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in those regions. These regions include countries in which Aus-
tralian travellers are likely to acquire infection; for example,
>80% of clinical isolates in Thailand have been reported to be
ciprofloxacin resistant [5], and 35% of clinical isolates in In-
donesia were ciprofloxacin resistant [20].

The source of resistant isolates from locally acquired infec-
tions is unclear. It is possible that the case-patient had been
overseas >7 days before the onset of illness or had direct contact
with a recently returned traveller; however, person-to-person
transmission is uncommon [21]. Other possible sources include
consumption of contaminated, imported food or acquisition
of resistance during a hospital stay. However, only 2 of the 14
patients infected with ciprofloxacin-resistant isolates had been
admitted to a hospital for treatment. Furthermore, only cooked
chicken is permitted for importation into Australia [12], and
viable Campylobacter organisms are unlikely to be present.

Previous studies have shown that treatment of patients with
quinolones after onset of illness but before collection of the
stool specimen is associated with detection of quinolone-resis-
tant isolates [22]. We did not collect information on the timing
of antimicrobial treatment or the agent used. However, patients
with ciprofloxacin-resistant isolates were significantly more
likely to have been given antibiotic therapy for their infection
than were patients infected with susceptible isolates, and cip-
rofloxacin is commonly used in Australia for the treatment of
enteric infections. Therefore, this explanation is plausible.

Three previous Australian studies that reported travel his-
tories of patients examined 153, 140, and 50 isolates, respec-
tively [12]; the sample sizes in these studies may have been
insufficient to detect a low prevalence of resistant isolates. The
reasons for variation in the apparent prevalence of locally ac-
quired ciprofloxacin-resistant isolates by state of residence are
unclear and require further study.

Resistance to sulfisoxazole, ampicillin, and roxithromycin
was detected commonly among isolates obtained from patients
that acquired their infections locally. The prevalence of am-
picillin resistance in this study (46%) was similar to that re-
ported in previous Australian studies [10, 11] and studies from
the United Kingdom [23]. Low levels of resistance were detected
for erythromycin, chloramphenicol, gentamicin, and kana-
mycin, as reported in Australia [10, 24] and elsewhere [18, 19,
23, 25). Tetracycline resistance was low, which contrasts with
findings from the United States [25] but is similar to findings
from Europe [18, 19, 26]. Isolates from travel-associated cases
were more commonly resistant to nalidixic acid, ciprofloxacin,
and tetracycline than were isolates from locally acquired cases,
as found previously in Australia [10] and Denmark [19]. Iso-
lates resistant to nalidixic acid and susceptible to ciprofloxacin
were found among travel-acquired and locally acquired isolates,
as found in other studies [10, 23]. Six percent of case-patients
had taken an antimicrobial agent in the 4 weeks before onset

of illness, but there was no association between this and cip-
rofloxacin resistance.

In our study, infection with a ciprofloxacin-resistant isolate
was not associated with increased severity of illness; this con-
trasts with a study from the United States, in which a similar
number of patients infected with ciprofloxacin-resistant organ-
isms was more likely to be hospitalized and have bloody di-
arrhea [25] than were patients infected with susceptible isolates.
A study [7] that described patients infected with ciprofloxacin-
resistant isolates who had prolonged diarrhea included 63 pa-
tients; it is possible that the larger sample size raised the sta-
tistical power of the study to detect a difference.

There are some limitations in generalizing the results of
this study to the Australian population. First, patients in-
cluded in this study were identified through notifications and
were, therefore, more likely to have had relatively severe in-
fections, leading to presentation and a stool test. Second, we
relied on self-reported information regarding overseas travel,
antimicrobial therapy, and clinical symptoms, and this infor-
mation was not validated. However, the potential measure-
ment bias resulting from this method was likely to be non-
differential (i.e., occurring equally among patients infected
with resistant and susceptible strains).

In summary, antimicrobial resistance among Australian
strains of C. jejuni is uncommon, excepting resistance to am-
picillin, roxithromycin, and sulfisoxazole. Of particular im-
portance is that resistance to fluoroquinolone is very low and
probably reflects Australia’s policy of prohibiting fluoroquin-
olones for animal use. Sensible use of fluoroquinolones in clin-
ical treatment remains a high priority if a low prevalence of
resistance in C. jejuni and other organisms is to be maintained.
The United States withdrew approval for the use of fluoro-
quinolones in animals following reports between 1994 and 1996
of the increasing levels of fluoroquinolone resistance. Such a
policy should be considered for wider adoption. The detection
of ciprofloxacin resistance among locally acquired infections
warrants additional investigations and ongoing surveillance.
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RESULTS

The characteristics of the study population, including the num-
ber of cases of Campylobacter infection reported during the
study period, the number of case-patients recruited, and the
proportion of isolates tested, are summarized by state in table
1. Of the 585 isolates tested, 279 (48%) were from female
patients, and the median age was 32 years (range, 0-93 years).
The proportion of Campylobacter isolates tested for antimicro-
bial susceptibility from reported case-patients from each state
ranged from 3% in Victoria to 14% in South Australia. The
population under surveillance in the 5 participating states com-
prised ~64% of the Australian population in 2001.

Prevalences of resistance to the 10 antimicrobial agents
among locally acquired isolates is shown in table 2. Sulfisox-
azole resistance was the most common (55% of isolates), and
only 2% of isolates were resistant to ciprofloxacin.

Ciprofloxacin resistance was found among locally acquired
isolates from all states except Tasmania (table 2). All 14 locally
acquired isolates were also resistant to nalidixic acid, and 10
(71%) were resistant to >1 class of antimicrobial agent (table
3). Temporal clusters of infection were detected in Victoria
(November—December 2001 and January—February 2002) and
in South Australia (May 2002), but a variety of resistance phe-
notypes were detected in these clusters, indicating that the iso-
lates were unlikely to be related (table 3). The prevalence of
ciprofloxacin resistance in Victoria was higher than in all other
states combined (9% vs. 2%; OR, 6.2; 95% CI, 2.1-18.5), but
this significant difference should be interpreted with care, be-
cause it is a post hoc comparison. When controlling for juris-
diction, patients infected with ciprofloxacin-resistant isolates
were more likely to have an underlying disease than those in-
fected with ciprofloxacin-susceptible isolates (OR 5.1; 95% CI,
1.5-17.3).

People who acquired Campylobacter infections overseas were
more likely to be infected with resistant strains; 9 (82%) of 11
overseas-acquired isolates were resistant to >1 class of anti-
microbial agent, compared with 291 (51%) of 574 locally ac-
quired isolates (OR, 4.4; 95% CI, 0.9—41.9). Resistances to cip-
rofloxacin and tetracycline were significantly more prevalent
among overseas-acquired isolates than they were among locally
acquired isolates: ciprofloxacin, 64% vs. 2% (OR, 67.5; 95%
CI, 15.2-351.6); and tetracyline, 55% vs. 7% (OR, 16.7; 95%
CI, 4.0-72.6). Nine of 11 patients had travelled to Asia (In-
donesia, Malaysia, Singapore, Thailand, and Vietnam) during
the week before onset of illness; the remaining 2 patients had
travelled to Africa and North and South America (data not
shown).

Patients infected with locally acquired ciprofloxacin-resistant
strains were no more likely to have taken an antimicrobial agent
in the 4 weeks before onset, compared with patients infected
with ciprofloxacin-susceptible isolates (6% vs. 7%; OR, 1.3;

95% CI, 0.2-10.2). No patient infected with a ciprofloxacin-
resistant isolate had taken a fluoroquinolone in the 4 weeks
before onset of illness. Nine (64%) of 14 patients with cipro-
floxacin-resistant isolates were given antibiotic therapy for their
Campylobacter infection, compared with 222 (40%) of 549 pa-
tients with ciprofloxacin-susceptible isolates; however, this dif-
ference did not reach statistical significance (OR, 2.5; 95% CI,
0.9-7.1).

Infection with a ciprofloxacin-resistant strain of C. jejuni
did not result in a more-severe illness, but the number of
patients that were infected with a ciprofloxacin-resistant strain
of C. jejuni was small. There were no significant differences
in the distribution of symptoms; compared with patients in-
fected ciprofloxacin-susceptible strains, patients infected with
ciprofloxacin-resistant strains were no more likely to have
fever (68% vs. 74%; OR, 1.6; 95% CI, 0.4-5.9), or vomiting
(38% vs. 35%; OR, 1.6; 95% CI, 0.6—4.5), or bloody stools
(15% vs. 42%; OR, 0.4; 95% CI, 0.1-5.4). Duration of di-
arrhea was similar for patients infected with ciprofloxacin-
resistant strains and patients infected with ciprofloxacin-sen-
sitive strains (median duration for both groups, 7 days;
P = .63), as were the percentage of patients requiring hos-
pitalization (14% vs. 13%; OR, 0.8; 95% CI, 0.2-3.6) and the
length of hospital stay (median duration for both groups, 0
days; P = .13) in multivariate models controlling for age and
underlying disease, regardless of travel status.

DISCUSSION

This is the first Australian study to report locally acquired
Campylobacter isolates resistant to fluoroquinolones. However,
the prevalence of ciprofloxacin resistance among locally ac-
quired isolates in Australia was low at 2% and ranged from
0% to 8% across 5 states. The absence of ciprofloxacin-resistant
isolates in locally acquired infections in Australia has been at-
tributed previously to restricting the use of fluoroquinolones
in food-producing animals. Data regarding antimicrobial sus-
ceptibility among Campylobacter isolates infecting Australian
food-producing animals is limited; however, Campylobacteriso-
lates (all species) from pigs have been shown to be uniformly
susceptible to ciprofloxacin [17], likely reflecting the low prev-
alence of resistance in isolates obtained from Australian ani-
mals. The prevalence is similar to that described for humans
from Sweden (between 0% and 9%), where the use of anti-
biotics as growth promoters was banned in 1986 [18]. A low
prevalence of ciprofloxacin resistance was also found among
isolates obtained from Swedish animals [9]. Among studies that
have separated locally acquired from travel-acquired isolates,
in countries that have allowed the use of fluoroquinolones for
animals, the prevalence of locally acquired ciprofloxacin resis-
tance ranges from 7% to 29% [3, 19]. The overall prevalence
of ciprofloxacin resistance is much higher in some countries,
probably reflecting widespread use of ciprofloxacin in humans
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Key findings of Consumer Reports
research are:

1. In a recent nationwide poll conducted by the
Consumer Reports National Research Center, 86
percent of consumers indicated they thought
that meat raised without antibiotics should be
available in their local supermarket.

2. Consumer Reports shoppers visited 136
supermarkets in 23 states, including at least
five stores belonging to each of the 13 largest
(by sales) supermarket chains in the nation,
and collected data on more than 1,000 different
meat and poultry items making some type of “no
antibiotics” claim on a label. The shoppers found
wide geographic availability, but big differences
among chains and stores in availability of meat
and poultry raised without antibiotics. On the
one hand, Whale Foods guarantees that alf meat
and poultry sold in its stores is never treated with
antibiotics. Shoppers also found wide selections
of meat and paultry raised without antibiotics at
Giant, Hannaford, Shaw's, and Stop & Shop. At
the other extreme, shoppers at Sam's Club, Food
4 Less, Food Lion, and Save-A-Lot stores could
not find any meat or poultry indicating it was
raised without antibiotics.

3. In the Consumer Reports poll, 24 percent of
consumers said meat raised without antibiotics
was not available at the supermarket where they
usually shop. Of this group, 82 percent said they
would buy it if it were available,

4. Meat and poultry raised without antibiotics
does not have to be expensive. While prices
of such meat and poultry varied considerably
depending on store, type of meat (beef, pork,
chicken, turkey} and cut, in some cases aur
shoppers found prices that were actually lower
than the national average. For example, while the
national average price in March 2012 for chicken
breasts was $3.17 per pound, our shoppers found

chicken breasts produced without antibiotics at |

QFC for $2.99 per pound and on sale at Whole
Foods for $1.99 per pound. The most expensive
product raised without antibiotics that Consumer
Reports shoppers spotted was organic ribeye
steak for $19.99 per pound at several Kroger
stores. However, much cheaper products were

MEAT ON DRUGS CONSUMER REPORTS JUNE 2012

also widely available. The least expensive no
antibiotics products were whole chickens at
Publix and Jewel-Osco, and chicken drumsticks
at several Trader Joe's locations, all for $1.29 per
pound.

5. Studies over the last decade have indicated
that raising meat'and poultry without antibiotics
could be accomplished at minimal cost to the
consumer—about 5 cents extra per pound for
pork and less than a penny per pound extra for
chicken. [n the Consumer Reports survey, 61
percent of consumers indicated they would pay
5 cents or more extra per pound, and 37 percent
indicated they would pay $1.00 a pound or
more extra for meat and poultry raised without
antibiotics.

6. Consumer Reports shoppers found a wide
array of labels related to antibiotic use, such as
“never ever given antibiotics,” “humanely raised
on family farms without antibiotics,” “organic,”
and “grassfed.” Consumer Reports analyzed the

+ various labels and concluded that most of them

are at least somewhat useful to consumers.
Consumers can always rely on the “organic” label,
since organic rules ban antibiotic use in livestock.
In addition, consumers can generally rely on mast
labels that contain the words “no antibiotics”
or “raised without antibiotics” especially if it is

| “USDA Process Verified” (meaning that the USDA

has checked up to see whether the producer is
actually doing what it claims).

But Consumer Reports shoppers found a few
labels that consumers should not rely upon
as indicators that a product has truly had no
antibiotics throughout the growing process.
They include “natural” “antibiotic-free,” “no
antibiotic residues,” and “no antibiotic growth
promotants.” “Natural” means only that the
product contains no artificial ingredient or added
color and is only minimally processed, according
to the USDA. Antibiotics can in fact be used in the
raising of “natural” meat and poultry. The terms
“antibiotic-free” and “no antibiotic residues” are
terms that the USDA does not approve for use on
meat and poultry, so their meaning is uncertain,
and they should not appear in the marketplace.
The label “no antibiotic growth promotants,” also
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SUM

he declining effectiveness of antibiotics

has become a major national public health
crisis. According to the national Centers for
Disease Control and Prevention, 99,000 people
died of hospital-acquired infecticns in 2002, the
most recent year for which data are available.
According to the Infectious Diseases Society of
America, the vast majority of those infections
were caused by antibiotic-resistant bacteria.
Such “superbugs”"—bacteria resistant to one or
more antibiotics—are also showing up in food
and causing illness and even death. Doctors and
scientists have called for much more careful use
of antibiotics so that disease-causing organisms
don’t become immune to them.

The major user of antibiotics in the United
States today is not the medical profession,
however, but the meat and poultry business.
Some 80 percent of all antibiotics sold in the
United States are used not on people but on
animals, to make them grow faster or to prevent
disease in crowded and unsanitary conditions.
Consumers Union, the advocacy arm of Consumer
Reports, believes that to preserve antibiotics for
treatment of disease in people, use on animals
must be drastically reduced or eliminated.

Akey question is how this can be accomplished.
Many groups and experts have urged the
U.S. Food and Drug Administration {FDA) and
Congress to ban the use of antibictics in animal
feed. But the pharmaceutical industry and
large-scale livestock producers, which benefit
econamically from their use, have effectively
opposed all such proposals for decades.

Supermarkets and consumers, however, have
a major say about antibiotic use in animals
through their purchasing decisions. Although

xecutive 1
mary f

Il

|

antibiotics remain legal to use on food anima[s"
supermarkets can choose naot to carry, and
consumers can choose not to buy, meat and
poultry from animals that are fed antibiotics. The
vast majority of all meat and poultry produced ir;
the United States is either sold to consumers II
supermarkets and grocery stores or consumed i
restaurants and schools and other institution
(The remainder, about 15 percent, is exported|
The purchasing decisions that supermarkets
and consumers make therefore have a profound
effect on how food animals are raised. :
|

Consumer Reports has undertaken this report
to determine what consumers think abm}l
reducing antibiotic use in meat and pouitr!\]
production, and whether major supermarkets
are making products that are raised withau
antibiotics available to their customers. Wg
polled consumers, contacted companies, and
sent shoppers into stores to find out. i
I
The news is encouraging. At least one of thlé;

13 largest supermarket chains in the country
Whole Foods, offers nothing but meat ang
poultry raised without antibiotics in its meal
department. Most other major chains offe'lJ
some such products. And the prices are noll
prohibitive—a number of supermarkets are
offering chicken without antibiotics at $1.29 &
pound, for example, a price that is competitive
with all chicken prices nationally. Other studied
suggest that pork raised without antibiotict
should cost less than 5 cents a pound extra. I




of antimicrobial resistance among Australian isolates of Cam-
pylobacter jejuni. Australia is in an almost unique position in
that it is has prohibited fluoroquinolones from being used in
food-producing animals, although it has animal productionand
food production systems comparable to those of other devel-
oped nations. By measuring the prevalence of fluoroquinolone
resistance among C. jejuni isolates obtained from Australian
patients, some insight might be gained into the benefit of
stricter control over the use of medically important antimiicro-
bials in food animals. Prevalence of resistance was examined
for Campylobacter isolates obtained from patients from 5 ju-
risdictions, representing ~60% of the Australian population,
over a l-year period and was compared by travel status and
jurisdiction.

METHODS

Study population. Campylobacter isolates were collected from
case-patients enrolled in a multicenter, prospective, case-con-
trol study of sporadic infection (to be reported separately). The
case-patients were identified from laboratory reports from 5
Australian states (Queensland, South Australia, Tasmania, Vic-
toria, and Western Australia) between September 2001 and Au-
gust 2002. These jurisdictions represented all states that require
doctors and laboratories to report patients infected with Cam-
pylobacter species. The 2 Australian territories were not in-
cluded, and New South Wales, where Campylobacter is not
notifiable, was not included. Each jurisdiction aimed to recruit
~200 patients of all ages using a systematic method of selection.
Patients were excluded if they could not be contacted, their
parents were not English speakers, they could not answer ques-
tions (e.g., because of dementia or because they were deceased),
they could not recall the date of onset of their diarrhea, onset
was =10 days before the specimen was collected, they could
not be interviewed within 30 days after onset, another member
of the household had had diarrhea or had been diagnosed with
Campylobacter infection in the previous 4 weeks, they had a
mixed infection (i.e., an additional diarrheal pathogen was si-
multaneously detected), they were part of an outbreak, or they
refused consent.

A telephone-administered questionnaire was used to docu-
ment exposures for the 7 days before onset of illness. Questions
included details of overseas travel (country visited and travel
dates), demographic characteristics (age and sex), severity of
illness (duration of diarrhea, bloody stools, fever, and vomit-
ing), care management (hospital admission and duration of
hospitalization), consumption of antimicrobial agents in the 4
weeks before onset, and underlying diseases.

Laboratory methods. The Campylobacter isolates were
transported from the clinical laboratory to the state public
health laboratory for storage and additional testing. C. jejuni
isolates were distinguished from non-jejuni species at each pub-
lic health laboratory using PCR that targeted the HipO gene

[13], and only C. jejuni isolates (subspecies jejuni or doyler)
were included in the study.

Susceptibility testing was performed at each public health
laboratory by the agar dilution method using Mueller-Hinton
agar with 5% lysed sheep blood, in accordance with National
Committee for Clinical Laboratory Standards (now called
Clinical 'and Laboratory Standards Institute [CLSI]), as de-
scribed elsewhere [14]. MICs were defined as the lowest con-
centration giving complete inhibition of visible growth, An-
timicrobial agents tested and breakpoints denoting resistance
were as follows: nalidixic acid, =32 mg/L; ciprofloxacin, =4
mg/L; tetracycline, =16 mg/L; ampicillin, =32 mg/L; eryth-
romycin, =8 mg/L; roxithromycin, =8 mg/L; gentamicin, >8
mg/L; kanamycin, 232 mg/L; chloramphenicol, =32 mg/L;
and sulfisoxazole, = 350 mg/L. Because there are no rec-
ommended breakpoints specifically for Campylobacter species,
the CLSI breakpoints for Enterobacteriaceae were used, except
for erythromycin, for which the breakpoint for Staphylococcus
was used [14].

Before the study began, a set of 8 isolates that had been
previously tested for susceptibility to 7 of the 10 agents used
in the study [10] were tested by each laboratory to ensure
reproducibility of results. During the testing of study iéolates,
C. jejuni NCTC 11351 (same isolate as the CLSi-recom-
mended ATCC 33560 [15]) was included as the control in
each test batch.

Statistical analyses. We compared the following: (1) pa-
tients infected with ciprofloxacin-resistant isolates and patients
infected with susceptible isolates; (2) the prevalence of resis-
tance among locally acquired isolates and the prevalenceamong
isolates acquired overseas; and (3) the severity of disease among
patients infected with ciprofloxacin-susceptible Campylobacter
and the severity of disease among patients infected with cip-
rofloxacin-resistant Campylobacter. The following severity in-
dicators were examined: duration of diarrhea, presence of blood
in the stool, fever and vomiting, hospitalization, and length of
hospital stay. The 95% Cls for prevalence and ORs were based
on standard large sample methods for estimates of proportions.
Exact methods were used when counts were small. In particular,
Fisher’s exact test was used to the compare prevalence of an-
timicrobial resistance in locally acquired isolates with the prev-
alence of resistance in travel-acquired isolates. Prevalences of
resistance among isolates from locally acquired infections were
compared across jurisdictions and by antimicrobial exposure
status using likelihood ratio tests based on logistic regression,
with potential confounders included in the analyses.

Logistic regression was also used to compare dichotomous
measures of severity of illness, such as hospitalization and blood
in stool, whereas standard linear regression was used to com-
pare continuous measures, such as duration of illness and
length of hospital stay. Statistical analyses were performed using
STATA, version 9.1 (Stata).
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Low-Level Fluoroquinolone Resistance
among Campylobacter jejuni Isolates in Australia
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Background.  Ciprofloxacin-resistant Campylobacter jejuni isolates obtained from infected patients in Australia
have not been detected in studies of isolates from specific geographic areas. The Australian government has
prohibited the use of fluoroquinolone in food-producing animals. To assess the impact of this policy, we have
examined the antimicrobial susceptibility of isolates from 5 Australian states.

Methods. We conducted a period-prevalence survey of the susceptibility of C. jejuni isolates to 10 antimicrobial
agents. C. jejuni isolates obtained from 585 patients from 5 Australian states (Queensland, South Australia, Tasmania,
Victoria, and Western Australia) were identified by means of notifiable disease databases and were systematically
selected from September 2001 to August 2002.

Results.  Among locally acquired infections, only 2% of isolates (range, 0%-8% in different states) were resistant
to ciprofloxacin. The locally acquired isolates also exhibited resistance to sulfisoxazole (55%), ampicillin (46%),
roxithromycin (38%), tetracycline (7%), nalidixic acid (6%), chloramphenicol (3%), erythromycin (3%), genta-
micin (2%), and kanamycin (0.2%). Treatment with antimicrobial agents in the 4 weeks before onset was not
associated with ciprofloxacin resistance.

Conclusions. The very low level of ciprofloxacin resistance in C. jejuni isolates likely reflects the success of
Australia’s policy of restricting use of fluoroquinolones in food-producing animals.

Campylobacter species are the most common bacterial
cause of foodborne disease in Australia and other in-
dustrialized countries [1-3] and constitute a substantial
health burden. The incidence of reported cases in Aus-
tralia was 116.5 cases per 100,000 persons in 2003 [1],
and ~277,000 cases of Campylobacter infection are es-
timated to occur annually [4].

In Europe and the United States, increasing propor-
tions of patients are infected with strains of Campy-
lobacter species exhibiting antimicrobial resistance,
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particularly resistance to fluoroquinolones [2, 5]. An-
timicrobial resistance may add to the burden of disease;
fluoroquinolone-resistant organisms have been re-
ported to be associated with more-severe disease [6],
including diarrhea of a longer duration [7] and an in-
creased likelihood of invasive disease and death [8].
The rising incidence of fluoroquinolone resistance has
been attributed to the use of fluoroquinolones in food-
producing animals [5] and has been reflected in the
high prevalence of ciprofloxacin-resistant animal Cam-
pylobacter isolates in animals in those countries [9].
Surveillance of antimicrobial resistance is important
for monitoring trends. Data regarding antimicrobial re-
sistance among Campylobacter isolates in Australia are
limited, and studies have been confined to specific geo-
graphic regions [10-12]. Resistant isolates are not com-
mon, and fluoroquinolone resistance has not been de-
tected previously among locally acquired isolates [12].
The aim of this study was to estimate the prevalence
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Quinolone-resistant E. coli with ESBL in chicken

Table 3. E. coli isolates with CTX-M ESBLs from chicken
breast, as proportion of that cutting/packing station sampled

Samples

Cutting/packing positive/samples
station taken
UK1 2/6

UK2 177

UK3 511

UK4 2/6

UKS5 mn

NE1 2/3

CTX-M-14 to be the second-most-prevalent UK genotype after
CTX-M-15.

We hypothesized that chicken products imported into the UK
potentially could act as a major source of gut colonization by
avian strains of E. coli that carry blacrxa ESBL genes.
Cooking does not necessarily prevent organisms from raw
chicken, handled and cooked in a domestic setting, from
colonizing the gut.'? The phylogroups and serotypes of E. coli
that cause urinary infection (uropathogenic or extraintestinal
pathogenic E. coli) are restricted when compared with avian and
human faecal isolates but are similar to avian pathogenic strains
of E. coli (APEC)."* The complete genome of an APEC strain
was 95.5% identical to a human uropathogenic (UPEC) E. coli
strain, and multi-locus sequence typing showed that some
human UPEC strains were more similar to APEC than to other
human UPEC strains.”® Further, molecular comparisons of
multiple virulence ‘and antibiotic resistance factors suggest that
human antimicrobial-resistant E. coli more closely resemble
poultry strains than human antimicrobial-susceptible E. coli.2%
Early in the rise in CTX-M in the UK, data from a survey of
faecal colonization showed a much wider range of both
genotypes and host species than was then seen among
in-patients.” Introduction of some strains with locally new
CTX-M genotypes via imported food may lead to gut
colonization that precedes urinary tract infection.”” Differing
current food and extraintestinal human genotypes may not pre-
clude subsequent clinical infection with the food genotype. Gut
colonization, when followed by urinary catheterization or per-
sonal hygiene problems, could explain the current epidemiology
of ESBL producers, which occur particularly in the elderly in
the UK in hospitals and the community. Ingested avian strains
could transfer resistance or virulence factors to human patho-
genic E. coli, although this would not explain multi-focal clonal
spread. CTX-M-15 has now been described in retail chicken
meat in the USA simultaneously with the first descriptions of
community human cases with this genotype.?®

Although E. coli strains with the dominant CTX-M-15
enzyme were not found in the current meat samples, we cannot
discount the possibility that they have (or originally had) a
source in foodstuffs. E. coli isolates with CTX-M-15 were
recognized from 2001 in the UK, but first became widespread in
2003. A counter-explanation is that strains with CTX-M-15 were
introduced by returning travellers or migrants from the Indian
subcontinent, where the enzyme is extremely widespread® and

from where it was first described. However, several of the early
epicentres of clonal E. coli with CTX-M-15 enzymes (e.g.
Ulster and Shrewsbury) do not have large migrant populations,
arguing against spread mediated by human travel.

Given the frequent presence of E. coli strains with quinolone
resistance and CTX-M genes in raw chicken breast on sale, sus-
tained parallel surveillance of imported raw meat sources and
human infection is necessary to establish whether there is a
related, gradual change in the prevalent CTX-M types and
whether resistance genes and plasmids in isolates from raw food
are the progenitors of changes in the epidemiology of CTX-M
enzymes in clonal isolates. Packaging information should indi-
cate the country where chicken is reared, and the bacteriological
standards for raw poultry meat should be reviewed. The high
prevalence of multiresistant ESBL-producing E. coli in imported
chicken is undesirable. Although molecular epidemiology did
not show that raw poultry meat is an ongoing source for the
current clinical infections in the UK, this meat has the potential
to act as a source for faecal colonization with ESBL-producing
E. coli as a prelude to extraintestinal infection.
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Table 1. E. coli isolates with CTX-M ESBLs from chicken breast, by country of origin

CTX-M gene present
Total positive/
Origin total tested CTX-M-1 CTX-M-2 CTX-M-8 CTX-M-14
UK 1/62 1 0 0 0
Ireland 0/3 0 0 0 0
Brazil 410 0 4 0 0
Brazil/Poland/France® 3/4 0 3 0 0
Poland 0/4 0 0 0 0
The Netherlands 2/2 0 2 0 0
Spain, France, Denmark and Germzmyb 0/4 0 0 0 0
Unknown® 7/40 0 1 1 54
Total 17/129 1 10 1 5

Precise country of rearing not stated on packaging.
®Only single samples from each country available.
“Country of rearing not identified on packaging.

4A]l chicken meat containing E. coli with CTX-M-14 enzymes was purchased from two major supermarket chains and was processed at a minimum of two

UK cutting/packing stations.

Table 2. E. coli isolates with CTX-M ESBLs from chicken breast, by sample source

Sample Retailer Qutlet town/city Packing station” Lot Origin Enzyme
1 A 1 unknown unknown unknown CTX-M-14
2 A 2 unknown unknown unknown CTX-M-14
3 A 1 UK1 A unknown CTX-M-14
42 A 1 UK1 A unknown CTX-M-14
5 B 1 unknown unknown unknown CTX-M-8
6 C 3 UK2 B not known CTX-M-14
7 D 4 UK3 C Brazil/Poland/France CTX-M-2
8 D 4 UK3/BR1 D Brazil CTX-M-2
9 D 5 UK3 E Brazil CTX-M-2
10 D 6 UK3 F Brazil/Poland/France CTX-M-2
11 D 7 UK3 H Brazil/Poland/France CTX-M-2
12 E 8 UK4/BR2 G Brazil CTX-M-2
132 E 8 UK4/BR2 G Brazil CTX-M-2
14 F 9 UK5 I UK CTX-M-1
15 G 4 unknown unknown unknown CTX-M-2
16 H 1 NE1 H Holland CTX-M-2
17* H 1 NE1 H Holland CTX-M-2

2Sample from same batch as sample above.

YCutting/packing stations are designated as located in the UK, Brazil (BR) or Netherlands (NE) followed by a sequential number.

Midlands. This low UK rate may reflect restrained use of anti-
biotics such as ceftiofur and enrofloxacin in the UK poultry
production.

Sixteen more isolates with CTX-M enzymes were found,
however, in isolates from imported raw chicken. In particular,
40% of the imported Brazilian chicken and three of four
samples with an aggregated origin of ‘Brazil/Poland/France’
contained E. coli producing CTX-M-2 enzyme, as did two
chicken samples from the same lot from the Netherlands. The
latter finding correlates with a recent Dutch report of blacrx.m-2
in S. enterica Virchow from broiler faeces.® CTX-M-2 is rare in

human clinical isolates in Europe but well known to be the
prevalent CTX-M type in clinical isolates from Argentina, so its
isolation from Brazil-reared chicken is unsurprising. The second
most frequently encountered genotype was CTX-M-14 from
samples packed for two supermarket chains and handled in at
least two UK packing/cutting stations but where the country of
rearing was not recorded. Originally described in far Eastern
countries,?! this type has spread and, together with the related
CTX-M-9 type, is now prevalent also in Spain.22 Moreover,
both a survey of human faecal carriage in 2003 in York® and a
recent survey24 of strains from human infections found
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Quinolone-resistant E. coli with ESBL in chicken

clinical 025 isolates in Shropshire and most of the isolates
nationally are also quinolone-resistant by a mechanism indepen-
dent of ESBL production."~® Similar dramatic increases in
ESBL-producing E. coli have occurred in many other countries,
often associated with community acquisition and the problem
has been described as a pandemic.®* Plasmid-mediated CTX-M
B-lactamase genes originated by mobilization from the genus
Kluyvera and subsequent mutation have resulted in the emer-
gence of nearly 50 distinct variants.* Several of these have a dis-
tinct geographical distribution worldwide, e.g. CTX-M2 in
South America, Israel and Japan, CTX-M-14 in China, and
CTX-M-9/14 in Spain.” This probably arises from the transfer of
blacrx.m genes from Kluyvera into E. coli and subsequent
accumulation of mutations locally followed by widespread distri-
bution at these locations. CTX-M-15 enzyme occurs worldwide
but is the only genolype present in India, which has been
suggested as its origin.’ The recognition of genotypes that are
rare in the UK but very common in other parts of the world
suggests direct/indirect importation, although it could sometimes
represent a recurrence of the same mutation.

Food is an important vehicle for antibiotic-resistant
gastrointestinal pathogens such as Campylobacter jejuni and
Salmonella enterica. §. enterica with CTX-M enzymes are
increasingly reported from food animals, particularly poultry,
and the genotypes somelimes correspond with the locally domi-
nant human types,” although this is not always the case.®
Likewise, E. coli strains in food animals in Japan,” Spain'® and
Hong Kong' tend to carry the same CTX-M enzyme variants
locally dominant in human isolates, but food is not confirmed as
a human source. It is widely argued that as meat products are
cooked, there is little likelihood that antibiotic-tesistant bacteria
present in the raw material will colonize the human gut. This
view is challenged by the work from 30 years ago, which
clearly demonstrated the colonization of humans by
antibiotic-resistant E. coli in the course of preparing and eating
cooked chicken in the home.'? Moreover, there is a substantial
overlap between the phylogroups, serotypes and virulence
factors of E. coli from human urinary infections and those of
poultry strains of E. coli associated with the disease of avian
colibacillosis.”*'* E, coli serotype O25 has been isolated from
chickens in India,”® where CTX-M-15 was originally described.
Raw retail poultry in the USA is frequently reported to contain
quinolone-resistant . coli with human urinary infection viru-
lence factors.'®!7 On the basis of these earlier findings, we
examined chicken breasts as a potential reservoir of
quinolone-resistant ESBL-producing E. coli and tested the
hypothesis that the rapid multi-focal proliferation of E. eoli with
CTX-M-15 B-lactamase might be related to consumption of
chicken breast meat currently on sale in the UK.

Methods

During January/February and July/August 2006, 129 fresh and
frozen raw chicken breast fillets (originating from the UK and other
countries) were purchased by local authority environmental health
officers from 18 different retail outlets, including 13 major super-
market chains in Shropshire and Birmingham, UK. Sampling was
unstructured and convenience-based. Sampling depended on the
number of products available on the day and sought to represent
both imported and UK products. Twenty-five grams of the chicken

meat was macerated with 225 mL of buffered peptone water (Oxoid,
Basingstoke, Hants, UK) and incubated for 18 h at 37°C. Ten micro-
litre aliquots of the broth cultures were then plated onto CLED agar
(Oxoid) containing 8 mg/L ciprofioxacin, and a cefpodoxime disc
(10 jug) was placed on the agar surface. This recovery method was
insensitive as it did not involve selective liquid enrichment and was
primarily selective for quinolone-resistant organisms; it would not
have grown any that had ESBLs but which remained fluoroquino-
lone susceptible, although these are uncommon in human isolates in
the UK. After incubation, resistant colonies from within the cefpo-
doxime zone were retained, initially confirmed as E. coli using chro-
mogenic urinary agar (BBL, Oxford, UK), subsequently confirmed
as E. coli using API20E identification, and were investigated for
ESBL production using the Oxoid combination disc test.'® Isolates
found to be ESBL-positive were screened for blacrx.w by multiplex
PCR,™ and reverse-line hybridization was used to identify the
specific blacx.m genotypes,'® which were then confirmed by
sequencing. The clonality of blacrx.y-bearing isolates was investi-
gated using RAPD genomic fingerprinting.

Results

Of the 62 packaged raw breasts from chicken reared in the UK,
only one yielded a quinolone-resistant E. coli with a blacrxm
gene, compared with 9 of 27 of those identifiable as reared over-
seas and 7 of 40 for which the country of rearing was not stated.
The UK-reared sample carried E. coli with a CTX-M-1 enzyme,
No isolates with CTX-M-15 enzyme were found. However, iso-
lates with CTX-M-2 and CTX-M-14 enzymes were common
and single strains producing CTX-M-1 or CTX-M-8 enzymes
were recovered (Table 1), Isolates with CTX-M-2 genes were
recovered in imports from Brazil (4/10 samples) and 3/4
samples of pooled chicken meat from France, Poland and Brazil,
as well as the Netherlands. Isolates with CTX-M-14 and M-8
enzymes were recovered from meat where the country in which
the chicken was reared was not indicated on the packaging.
Overall, the chicken packaging contained references to 27
cutting/packing stations, but not all indicated the country in
which the chicken was reared. Enquiry was made of UK cutting/
packing stations to determine the origin from product code
numbers, but this information was not always supplied. Coded
details of supermarket of origin, retail outlet, culting/packing
station and lot, for all samples yielding positive isolates are
given in Table 2. The proportions of samples yielding positive
isolates from cutting/packing stations yielding any positives are
given in Table 3. Positive results were not related (o the presence
of skin on the breasts (data not shown). RAPD typing showed
that all the blacrx-positive isolates were unique.

Discussion

In contrast to the recent papers from Japan, Hong Kong and Spain
reporting poultry carriage of the same CTX-M genotypes of
E. coli in food as are locally dominant in human infections,”~!!
we did not find a single strain of E. colf with the clinically predo-
minant blacry s genotype.

British poultry yielded only a single strain with a CTX-M
enzyme, specifically CTX-M-1 enzyme, which has only
recently been reported causing infection in the UK in the West
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Objectives: Escherichia coli producing CTX-M-15 enzyme began to rapidly spread in the UK from
around 2003 but other types also occur, notably CTX-M-14. We examined breasts from UK-reared
(n = 62) and imported (n = 27) chickens as potential sources of quinolone-resistant E. coli with blacTx.m
genes. A further 40 samples for which the country of rearing could not be identified were examined.

Methods: During 2006, 129 fresh and frozen chicken breast fillets were purchased from retail outlets in
the West Midlands. These were cultured for E. coli on CLED agar containing 8 mg/L ciprofloxacin and
carrying a 10 pg cefpodoxime disc. Resistant isolates were Identified and typed by RAPD fi ngerprinting;
blacrx.m was identified by PCR and genotyped by reverse-line hybridization.

Results: The country of rearing was identified from the packaging for 89 of 129 purchased samples.
Only one of the 62 UK-reared chicken samples carried E. coli producing a CTX-M-1 enzyme, whereas 10
of 27 samples reared overseas had E. coli with CTX-M enzymes. Specifically, 4/10 Brazilian, 3/4 Brazilian/
Polish/French, and 2/2 Dutch samples had E. coli with CTX-M-2 enzymes. Six of 40 samples for which
the country of rearing was not known had producers of CTX-M enzymes, 5 of them with CTX-M-14.
Conclusions: Quinolone-resistant E. coli with various CTX-M p-lactamase genes that are common in
human infections worldwide were found in imported chicken breasts, indicating a possible source for
gut colonization. Samples from Brazil were commonly positive for E. coli with CTX-M-2, the dominant
blacx.w genotype from human infections in South America, which is currently rare in clinical infections
in the UK. CTX-M-15, the dominant CTX-M type in human infections in the UK, was not found in chicken
isolates, suggesting that the UK-reared chickens are not a reservoir of CTX-M-15.

Keywords: ESBLs, food, quinolones, Enterobacteriaceae

urinary and other infections in many primary and secondary care

Introduction

Extended-spectrum B-lactamases (ESBLs) are bacterial enzymes
that degrade oxyimino-cephalosporins such as cefotaxime and
ceftazidime. They are spread among bacterial species by plas-
mids, often carrying multiple antibiotic resistance genes. Since
2003, multiply-resistant Escherichia coli sirains producing the
CTX-M-15 type ESBL have become widespread as agents of

centres in the UK. Five closely related clones, all of serotype
025 and phylogroup B2, are common, along with many clonally
diverse producers. The increase in CTX-M-15-producing E. coli
in the UK in 2003, with the simultaneous multicentric appear-
ance of clonally related strains, is unexplained. A nationally dis-
tributed food source cannot be excluded, due to the lack of
sampling at the time of onset of the UK outbreak. All the
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and resistance elements (28). Use of multiple comparisons
increased the likelihood of spurious associations (which
we addressed by specifying a strict criterion for statistical
significance), whereas the small sample size in certain sub-
groups reduced power for finding true associations.

Strengths of the study include substantial -overall
sample size, standardized concurrent processing of fecal
and poultry samples, close matching of human and poultry
samples, extensive molecular typing using virulence-rel-
evant markers, and use of multiple analytical modalities.
Additionally, we examined clinically relevant resistance
phenotypes.

In summary, our findings suggest that in a contempo-
rary US-based population, many human-source drug-resis-
tant fecal E. coli isolates more likely originated in poultry
than in humans, whereas drug-resistant poultry isolates
likely derive from drug-susceptible poultry isolates. Our
data extend this paradigm to clinically relevant agents oth-
er than fluoroquinolones, heighten concerns regarding the
potential human health risk for antimicrobial drug use in
poultry production, and suggest that avoidance of poultry
consumption may not reliably provide personal protection.
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Figure 3. Dendrogram based on extended virulence profiles of 243
extraintestinal pathogenic Escherichia coli isolates from human
feces and poultry products, Minnesota and Wisconsin, 2002-2004.
The dendrogram (shown here in simplified form) was constructed
by using the unweighted pair group method with arithmetic
averages based on pairwise similarity relationships according
to the aggregate presence or absence of 60 individual virulence
genes plus phylogenetic group (A, B1, B2, D). Triangles indicate
arborizing subclusters. Major clusters 1, 2, and 3, and subclusters
1a, 1b, 2a, 2b, 3a, and 3b are indicated. Colored boxes to right of
dendrogram show the distribution (by source group) of constituent
members of each subcluster. Resistant, resistant to trimethoprim-
sulfamethoxazole, nalidixic acid (quinolones), and ceftriaxone or
ceftazidime (extended-spectrum cephalosporins). Susceptible,
susceptible to all these agents.

susceptible, poultry-source E. coli by conversion to resis-
tance. This most plausibly would occur within the avian
fecal flora under selection pressure from on-farm use of
antimicrobial drugs.

Our findings closely resemble those of a recent study
of ciprofloxacin-resistant E. coli from humans and chick-
ens in the late 1990s in Barcelona, Spain (/2). These data
indicate that these relationships remain valid and are
applicable in the United States, to additional resistance
phenotypes (specifically quinolones, TMP-SMZ, and ex-
tended-spectrum cephalosporins), and to retail poultry
products (/2). Moreover, similar results were obtained
with retail poultry products and poultry carcasses from
processing plants. This implies that drug-resistant poul-
try-source E. coli isolates originate in the birds, rather
than being introduced from some exogenous reservoir
later during the packaging and distribution process. This
in turn suggests that on-farm practices, including use of
antimicrobial agents for growth promotion, metaphylaxis,
and therapy (21,22), may influence characteristics of E.
coli that contaminate retail poultry products and, seem-
ingly, are then transmitted to humans (7).

The greater overall similarity of drug-resistant human
isolates to poultry isolates than to drug-susceptible human
isolates applied not only to the hospital patient isolates com-
pared with isolates from conventionally raised poultry, but
also to the isolates from vegetarians compared with isolates
from poultry raised with no antibiotics. This was surprising
because the vegetarians ostensibly did not consume poul-
try and, therefore, should not have been directly exposed
to poultry-source E. coli. However, this seeming paradox
is consistent with the difficulty in confirming poultry con-
sumption (along with most other individual-level expo-
sures) as an epidemiologic risk factor for colonization with
drug-resistant E. coli isolates among community-dwelling
persons ([23]; J.R. Johnson, unpub. data). Assuming that
the drug-resistant human isolates were derived from poul-
try, occurrence of poultry-source E. coli in both vegetarians
and persons with conventional diets suggests that poul-
try-source drug-resistant E. coli may spread extensively
through the human population without requiring individual
exposure to poultry products. This suggestion would be
consistent with evidence that household-level risk factors
may be more predictive of colonization with drug-resistant
E. coli than individual-level risk factors, and that house-
hold members often share E. coli clones with each another
(23-25). The mechanisms for such diffusion, and methods
to block the entry of such strains into the human population
and their subsequent spread, need to be defined.

The virulence potential for humans of the present
drug-resistant human and poultry E. coli isolates, which is
related to their direct threat to human health, is unknown.
Predictions regarding virulence potential await molecular
comparisons with human clinical isolates (9,10,/2) and ex-
perimental virulence assessment in vivo (26,27). Nonethe-
less, the abundance of EXPEC-associated virulence genes
in some of these strains is of concern because it suggests
a high likelihood of virulence. This would augment any
health threat these strains may pose as passive vehicles for
drug-resistance genes (6,7).

Potential limitations of this study warrant comment.
Because we did not examine alternative sources for drug-
resistant human isolates, we cannot exclude the possibility
that other foods (28) or nonfood reservoirs (29) might yield
even closer similarities to drug-resistant human isolates.
Whether persons in the study consumed poultry products
from the same lots or suppliers as those sampled is not
known. Because the study was conducted in Minnesota
and Wisconsin in mostly rural communities and with new-
ly hospitalized patients and nonhospitalized vegetarians,
generalizability of the results is unknown. We combined
several resistance phenotypes because of low frequencies,
which may have obscured differences. We also did not as-
sess other molecular characteristics of strains, e.g., pulsed-
field gel electrophoresis profiles (/2), sequence types (30),
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Figure 1. Principal coordinates analysis of distribution of 243
extraintestinal pathogenic Escherichia coli isolates from human
feces and poultry products, Minnesota and Wisconsin, 2002-
2004, on the axis 1—axis 2 plane. Data include extended virulence
genotypes (60 traits) and phylogenetic group (A, B1, B2, D). The
axes have no units; they reflect the total score for each isolate
derived by summing the isolate’s partial score for each variable,
which is the product of the loading score assigned to the particular
variable for a given axis and the isolate’s status for that variable.
Axis 1 (positive values to right, negative values to left of central
vertical line) accounted for 37% of total variance and showed
significant differences between susceptible human isolates
versus each of the other groups. Axis 2 (positive values above,
negative values below central horizontal line) accounted for 20%
of total variance and did not show any significant between-group
differences. Resistant, resistant to timethoprim-sulfamethoxazole,
nalidixic acid (quinolones), and ceftriaxone or ceftazidime
(extended-spectrum cephalosporins). Susceptible, susceptible to
all these agents (regardless of other possible drug resistance).

Dendrogram of Extended Virulence Profiles
and Phylogenetic Group

Phylogenetic group and extended virulence profiles
among the 243 available ExPEC isolates also were used to
construct a similarity dendrogram. The dendrogram showed
3 major clusters, each of which contained 2 prominent sub-
clusters (Figure 3). Isolates were distributed by cluster and
subcluster according to source and resistance group; that is,
drug-susceptible human isolates accounted for almost all
of subclusters 1a, 1b, and 2a. In contrast, drug-resistant hu-
man isolates were confined largely to subcluster 3a. Poultry
isolates, whether resistant or susceptible, were confined al-
most entirely to subclusters 2b, 3a, and 3b. Thus, compared
with drug-susceptible human isolates, drug-resistant hu-
man isolates were significantly more likely to occur within
a subcluster, or major cluster, that also contained poultry
isolates (p<0.001 for each comparison).

The possible effects of nonindependence among mul-
tiple isolates acquired from the same sample were assessed
by limiting the analysis to a single isolate per sample, keep-
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ing a drug-susceptible isolate (if available) and randomly
selecting among multiple drug-resistant isolates where re-
quired. This resulted in reduced sample sizes of 681 (to-
tal population) and 226 (EXPEC population). The analysis
results closely mirrored the pattern of significant findings
obtained in the full samples.

Discussion

In this study, we analyzed the phylogenetic distribu-
tion and virulence genotypes of drug-susceptible and drug-
resistant E. coli isolates from human volunteers and poultry
products in Minnesota and Wisconsin. We found that drug-
resistant human isolates, although overlapping somewhat
with drug-susceptible human isolates, were more similar
overall to poultry isolates than to drug-susceptible human
isolates. In contrast, drug-susceptible human isolates dif-
fered from poultry isolates. This relationship was observed
consistently with diverse analytical approaches and various
stratifications of the population. It suggests that many of
the drug-resistant human isolates were more likely to have
originated in poultry (or a similar nonhuman reservoir) and
to have been acquired by humans when these isolates were
already drug resistant, than to have emerged de novo in hu-
mans by conversion of drug-susceptible human isolates to
drug-resistant isolates.

We also found that, regardless of analytical approach
and population analyzed, resistant and susceptible poultry
isolates were highly similar. This suggests that the resistant
poultry isolates likely derived from antimicrobial drug—
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Figure 2. Distribution of virulence factor scores by source
and resistance status among 243 extraintestinal pathogenic
Escherichia coli isolates from human feces and poultry products,
Minnesota and Wisconsin, 2002-2004. Resistant, resistant to
trimethoprim-sulfamethoxazole, nalidixic acid (quinolones), and
ceftriaxone or ceftazidime (extended-spectrum cephalosporins).
Susceptible, susceptible to all these agents (regardless of other
possible resistances). The virulence scores of the susceptible
human isolates are an average of ~4 points greater than those of
the resistant human isolates or poultry isolates.
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analysis. Drug-susceptible human isolates had the highest Similar results were obtained when isolates from hospital
scores (median 13.0, range 4.25-20.0). Drug-resistant hu- patient fecal samples were compared separately with the
man and poultry isolates had significantly lower scores that conventionally raised poultry isolates or when isolates
did not differ between humans and poultry (median 9.0, from vegetarian fecal samples were compared separately
range 6.0-15.25, and median 8.75, range 3.75-15.0, re- with isolates from poultry raised without antibiotics (data
spectively; vs. drug-susceptible human isolates, p<0.001). not shown).

Table 2. Bacterial traits by source and antimicrobial drug resistance in 243 extraintestinal pathogenic Escherichia coli (ExPEC) isolates
from human feces and poultry products, Minnesota and Wisconsin, 2002-2004*

Prevalence, no. (%) p valuef|
Total Human, susceptible  Human, resistant Poultry HS vs. all HR vs. all
Traittt§ (n = 243) (n = 144) (n = 20) (n=79) HS vs. HR poultry poultry
Group A 20 (8) 5(3) 5 (25) 10 (13) <0.01#
Group B1 7(3) 0 0 7(9) <0.001# <0.001#
Group B2 154 (63) 125 (87) 6 (30) 23 (29) <0.001
Group D 62 (26) 14 (10) 9 (45) 39 (49) <0.001#
papA 117 (48) 97 (67) 7 (35) 13 (16) <0.01 <0.001
F10 allele 38 (16) 32(10) 5 (25) 1(1) <0.001 <0.001
F16 allele 12 (5) 5(3) 5 (25) 2(3) <0.01# <0.01
F438 allele 21 (9) 21 (15) 0 0 <0.001
papG il 44 (18) 44 (31) 0 0 <0.01 <0.001
sfa/focDE 62 (26) 61 (42) 1(5) 0 <0.001 <0.001
sfaS 35 (14) 33(23) 1(5) 1(1) <0.001
focG 13 (5) 12 (8) 1(5) 0 <0.01
afa/draBC 15 (6) 11 (8) 4 (20) 0 <0.01 <0.001
iha 52 (22) 38 (26) 16 (80) 0 <0.001# <0.001 <0.001
hra 108 (44) 67 (47) 2 (10) 39 (49) <0.001 <0.01#
enft 54 (22) 51 (35) 2 (10) 1(1) <0.001
hlyD 67 (28) 67 (28) 2(10) 2 (3) <0.01 <0.001
hlyF 73 (30) 28 (19) 1(5) 44 (57) <0.001# <0.001#
sat 61 (25) 46 (32) 15 (75) 0(0) <0.001# <0.001# <0.001#
pic 34 (14) 30 (21) 0 4 (5) <0.01
vat 131 (54) 113 (78) 3(15) 15 (19) <0.001 <0.001
astA 48 (20) 7 (5) 1(5) 40 (51) <0.001# <0.001#
iutA 162 (67) 67 (47) 18 (90) 77 (97) <0.001#
iroN 118 (49) 78 (54) 3(15) 37 (47) <0.001 <0.01#
fyuA 199 (82) 138 (96) 17 (85) 44 (56) <0.001
kpsM Il 215 (89) 137 (95) 16 (80) 62 (78) <0.001
K5 kpsM 35 (14) 28 (19) 4 (20) 3(4) <0.001
iss 69 (28) 23 (16) 2(10) 44 (56) <0.001# <0.001#
usp 144 (59) 127 (88) 6 (30) 11 (14) <0.001 <0.001
H7 fiiC 52 (21) 52 (36) 0 0 <0.001 <0.001
ompT 184 (76) 131 (91) 9 (50) 40 (51) <0.01 <0.001
malX 152 (63) 134 (93) 7 (35) 1(14) <0.001 <0.001

*Susceptible, susceptible to trimethoprim-sulfamethoxazole, nalidixic acid (quinolones), and ceftriaxone or ceftazidime (extended-spectrum
cephalosporins), regardless of other possible drug resistance; resistant, resistant to >1 of the following: trimethoprim-sulfamethoxazole, nalidixic acid
(quinolones), and ceftriaxone or ceftazidime (extended-spectrum cephalosporins).

1Traits are shown that showed p<0.01 for 1 comparison each. Groups A, B1, B2, and D, major E. coli phylogenetic groups; papA, P fimbriae structural
subunit with variants F10, F16, and F48; papG |il, variant P adhesin; sfaffocDE, S and F1C fimbriae; sfaS, S fimbriae; focG, F1C fimbriae; afa/draBC, Dr
binding adhesins; iha, adhesin-siderophore receptor; hra, pathogenicity island marker; cnf1, cytotoxic necrotizing factor 1; hlyD, a-hemolysin; hiyF, variant
hemolysin; sat, secreted autotransporter toxin; pic, autotransporter protease; vaf, vacuolating autotransporter; astA, enteroaggregative E. coli toxin; iutA,
aerobactin system; iroN, siderophore receptor; fyuA, yersiniabactin receptor; kpsM Il, group 2 capsule; K5 kpsM, kpsM |l variant; iss, increased serum
survival; usp, uropathogenic-specific protein; H7 fiiC, flagellar variant; ompT, outer membrane protease; malX, pathogenicity island marker.

ITraits that did not show p<0.01 but were detected in >1 isolate each include the F7-2, F8, F9, F11, F12, F12, F14, and F15 papA alleles, papC (P
fimbriae assembly), papEF (P fimbriae tip pilins), papG alleles | and !l {both internal and flanking sequences), afaE8 (variant Dr binding adhesin), gafD (G
fimbriae), F17 fimbriae, fimH (type 1 fimbriae), clpG (adhesin), cdtB (cytolethal distending toxin B), ireA (siderophare receptor), kpsM Il (group 3 capsule),
K1 and K2 kpsM || variants, cvaC (microcin V), ibeA (invasion of brain endothelium), and rfc (O4 lipopolysaccharide biosynthesis).

§Traits not detected in any isolate include F7—1 and F536 papA alleles and K15 kpsM |l variant.

By Fisher exact test. Values are shown only where p<0.01. HS, susceptible isolates from humans; HR, drug-resistant isolates from humans. Because
drug-resistant and drug-susceplible poultry isolates showed no significant differences, they were combined into an all-poultry group.

#Negative association.
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per sample was 1 for human fecal samples and 2 for poultry
(range 14 for both).

Overall, 331 isolates (70 human, 261 poultry) were
classified as resistant on the basis of reduced susceptibility
to TMP-SMZ, quinolones/fluoroquinolones, and extended-
spectrum cephalosporins. The remaining 600 isolates (460
human, 140 poultry) were susceptible to all these drug
classes and were classified as susceptible (regardless of
other possible drug resistance). The resistant isolates were
distributed by resistance phenotype as follows: TMP-SMZ,
154 (47 human, 107 poultry); quinolones, 115 (26 human,
89 poultry); and extended-spectrum cephalosporins, 114
(14 human, 100 poultry). The 7 fluoroquinolone-resistant
isolates (5 human, 2 poultry) were analyzed within the qui-
nolone-resistant group.

Phylogenetic Distribution and Prevalence
of ExPEC-defining Markers

The initial screening showed the 931 isolates to be
fairly evenly distributed among the 4 major E. coli phylo-
genetic groups (20%-28% per group). However, they had
various prevalences (2%-39% each) of the screening Ex-
PEC virulence genes (Table 1). Overall, 27% of the isolates
qualified as EXPEC by having >2 of the 5 ExPEC-defining
markers (Table 1).

For enhanced resolution of similarities and differences,
the 243 available EXPEC isolates underwent extended viru-
lence genotyping for 60 ExPEC-associated virulence genes.
All but 6 of these traits were detected in 21 isolate each, with
prevalences ranging from 0.4% to 98% (Table 2).

Prevalence Comparisons

Phylogenetic group distribution and virulence gene
prevalence differed considerably according to source (hu-
man versus poultry) and resistance status. This finding is
shown in Table 1 for all 931 isolates (screening virulence
genes only) and in Table 2 for the 243 ExPEC isolates
(extended virulence profiles). Drug-resistant and drug-sus-
ceptible human isolates were separately compared with the
combined group of all poultry isolates (i.e., all susceptible
and resistant). We analyzed poultry isolates as a single
group because the distribution of traits was similar in drug-
resistant and susceptible poultry isolates; i.e., only 1 trait
(iut4) was significantly associated with resistance among
poultry isolates.

Consistent differences in phylogenetic and virulence
gene distribution were evident between groups (Tables 1, 2).
First, drug-susceptible human isolates differed considerably
from drug-resistant human isolates. Second, drug-suscep-
tible human isolates differed from poultry isolates. Third,
although human drug-resistant isolates and poultry isolates
exhibited some differences, these were considerably fewer
and less extreme than those between drug-susceptible hu-
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man isolates and poultry isolates. Similar results were ob-
tained in subgroup analyses when isolates from hospital pa-
tient fecal samples were compared separately with isolates
from conventionally raised poultry or when isolates from
fecal samples from vegetarians were compared separately
with isolates from poultry raised without antibiotics.

PCA

PCA was used to concurrently analyze multiple bac-
terial characteristics. The first PCA was conducted for
the total population (n = 931) with the 7 screening viru-
lence genes plus phylogenetic group. According to a 2 x
2 (source x resistance status) MANOVA of the first 2 axes
of the PCA (which accounted for 65% of total variance),
all 3 independent variables considered (source, resistance
status, and interaction term) showed a p value <0.001. Ac-
cordingly, pairwise comparisons were made between in-
dividual source-resistance groups by 1-factor MANOVA.
Susceptible human isolates differed (p<0.001) from each
of the other 3 groups, whereas the other 3 groups differed
marginally from each other. The individual axes supported
this conclusion. These axes showed more extreme differ-
ences between drug-susceptible human isolates and each of
the other 3 groups (p<0.001 for 5 of 6 comparisons) than
among the other groups (p>0.01 for 4 of 6 comparisons).

Next, PCA was conducted for the 243 available Ex-
PEC isolates based on all 60 virulence genes plus phyloge-
netic group. According to an initial 2 x 2 MANOVA of the
results from the first 2 PCA axes (which accounted for 57%
of total variance), all 3 independent variables (source, resis-
tance status, and interaction term) showed a p value <0.001.
Accordingly, pairwise comparisons were made between in-
dividual source-resistance groups by I-factor MANOVA.
Susceptible human isolates differed (p<0.001) from each
of the other 3 groups, whereas the other 3 groups did not
differ significantly from each another. In a plot of the (axis
1-axis 2) plane, drug-susceptible poultry isolates, drug-re-
sistant poultry isolates, and drug-resistant human isolates
overlapped and were confined largely to the left half of the
grid (negative values on axis 1). In contrast, drug-suscep-
tible human isolates, although overlapping somewhat with
these groups, were concentrated principally within the right
half of the grid (positive values on axis 1) (Figure 1).

Aggregate Virulence Scores

The various source and resistance groups were also
compared for aggregate virulence scores (EXPEC isolates
only). According to virulence score distribution, drug-sus-
ceptible human isolates (higher scores) segregated widely
from the other 3 subgroups (lower scores), which were
largely superimposed on each another (Figure 2). Because
drug-resistant and drug-susceptible poultry isolates had
similar virulence scores, they were combined for statistical
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Table 1. Bacterial traits by source and antimicrobial drug resistance in 931 Escherichia coli isolates from human feces and poultry

products, Minnesota and Wisconsin, 2002-2004*

Prevalence, no. (%) p valuef
Total Human, susceptible = Human, resistant Poultry HS vs. all HR vs. all
Traitt (n = 931) (n = 460) (n=70) (n = 401) HS vs. HR poultry poultry
Group A 252 (27) 96 (21) 23 (33) 133 (33) <0.001
Group B1 186 (20) 79 (17) 11 (16) 96 (24)
Group B2 234 (25) 178 (39) 13 (19) 43 (11) <0.001 <0.001
Group D 259 (28) 107 (23) 23 (33) 129 (32) <0.01
papA 124 (13) 98 (21) 6 (9) 20 (5) <0.001
papC 163 (18) 100 (22) 10 (14) 53 (13) <0.001
sfaffocDE 69 (7) 65 (14) 2(3) 2 (0.5) <0.01 <0.001
afa/draBC 19 (2) 14 (3) 5(7) 0(0) <0.001 <0.001
iutA 361 (39) 93 (20) 32 (46) 236 (59) <0.001§ <0.001§
kpsM i1 288 (31) 195 (42) 23 (33) 70(17) <0.001 <0.01
hlyD 71 (8) 64 (14) 2(3) 4 (1) <0.01 <0.001
ExPEC 249 (27) 147 (32) 20 (29) 82 (20) <0.001

*Data are for the total population. Susceptible, susceptible to timethoprim-sulfamethoxazole, nalidixic acid (quinclones), and ceftriaxone or ceftazidime
(extended-spectrum cephalosporins), regardless of other possible drug resistance; resistant, resistant to 1 of the following: trimethoprim-
sulfamethoxazole, nalidixic acid (quinolones), and ceftriaxone or ceftazidime (extended-spectrum cephalosporins).

tGroups A, B1, B2, and D, major E. coli phylogenetic groups; papA and papC, P fimbriae structural subunit and assembly; sfafocDE, S and F1C
fimbriae; afa/draBC, Dr binding adhesins; iutA, aerobactin system; kpsM |l, group 2 capsule; hlyD, o-hemolysin; EXPEC, extraintestinal pathogenic E. coli
defined by presence of >2 of papA and/or papC (counted as 1), sfaffocDE, afa/draBC, iutA, and kpsM |l

1By Fisher exact test. Values are shown only where p<0.01. HS, susceptible isolates from humans; HR, resistant isolates from humans. Because drug-
resistant and drug-susceptible poultry isolates showed only 1 significant difference (for iutA), they were combined into an all-poultry group.

§Negative association.

ExPEC if 22 of the following were present: papA4 and/or
papC (P fimbriae structural subunit and assembly), sfa/
JocDE (S and F1C fimbriae), agfa/draBC (Dr binding ad-
hesins), iutA (aerobactin system), and kpsM II (group 2
capsule) (8). All EXPEC isolates were then tested for 60
ExPEC-associated virulence genes and alleles thercof.
Testing was conducted by using 2 independently prepared
lysates of each isolate and established PCR-based methods
(12,17). Isolates from various source groups (e.g., hospital
volunteers, conventionally raised poultry) were tested in
parallel to avoid cohort effects. The virulence score was the
number of virulence genes detected adjusted for multiple
detection of the pap, sfa/foc, and kps operons (12).

Statistical Methods

The unit of analysis was the individual isolate. Com-
parisons of proportions were tested by using Fisher ex-
act test (2-tailed). Comparisons of virulence scores were
tested by using Mann-Whitney U test (2-tailed exact
probability). Principal coordinates analysis (PCA), also
known as metric multidimensional scaling, is a multivari-
ate statistical technique used to provide a simpler, low-
dimensional graphic summary of the similarity between
multiple samples (e.g., isolates) across multiple loci (18).
New axes for plotting the isolates are derived from a data
matrix of estimated dissimilarities between isolates. The
first 2 principal coordinates, which account for the most
variance, are used to plot the data. The distances between
points in the plot represent isolate similarity. The dimen-
sions represented by the (statistically uncorrelated) axes

have no intrinsic meaning, i.e., they have no units. Using
GenAlEx6 (19), we applied PCA to the screening dataset
(all isolates) and the extended virulence profile dataset
(EXPEC isolates) as a way to collapse the multiple vari-
ables for simplified among-group comparisons. For each
PCA, results for each isolate from the first 2 PCA axes
were used in multiple analysis of variance (MANOVA)
to test for among-group differences. These values also
were plotted to spatially represent the degree of separa-
tion or overlap of isolates on the 2-axis plane. For the
ExPEC isolates, pairwise similarity relationships accord-
ing to extended virulence profiles and phylogenetic group
were used to construct a dendrogram according to the
unweighted pair group method with arithmetic averages
(20). The criterion for statistical significance throughout
was p<0.01 to account for multiple comparisons.

Results

Isolation of Drug-Resistant and
Drug-Susceptible E. coli

Selective processing of 942 human fecal and poultry
samples yielded 931 unique E. coli isolates, which consti-
tuted the study population. Of the 931 isolates, 530 (57%)
were from human volunteers and 401 (43%) from poultry
products. Of the human isolates, 456 (86%) were from hos-
pital patients and 74 (14%) from vegetarians. Of the poul-
try isolates, 289 (72%) were from conventionally raised
retail poultry and 112 (28%) from poultry raised without
antibiotics. The median number of unique E. coli isolates
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source resistant and susceptible isolates are similar, which
is consistent with emergence of resistance on farms under
selection from agricultural use of antimicrobial drugs.

Methods

Participants and Bacterial Strains .

Human fecal samples were collected from 622 adults
newly admitted to local hospitals in 4 rural communities in
Minnesota (Willmar) or Wisconsin (Eau Claire, La Crosse,
and Marshfield) and from 100 healthy self-identified veg-
etarians in these and nearby communities (7 4). Hospi-
tal patients were recruited from June 2002 through May
2003, vegetarians during the first 6 months of 2004, Fecal
samples were collected by study personnel by using rectal
swabs (hospital patients) or by the participants (vegetar-
ians). To prevent isolation of hospital-acquired flora, inpa-
tients samples were collected within 36 hours of hospital
admission. Guidelines of the authors’ institutions regard-
ing use of human subjects were followed in this study. The
relevant institutional review boards reviewed and approved
the protocol. All participants provided informed consent.

A total of 180 retail poultry products (155 chicken and
25 turkey) were sampled (/4). Conventional brands were
purchased systematically from all food markets in the 4
primary study communities from May 2002 through May
2003, with 40 retail items obtained per community (total
160 items). These represented at least 18 plants in 11 states.
Twenty samples with labels indicating that the poultry were
raised naturally or without antibiotics were purchased in or
near the study communities in August 2004. Additionally,
40 freshly slaughtered chicken carcasses from local farm-
ers who raised chickens naturally or without antibiotics
were obtained during plant inspections by the Minnesota
Department of Agriculture from September 2003 through
August 2004. The latter 2 groups of chickens, designated
“no antibiotics,” were confirmed to have been raised with-
out antibiotics, based on the product label or by contacting
the manufacturer or distributor.

Sample Processing

Human fecal samples were suspended and poultry
samples and carcasses were massaged in nutrient broth,
which was then incubated overnight at 37°C and stored as
aliquots at —80°C in glycerol (/4). Portions of these fro-
zen stocks were transferred to vancomycin-supplemented
(20 mg/L) Luria-Bertani broth. After overnight incubation,
these broths were plated directly onto modified Muellet-
Hinton (MMH) agar (Amyes medium) (0) with and with-
out ciprofloxacin (4 mg/L) and (separately) nalidixic acid
(32 mg/L), and were then incubated overnight, Samples of
these Luria-Bertani broths containing vancomycin were
placed in MMH broths supplemented individually with
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TMP-SMZ (4 mg/L TMP plus 76 mg/mL SMZ), cefoxitin
(10 mg/L and 32 mg/L), and ceftazidime (10 mg/L and 32
mg/L). After overnight incubation, these broths were plated
onto MMH agar plates supplemented with the correspond-
ing agent (same concentrations) for overnight incubation.
Colonies resembling E. cdli were identified by using the
API-20E System (bioMérieux, Marcy-I’Etoile, France).

Susceptibility Testing

At least 1 E. coli colony was randomly selected from
each MMH agar plate and tested for disk susceptibility to
24 antimicrobial agents by using Clinical Laboratory Stan-
dards Institute (CLSI)-recommended methods, interpretive
criteria, and reference strains (/5). For isolates resistant to
TMP-SMZ, nalidixic acid, or ciprofloxacin, the MIC was
determined by Etest (AB-Biodisk, Sona, Sweden) accord-
ing to the manufacturer’s directions. Isolates from cefoxi-
tin- and ceftazidime-supplemented plates underwent broth
dilution MIC determinations with cefotaxime and ceftazi-
dime regardless of disk test results. Isolates were classified
as resistant to TMP-SMZ if the TMP MIC was >4 mg/L
and the SMZ MIC was >76 mg/L, to quinolones if the na-
lidixic acid MIC was >32 mg/L, to fluoroquinolones if the
ciprofloxacin MIC was >4 mg/L, and to extended-spectrum
cephalosporins if the MIC to either cefotaxime or ceftazi-
dime was >16 mg/L. The latter threshold corresponds with
intermediate susceptibility per CLSI criteria and includes
isolates with potentially clinically relevant reduced suscep-
tibility. Because of the small number of isolates within each
resistance phenotype, isolates were classified as resistant if
they met any of these resistance criteria. Isolates that did
not meet any of these resistance criteria were classified as
susceptible, even though they may have had reduced sus-
ceptibility to other drug classes.

From each sample, 1 colony of each resistance phe-
notype (TMP-SMZ, quinolones, fluoroquinolones, extend-
ed-spectrum cephalosporins) and 1 susceptible isolate, as
available, were selected. If multiple isolates from a given
sample exhibited similar disk diffusion susceptibility pro-
files, genomic profiles as generated by using random ampli-
fied polymorphic DNA (RAPD) analysis were compared
in the same gel (/2). One representative of each unique
RAPD genotype (as determined by visual inspection) was
arbitrarily selected for further analysis.

Phylogenetic Analysis and Virulence Genotyping

All isolates were categorized as to major E, coli phylo-
genetic group (A, B1, B2, or D) by a multiplex PCR-based
assay (/6) (Table 1). Genes encoding proven or putative
virulence factors of extraintestinal pathogenic E. coli (Ex-
PEC) were detected in a sequential fashion. All isolates
were screened for 5 EXPEC-defining virulence genes and
hlyD (hemolysin). Isolates were operationally defined as
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Antimicrobial Drug-Resistant
Escherichia coli from Humans
and Poultry Products, Minnesota
and Wisconsin, 2002-2004

James R. Johnson,*t Mark R. Sannes,*}' Cynthia Croy,*} Brian Johnston,*t Connie Clabots,*}
Michael A. Kuskowski,*t Jeff Bender,} Kirk E. Smith,§ Patricia L. Winokur,{j#
and Edward A. Belongia**

The food supply, including poultry products, may trans-
mit antimicrobial drug-resistant Escherichia coli to humans.
To assess this hypothesis, 931 geographically and tempo-
rally matched E. coli isolates from human volunteers (hos-
pital inpatients and healthy vegetarians) and commercial
poultry products (conventionally raised or raised without
antimicrobial drugs) were tested by PCR for phylogenetic
group (A, B1, B2, D) and 60 virulence genes associated
with extraintestinal pathogenic E. coli. Isolates resistant to
trimethoprim-sulfamethoxazole, quinolones, and extended-
spectrum cephalosporins (n = 331) were compared with
drug-susceptible isolates (n = 600) stratified by source.
Phylogenetic and virulence markers of drug-susceptible
human isolates differed considerably from those of human
and poultry isolates. In contrast, drug-resistant human iso-
lates were similar to poultry isolates, and drug-susceptible
and drug-resistant poullry isolates were largely indistin-
guishable. Many drug-resistant human fecal E. coli isolates
may originate from poultry, whereas drug-resistant poultry-
source E. coli isolates likely originate from susceptible poul-
try-source precursors.

Acquired resistance to first-line antimicrobial agents
increasingly complicates the management of extraint-
estinal infections due to Escherichia coli, which are a ma-
jor source of illness, death, and increased healthcare costs

*Minneapolis Veterans Affairs Medical Center, Minneapolis, Min-
nesota, USA; tUniversity of Minnesota, Minneapolis, Minnesota,
USA; $University of Minnesota, Saint Paul, Minnesota, USA; §Min-
nesota Department of Health, Saint Paul, MN; fUniversity of lowa,
Jowa City, lowa, USA; #lowa City Veterans Affairs Medical Center,
lowa City, lowa, USA; and **Marshfield Clinic Research Founda-
tion, Marshfield, Wisconsin, USA

(I-4). One suspected source of drug-resistant E. coli in hu-
mans is use of antimicrobial drugs in agriculture, This use
presumably selects for drug-resistant E. coli, which may be
transmitted to humans through the food supply (5-7). Sup-
porting this hypothesis is the high prevalence of antimicro-
bial drug—resistant £. coli in retail meat products, especially
poultry (8—/1), and the similar molecular characteristics of
fluoroquinolone-resistant £. coli from chicken carcasses and
from colonized and infected persons in Barcelona, Spain, in
contrast to the marked differences between drug-susceptible
and drug-resistant source isolates from humans (12).

To further assess the poultry-human connection, we
used molecular typing to characterize drug-resistant and
drug-susceptible E. coli isolates from feces of human vol-
unteers or newly hospitalized patients in Minnesota and
Wisconsin and from poultry products sold or processed in
the same region. Resistance phenotypes of interest include
trimethoprim-sulfamethoxazole (TMP-SMZ), quinolones/
fluoroquinolones, and extended-spectrum cephalosporins.
These agents are used for treatment of human E. coli infec-
tions. These drugs (or congeners) are also used in poultry
production (e.g., each year in the United States an estimat-
ed 1.6 billion broiler eggs or chicks receive ceftiofur [13]);
E. coli isolates resistant to these drugs are found in poul-
try. We examined, according to phylogenetic group distri-
bution and virulence gene profile, whether drug-resistant
human isolates more closely resemble susceptible human
isolates, which is consistent with acquisition of resistance
within humans, or instead resemble poultry isolates, which
is consistent with foodborne transmission of poultry-source
organisms to humans. We also examined whether poultry-
‘Current affiliation: Park Nicollet Clinic, Saint Louis Park, MN, USA
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Regulate the use of antibiotics on farm animals - The Denver Post 5/11/13 10:40 PM

intravenous drug saved his life.

These days, there are very few new drugs available or even in the discovery pipeline. That means we need
to preserve the efficacy of the life-saving medicines we have now, antibiotics like penicillin that are the
marvel of modern medicine but are now misused and overused in livestock operations on a massive scale.

We're proud that at Chipotle, you can eat pork from Russ' pasture knowing it was responsibly produced by
a farmer who is also a good steward of antibiotics. Unfortunately, that isn't the case everywhere. At
present, only a very small portion of America's meat is raised without reliance on antibiotics. Our
businesses are proof that livestock producers and food-sellers can make the switch profitably while
protecting the public health. But as current business practice demonstrates, voluntary measures alone aren't
enough to protect the public's health. We need the FDA to do its job and take real action to regulate the use
of antibiotics in the meat industry. Americans' lives depend on it.

Steve Ells is founder and co-CEO of Chipotle. Russ Kremer is a pork producer in Missouri.
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Regulate the use of antibiotics on farm animals

By Steve Ells and Russ Kremer The Denver Post
Posted: DenverPost.com |

the country's largest restaurant chains and one of its important suppliers. We believe food should taste
good. But more than that, it should be good for you, and should be produced in a way that's good for
communities and the ecosystems on which we all depend.

The food you enjoy shouldn't make you or other people sick. That's our philosophy, as the CEO of one of ‘

For years, we've operated successful businesses — Chipotle Mexican Grill and Ozark Mountain Pork |
Cooperative — with those ideas in mind. That's why we're concerned about