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Summary

Objective: To describe the use of in-feed antimicrobials by stage

of production in the United States swine industry.

Methods: National Swine Survey data from 712 farms were col-

lected by the National Animal Health Monitoring System

(NAHMS) between 1989 and 1991. Specifically, producers were

asked to record over one 7-day interval the number of feeds they

used, the phases of production to which those feeds were fed,

and which antimicrobials had been added to the feeds. Produc-

ers were also asked whether the antimicrobials were used con-

tinuously or to treat a specific problem.

Results: Of the 712 farms, 84 (12%) did not use any antimi-

crobials in feeds. Across all participating farms, 39.5% of feeds

contained no antimicrobial. Forty-one percent of the feeds in-

cluded one or more individual antimicrobials and 19% included

combinations of antimicrobials. Creep, starter, and first-stage

grower pigs were more likely to be fed antimicrobials than sec-

ond-stage growers, finishers, or adult swine (P=.02). Most (92.2%)

antimicrobials were fed on a continuous basis. The age groups

most likely to be fed antimicrobials to treat specific problems

were nursery, grower, and finisher pigs. The most commonly used

antimicrobials, listed in order of frequency were: tetracyclines,

carbadox, bacitracin, tylosin, apramycin, and lincomycin.

Carbadox, apramycin, and lincomycin were typically added to

creep and starter feeds. Bacitracin and tylosin were most often

used in feeds for grower and finisher pigs. Tetracyclines were fed

to all ages of pigs but were included more frequently in feeds for

immature swine than for mature swine.
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roducers use antimicrobial feed additives either to improve
growth rate or to prevent, control, or treat health problems in
their pigs.1,2 When used to treat specific diseases, antimicrobi-

als are either fed for 2–6 weeks or are used in a pulse medication for-
mat. However, to enhance the growth of pigs, antimicrobials are used
for extended periods of time, often for the entire stage of production.
Farms with chronic disease problems will feed antimicrobials during
one production phase for extended periods of time to prevent clinical
signs of a specific disease. Lincomycin, for example, is labeled for use
continuously at 20 g per ton for growth promotion, continuously at 40
g per ton to prevent swine dysentery, for 3 weeks at 100 g per ton to
treat clinical swine dysentery, or for 3 weeks at 200 g per ton to treat
mycoplasma pneumonia.3 Although producers are widely assumed to
use antimicrobials in some swine feeds, the frequency of use and the
production phases during which antimicrobials are most commonly
administered is unknown.

The general public is becoming increasingly concerned that antimicro-
bials fed to swine will result in antibiotic-resistant pathogens and drug

residues. Similar studies have been conducted in the dairy5 and beef6

industries in the United States and in the Canadian swine industry.1 We
encourage producers and veterinarians to use antimicrobial feed addi-
tives in a responsible manner.5,7–9

Antimicrobials added to swine feeds should be continually monitored
and re-evaluated on a farm-by-farm basis to determine whether

• the product is still effective against the organism of concern,
• the benefits of the product compensate for the cost of the product,

and
• antibiotic resistance has developed, leading to reduced efficiency.2,4

The purposes of this study were to identify which antimicrobials are
commonly used in United States swine feeds, to determine whether
there is a difference in antimicrobial use by production phase, and to
describe producers’ reasons for including the antibiotics or sulfona-
mides in swine feeds.

Materials and methods

Source of the data
Swine producers voluntarily participated in the United States Depart-
ment of Agriculture: Animal and Plant Health Inspection Systems:
National Animal Health Monitoring System (USDA:APHIS:NAHMS)
National Swine Survey after their herds were randomly selected using
the multiple-frame sampling technique of the National Agricultural
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Statistics Service.10,11 A detailed description of the sample population
and selection process has been previously described.10,11 Although the
study lasted 1 year, individual producers were monitored for only 3
months and feed data were collected for only 1 week. Hence, the data
included in the survey represent one time point for each producer.

Producers completed a feed data sheet for each diet used on the
farm.12 Data sheets included information on the amount of the diet fed
to each group of animals. The producer recorded either the brand
name or the generic equivalents of antimicrobials added to the ration.

Feed diaries were kept for each feed used on the farm for 7 consecu-
tive days.12 Producers recorded the production phase, the lb of feed
used, the specific ration fed to those pigs, and whether the purpose of
the antimicrobial was continuous use or to treat a specific problem.
The production phases were taxonomized as follows:

• nursing piglets fed creep feed,
• nursery pigs (weaned to 39 lb) fed starter ration,
• grower 1 (40–99 lb),
• grower 2 (100–179 lb),
• finishing pigs (180+ lb),
• lactating sows,
• gestating sows and gilts,
• boars, and
• breeding herd culls.12

Producers recorded the total number of pigs on the farm by produc-
tion phase. Detailed descriptions of the producer questionnaires and
the diary cards have been previously described.12

The antimicrobial use was measured as its inclusion in feed offered to
one production phase. If the same antimicrobial was fed during two
production phases on the same farm, it was listed as two uses. The use
of antimicrobials was also described in terms of numbers of animals

fed per production phase.

Statistical analysis
The rates of antimicrobial use among different production phases and
reasons for use were compared using a Cochran-Mantel-Haenszel χ2

test.13 Descriptive statistics and statistical tests were performed using
the Statistical Analysis System for Personal Computers (PC/SAS).14

Results

A total of 1661 producers agreed to participate in the USDA-APHIS
NAHMS National Swine Survey; however, only 712 producers com-
pleted the entire survey.10,11 Of these, 12% of the farms did not use an-
timicrobials in any feeds. A total of 6123 different feeds were reported
to be in use on the 712 farms included in the survey. Some feeds were
fed to pigs in more than one production phase. Of the total of 6123
feeds, 45% did not contain an antimicrobial (Table 1), 35% included
one antimicrobial, and 20% contained more than one antimicrobial.

Antimicrobials were more frequently used on a continuous basis
(51%) than for treatment purposes (4%) (Table 1). Older animals
were less likely to be fed antimicrobials than young animals. Antimi-
crobials were most prevalent in creep and starter feeds, followed by
first-stage growers, then second-stage growers and finishers, then lac-
tation, and finally other adult animals (P=.02) (Table 1). The use of
feeds with antimicrobials was lower in adult animals (21%–45% of
feeds) than in either finisher pigs (62%) or young growing animals
(65%–81%) (P =.02) (Table 1).

Of the feeds with multiple antimicrobials, 74.4% contained registered
combinations (Tables 2 and 3). The most common combination prod-
ucts were:

• chlortetracycline/sulfathiazole/penicillin (fed to 7% [61,716] of

noitcudorP
esahp sgiplatoT

latoT
sdeef

onhtiwsdeeF
slaiborcimitna

suounitnochtiwsdeeF
slaiborcimitna

tnemtaerthtiwsdeeF
slaiborcimitna

peerC 055,42 245 %42 a %47 a %2 a

retratS 296,431 1001 %91 b %77 a %4 db

1reworG 568,851 877 %72 a %76 b %6 cb

2reworG 792,832 837 %53 c %95 c %6 c

rehsiniF 096,691 706 %83 c %55 c %7 c

noitatcaL 271,11 047 %55 d %44 d %3 da

noitatseG 164,601 948 %77 e %02 e %3 da

raoB 2675 885 %97 e %71 e %3 da

lluC 5754 312 %57 e %12 e %3 cba

rehtO AN 76 %55 d %44 dc %0 cba

latoT 460,188 3216 %54 %15 %4

Table 1

Type and prevalence of antimicrobials fed to each production phase during a 1-week observation period

a–e Different superscripts indicate a different within-column prevalence of antimicrobial use, P<.02
Lactation, Boar, Cull, and Other phases do not total 100% owing to rounding errors.
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pigs);
• chlortetracycline/sulfamethazine/penicillin (fed to 6.7% [59,162]

pigs); and
• furazolidone/oxytetracycline/arsanilic acid (fed to 8.5% [75,296]

pigs).

The most commonly used antimicrobials were tetracyclines, carbadox,

bacitracin, tylosin, apramycin, and lincomycin (Tables 2–4).

The distribution of antimicrobials differed by production phase
(P<.05) (Table 4). Carbadox, apramycin, and lincomycin were
typically added to creep and starter feeds (4%–20% of feeds contained
these antimicrobials). Bacitracin and tylosin were used in 8%–22% of
feeds for grower and finisher pigs. Tetracyclines were fed to all

peerC retratS 1reworG 2reworG rehsiniF
noitanibmoC esU % # % # % % # % #

/elozaihtaflus/enilcycartetrolhc
nillicinep

C 4 9182 8 635,42 6 31 999,63 6.0 5831
T 3.0 024 9.0 067 9.0 5 9251 5.0 79

enizahtemaflus/nisolyt C 1 614 1 3314 2 6 663,11 3.0 501
T 0 - 2.0 2091 0 1 414 2.0 23

/enilcycartetrolhc
nillicinep/enizahtemaflus

C 6 9326 6 476,32 4 31 898,62 3.0 971
T 0 - 2.0 222 1.0 3 652 3.0 052

/enilcycartetyxo/enodilozaruf
dicacilinasra

C 8 8195 8 136,82 5 21 810,92 8.0 9601
T 1 74 6.0 3923 5.0 1 0863 0 -

nicymoen/enilcycartetyxo C 5 1184 4 774,61 5.1 6 1066 1 6561
T 0 - 2.0 2041 2.0 1 238 3.0 053

nicymotperts/nillicinep C 0 - 3.0 1101 6.0 3 3603 5.0 016
T 0 - 0 - 1.0 1 0031 2.0 003

etartratletnaryp/xodabrac C 0 - 4.0 46 0 0 - 0 -
T 0 - 1.0 59 0 0 - 0 -

enilcycartetyxo/enodilozaruf C 0 - 0 - 0 0 - 0 -
T 2.0 82 1.0 591 0 0 - 0 -

Table 2

Combinations of antimicrobials fed to immature swine during a 1-week observation period

noitatcaL noitatseG raoB lluC
noitanibmoC esU % # % # % # % #

/elozaihtaflus/enilcycartetrolhc
nillicinep

C 2 505 7.0 6211 5.0 05 0 -
T 5.0 21 4.0 451 5.0 8 0 -

enizahtemaflus/nisolyt C 3.0 78 1.0 334 0 - 0 -
T 0 - 0 - 0 - 0 -

/enilcycartetrolhc
nillicinep/enizahtemaflus

C 2 572 6.0 4011 5.0 42 9.0 71
T 1.0 3 1.0 71 2.0 1 5.0 3

/enilcycartetyxo/enodilozaruf
dicacilinasra

C 6 718 2 9491 9.0 35 5.0 0
T 4.0 74 5.0 277 2.0 2 5.0 0

nicymoen/enilcycartetyxo C 7 3401 2 5282 5.0 22 1 31
T 4.0 6 2.0 953 3.0 72 0 -

nicymotperts/nillicinep C 4.0 04 2.0 641 0 - 0 -
T 1.0 87 0 - 0 - 0 -

enilcycartetyxo/enodilozaruf C 7.0 87 2.0 391 0 - 0 -
T 0 - 0 - 0 - 0 -

Table 3

Combinations of antimicrobials fed to mature swine during a 1-week observation period

C= continuous use; T=treatment use
%= percent of feeds; #= number of pigs

C= continuous use; T=treatment use
%= percent of feeds; #= number of pigs
* One farm regularly uses this combination in this stage but had no pigs at this stage when the inventory was taken

*
*
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production phases but the prevalence of feeds containing tetracyclines
was higher for immature swine than for mature swine.

Sulfonamides were used in 7.7% of feeds and fed to 3819 animals
(Tables 2, 5, and 6). Two percent of finisher diets, fed to 2048 ani-
mals, contained sulfonamide products. Sulfonamides were also fed to
988 lactating sows. These numbers represented 1% of the finisher pigs
and 9% of the lactating sows in our study.

Discussion

The results of this study pertain specifically to this sample of farms. Al-
though a random sample of farms was selected, the results may be
biased because the participants were volunteers and only 43% of the
cooperators completed the study. Because the data were collected at
one point in time, the frequency of antimicrobial use may be underesti-
mated; only antimicrobials used during one 7-day period were
recorded.

egatS enilcycarteT xodabraC nicarticaB nicymarpA nisolyT nicymocniL
peerC 23 a 81 a 0 a 02 a 2 ca 4 a

retratS 83 a 32 b 5.0 b 11 b 3 a 6 a

1reworG 46 b 9.0 c 8 c 5.0 c 9 b 2 b

2reworG 53 c 7 d 02 d 1.0 c 01 b 1 b

rehsiniF 03 c 0 fe 22 d 2.0 c 01 b 1 db

noitatcaL 33 c 7.0 d 2 1.0 c 1 dc 1.0 c

noitatseG 81 d 3.0 fd 8.0 2.0 c 7.0 d 1.0 c

raoB 61 d 2.0 fd 1 3.0 c 9.0 dc 2.0 dc

lluC 4 d 0 fd 61 cb 0 c 4 dc 2 cb

Table 4

Percent of feeds containing specific antimicrobials by production phase in 712 swine units

a–f Different superscripts indicate a different within-column feed additive inclusion rate, P<.02

evitiddadeeF peerC retratS reworG rehsiniF noitatcaL noitatseG raoB lluC
muilorpma - - - - 12 - - -
nicymarpa 677,02 594,63 3901 203 021 507 44 -

dicacilinasra 0 444 9211 0 - 408 83 -
nicarticab - 966 227,441 807,03 543 738 33 96

nicymrebmab - - 022 001 - - - -
xodabrac 139,61 056,67 631,911 - 901 172 5 -

enilycartetrolhc 8494 770,43 658,721 434,12 0603 034,51 227 701
etaniuqoced - - - - 131 113 - -
enodilozaruf 026 9562 5881 881 9931 2871 33 -

Bnicymorgyh - - 2381 - - - - -
nicymocnil 3152 040,35 2993 4581 41 03 2 02

nisnenom - - - - 03 - - -
nicymoen 2412 9043 1088 27 981 405,1 4 -

enilcycartetyxo 9902 9388 289,51 2151 871 528 8 -
nillicinep 75 2401 0163 013 411 031 41 -

etaomapletnaryp - 531 - - - - - -
etartratletnaryp 776 0573 7195 - 26 24 3 -

enosraxor - - - - - 424 12 -
enizahtemaflus - 979 598 - 601 - - -

enilcycartet 908 3805 994,81 376,72 712 506 34 7
nilumait 0511 0612 5153 117 - - - -

nisolyt 122 5313 552,75 995,21 75 216 62 4
nicymainigriv - - 764,41 9785 661 - - -

Table 5

Number of pigs fed specific antimicrobials on a continuous basis in 712 production units
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Table 6

Number of pigs fed specific antimicrobials to treat specific problems in 712 production units

Our finding that feeds containing antimicrobials were frequently in-
cluded in the feed of younger animals is consistent with that of a survey
of Ontario swine farms, which found that 94% of starter feeds con-
tained antimicrobials.1 The relationship between antimicrobial use
and the age of the animal is to be expected, because the greatest
antimicrobially induced improvement in growth will be seen in the
young animal during the starter and first-stage grower phase and is
less pronounced during the finisher stage.2,15

Unlike our study, in which producers were asked to indicate whether
antimicrobial use was continuous or to treat a specific problem, the
Ontario study asked producers to categorize their reasons for includ-
ing antimicrobials in grower feeds as follows:

• promoting growth (37%),
• preventing disease (36%),
• controlling disease (30%), and
• treating disease (36%).1

The classification of continuous versus treatment use of antimicrobials
in our survey may have resulted in some subjective evaluation by the
producer. These terms are not necessarily exclusive because produc-
ers could use antimicrobials on a continuous basis to fight a specific
disease. However, we feel the distinction is important because it shows
that a high percentage of feeds contained antimicrobials on a continu-
ous basis.

Antimicrobials may be added to swine feeds at therapeutic levels for 2–
6 weeks to treat or prevent specific diseases. Some producers with
chronic disease problems in their herds may choose to use antimicro-
bials for extended periods of time in one production phase to prevent
clinical signs of a specific disease.1 The cost efficiency of an antimicro-
bial and the clinical diseases on a given swine unit should influence the
decision to use antibiotics in the feed.

Perhaps of most interest is the type of antimicrobial used in swine

feeds. Because producers probably rotate the use of antimicrobials in
swine feeds,1 the distribution we found of antimicrobials used by pro-
ducers may vary over time. The distribution of antimicrobials is driven
by the recommended use of the feed additive, the age restrictions im-
posed on antimicrobial use, and the withdrawal times.

Public awareness of antimicrobial use in livestock feed is increasing
due to concerns over antibiotic-resistant pathogens and drug residues.
One hypothesis is that there is an exchange of plasmids from antibiotic
resistant bacteria in swine to human pathogens, making the human
pathogens antibiotic resistant.16–19 Although case studies have linked
human outbreaks of salmonellosis to antibiotic use in cattle,20 there is
no scientific evidence that antibiotic use in animal feeds is associated
with antibiotic resistance in human pathogens.17,21 Antibiotic resis-
tance patterns are not lower in vegetarians than in nonvegetarians,21

and there is no association between the antibiotic resistance patterns
in people working in poultry plants and the antibiotic resistance pat-
terns of the poultry.19 In fact, antibiotic therapy administered to people
is directly related to antibiotic-resistant bacteria in those people.19,21

Therefore, we conclude that continuous use of antimicrobials in swine
does not pose a human health risk. However, our finding that 25% of
feeds contained more than one antimicrobial agent suggests that resis-
tant bacteria will develop within those swine units.

Restricting the use of antimicrobials in feeds will increase the morbid-
ity and mortality rates,22 increase the cost of pork production, and de-
crease feed efficiency.18 Because of the benefits of using antimicrobials
in pork production, veterinarians must work with producers to use
these products in an educated manner. The decision to include antimi-
crobials in swine feeds must include an evaluation of the risk of resi-
dues in pork. Veterinarians and producers must be cognizant of drug
withdrawal times for market animals.7 The United States Department of
Agriculture Food Safety and Inspection Service (USDA:FSIS) tests
market animals for violative tissue residues for specific antibiotics and

evitiddadeeF peerC retratS reworG rehsiniF noitatcaL noitatseG raoB lluC
nicymarpa 797 2111 - - - - - -

nicarticab - - 9863 7333 - - - -
nicymrebmab - 76 - - - - - -

xodabrac - 0701 1575 - - - - -
enilycartetrolhc - 4872 913,33 8728 291 3032 941 96

enodilozaruf - 612 664 - 36 - - -
nicymocnil 016 0011 087 - - - - -

nicymoen - 513 655 - - - - -
enilcycartetyxo - - - 06 04 - - -

nillicinep - - - - - 294 03 2
enilcycartet - 004 049 05 - - - -

nilumait - - 239 396 - - - -
nisolyt - - 7313 037 02 942 9 -

nicymainigriv - - 056 003 - - - -
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sulfonamides.23,24 In 1993, antimicrobials in the feed accounted for
18% of the violations in all species. In that same year, 276 market
hogs, four sows, and seven boars were identified with residues.24,25

Antibiotics were found in 0.15% of carcasses, and sulfonamides were
found in 0.8% of carcasses.26 The primary causes of residues were
failure to adhere to withdrawal times and failure to keep proper
identification and treatment records. While the total number of viola-
tions has decreased annually since 1990, we must aim to have no
violations.

It is notable that residues were found in 11 adult animals.24 Although
these numbers are small, we must be aware of withdrawal times for
breeding animals. Often sows are sold immediately after weaning their
litters; hence, they are the most likely adult animal to become part of
the food chain.22 Farms that keep sows for a while after weaning prior
to culling rarely have a specific cull-sow feed. Only four farms included
in our survey used a specific feed for culled sows. Adult swine require
antimicrobials in the feed to treat or control disease. Although antibi-
otics have been used to improve reproductive performance, this prac-
tice is not cost effective.

Sulfonamides are of particular concern because animals fed even very
low concentrations (2 ppm) within 15 days of market will have viola-
tive tissue residues.17,25 Also, these compounds adhere to feed mills,
so there can be a carry over to the next feed produced. One positive
finding in this study is that only 7.7% of the feeds contained sulfona-
mides; unfortunately, they were fed to 1% of the finisher pigs in the
study.

The use of carbadox in starter feeds reported in this survey was similar
to the findings of the Ontario survey, where 34% of starter feeds con-
tained this antimicrobial.1 In Ontario, 19% of the grower-finisher feeds
contained tylosin and 8% contained tetracyclines.1

Antimicrobial use has changed over time. The Pork Quality Assurance
(PQA) program was established by the National Pork Producers Coun-
cil (NPPC) to educate producers about the most appropriate way to
use antimicrobial feed additives to avoid residues.7,22 The program
recommends:

• an annual review of all feed additive use by the producer and the
veterinarian,

• education of all personnel working with the pigs regarding the ap-
propriate use of each feed additive and steps to take to avoid
residues,

• use of proper feed mixing protocols, and
• keeping records of which animals were treated.

The data for this study were collected from 1989 to 1991, when the
PQA program was beginning. By the end of 1991, there were only 193
pork producers certified at Level III of the PQA program.27 At the end
of 1994, there were 11,562 producers certified at Level III. The fre-
quency of labeled use of feed additives in the United States swine in-
dustry will probably increase because of the educational efforts of the
veterinarians and producers through the PQA program.28 However, a
second survey will be needed to confirm this trend.

Implications

• Use of antimicrobials in the United States swine industry is
widespread.

• Antimicrobials are most commonly used in young growing swine
where there is the most benefit in added growth potential and also
the smallest risk of residues.

• The most commonly used antibiotics are tetracyclines, carbadox,
and bacitracin.

• Most antimicrobials are used on a continuous basis, so there is a
need to continually reassess the cost effectiveness of the products
being used.
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