How Antibiotic Resistance Happens
What is antibiotic resistance and how do bacteria develop it?
Frequent, low doses of antibiotics that are not strong enough to kill all bacteria encourage some
bacteria to develop means of survival, or to become “resistant.” Bacteria can develop ways to
fight off antibiotics by: preventing antibiotics from reaching their target cells (e.g., changing the
permeability of cell walls or pumping the drugs out of the cells); changing the structure of target
cells or entirely replacing them; or producing enzymes that destroy antibiotics.
Bacteria may gain resistance by getting copies of resistance genes from other bacteria. Bacteria
acquire resistance genes from other bacteria when:
• Microorganisms join together and transfer DNA to each other;
• Free-floating DNA pieces (called plasmids) are picked up, which can carry resistance to a
number of antibiotics;
• Small pieces of DNA jump from one DNA molecule to another, and then are
incorporated; and
• DNA remnants are scavenged from dead or degraded bacteria.
Once a resistance gene is picked up and added to a bacterium’s DNA, the bacterium can
dominate other bacteria, and pass the resistance gene on to all of its descendants. Resistance is
magnified because bacteria multiply rapidly.
Where does the antibiotic resistance problem come from?
Antibiotic resistance will eventually occur because of evolutionary natural selection, but the
misuse and overuse of antibiotics is dramatically escalating the process. When antibiotics are
used incorrectly in human or animal medicine—for too short a time, or too small a dose, at
inadequate strengths, or for the wrong disease—bacteria are not killed and can pass on survival
traits to even more bacteria. This results in stronger infections, increased illness and even death.
Increasing resistance also comes from the excessive use of antibiotics, including prolonged
treatments of insufficient strength to kill all the bacteria, which occurs commonly on industrial
animal farms. Antibiotics are used in cattle, poultry, swine and other food animals not only for
disease treatment in individuals, but also to stave off disease in entire herds or flocks living in
crowded, unsanitary conditions, as well as for growth promotion and improving “feed
efficiency” (i.e., the amount of feed it takes to produce a pound of animal). In fact, up to 70
percent of all antibiotics produced in the U.S. are given to food animals, not people. 1
According to the World Health Organization, “widespread use of antimicrobials for disease
control and growth promotion in animals has been paralleled by an increase in resistance in those
bacteria (such as Salmonella and Campylobacter) that can spread from animals, often through
food, to cause infections in humans.” 2
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When two bacteria come in contact, they can easily pass along DNA segments containing
antibiotic-resistant genes (red segments). (Adapted from the National Institute of Allergy and
Infectious Diseases.)

How are people exposed to antibiotic-resistant bacteria from industrial animal farms?
Food animals can shed resistant bacteria in their feces, or on skin in the case of Staphylococcus
infections. Once there, antibiotic-resistant bacteria in contaminated manure can migrate around a
farm, in slaughter and meat processing, into neighboring farms and the environment, and even
across long distances. Therefore, once harmful resistant bacteria are generated, they are hard to
control.

Manure from factory farms is routinely applied directly to pastures and croplands as fertilizer, sometimes
contaminating food crops with antibiotic-resistant bacteria. Runoff from factory farms —made worse after heavy
rains—can also carry antibiotic-resistant bacteria into the drinking water supply. (Photos: USDA)

There are several direct routes of human exposure to antibiotic-resistant bacteria that develop in
industrial food animal production:
• Improperly handling or consuming inadequately cooked contaminated meat. 3
• Contact with infected farm workers or meat processors, or perhaps their families, doctors
and others with whom they interact. 4
• Drinking contaminated surface or ground water and eating contaminated crops. 5
• Contacting air that is vented from concentrated animal housing or is released during
animal transport. 6
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Antibiotic-resistant bacteria can become airborne when vented from concentrated animal housing, or even when the
animals are trucked to processing plants that are sometimes hundreds of miles away. (Photos: USDA; Flickr.com)

Unfortunately, the risk of exposure to antibiotic-resistant bacteria does not stop there. Because
of the ease with which bacteria share resistant genes, strains of resistant bacteria that emerge in
food animal production may not be contained and may introduce resistant genes to other bacteria
in the broader community. This means the overall problem of antibiotic resistance intensifies
over time. In order to contain the problem of antibiotic resistance, all improper uses of
antibiotics must be addressed in both people and animals.
For more information, contact Laura Rogers, Project Director, Pew Health Group, at
(202) 552-2018, or lrogers@pewtrusts.org.
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