preweaning Postweaning nursery Postweaning grow—finish Mature
Gastric ulcer + i s
Clostridium difficile +++
Clostridium perfringens Type A (CpA) +++
Clostridium perfringens Type C (CpC) +++
Coccidiosis ++ L
Salmonellosis ++ e
Collibacillosis ++ e
Swine Dysentery EIETES S
Porcine proliferative enteropathy (PPE) (lleitis) 4+ e
Rotavirus +++ K
Transmissable gastroenteritis (TGE) +++ ++ ++ ++
Porcine epidemic diarrhea (PED) +++ + e g
Whipworms S +

Note: The first column provides the diseases. The remaining columns represent the respective phases of production. The frequency of the occurrence is + (occasional), ++

(common), and +++ (routine).
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Introduction

Concerns over misuse of antibiotics in food aninkedsling to increasing
antimicrobial resistant bacterial infections in lama necessitates that food animal
veterinarians practice antibiotic stewardshiffthe American Association of Swine
Veterinarians issued guidelines to aid swine veggians in judicious selection of antibiotics.
These guidelines advise that scientific reportsdesidered to ensure the use of antibiotics is
safe and effective

Only approved antibiotics, those with a Food andddAdministration (FDA)-issued
New Animal Drug Application or New Drug Applicatioegistration number, can be
administered to food animals. The FDA approvesllalaims which must be substantiated.
A measurable difference must exist in the animatsgs that receives the antibiotic by the
proposed route, dose, duration, purpose and indicabmpared to the one that did not
receive the antibiotic before the antibiotic lalsehpproved. Therefore, the efficacy of a
FDA-approved antibiotic for its stated use is neinlg evaluated. Control trials conducted in
research facilities frequently underestimate theefies of antibiotic usé

Pigs receive proportionately more antibiotics dgtine nursery period, weaning to
44-60 pounds, compared to other production pefidd$he stress of weaning, waning
maternal antibody and an inability to mount an @ffe innate immune response put the pig
at higher risk for disease development during thsery periofl In addition, piglets are
colonized as they pass through the birth canal grigm-positiveStreptococcus suis This

early infection has led to the frequent diagno$iS.csuisduring the nursery period.
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Ceftiofur injections for treatment of clinical sigineferable to S. suis has consistently
improved nursery livability when compared to othgectable antibiotics (e.g. procaine
penicillin and ampicillin), administration of antdtics in drinking water (e.g. tiamulin,
chlortetracycline plus sulfamethazine and amoxillautogenous vaccination, and sham
treatmerit*. The purpose of the study was to describe theiiaatibiotics in the nursery
using an observational study design.
Materials and Methods

Sample population

From May 2009 to January 2010 the use of antilsat&livered by water or injection
to nurseries contracted or owned by a single iategrswine producer were observed. All
groups of nursery pigs were housed in barns withlar ventilation, feeding, and waste-
handling systems. All barns were all-in, all-oétll antibiotic therapy was applied to the
group; the barn was the unit of interest. Antile®in the feed did not vary at the barn level
so were not considered further. The livabilityilglgain (GPD) and feed conversion (FG)
for 661 barns was obtained; 211 groups receivadiatits by injection or through the
water, 209 were graded for disease severity, advHde assessed for morbidity.

Veterinary-Client-Patient Relationship

All use of antibiotics was within a veterinary-cliepatient relationship. All
antibiotic administration, dose and duration ofréipgy were under the oversight and

discretion of the herd veterinarian employed byithegrator.
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Study design

A guasi-experimental design was used (Figure 1)rseties were not randomly
allocated to different antibiotic regimens, rathatibiotic use of an integrated pork producer
was observed. This type of study design is prefewhen evaluating benefits of specific
interventions on infectious dised$eThe study questions were formulated to quaratify
subjective disease severity grade, identify riskdes for antibiotic use, and measure effect
of antibiotic use on nursery livability in a natusatting. All data was collected and
analyzed on group exposures and outcomes.

Data collection

The veterinarian and 3 production personnel empldyethe integrator were
responsible for selecting antibiotic regimens frast provided by the aforementioned
veterinarian. A standard data collection form wesvided to each person. A single
antibiotic use event was recorded on each forme fohm requested that only one response
from each category be selected. The only freedatd was for the antibiotic regimen
administered.

Exposure variables were categorical and outcomahlas were continuous. There
were 5 exposure variables of interest: antibiamgimen (Table 1); route of administration
(injection or drinking water); clinical signs reédale to the body system affected (respiratory,
central nervous system, enteric or systemic); dsaaverity (mild, moderate, or severe); and
weeks post-weaning 4 weeks or >4 weeks). Route of administration azasoxy for

antibiotic regimen. There were 4 outcome variabiesrbidity (percent of group displaying
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clinical signs of disease); livability (percentgrbup that survived); gain per day (GPD, |bs);
and feed conversion (FG).

Barn morbidity was determined by two assessorsemgioyed by the integrator, for
the barn by tallying clinical signs known to be@sated with diseases of certain body
systems. Initially 100% of pens were tallied. Hwer, it was determined that a random
sample of 25% of pens was not statistically diffie@>0.10) from the morbidity calculated
when 100% of pens were examined (data not shoAmandom number generafavas
used to determine the 25% of pens for assessmr@ntantibiotics administered by injection,
the barn was assessed no more than 24 hours @tioe planned injection. For
antimicrobials administered via drinking water, thegn was visited within 24 hours prior to
or following the start of administration.

Statistical analysis

Statistical analysis was conducted in a standatésstal software packaljeNon-
parametric tests were used because sample datanatanermally distributed. Mean,
median and standard deviation (SD) were calcultatedll continuous variables. When
testing continuous outcomes, the Wilcoxon rank geshwas used for 2 samples and the
Kruskal-Wallis analysis of variance for 3 or moesrgples. Pairwise comparisons calculated
using Bonferroni adjustment for multiple comparisorspearman rank correlation
coefficients were calculated for morbidity, livabil GPD, and FC among grades of disease
severity and grades of disease severity for eacltal sign. Logistic regression was used to

compute univariate odds ratios and their 95% cemice interval (Cl) to determine the
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likelihood of using an antibiotic delivered by inj®n. The p-value for association was
calculated using the Wald test. Due to sparse ditgcal signs were dichotomized for
computational purposes into a new category, nophiasry. The chi-square test was used
to determine strength of association between #guiEncy of sites in the study sample and
the NAHMS sample using antibiotics delivered byeatjon or drinking water. Statistical
significance for all testing was set at a p-valu205.
Results

Comparison of medicated and non-medicated nurseryrgup performance

During the study period, less than a third (31.@¥a)urseries groups received an
antibiotic by injection or water. The median livél, GPD, and FG was compared between
non-medicated and medicated nursery populatiomguke Wilcoxon rank sum test (Table
2). Livability and GPD was greater for non-medathhursery groups compared to
medicated groups (p<0.001). FG was not differemvben non-medicated and medicated
nursery groups (p=0.396).

Assessing circumstances for antibiotic use

Most (99%) of reported antibiotic use events algpergraded on disease severity;
36.8% mild, 50.2% moderate, 12.9% severe. Livgbas inversely correlated with
increasing grades for disease severity (Spearnmknc@efficient -0.41, p<0.001). GPD was
inversely correlated with increasing grades of asseseverity (Spearman rank coefficient -
0.17, p=0.019). FG was not correlated with disesaserity (Spearman rank coefficient -

0.05, p=0.497).
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The mean, median and SD were for livability, GPM && were calculated among
grades of disease severity (Table 2). Variancdisability, GPD and FG among grades of
disease severity were calculated using a Kruskdli\amnalysis of variance test. Only
livability and GPD varied by disease severity. riR@e comparisons for grades of disease
severity were made using a Bonferonni adjustedipevealculated using the Wilcoxon rank
sum test. Livability declined for each increasgrgde of disease severity (p<0.02). GPD
differed by disease severity but only for mild andderate grades (p<0.02).

Morbidity was determined for 107 nursery groupd tieaeived a disease severity
grade; 45 mild, 51 moderate, and 11 severe. Miybihs correlated with increasing grade
of disease severity for respiratory (Spearman caaficient -0.38, p=0.002) and systemic
(Spearman rank coefficient -0.64, p=0.012) clinmighs. Morbidity for mild and severe
grades differed from one another but not from tloelndity for moderate disease.

The morbidity for each disease severity grade vedsrchined for enteric, systemic
and respiratory disease (Table 4). Respiratonyssigere the most common reason for
antibiotic administration (69.08%) followed by sgstic (24.15%) and enteric (6.76%).
Morbidity was correlated with grades of diseaseeséyfor respiratory (Spearman rank
coefficient -0.38, p=0.002) and systemic (Spearnaak coefficient -0.64, p=0.012) clinical
signs, but were not correlated with morbidity fotexic signs.

The odds ratio for use of injectable antibioticsswiatermined for 4 exposure
variables using logistic regression (Table 5). dbds of receiving an antibiotic by injection

among nursery groupst weeks post-weaning was 4.34 times (95% CI 2.0@0) the odds
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of receiving an antibiotic by injection among nugsgroups >4 weeks post-weaning. The
odds of receiving an antibiotic by injection for devate or severe grades of disease severity
was 1.61 times (95% CI 1.06, 2.45) and 2.31 tind84q Tl 0.95, 5.65) the odds of receiving
an antibiotic when clinical signs were graded alslmihe odds of receiving an antibiotic by
injection for the control of clinical signs was 3.dmes (95% CI 1.96, 6.25) the odds of
receiving an antibiotic by injection for treatmeritclinical signs. The odds of receiving an
antibiotic by injection for non-respiratory signgsv3.20 times (95% CI 1.75, 5.86) the odds
of receiving an antibiotic by injection for respivay signs.

Choose antibiotics with a measurable benefit

Over-three quarters (78.13%) of nursery sites veckantibiotics for respiratory
disease. There was no difference in the obserkegabption of sites that administered
antibiotics for respiratory disease compared tes¢hr@ported by NAHMS (p=0.40). Eight
antibiotic regimens were administered at varyirggjfrencies for treatment and control of
respiratory signs (Table 6). NAHM%reported 3 times more antibiotic regimens in wse f
the purpose of treating respiratory signs than wizs observed in this study.

The efficacy of an antibiotic regimen was deterrdibg comparing median nursery
livability. Because route of administration wagraxy for antibiotic regimen and disease
severity and clinical signs were determined toible factors for administration of an
antibiotic by injection, the efficacy of antibiotiegimens was determined for each clinical
sign, purpose of administration and disease sgvefihtibiotic regimens were compared

within grades of disease severity using the KrudWiallis test of analysis of variance.
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Median livability did not differ between antibiotregimens for the purpose of controlling
mild (p=0.148) or moderate (p=0.257) respiratognsi No antibiotics were administered
for the purpose of controlling severe respiratogns. The mean, median and SD was
calculated for livability of nurseries that hadfdiing grades of respiratory signs and
received an antibiotic for the purpose of treatn{éable 7).

Pairwise comparisons of antibiotic regimens weréenasing a Bonferonni adjusted
p-value calculated using Wilcoxon rank sum teshtifiotic regimens with <2 observations
were not considered for pairwise comparisons ofiarelivability. Median livability was
higher for nurseries that received chlortetracyclmthe drinking water compared to those
that received chlortetracycline and neomycin indheking water but did not differ from the
livability of groups that received chlortetracydim the drinking water for treatment of mild
respiratory signs (p=0.033). There was no diffeeemmong antibiotic regimens for
treatment of moderate or severe respiratory sign8.05).

Discussion

The average nursery livability (96.67%) was 0.27gtnér than the National Animal
Health Monitoring System (NAHMS) overall averagand 0.57% higher than that for
nursery sites >5000 head (p<0.001). For 8 momitag/{December) 32 nursery sites were
observed for antibiotic use. Antibiotics were adistered on 81.25% during the study
period. Three-quarters of sites received an orgb®tic during the study period; this was
not statistically different than the proportionsites use oral antibiotics reported by

NAHMS™® (p=0.196). Less than half of the nursery sit€s3%) received an injectable



39

antibiotic; this was 42.77% lower than the propmrtieported by NAHME (p<0.001). This
significantly lower proportion of sites observeduse injectable antibiotics as compared to
the rest of the industry was most likely due tisk management plan the integrator had
adopted to reduce the chance for broken needkbeinpork products.

Antibiotic administration to a group may be delayedil a morbidity threshold is
reached. We measured morbidity for grades of diseaserig\er enteric, systemic and
respiratory signs in 31.62% of nurseries. Sincedhold for grades of disease severity is
likely to be modified by referable signs, morbidityas reported by clinical signs. The
threshold for all grades of disease severity wasarically lower for systemic disease
compared to respiratory and enteric signs. Motpiidir systemic and respiratory signs was
correlated with increasing grade of severity. Tregquency of enteric signs that were
medicated with antibiotics was 62 and 18% lowenttiee frequency of respiratory and
systemic signs medicated during the same peridu ifffrequent use of antibiotics for
enteric signs may have been because a prior diegfoo®nteric signs had been obtained
that would not indicate the use of antibioticstor signs went un-noticed. Morbidity was
guantified for grades of disease severity to edertize prevalence of signs that may need to
be present before caretakers would administer aibietic. Since disease severity and
morbidity were not determined for non-medicatechbaaccuracy of the observations could
not be determined.

When a population is ill or is at risk of becomitigantibiotics may be administered

to the entire population. It is easier to medi@population through oral rather than
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parenteral routéd This is likely the reason 55.2% of antibiotiawidistrations occurred via
the drinking water and 44.8% occurred by injectide found that the odds ratio for
receiving an antibiotic by injection increased wdikease severity. Although severe disease
was not statistically associated with injections tils due to the lack of non-respiratory signs
classified as severe. Among barns that were adteneid antibiotics, 68.4% received
antibiotics for respiratory signs and 31.6% fortegsc or enteric signs. The frequency of
respiratory disease rather than the ease of adnaitnis is likely responsible for the
preference for delivery of antibiotics via wateathinjection.

Nursery barns had an increased odds of receivihbiatics by injection when they
were 4 weeks post-weaning and when the purpose of adtration was for the control of
disease. Since pigs immediately post-weaningikedylat the highest risk for developing
disease, the increased likelihood of injection vaithantibiotic for disease control may be
modified by age. Further analysis using a multatarlogistic regression model is warranted
to determine causality.

Oral drug delivery runs the risk of non-uniform ohgs waste, and failure to reach
therapeutic concentratiofis Antibiotic treatment of nursery pigs with injabte ceftiofur
for enzootic bacterial infection was found to imypedivability compared to administration of
chlortetracycline plus sulfamethazine and amoxicthrough the drinking watét Like
Dorr'®, the authors hypothesized that the antibioticmegis delivered in the water may not
have performed as well because of failure to rélaefapeutic concentrations. In the current

study, we failed to observe higher livability fojectable antibiotic regimens used to treat or
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control mild, moderate or severe respiratory sighen compared to antibiotics administered
in drinking water. In fact, chlortetracycline rétgd in the highest livability when treating
mild respiratory signs and chlortetracycline pliasnulin resulted in the highest livability
when treating moderate respiratory signs. Alll@atic regimens administered to control
respiratory signs resulted in equivocal livabilitfhere was not a negative control group in
this study but presumably livability would be lowerbarns that were identified with
respiratory signs but didn't receive antibiotit'ss

Evidence based medicine has provided the mededl With a framework to make
informed clinical decisiortd. By using evidence based medicine inform thd@ct®n of
antibiotics, the swine veterinarian has followed fildicious use guidelines. Judicious use is
only one aspect of antibiotic stewardship. IftddiStates consumers and regulators no
longer regard food animal veterinarians as goodast#s of antibiotics, this could lead to
antibiotic bans like those in the European Unionclthave resulted in increased mortality

in pigs post-weaning and accompanying welfare corste
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Figure 1. Quasi-experimental study design used identify risk factors for and measure effect of anibiotic use in a nursery
barn. Each nursery barn was not randomly allocatechtardibiotic regimen. Risk factors for each nuydsarn were determined at

the group-level.
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Table 1. Antibiotic regimens used to medicate nursg barns between May 2009 and

January 2010.

Via drinking water By injection
Chlortetracycline Ceftiofur crystalline
free acid

Chlortetracycline/tiamulin

Chlortetracycline/linocmycin
Chlortetracycline/neomycin
Lincomycin

Neomycin

Potassium Penicillin
Spectinomycin

Enrofloxacin

Tulathromycin
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Table 2. Nursery livability, GPD, and FG of non-méicated and medicated nursery groupsMean, median and standard

deviation (SD) for key performance indicators. f&iing superscripts indicate statistical different¢enedians, p0.05.

N Livability (%) GPD (Ibs) FG
Mean Median SD Mean Median SD Mean Median SD
Non- 455 97.10 97.66 2.65 076 075 0.08 153 1.53 0.17
medicated

Medicated 206

95.72 96.63 349 072 071 008 153 1.52 0.16
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Table 3. Nursery livability, GPD, and FG for mild, moderate and severe grades of disease severiyean, median and standard
deviation (SD) for key performance indicators. f&iing superscripts indicate statistical differentenedians adjusted for multiple

comparisons, 0.05.

Livability GPD FG
N Mean Median SD Mean Median SD Mean Median SD
Mild 76 97.13 9758 2.04 0.74 074 0.09 153 1.53 0.16

Moderate 100 95.30 96.10 3.44 0.71 0.7 0.08 1.54 1.54 0.17
Severe 27 93.10 93.99 4.99 071 0.7 0.07 1.49 1.47 0.15
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Table 4. Morbidity for enteric, systemic and respiatory signs of mild, moderate and severe grades dlisease severity.

Mean, median, and standard deviation (SD) for naitfoi *value could not be calculated because <&eolmtions.

Enteric Systemic Respiratory
N Mean Median SD N Mean Median SD N Mean Medi&D
n
Mild 1 8.59 8.59 * 6 164 0.67 2.14 385.34 4.16 4.16

Moderate 7 450 3.73 3.68 10 1.15 0.94 0.75 34 6.17 5.41 3.76
Severe 2 479 4.79 4.85 2 081 081 1.15 7 851 08.74.60
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Table 5. Likelihood that a nursery receives an ambiotic by injection for different

exposure variables.Odds ratio (OR), 95% confidence interval (Cl) andatue of Wald test

calculated using logistic regression. * referent.

Exposure Levels of exposure OR 95% ClI p-value
Weeks >4 weeks * * *
post-weaning 4 weeks 4.34  2.00,10.00 <0.001
Mild * * *
severy Moderate 161 1.06,2.45  0.026
Severe 2.31 0.95, 5.65 0.065
Purpose of Treatment * * *
administration  contro| 344 196,625  <0.001
Clinical Respiratory * * *
signs Non-respiratory 3.20 175,586  <0.001
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Table 6. Proportion of nursery barns that receivedantibiotics for respiratory signs by

purpose of administration.

Purpose of administration

Antibiotic active Route of Overall use (%)

. : ) 0

ingredient delivery (%) Control Treatment
Chlortetracycline  Water 8.5 1.5 14.5
Chlortetracycline/ . ;q 36.6 136 56.6
Tiamulin

Chlortetracycline/ .o 14.1 24.2 5.3
Lincomycin

Chlortet(acycllne/ Water 28 30 26
Neomycin

Lincomycin Water 1.4 - 2.8
Ceftiofur

crystalline free  Injection 7.7 15.2 1.3
acid

Enrofloxacin Injection 28.2 40.9 17.1

Tulathromycin Injection 0.7 1.5 -
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Table 7. Livability for different antibiotic regim ens used for the purpose of treating respiratory gins by grade of disease
severity. Different superscripts indicate statistical difflece of medians adjusted for multiple comparispn8.05). *antibiotic

value could not be calculated because <2 obsensti

Mild Moderate Severe

N Mean Median SD N Mean Median SD N Mean Median SD
Ceftiofur * * * * * * * * 1 96.78 96.78 T
Chlortetracycli 4 99.11 99.13 0.23 7 94.85 95.56 2.76 * * * *
ne
Chlortetracycli *  * * * 4 94.80 9542 1.86 * * * *
ne/ lincomycin
Chlortetracycli 2  98.27 98.2% 0.71 *oox * * * * * *
ne/neomycin
Chlortetracycli 15 97.10 97.5% 1.50 24 97.10 97.32 1.71 4 93.60 94.42 2.40
ne/ tiamulin
Enrofloxacin 1 96.35 96.35 T 5 97.79 97.99 2.54 7 468 9545 4.34

Lincomycin o * * oo * * 2 94.77 94.77 1.75




Footnotes
a. Excel, 2007, Microsoft

b. Statistix, version 9.0, Analytical Software, [&hlassee, FL
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CHAPTER V.

FACTORS ASSOCIATED WITH ANTIMICROBIAL RESIDUE LIMIT S FOR PORK



54

Abstract

United States pork producers are engaged in irtierred trade which has opened
access to many value-added markets. These madetequire the product to meet residue
limits that may be more stringent than domestigtBrar Codex. This is position paper that
examined the MRL for 12 commonly used antimicrabial pork production by 24 World
Trade Organization members and Codex. Seventaerirees had at least 1 antimicrobial
MRL set lower than Codex. Countries with GNI gezahan USD $12,745 were 10 times
more likely to have a MRL lower than Codex. Theaasation between MRL and
withdrawal time for the 12 antimicrobials was exsfd. A total of 551 product labels
containing 1 of the 12 antimicrobials for an actigredient were reviewed for the route of
administration and withdrawal time. For only 3tleé 12 antimicrobials was a longer
withdrawal time associated with a lower MRL. Withdial times varied within and among
countries for the same antimicrobial. In a glas@nomy, pork producers and veterinarians
will need to know which residue limits differ frotheir domestic limits. In some cases, a
longer withdrawal time than that found on the anthobial label may have to be observed to
avoid violating another country’'s MRL.
Introduction

United States pork has been a global commodityesl®®4. Free trade agreements
have facilitated a global economy that promotesrdgpendence of trade partners, provides
guaranteed access to their exports and has atwliatiff trade barriers’. Such agreements

are credited for increasing the value of US hog$é8/ US per hedd Global exports of US
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pork are forecast to increase 4% in 201Bhe US exports one-quarter of all US pork
producefl. Therefore, it is incumbent on the pork produpeicker/processor wishing to sell
product abroad to be knowledgeable of their foreigstomer’s sanitary and phytosanitary
standards which include residue limits for pesasidnd veterinary drugs.

Maximum residue limits for pesticides and vetennarugs are established based on
a risk assessment that incorporates husbandry,agqugpval, legislation, consumption
patterns, cultural practices, methods of residuasmeement, and calculations for estimating
limits of a pesticide or drdg The formation of Codex Alimentarius establistaed
international food code that includes maximum nesitimits (MRL) for veterinary drugs
Although the Codex has established residue liroitsrfost veterinary drugs, the adoption of
these limits is voluntary under the World Trade &ngation Sanitary and Phytosanitary
Standards (SPS) agreement; each country may estatsliown MRL as long as it is
scientifically founded. The exporting producerckex, or processor that wishes to export
product into another market with a discrepant MRkesponsible for ensuring that levels of
pesticide or drug used in or on the food producstmot exceed the importer's MRL.
Violation of residue limits result in product rejemn and up to an outright ban to market
entry.

The lack of harmonization in residue limits has plogential to alter trade patterns.
For example, when Russia lowered the tetracycliff M pork to 10 parts per billion, 20%
lower than the Codex MRL and 200% lower than theMIF8_, there was a 60% reduction in

pork exports from the US to RussiaVhen no MRL is set for drug-product combinatitire
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sensitivity of the test used by the importing coystfood safety authority will dictate the
residue limit° making detection of the drug in the target tissioéative. Because violation
of residue limits is grounds for an importer to yi@aecess to their market, the adoption of
residue limits below those of Codex must be sdieatly supported otherwise it is known as
a non-tariff barrier to trade. However, the caisipwledge and facilities required to validate
and implement more sensitive residue testing meatiealy not be possible for developing
countries leading to non-tariff trade barriers

In addition to regulatory impediments describedstoners concerned about food
safety are influencing market trends. Consumezsrareasingly expressing concerns about
antimicrobial use in food animals leading to amtilai resistant infections and chemical
adulteration of medt The risk of any negative health effect for adhutonsumer resulting
from consumption of pork containing a tetracycliesidue was calculated to be 1 in 33
million to 1 in 133 million, making microbiologicélazards of pork consumption greater
than that caused by chemicdldespite the low risk to consumers associated regidues
in pork, a survey of Belgian consumers found thiayped to decrease their pork
consumption by 27% because of their perceptiongbet was not free of harmful
substancés.

It is the responsibility of the food producer tesebve a waiting period after the last
dose is observed, called a withdrawal time. Wiladi times are calculated with the
consideration of the residue lithit The drug withdrawal time printed on the labethiat

which should prevent violative residues in the douthe antimicrobial is being sdft
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Therefore, if producers/processors/packers wisgxpmrt a food product like pork, they must
know what the importers’ MRL for the drug is andlwiave to observe a withdrawal time
long enough not to exceed the import country’s MRQften, to comply with international
standards, US pork producers must observe longbadrawal times than those required for
domestic marketind. For some drugs and pesticides, producers mregdctheir use

entirely if a suitable withdrawal time to ensure firoduct is residue free cannot be
determined.

To evaluate the implications of antimicrobial resdimits on international trade, we
surveyed the publicly accessible databases fof iafmemation. Using the aggregated data,
we conducted statistical analysis to investigateabuntry’s antimicrobial MRL is associated
with the following: 1.) the antimicrobial’'s withdnaal time and 2.) the country’s income. In
addition, we wanted to determine if harmonizatiathuZodex affects trade in pork as it was
found to in other animal products trad&,

Materials and Methods

Data collection

The data were organized hierarchically (FigureAl).information had to be
available through publicly accessible, free-of-gearon-line resources. The sample
population was 159 World Trade Organization mengoeintries. The antimicrobials were
selected from the NAHMS, Swine 2006 Part Il: Refieeeof Swine Health Management
Practices in the United Stats Any antimicrobial formulation for which a primaactive

ingredient could not be identified was censoredlteg) in a total of 12 antimicrobials.
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Residue limits for selected antimicrobials wereagied from the USDA Foreign
Agriculture Service MRL databaseThe database contained residue limits for the 12
antimicrobials for 24 of the 159 WTO member cowgdri The MRL is the lowest value
found for pork or pork by-product and is reportagarts per million in Table 1.

The trade volume of pork for 16 of the United S¢ateajor trade partners was
queried from the USDA Production and Supply Databasd reported in Table 2. Trade
data are from calendar year 2013, which was thd& reoent full year available. Each
country was categorized as either an importer podagr. A pork exporter was defined as a
country where the exit of pork was greater thamyanhile a pork importer is a country
where entry exceeds the exit of pork in 1000 toitsun

An income category for each of the 24 WTO membenties was assigned. The
GNI published by the World Bahfor the 24 countries were used to categorize c@smby
income. Countries with a GNI less than $12,746capita are considered developing and
are referred to as low income in this study. Alliotries with GNI above $12,745 per capita
are classified as high income. The income desongdor each country is listed in Table 2.

The labels of approved antimicrobial products wereried for 5 of the 16 countries
that had MRL, income and trade information. Thgutating authority that approves
veterinary drugs including antimicrobials is listedTable 2. Each veterinary regulating
authority had a databds® " * " ™that could be searched for any drug containin§the12
selected antimicrobials as a single active ingradaad labeled for use in swine. Since only

2 of the 12 antimicrobials for use in swine haverbapproved by the European Medicines
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Agency, labels approved in Spain served as a pianxd&U members. Each product
containing 1 of the 12 antimicrobials that had &jua registration number received an
individual entry. The product was only entereth# label stated it was for use in swine.
Label information of interest was withdrawal time days), route of administration (feed,
water or oral suspension, and parenteral injectimmypose (treatment, control or prevention,
growth improvement or a combination of these), dnd) concentration.

Statistical analysis

Statistical analysis was conducted with standatissical softwaré Because the
data sets are small and do not follow a normatidigion, distribution free analysis was
used and medians, rather than means, were repdrtedWilcoxon rank sum test was used
to compare medians. An OR and 95% CI were usedttmate the effect and the precision
of the effect measure for a potential risk factBesidue limits equal to and greater than

Codex were grouped based on findings from previtudies'®*°

where harmonizing a
MRL with Codex as well as increasing the MRL batbreased trade. All hypothesis tests
were evaluated at a 5% significance level; p-valresPearson’s chi-square providing there
were 5 or more observations per cell, otherwisalpes calculated using Fisher’s exact test
are reported.
Results

How do selected country’s withdrawal times compé&veCodex?

The MRL of the 24 countries for the 12 antimicrdbiand the relationship to Codex

are summarized (Table 2). All markets listed a MBiLbacitracin, carbadox, penicillin,
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tiamulin and tulathromycin that was either harmedito (equal) or less stringent (greater)
than the Codex standard. Chlortetracycline andatrgcycline had the most MRLs
(43.75%) that were more stringent (lower) than Gode

The median proportion of MRLs that were harmoniagth or were less stringent
than Codex was 91.29% (45.5, 100 95% CI). Less ¢me-third (29.17%) of countries had
MRLs harmonized to Codex (Table 2). The Unitedeétavas the only country to have more
than half (58.33%) of its MRLs less stringent ti@odex.

There were 54.17% of countries with at least 1 M&ds than Codex and 45.83%
with >1 MRL more stringent (less) than Codex. RaisSouth Africa and Brazil had set
54.55% of the MRLs more stringent than Codex. MexXiad the greatest proportion of
MRLs (66.67%) that were more stringent than Codardards. The probability of a country
having multiple MRLs more stringent than Codex 84%62% if the country had at least 1
MRL more stringent than Codex.

Are trade and income associated with stringencyMiRLs?

When the proportion of a country’s MRLs that wegei@ to or greater than Codex
was less than the median proportion of MRLs equal tgreater than Codex, the country
was considered to have generally more stringent 84RA high income country was 10
times more likely to have more stringent MRLs tl@odex than a low income country (1.45,
69.18 95% CI; p=0.019). There was no associatigoork exports with MRL stringency

(p=0.398).
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Is length of antimicrobial withdrawal time associadl with its MRL?

For the 5 countries for which label information vepeeried, there were a total of 574
registered products. There were 29 registeredyated24 in Canada and 1 in Australia) that
did not have complete label information (6 weresimg concentration and 23 were missing
WDT). Since the EU licensed only 2 products tdigdain served as a proxy for the EU
member states. Spain had registered approximatedg as many products (194) as
Australia (107), Canada (107) and US (93) and teiged almost three times as many
products as Chile (71). Slightly more than onertgrg27%) of all registered products listed
oxytetracycline as the active ingredient. Amodigjltylosin and tiamulin accounted for a
combined one-third (33%) of registered producthe femaining 40% of registered products
contained bacitracin, carbadox, ceftiofur, chlogeycline, lincomycin, penicillin, tilimicosin
or tulathromycin as the active ingredient.

Forty percent of registered products were labedegérenteral injection which was
the most common route for administration that alpod was registered (Figure 3). Spain
and Chile registered the most injectables for titeracrobials queried (Figure 4). Ceftiofur
and tulathromycin were the only antimicrobials stgied only for injection. The median
withdrawal time for injectables is 16 days whichsdanger than that for products labeled for
administration through water or feed, which is §d&=2.394, p<0.001).

Approximately one-third (33.62%) of registered puot$ were for administration in
the feed (Figure 3). Growth promotion as a reasomadministration was only found on

labels for antimicrobials administered in the feddhere were 60 products with a registered
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label for growth promotion (Table 3). There werariimicrobials (amoxicillin, ceftiofur,
lincomycin, tiamulin, and tulathromycin) that didtrhave growth promotion as a reason for
use on the product label even though 3 of the aortobials (amoxicillin, lincomycin and
tiamulin) are labeled for administration in thedeeDnly 3 (Australia, Canada and US) of
the 5 countries had labels with growth promotiomasason for use. The US was the only
country to register a product for all 6 of the emtirobial products that had a growth
promotion label and was the only country to registgbadox and penicillin for growth
promotion.

Antimicrobial WDT was found to be discordant witland among countries. Despite
stratification by route of administration of aniamtrobial, each country had at least 1 WDT
where the median differed from the range (Tabl&3.4Lincomycin for injection was the
only antimicrobial where the median and range wittountry was the same.

An increased odds of a country having a longer dvétval time for an antimicrobial
when its MRL for the same antimicrobial was loweart other countries was found to exist
only for oxytetracycline (Table 7). A statistiGdsociation between a lower MRL and a
longer withdrawal time was found only for tiamuénd tulathromycin; however, an odds
ratio could not be calculated due to empty cellthancontingency table.

Discussion

Similarities and differences between MRLs for th®, BU and Codex have been

previously publishef. However, this earlier comparison was of MRLsHeef liver and it

is unclear how the authors decided which antimieddidRLs to compare. To our
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knowledge, this is the first report that compard3Ld for the 12 most commonly used
antimicrobials in post-weaning pigs in the Unitedt8s and estimates odds ratios for
exposure variables.

The positive association between increasing a MRthe trade value e.g. exports for
various commodities has been previously repdre When the residue limit for
oxytetracycline was reduced by 1 unit, the traderirstaceans was reduced by 178%
FarnswortAdetermined that greater public health expendityressent of agriculture
imports and GDP per capita most consistently erptastricter MRLs. Here we report that
there is an association between income and thegsticy of the MRL. Like that observed
for fruits and vegetables, we found that countwéhk higher incomes were more likely to
have MRLs more stringent than Codex. Althoughdbwfidence interval for the odds ratio
of income to unfavorable MRLs indicates some imjgsiea in the estimate, the lower limit
does not cross 1 indicating that the effect obskrs@ccurate.

Contrary to Farnsworth’s findingswe found that there was an increased odds of
having more stringent MRLs if a country is an expor However, the association was not
significant (p>0.05) and the lower limit of the ¢mence interval of the odds ratio crossed 1
suggesting that the odds ratio observed is notemrate measure of the effect. There was
not effect of trade flow on the stringency of MRfos pork found in this analysis.

A pattern of stricter MRLs than those of Codexta&t tommodity and at the country-
level was not previously foud In the current analysis, we found an increagetability of

a country having multiple MRLs more stringent tif@odex if at least 1 of the 12
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antimicrobial MRLs was more stringent than Codéxs likely that the United States has

the greatest proportion of MRLs that are less géim e.g. greater than Codex because the
US actually uses a tolerance level rather than & MRhe tolerance is calculated based on a
marker residue (parent drug or key metabolite)erathan the total amount of residue (parent
drug and its metabolites). Further discussion atilmimethods used to calculate tolerances
and MRLs is beyond the scope of this discussion.

A potential pitfall of this analysis is our useegidemiologic methods to compute
effect estimates. The use of a gravity model wdnade allowed for determination of the
effect of free trade agreements, distance betweentges, colonial ties and other variables
over time to be measured. However, a gravity madah econometric model and beyond
the scope of this study.

Because withdrawal times are calculated with carsiibn of MRLS, it seems
reasonable that if a country’s MRL is lower thawoter’'s then the withdrawal time for that
antimicrobial in that same country is also lowarthhat in the other country. This tended
(p<0.20) to be the case for chlortetracycline,dmgcin and oxytetracycline. In each of
these cases, there was an increased odds of a leitgdrawal time when the MRL was
lower than another country. The lower limit of denfidence interval for oxytetracycline
was the only limit that did not cross 1 indicatthg effect measure is accurate for the stated
exposure-outcome relationship for this antimicrbbfeor ceftiofur and tylosin a protective
effect (or decreased) odds of a longer withdrawa twas observed. A possible explanation

for the decreased odds for ceftiofur is most likéiye to the formulaticfl. An effect
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measure could not be calculated for half of théwntobials (amoxicillin, bacitracin,
carbadox, penicillin, tiamulin, and tulathromyclmcause of too few observations.

The proportion of countries with all antimicrobMRLs harmonized to Codex is less
than one-third of those surveyed. All of theserntaas were not high income. Only one,
Vietnam, was not an importer. Concerns that laweome and developing countries may be
disproportionately affected when MRLs are morengeint than Codex was observed here for
pork. This may not only occur because of the iaseel rigors of testing but the inability to
find data to estimate acceptable residues. Trebdaes from which these data were
compiled are incomplete. There were 23 registpreducts without a withdrawal time—22
Canada and 1 Australia. There were 24 produdtswa purpose of use—19 Canada, 4
Chile, 1 Spain. There were 6 products with no eatr@tion—3 United States, 2 Chile, 1
Spain. Such information is necessary to determia€lomestic withdrawal time can be
extrapolated to achieve an international MRL

Despite consumer fears about the harmful residuaseat, the incidence of residues
in meat products is less than ¥%The prevalence of antimicrobial residues in ger&ven
lower. Denmark estimates residues are presenfk0of its slaughter pigs From July to
September 2014, the USDA found <0.1% of the 5158aktic slaughter pigs tested to have
violative residueS. Therefore, despite the lack of harmonizatioartimicrobial residue
limits and the absence of a uniform relationshipmeen residue limits and withdrawal times,

pork is a safe source of protein.
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Figure 2. Percentage of 574 products labeled for @asn swine by selected countries

registration authority by active ingredient and route of administration.
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Figure 3. Percentage of total approved products caaining 1 of the 12 selected
antimicrobials as its single active ingredient by oute of administration for selected

countries.
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Table 1. MRL of selected antimicrobials for Codexand selected countriesNo shading = greater (less stringent) than Codex;

Light shading = equal to Codex; Dark shading = (essre stringent) than Codex; Black = No value regm

A”.“.’X“ Bacitracin Carbadox| Cetftiofu Chlor—' Lincomycin Oxy- . Penicillin Tiamulin Tilmicosin Tula- . Tylosin
cillin tetracycline tetracycline thromycin
Codex 0.05 0 0 1 0.2 0.1 0.2 0 0 0.1 0 0.1
Argentina 0.5 0 1 0.2 0.1 0.2 (0] 0.1 0.1 0.1 0.1
Australia 0.06 0.1 0.3 0.1
Canada 0.5 0.05 0.4 0.1 1.5 0.2
Chile 0.5 0.05 0 0.1 0 0.2
China 0.5 0 0.1 0.1 0 0.2
Colombia 0 (0] 0 0.1 0 0.1
DF‘;SL‘LCI;” 0 . . . 0 0 01 0 01
Ebrr‘]’igﬁa” 0.05 0 0 2 _ 0.05 0.1 0 0.1
Guatemala 0 0 1 0.2 0.1 0.2 0 0 0.1 0 0.1
Honduras 0 0 1 0.2 0.1 0.2 (0] 0 0.1 0 0.1
Eg;‘g 05 0.005 1 0.05 0.1 - 0 0.2
Japan 0.5 1 0.2 0.2 0.01 0.04 0.1 0.3 0.1
Korea 1 0.2 0.2 0 0.04 0.1 0 0.1
Mexico
Z([:‘\l;;vnd 0.001 1 0.1 0.1 0.1 0.3 0.1
Panama 0 0 0.1 0.1
Philippines 0 0 0 0.1 0 0.1
Russia 0 0 0 0 [ o |
if‘:i‘(‘;: 0.05 0.005 0.05 0.05
Taiwan 0.5 0.005 0 0.1 0.1 0.1 0.1
‘;‘;‘e'ftids 05 0.03 0 06 0.1 15 0.2
Venezuela 0 0 0 0 0.1 0 0.1
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Table 2. Regulating authority for veterinary drugsin selected countries.

Total pork Total pork Setii .
. etting veterinary
Income group imports exports drua standard
(1000 tons) (1000 tons) 9
Argentina Upper middle 18 1 t
Australian Pesticides
Australia High 183 36 and Veterinary
Medicines Authority
Brazil Upper middle 1 585 t
Health Canada
Canada High 221 1246 Canadian Food
Inspection Authority
. . Servicio Agricola y
Chile High 51 164 Ganadero
China Upper middle 770 244 T
Colombia Upper middle 60 0 t
Dominican .
Republic Upper middle 21 0 t
EU-27 High 15 2932 European Medicines
Agency
Agencia Espafiola de
Spain * * * Medicamentos y
Productos Sanitarids
Guatemala Lower middle 13 1 t
Honduras Lower middle 23 0 t
Hong Kong High 399 0 t
. Animal Products
Japan High 1223 2 Safety Division
Korea, Rep. High 388 2 T
Mexico Upper middle 783 111 t
New Zealand High 45 0 t
Panama Upper middle 16 0 t
Philippines Lower middle 172 1 t
Russian, Fed. High 868 1 T
South Africa Upper middle 35 2 t
Taiwan Upper middle 40 3 T
United States High 399 2264 Food and Drug
Associatiofl
Venezuela Upper middle 14 0 t
Vietnam Lower middle 10 25 t




Table 3. Antimicrobials with a label for growth promotion in selected countries*.*All

Antimicrobial Australia Canada United Total
States

Bacitracin T 3 4 7
Carbadox t T 1 1
Chlortetracycline T 5 5 10
Oxytetracycline t 8 3 11
Penicillin t T 2 2
Tylosin 13 8 8 29
Total 13 24 23 60

71
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Table 4. Median and range (in days) of WDT for selded antimicrobials labeled for administration by injection in selected
countries*. *There are no injectable preparations of bacitracambadox, chlortetracycline, or tilimicosin labelfor swine by selected
; 80nly 1 product

registered; ||No withdrawal time found on labelp&i8 used as a proxy for all EU member states.

Country | Amoxicillin | Ceftiofur |Lincomycin Oxy- . Penicillin | Tiamulin Tula- . Tylosin
tetracycline thromycin
Australia| 21 (14, 30) t 2% 18 (10, 42) 5(5,7 148 148§ 3t
Canada I 6f9§1’ 21 21(18,28)| 85, 10) 98 85 148
. I 14 (14,
Chile 25 (14,25)| 7(0,71 t 28(12,3%) 85@ 1 308 338 21)

. 10.5 (6, 14 (14, 16 (12,
Spainf 30 (18, 93 5(2,71 6% 23 (14, 39) 15) 21) 33t 21)
United
States t 4 (4, 14) 2% 20 (20, 28 7(6,7) t 5% 14%




Table 5. Median and range (in days) of WDT for selded antimicrobials labeled for administration by water in selected

countries*. *There are no water soluble preparations of carkackeftiofur, or tulathromycin labeled for swine bglected countries

product
registered; ||Spain used as a proxy for all EU negretates.
Country | Amoxicillin |Bacitracin Chlor-_ Lincomycin Oxy- . Penicillin | Tiamulin | Tilmicosin | Tylosin
tetracycline tetracycline

Australia T t 7(5,7) 2% 7(4,7) T 5(5,7) 7% 0%
Canada 38 T t 0% 10% 18 K 8§ 0§
Chile 15i5s§13' t t 68 8.5 (7, 10) t 7t t 148

. 5.5 (2, 1 (0,
Spain|| 6 (2,14) t 10% 0 (0, 6) 10 (4, 10) T 10) 14% 21)
United 4
States 158 08 1(0,5) 0 (0, 6) 0(0,5) T 5(3, 7 78 21
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Table 6. Median and range (in days) of WDT for selded antimicrobials labeled for administration in feed by selected

countries*. *There are no feed-grade preparations of ceftiofuulathromycin labeled for swine by selected ddaa regulating authority;

abel; [|Only 1
product registered; Spain used as a proxy fdEldlmember states.
Country Amox- Bacl- Carbadox Chlor- Linco- Oxy- Penicillin | Tiamulin | Tilmicosin | Tylosin
cillin tracin tetracycline mycin tetracycline

Australia T t T 7(5,7) 15(1,2) 4 (0, 21) T 5% 14 (14, 15) 0t
Canada t § t 73 0(0,1) 73 t 452,7) 141 1(0,2)
Chile T 0| T 15 (14, 15) 63 10 (10, 30) T 5.5 (4,7) 21| 0(0,7)
Spain{ 7(3,12) t t 10 (7, 10) 6 (0, 6) 7 (5, 8) 55(1,10) 5(1,10) =21t 0 (0, 5)
United 4
States t 0% 43| 0 (0, 5) o] 0t 0% 452,7) 7% 0%
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Table 7. Likelihood of a longer withdrawal time whe antimicrobial has a lower MRL.

Odds ratio (OR), 95% confidence interval (Cl) andatue (chi-square or Fisher’s exact).

*Value could not be calculated due to 1 or moréscsdual O.

Antimicrobial OR (95% CI) p-value
Ceftiofur 0.22 (0.1, 3.97) 0.524
Chlortetracycline 13.50 (0.88, 207.24) 0.077
Lincomyin 9.50 (0.68, 131.87) 0.123
Oxytetracycline 4.76 (0.95, 23.86) 0.050
Tiamulin * 0.030
Tilmicosin 2.67 (0.35, 20.50) 0.329
Tulathromycin * 0.001
Tylosin 0.81(0.16, 4.19) 0.804
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Footnotes

a. http://www.mrldatabase.com

b. http://www.codexalimentarius.net/vetdrugs/datell e 2012.pdf

c. http://lwww.hc-sc.gc.ca/dhp-mps/vet/mrl-Imr/mmid_versus_new-nouveau-eng.php
d. http://www.comlaw.gov.au/Details/F2014C01007/Htfolume_2

e. http://apps.fas.usda.gov/psdonline/

f. http://data.worldbank.org/about/country-and-lewdgroups

g. http://services.apvma.gov.au/PubcrisWebCliertiorae.do

h. http://www.hc-sc.gc.ca/dhp-mps/prodpharma/datdba/index-eng.php

I. http://'www.inspection.gc.ca/english/anima/feétmh/mibtoce.shtml

J. http://medicamentos.sag.gob.cl/ConsultaUsrPoliusquedaMedicamentos_1.asp

k. http://www.ema.europa.eu/ema/index.jsp?curl=pagedicines/landing/vet_epar_search.|
sp&mid=WCO0b01ac058001falc

l. https://sinaem4.aemps.es/consavetPub/fichasdatkio?metodo=detalleForm

m. http://www.accessdata.fda.gov/scripts/animaldaiigla/

n. Statistix, version 9.0, Analytical Software, [&hlassee, FL
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Antibiotic stewardship is achieved by judiciousihiutic use that minimizes the
development and spread of antibiotic resistanceaoiganisms. To do so, results from
experimental and epidemiologic studies as wellliagcal knowledge must be applied to
formulate a program ensures best outcomes formatiel he thesis demonstrated how
following an antibiotic stewardship program canweesa healthy pig and a wholesome pork
product.

We conducted a clinical trial to evaluate quateyrmmnzo(c)phenanthridine alkaloids
(QBASs) as a potential non-antibiotic for growth pration. We also examined
gastrointestinal health because that is anothgrgsed benefit of using antibiotics at growth
promotant levels. We determined that feeding oAQBnproved growth, intestinal health,
and pathogen elimination among nursery pigs sinddeeding of chlortetracycline at the
growth promoting level. This was a significantding because the use of medically-
important antibiotics like chlortetracycline forogvth promotion will be banned as of
January 1, 2017 in the United States.

Food animal veterinarians apply evidence to impraweomes in animal
populations. This makes epidemiologic methodsqaderly well suited to measure benefits
of antibiotics to swine health. Using a quasi-ekpent, we showed that age, disease
severity, reason for administration and clinicghs were risk factors for injectable antibiotic
use. In addition, we found livability of groupsgdiaying and being treated for respiratory
signs varied within disease severity by antibiogigimen. Antibiotics delivered by injection
did not increase livability compared with thoseivkled in the drinking water for any
disease severity grade. We showed that obsenetilmta can be successfully used to

evaluate antibiotic efficacy in nursery pig popidas.
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Safe concentrations of antibiotic residues have les¢ablished for pork and pork
products worldwide. A survey of the United Stat@sijor trade partners was conducted.
Maximum residue limit (MRL) for the same antibiotiaries between countries and Codex.
Income was a risk factor for a MRL being set low®n the Codex standard. A lower MRL
was not associated with a longer withdrawal tinteatbantibiotics. Antibiotics that shared
the same route of delivery had variable withdrativaés not only between, but also within
country. The survey was limited by information éadaility.

Evidence must continually be updated to ensureahtibiotic stewardship programs
are being fulfilled. Information on the effectadiration of therapy on livability is needed.
Total volume and average daily dose of antibiaticgdifferent phases of swine production
should be considered. Risk communication and pamesncy will have to improve between

pork importers and exporters to protect consumedsnaarket access.
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