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ABSTRACT Carbadox is an antibiotic used to control dysentery and promote growth in
swine in the United States; however, the drug also causes tumors and birth defects in
laboratory animals. Despite this and because the drug has no analogs in human
medicine, it is not considered “medically important” and can be used in livestock
without veterinarian oversight. In their recent study, T. A. Johnson et al. (mBio
8:e00709-17, 2017, https://doi.org/10.1128/mBi0.00709-17) demonstrated that carbadox
has profound effects on the swine gut microbiome, including the induction of transducing
phage carrying tetracycline, aminoglycoside, and beta-lactam resistance genes. In swine
production, carbadox can be used in conjunction with other antibiotics (e.g., oxytetracy-
cline) that could fuel the emergence of strains carrying phage-encoded resistance deter-
minants. Johnson et als findings underscore the potential unforeseen consequences of
using antibiotics in livestock production and call into question our current methods for
classifying whether or not a veterinary drug has relevance to human health.

KEYWORDS agriculture, antibiotic, antibiotic resistance, antimicrobial, carbadox,
health policy, hog, livestock, mobile elements, pig, stewardship, swine

ntibiotic resistance has finally captured the attention of the public and policymak-

ers around the world. For years, only a few outspoken scientists were ringing
alarms about the clashing trends of increasingly resistant bacterial infections and the
decreasing pace of antibiotic development (1, 2). Even fewer people were discussing
the potential public health risks of antibiotic use in livestock production (3, 4). That
began to change with a number of high-profile reports that described the emerging
antibiotic resistance crisis in terms that the general public could understand and
highlighted the potential risks of using antibiotics in food animals (5, 6). These reports
have been accompanied by heated policy debates where stakeholders have sought to
define antibiotic applications into categories, such as “necessary versus unnecessary” or
“therapeutic versus nontherapeutic” and have tried to categorize antibiotics by their
relative importance to human medicine (7). A recent mBio study by Johnson et al. (8)
investigating the impact of carbadox on the swine gut microbiome provides an
important example of how even antimicrobial agents with no foreseeable utility in
human medicine may pose a public health threat when used in food animals.

U.S. policymakers are not known for their quickness, so when the U.S. Food and
Drug Administration (FDA) finally took steps to eliminate the most egregious agricul-
tural use of antibiotics—growth promotion—consumers were already demanding
more, and the market responded with several big-name retailers announcing new,
more-restrictive antibiotic use policies for their suppliers. One of the terms that has
made its way into the lexicon of agricultural antibiotic stewardship is “medically
important” as an adjective describing certain antibiotics. Several companies have
announced that they will prohibit the use of “medically important antibiotics” for
routine disease prevention. This naturally leads to the question of which antibiotics are
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FIG 1 Bacterial whack-a-mole. Using carbadox in swine production may help prevent some bacterial
infections, but it may also lead to the emergence of bacteria that are resistant to antibiotics used in
human medicine.

medically important. After all, there are drugs that are used exclusively in livestock, such
as the third-generation cephalosporin ceftiofur or the fluoroquinolone enrofloxacin.
These two drugs, ceftiofur and enrofloxacin, are never used in human medicine, but
bacteria that evolve resistance to these drugs are also resistant to their human
medicine analogs, ceftriaxone and ciprofloxacin, respectively. Large-scale, real-world
studies have demonstrated that veterinary use of these antimicrobials can lead to
resistant infections in people (9, 10). To their credit, some companies have released
policies that specifically limit the use of antimicrobials belonging to the same classes
that are used in human medicine. Beyond these shared analogs, there are those that
belong to antibiotic classes that are used exclusively in food animals, including iono-
phores and the quinoxaline-di-N-oxide, carbadox. These antibiotics seem to pose
minimal risk to human health, at least on the surface.

Carbadox has a checkered history in livestock production. Carbadox is used to treat
bacterial enteritis and to promote growth in swine, but the drug is also a known teratogen
and a suspected carcinogen. Because it is not considered medically important in human
medicine, the drug can be used in livestock without veterinarian oversight. While its
potential carcinogenicity in humans has not been assessed by the U.S. Environmental
Protection Agency’s Integrated Risk Information System (IRIS) program or the International
Agency for Research on Cancer, it has been banned from food animal production in the
European Union and Australia based on its potential risk to people. In April 2016, the FDA
started procedures to withdraw approval for carbadox in U.S. food animals if the drug
sponsors are unable to prove that it does not pose a cancer risk to humans (11).

However, the study by Johnson et al. (8) indicates that using carbadox in food
animals may not only increase the risk for cancer and birth defects, but it may also fuel
the transmission of phage-encoded antimicrobial resistance genes. Carbadox is geno-
toxic and mutagenic and thus a potent inducer of the SOS pathway and prophage. By
prospectively analyzing the gut microbiomes of swine fed standard doses of carbadox
and swine given unmedicated feed, the authors showed an acute induction of pro-
phage and transfer of phage-encoded antibiotic resistance genes. Paradoxically and
relevant to the question of whether carbadox should be considered medically impor-
tant, some of the transferred genes coded for resistance to antibiotic classes that are
commonly used in human medicine, including tetracyclines, aminoglycosides, and
beta-lactams. While transmission of these genes was associated with carbadox treat-
ment, they did not increase in absolute abundance during the treatment period.
However, the study was conducted using carbadox alone, while in actual production
settings, the drug would frequently be accompanied or immediately followed by other
antibiotics. For some applications, the drug sponsor actually recommends using carbadox
in conjunction with oxytetracycline, which would likely fuel the expansion of bacterial
populations that acquire tetracycline resistance genes as a result of the carbadox-induced
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phage transmission (12). Future studies will have to be conducted to determine whether
carbadox acts synergistically with other drugs to encourage the rapid emergence of
pathogens resistant to the antibiotics administered along with carbadox (Fig. 1).

With the FDA'’s action pending, the fate of carbadox in U.S. food animal production

is unclear; nonetheless, this study (8) underscores the risks for unintended conse-
quences when using antimicrobials in livestock and should force us to reconsider how
we evaluate the human health relevance of the use of any antimicrobial. In an attempt
to compromise with food animal producers and drug companies, some in the public
health community (including myself) have agreed to classify ionophores as medically
unimportant. However, many of us have done so with fears that these drugs may pose
unforeseen risks, such as those described by Johnson et al. (8). Furthermore, regardless
of what happens with carbadox in the United States, there is a growing demand for
antimicrobials for food animal production in the developing world (13), where the
potential for this drug to be used in concert with antimicrobials of critical importance
to human health is high. Thus, this study has global relevance and should be taken into
consideration as the developing world tries to meet their growing demand for animal
protein while protecting their citizens from the growing threat of multidrug-resistant
infections.

REFERENCES

1.

September/October 2017 Volume 8

Infectious Diseases Society of America. 2004. Bad bugs, no drugs: as
antibiotic discovery stagnates, a public health crisis brews - July 2004.
Infectious Diseases Society of America, Arlington, VA.

. Spellberg B, Guidos R, Gilbert D, Bradley J, Boucher HW, Scheld WM,

Bartlett JG, Edwards J, Jr, Infectious Diseases Society of America. 2008.
The epidemic of antibiotic-resistant infections: a call to action for the
medical community from the Infectious Diseases Society of America. Clin
Infect Dis 46:155-164. https://doi.org/10.1086/524891.

. Levy SB, FitzGerald GB, Macone AB. 1976. Changes in intestinal flora

of farm personnel after introduction of a tetracycline-supplemented
feed on a farm. N Engl J Med 295:583-588. https://doi.org/10.1056/
NEJM197609092951103.

. Swann MMB, Field HI, Howie JW, Lucas IAM, Millar ELM, Murdoch JC,

Parsons JH, White EG. 1969. Report of the Joint Committee on the Use
of Antibiotics in Animal Husbandry and Veterinary Medicine (“Swann
Report”). Her Majesty’s Stationery Office, London, United Kingdom.

. The Pew Charitable Trusts. 2008. Putting meat on the table: industrial

farm animal production in America. The Pew Charitable Trusts, Philadel-
phia, PA.

. Review on Antimicrobial Resistance. 2015. Antimicrobials in agriculture

and the environment: reducing unnecessary use and waste. Review on
Antimicrobial Resistance, London, United Kingdom.

. WHO Advisory Group on Integrated Surveillance of Antimicrobial Resis-

tance (AGISAR). 2017. Critically important antimicrobials for human
medicine, 5th revision 2016. Ranking of medically important antimicro-
bials for risk management of antimicrobial resistance due to non-human
use. World Health Organization, Geneva, Switzerland.

. Johnson TA, Looft T, Severin AJ, Bayles DO, Nasko DJ, Wommack EK,

Issue 5 e01490-17

Howe A, Allen HK. 2017. The in-feed antibiotic carbadox induces phage
gene transcription in the swine gut microbiome. mBio 8:e00709-17.
https://doi.org/10.1128/mBi0.00709-17.

. US Food and Drug Administration. 2014. Withdrawal of enrofloxacin for

poultry. US Food and Drug Administration, Silver Spring, MD. https://
www.fda.gov/AnimalVeterinary/SafetyHealth/RecallsWithdrawals/
ucmO042004.htm.

. Dutil L, Irwin R, Finley R, Ng LK, Avery B, Boerlin P, Bourgault AM, Cole

L, Daignault D, Desruisseau A, Demczuk W, Hoang L, Horsman GB, Ismail
J, Jamieson F, Maki A, Pacagnella A, Pillai DR. 2010. Ceftiofur resistance
in Salmonella enterica serovar Heidelberg from chicken meat and hu-
mans, Canada. Emerg Infect Dis 16:48-54. https://doi.org/10.3201/
€id1601.090729.

. US Food and Drug Administration. 2016. FDA takes steps to withdraw

approval of the swine drug carbadox due to safety concerns. US Food and
Drug Administration, Silver Spring, MD. https://www.fda.gov/newsevents/
newsroom/pressannouncements/ucm494934.htm.

. US Food and Drug Administration. 2004. NADA 141-211. Combined use

of Mecadox 10 (carbadox) and Terramycin 50, Terramycin 100, and
Terramycin 200 (oxytetracycline) in swine feeds. US Food and Drug
Administration, Silver Spring, MD. https://www.fda.gov/downloads/
AnimalVeterinary/Products/ApprovedAnimalDrugProducts/FOIADrug
Summaries/ucm118005.pdf.

. Van Boeckel TP, Brower C, Gilbert M, Grenfell BT, Levin SA, Robinson TP,

Teillant A, Laxminarayan R. 2015. Global trends in antimicrobial use in
food animals. Proc Natl Acad Sci U S A 112:5649-5654. https://doi.org/
10.1073/pnas.1503141112.

mbio.asm.org 3

Bio-wse-oiqu Ag paysiiand - 2T0Z ‘2 1890100 uo Hio wse oiqul Wolj papeojumod


https://doi.org/10.1086/524891
https://doi.org/10.1056/NEJM197609092951103
https://doi.org/10.1056/NEJM197609092951103
https://doi.org/10.1128/mBio.00709-17
https://www.fda.gov/AnimalVeterinary/SafetyHealth/RecallsWithdrawals/ucm042004.htm
https://www.fda.gov/AnimalVeterinary/SafetyHealth/RecallsWithdrawals/ucm042004.htm
https://www.fda.gov/AnimalVeterinary/SafetyHealth/RecallsWithdrawals/ucm042004.htm
https://doi.org/10.3201/eid1601.090729
https://doi.org/10.3201/eid1601.090729
https://www.fda.gov/newsevents/newsroom/pressannouncements/ucm494934.htm
https://www.fda.gov/newsevents/newsroom/pressannouncements/ucm494934.htm
https://www.fda.gov/downloads/AnimalVeterinary/Products/ApprovedAnimalDrugProducts/FOIADrugSummaries/ucm118005.pdf
https://www.fda.gov/downloads/AnimalVeterinary/Products/ApprovedAnimalDrugProducts/FOIADrugSummaries/ucm118005.pdf
https://www.fda.gov/downloads/AnimalVeterinary/Products/ApprovedAnimalDrugProducts/FOIADrugSummaries/ucm118005.pdf
https://doi.org/10.1073/pnas.1503141112
https://doi.org/10.1073/pnas.1503141112
http://mbio.asm.org
http://mbio.asm.org/
http://mbio.asm.org/

	Himmelfarb Health Sciences Library, The George Washington University
	Health Sciences Research Commons
	2017

	Bacterial Whack-a-Mole: Reconsidering the Public Health Relevance of Using Carbadox in Food Animals
	Lance B. Price
	APA Citation


	REFERENCES

