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Abstract
We determined the prevalence and characteristics of extended‐spectrum β‐lactamase
(ESBL) genes of Enterobacteriaceae in retail chicken meat and humans in the
Netherlands. Raw meat samples were obtained, and simultaneous cross‐sectional
surveys of faecal carriage were performed in 4 hospitals in the same area. Human blood
cultures from these hospitals that contained ESBL genes were included. A high
prevalence of ESBL genes was found in chicken meat (79.8%). Genetic analysis showed
that the predominant ESBL genes in chicken meat and human rectal swab specimens
were identical. These genes were also frequently found in human blood culture
isolates. Typing results of Escherichia coli strains showed a high degree of similarity
with strains from meat and humans. These findings suggest that the abundant presence
of ESBL genes in the food chain may have a profound effect on future treatment
options for a wide range of infections caused by Gram‐negative bacteria.
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Introduction
Infections with drug‐resistant bacteria are associated with higher rates of illnesses and
deaths, which have a serious effect on costs of healthcare.1,2 During the past decade,
drug resistance in Enterobacteriaceae has increased dramatically worldwide. This
increase has been caused mainly by an increased prevalence of extended‐spectrum
β‐lactamase (ESBL)‐producing Enterobacteriaceae3,4 and has increased the use of last‐
resort antimicrobial drugs (i.e., carbapenems).
ESBL genes are located on plasmids that can be easily transferred between and within
bacterial species. Some ESBL genes are mutant derivatives of established plasmid‐
mediated β‐lactamases (e.g., blaTEM/SHV), and others are mobilized from
environmental bacteria (e.g., blaCTX‐M). During the 1990s, most reports on ESBL genes
concerned blaTEM/SHV types, which were related to cross‐infections in hospitals.
However, the recent global increase has been caused mainly by blaCTX‐M–type genes.
The epidemiology of ESBL genes is changing rapidly and shows marked geographic
differences in distribution of genotypes of blaCTX‐M β‐lactamases.5 In the United
States, the most prevalent drug resistance gene in humans is currently blaCTX‐M‐15,
which is often associated with a widely distributed variant of Escherichia coli O:25b,
sequence type 131 (ST131). Bacteria containing ESBL genes are currently a common
cause of infections originating in community‐dwelling persons without a history of
hospitalization, and these organisms can then be introduced into hospitals.6‐9
Faecal carriage of ESBL genes has been identified as the major reservoir in the
environment, but the original source of this colonization has not been clearly identified.
Because bacterial species that carry ESBL genes are normal inhabitants of the
gastrointestinal tract, food is a potential source of them. The presence of ESBL genes
has been clearly documented in food‐production animals, especially chickens.10,11 Drug
resistance in animals is caused mainly by the large amount of antimicrobial drugs used
in food production. In addition to their presence in farm animals, ESBL genes have been
found in retail meat.12,13 A recent survey of broiler chickens in Great Britain found that
blaCTX‐M‐1 was the most prevalent ESBL gene.14 Although ESBL genes in food‐
production animals pose a potential threat to humans, Randall et al. concluded that
drug resistance genes in chickens (blaCTX‐M‐1) differed from the drug resistance genes
most frequently found in humans (blaCTX‐M‐15).14
In the Netherlands, use of antimicrobial drugs and associated drug resistance in
humans is among the lowest in Europe.15 Paradoxally, use of antimicrobial drugs in
food‐production animals in this country is among the highest in Europe.16 Therefore,
the Netherlands provides a good setting to monitor spread of drug resistance from an
animal reservoir into the human population. This spread was recently exemplified by
emergence of livestock‐associated methicillin‐resistant Staphylococcus aureus in pigs
and veal calves. This was first reported in the Netherlands in 2004 and has now been
reported worldwide.17 The aim of our study was to determine the prevalence of ESBL
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genes in retail meat and hospitalized patients in the Netherlands and to compare ESBL
genes and bacterial strains involved.

Methods
Meat survey

5.1

During August 17–October 30, 2009, a prospective observational study was conducted
in 4 hospitals in the southern part of the Netherlands (Sint Elisabeth Hospital in Tilburg,
Twee Steden Hospital in Tilburg, Amphia Hospital in Breda, and Lievensberg Hospital in
Bergen op Zoom). Randomly chosen packages of meat from major grocery stores in the
region of the 4 participating hospitals were included. Each sample was derived from a
different package containing raw and unspiced meat. All samples were incubated for
16–18 h at 37°C in 15 ml of tryptic soy broth (TSB). Subsequently, 100 μl of the initial
broth sample was transferred into a second sample of TSB broth containing 8 mg/l
vancomycin and 0.25 mg/l cefotaxime. After overnight incubation, 10 μl of the broth
was placed on a chromogenic agar plate selective for ESBL (bioMérieux, Marcy l’Etoile,
France), and the plates were incubated overnight. Colonies with distinct morphologic
appearance were further characterized.
Species and resistance patterns of oxidase‐negative, Gram‐negative rods were
determined by using the Vitek2 System (bioMérieux). Phenotypic confirmation of ESBL
was performed by using Etest (bioMérieux) for all isolates. A combination of
ceftazidime, cefotaxime, and cefepime with and without clavulanic acid was used. If the
MIC of >1 of the cephalosporins showed an 8‐fold reduction in combination with
clavulanic acid, the isolate was considered to be an ESBL producer. If the Etest result
was inconclusive, a combination disk diffusion test (Rosco, Taastrup, Denmark) was
performed. All tests were performed and interpreted according to the National
Guideline for the Laboratory Detection of ESBL.18

Fecal carriage survey
In the 4 hospitals in the same area where the meat had been obtained, 2 consecutive
prevalence surveys were performed 3 weeks apart (November 1‐December 20, 2009)
as part of each hospital’s infection control program. Patients who had positive results
for ESBL at the first sampling were excluded from subsequent sampling. These hospitals
provide care to ≈1 million persons. Rectal swab specimens were obtained from all
patients admitted to the internal medicine, surgery, urology, pulmonology, and
intensive care unit wards. Patients <18 years of age or those who had a colostomy were
excluded. Rectal swab specimens were incubated in TSB broth cultures by using broth
enrichment as described for the meat samples. Duration of hospitalization on the day
of the survey was recorded for all participating patients.
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Blood cultures
All E. coli and Klebsiella spp. resistant to cefotaxime, including all strains presumably
producing ESBL on the basis of microbiologic results, and isolated from clinical blood
cultures, were obtained during July 2008‐December 2009 from the 4 study hospitals.
Confirmation of ESBL genes was performed as described for meat samples. Blood
culture isolates were obtained from individual patients.

Genetic characterization of drug resistance genes
Characterisation of drug resistance genes in all strains that were phenotypically ESBL
producers was conducted 2 ways. First, we tested all isolates for blaCTX‐M by using
denaturing high‐performance liquid chromatography as described.19 Second, we
screened for ESBL genes by using a micro‐array (Check‐Points, Wageningen, the
Netherlands) that was designed to detect single nucleotide polymorphisms in essential
blaTEM and blaSHV genes, variant genes, and blaCTX‐M group genes (blaCTX‐M‐1‐
group, blaCTX‐M‐2‐group, blaCTX‐M‐9‐group, and blaCTX‐M‐8/25‐group). The
procedure has been reported.20 Subsequently, sequencing was performed to further
specify ESBL genotypes. On the basis of microarray results, blaSHV, blaTEM, and
blaCTX‐M genes were amplified by PCR and specific primers. PCR amplicons were
selected and sequenced after purification (Agencourt Ampure; Beckman Coulter,
Leiden, the Netherlands). Sequence analysis and alignments were performed by using
Bionumerics 6.01 software (Applied Maths, Sint‐Martens‐Latem, Belgium), the BLAST
program (http://blast.ncbi.nlm.nih.gov/Blast.cgi), and information from the Lahey Clinic
(Burlington, MA, USA) (www.lahey.org/studies). If results of denaturing high‐
perfomance liquid chromatography and DNA sequence were discordant, the DNA
sequence was used as the correct result.

Multilocus sequence typing of E. coli strains
All E. coli isolates from meat, rectal swab specimens, and blood cultures were typed by
using multilocus sequence typing (MLST) as described by Wirth et al..21 If patient or
meat samples contained >1 morphologically distinct ESBL‐producing E. coli strain, all
strains were included in the MLST analysis.

Statistical analysis
Data were analyzed by using SPSS version 18 software (SPSS, IBM, Somers, NY, USA).
Univariate analysis was performed for calculation of difference in prevalences by using
the χ2 test. One sample could contain >1 strain because morphologically distinct
colonies with different drug resistance genes or a different MLST result were all
included in the final analysis.
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Results
Meat survey
A total of 262 fresh meat samples were included in this study (mean weight 11.9 g). The
type of meat was chicken (n=89, 34.0%), beef (n=85, 32.4%), pork (n=57, 21.8%), mixed
or ground meat (n=22, 8.4%), and other types of meat (n=9, 3.4%). Phenotypic
screening initially identified 112 samples containing possible ESBL producers. Genotypic
confirmation identified 79 (30.2%) ESBL‐producing samples. Some samples contained
>1 type of ESBL gene. Prevalence of ESBL genes differed among the 4 meat groups: 71
(79.8%) in chicken, 4 (4.7%) in beef, 1 (1.8%) in pork, 2 (9.1%) in mixed or ground meat,
and 1 (11.1%) in other types of meat. ESBL gene prevalence was significantly higher in
chicken (P<0.001 for all comparisons with other meat types).

Fecal carriage survey

5.1

A total of 927 rectal swab specimens were obtained from 876 patients (461 male
patients and 415 female patients, mean ± SD age 65.7 ± 16.8 years). Phenotypic
screening identified 59 patients as possibly being infected with ESBL‐producing E. coli.
Confirmatory test results for ESBL genes were inconclusive for 2 samples and excluded
(no inconclusive results were obtained with meat or blood cultures). A total of 45
(4.9%) samples contained confirmed ESBL genes.

Blood cultures
Thirty‐one clinical blood cultures suspected of containing ESBL genes on the basis of
phenotypic screening were available for further analysis. Genetic characterization
confirmed that 23 (74.2%) samples contained ESBL genes.

ESBL‐producing bacterial species
Sixty‐eight (76.8%) chicken meat samples contained ESBL‐producing E. coli, 6 (7.7%)
contained ESBL‐producing Klebsiella spp., and 4 (5.1%) contained other ESBL‐producing
species. Of the 8 types found in other meat, all were ESBL‐producing E. coli. Rectal swab
specimens of hospitalized patients showed that 39 (69.6%) patients had E. coli, 11
(19.6%) had Klebsiella spp., and 8 (10.7%) had other bacterial species. Blood cultures
showed that 16 (64.0%) patients had E. coli and 9 (36.0%) had Klebsiella spp.

Drug resistance genes
The distribution of drug resistance genes from various sources is shown in Figure 5.1.1.
The predominant ESBL genotype in chicken meat was blaCTX‐M‐1 (n=50, 58.1%). This
genotype was also the most frequent ESBL genotype in rectal swab specimens (n=22,
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45.8%) and the second most common in blood cultures (n=5, 20.8%). In chicken meat,
blaCTX‐M‐1 (n=50, 58.1%) was the most common genotype, followed by blaTEM‐52
(n=12, 14.0%) and blaSHV‐12 (n=12, 14.0%). In other types of meat, 5 (62.5%) of 8 ESBL
genotypes were blaCTX‐M‐1. In rectal swab specimens of hospitalized patients, blaCTX‐
M‐1 (n=22, 45.8%) was the most common genotype, followed by blaCTX‐M‐15 (n=8,
16.7%) and blaTEM‐52 (n=6, 12.5%). In blood cultures, blaCTX‐M‐14 was the
predominant genotype (n=8, 33.3%).
A

B
2.1% (1)
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Figure 5.1.1 Distribution of extended‐spectrum β‐lactamase genes in chicken meat (A), human rectal swabs
(B), and human blood cultures (C), the Netherlands. Values in parentheses are numbers
positive.

Epidemiology of patients and drug resistance genes
When we compared the most prevalent drug resistance genes in 346 patients who had
been hospitalized ≤48 h at the time of screening with 581 patients who had been
hospitalized >48 h, prevalence was similar for blaCTX‐M‐1 (2.3% and 2.4%, respectively)
and for blaTEM‐52 (0.6% and 0.7%, respectively) in the 2 groups. Prevalence of blaCTX‐
M‐15 was 4 times higher in the group that was hospitalized longer (0.3% and 1.2%,
respectively; P=0.27). There was only 1 possible cluster of cases (same resistance gene
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at the same time at the same ward), which involved 3 patients with blaCTX‐M‐15. One
patient was infected with E. coli and 2 were infected with K. pneumoniae.

MLST of E. coli
MLST results of 158 ESBL‐positive E. coli strains isolated from chicken meat, other meat
types, rectal swab specimens, and blood cultures are shown in Figure 5.1.2. E. coli
containing ESBL genes showed a heterogeneous population that contained several
clusters. Most clusters contained strains isolated from meat and humans. All but 1 of
the ESBL‐producing strains from other meat types clustered with strains from chicken
meat. Twenty‐five (56.8%) of 44 strains from rectal swab specimens and 9 (56.3%) of
16 strains from blood cultures clustered with strains from chicken meat.
A
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C

131131

All E. coli

blaTEM‐52
117 117

38

blaCTX‐M1

38
117117
10 10

155
155

156
156
46
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2323
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155
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blaCTX‐M15

156

156

350350

Chicken meat

131
131

23 23

Other meat types
Rectal swabs
Blood cultures

Figure 5.1.2 Multilocus sequence typing patterns of Escherichia coli from chicken meat, other meat types,
human rectal swabs, and human blood cultures, the Netherlands. A) All E. coli containing
extended‐spectrum β‐lactamase genes; B) E. coli containing blaTEM‐52; C) E. coli containing
blaCTX‐M‐1; D) E. coli containing blaCTX‐M‐15. Major sequence types are shown as numbers.
Black connecting lines indicate single‐locus variants; gray connecting lines indicate double‐locus
variants; dashed connecting lines indicate strains with >3 loci that are different; and shadowing
indicates that >2 sequence types belong to 1 complex.
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MLST results for strains with blaCTX‐M‐1, blaCTX‐M‐15, and blaTEM‐52, are shown in
Figure 5.1.2. Genotypes blaCTX‐M‐1 and blaTEM‐52 showed a heterogeneous
population and clusters containing strains from humans and meat. E. coli harbouring
blaCTX‐M‐15 was found less frequently, and no clusters with human‐derived and meat‐
derived strains were observed. The widely disseminated ST131 clone was found in
human samples only 4 times in combination with blaCTX‐M‐15, twice with blaCTX‐M‐
14, and once with blaSHV‐12.

Discussion
ESBL genes were found in a high (79.8%) proportion of retail chicken meat samples in
the Netherlands. A comparison of ESBL‐producing Enterobacteriaceae derived from
meat and hospitalized patients showed a high degree of similarity of resistance genes
and MLST patterns. Genotype blaCTX‐M‐1 was the most frequent drug resistance gene
in chicken meat and human rectal swabs and the second most frequent in blood
cultures. Other meat types contained similar drug resistance genes, but the prevalence
of ESBL genes was much lower. It is unclear whether ESBL genes in other meat types
are related to a reservoir in food‐production animals or contamination at meat
processing facilities. An extensive reservoir of ESBL genes on farms was repeatedly
shown in poultry.10,11 Our findings suggest a relationship between contamination of
chicken meat with drug‐resistant bacteria and appearance of ESBL genes in humans in
the Netherlands. This relationship was further supported by genomic comparison of
strains detected in chicken meat with those detected in human faecal specimens. MLST
showed that most E. coli strains harbouring blaCTX‐M‐1 or blaTEM‐52 from humans
and meat belonged to clusters containing strains from both sources. These findings
suggest a relationship between contamination of chicken meat and appearance of ESBL
genes in humans in the Netherlands.
The high prevalence of ESBL genes in chicken meat is consistent with findings of other
investigators. Doi et al. reported that 67% of retail meat samples in Seville, Spain,
contained ESBL or ESBL‐like resistance genes.12 A survey of imported raw chicken in the
United Kingdom reported ESBL genes in 10 of 27 samples.13 The authors concluded that
ESBL genes in meat pose a potential threat to humans, but that the most prevalent
ESBL genotype in humans in the United Kingdom (blaCTX‐M‐15) was not found in
imported meat.
In our study, we found a high degree of similarity between drug resistance genes in
humans and retail meat. A possible explanation for this finding is that in the
Netherlands, where drug resistance in bacterial isolates in humans is less frequent15
and cross‐transmission in hospitals is controlled effectively,22 the role of acquiring drug‐
resistant strains from food is more easily detected. In addition, the Netherlands is one
of the highest users of antimicrobial agents in food‐production animals,16 which results
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in high rates of drug resistance among these animals. A report by the Veterinary
Antibiotic Usage and Resistance Surveillance Working Group showed that cefotaxime‐
resistant E. coli in poultry meat in the Netherlands has emerged since 2005.23 This
finding coincides with the increase in third‐generation cephalosporin‐resistance in E.
coli and K. pneumonia bacteria in invasive infections in humans reported by the
European Antimicrobial Resistance Surveillance Network.24
We performed a prevalence survey among hospitalized patients to determine the size
and nature of the reservoir of ESBL genes. Nearly 5% of all hospitalized patients were
carriers of ESBL genes. It is difficult to put this rate into context because no screening
studies have been conducted in the Netherlands. A large study in Chicago, Illinois, USA,
found that during 2000–2005, the rate of ESBL gene carriage among high‐risk,
hospitalized patients increased from 1.3% to 3.2%, and bacteraemia developed in 8.5%
of all previously identified ESBL gene carriers during hospitalization.25 In Spain, an
increase was also observed in faecal carriage in hospitalized patients from 0.3% in 1991
to 11.8% in 2003.7
The rate we observed in 2009 in the Netherlands was lower than rates in Spain in 2003,
which would be expected because of low antimicrobial drug resistance rates in the
Netherlands.24 Conversely, a prevalence of 5% extrapolated to the Dutch population in
2011 (16.700.000 inhabitants) would indicate that currently >800,000 persons in the
Netherlands are colonized with ESBL‐producing bacteria. Because use of antimicrobial
drugs in the health care setting in the Netherlands is low and has not changed during
the past decade, alternative factors for increased drug resistance are not known. An
indication for the role of a community reservoir is the prevalence of drug resistance
genes in patients who had been hospitalized ≤48 h and those hospitalized >48 h. Drug
resistance genes that are associated with a proposed food reservoir26 (blaCTX‐M‐1 and
blaTEM‐52) were already present at hospitalization. However, blaCTX‐M‐15, which is
reported to be associated with health care settings,26 had a higher, albeit not
significant, prevalence in the group who had been in the hospital >48 h.
Considering what is known about the epidemiology of E. coli, the abundance of ESBL
genes in chicken meat is a likely explanation for current findings in humans. Although
there are extensive campaigns promoting safe handling of chicken meat during
processing, enteric pathogens are frequently transferred to humans and pose a
continuous public health threat.27 Johnson et al. studied geographically and temporally
matched E. coli isolates from humans and poultry.28 Drug‐susceptible E. coli isolates
from humans differed from drug‐resistant isolates from humans and from isolates in
poultry irrespective of their drug resistance pattern. Drug‐susceptible isolates from
poultry were similar to drug‐resistant isolates of poultry and humans. Their conclusion
was that drug resistant human faecal E. coli isolates likely originate from poultry,
whereas drug‐resistant E. coli isolates from poultry likely originate from susceptible
precursors in poultry. In vitro experimental support for our hypothesis comes from a
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recent study showing transfer of a blaTEM‐52–carrying plasmid from an avian E. coli
strain to 2 human E. coli strains in a continuous flow culture model.29
Emergence of ESBL genes in poultry has been associated with use of third‐generation
cephalosporins (particularly ceftiofur) in chickens. In Canada, a strong correlation was
found between incidence of ceftiofur resistant Samonella enterica serovar Heidelberg
in humans and retail chickens.30 Use of ceftiofur in animals was stopped voluntarily,
and ceftiofur resistance rates subsequently decreased in retail chicken meat and
humans. After partial reintroduction of this drug, resistance rates in poultry and
humans increased, providing further evidence for a zoonotic source of ESBL genes.
Overrepresentation of ST131 in blood cultures confirms the virulent properties
attributed to this clone. Typically, ST131 is found in association with blaCTX‐M‐15. In
our survey, ST131 strains were associated with 3 drug resistance genes. This finding
indicates that this virulent clone also acquires other drug resistance genes. We did not
find ST131 in the chicken meat samples, which is reassuring at this time. However,
other studies have recently identified ST131 in poultry and retail meat.31,32 These
findings confirm that virulent clones of E. coli are capable of crossing species barriers
between humans and animals. In addition, mobile drug resistance genes also cross this
barrier and are likely to accelerate dissemination of drug resistance between animals
and humans.
We conclude that the high rate of ESBL contamination of retail chicken meat in the
Netherlands, which involves many of the same ESBL genes present in colonized and
infected humans, is a plausible source of the recent increase of ESBL genes in the
Netherlands. The similarity of E. coli strains and predominant drug resistance genes in
meat and humans provides circumstantial evidence for an animal reservoir for a
substantial part of ESBL genes found in humans. The threat of the high rate of
antimicrobial drug use in food‐production animals and associated emergence of drug
resistance in zoonotic pathogens has been recognized for decades. Our group and
others found that most samples of retail chicken meat contain transmissible drug
resistance genes in bacterial species that are part of the normal human intestinal flora.
This finding may have a profound effect on future treatment options for a wide range
of infections with Gram‐negative bacteria.
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The worldwide prevalence of extended‐spectrum β‐lactamase (ESBL)–producing
Enterobacteriaceae is increasing rapidly both in hospitals and in the community. A
connection between ESBL‐producing bacteria in food animals, retail meat, and humans
has been suggested. We previously reported on the genetic composition of a collection
of ESBL‐producing Escherichia coli from chicken meat and humans from a restricted
geographic area. Now, we have extended the analysis with plasmid replicons, virulence
factors, and highly discriminatory genomic profiling methods.
One hundred forty‐five ESBL‐producing E. coli isolates from retail chicken meat, human
rectal carriers, and blood cultures were analyzed using multilocus sequence typing
(MLST), phylotyping, ESBL genes, plasmid replicons, virulence genes, amplified
fragment length polymorphism (AFLP), and pulsed‐field gel electrophoresis (PFGE).
The 3 source groups overlapped substantially when their genetic composition was
compared. A combined analysis using all variables yielded the highest resolution (Wilks
lambda [Λ]: 0.08). Still, a prediction model based on the combined data classified 40%
of the human isolates as chicken meat isolates. AFLP and PFGE showed that the isolates
from humans and chicken meat could not be segregated and identified 1 perfect match
between humans and chicken meat.
We found significant genetic similarities among ESBL‐producing E. coli isolates from
chicken meat and humans according to mobile resistance elements, virulence genes,
and genomic backbone. Therefore, chicken meat is a likely contributor to the recent
emergence of ESBL‐producing E. coli in human infections in the study region. This raises
serious food safety questions regarding the abundant presence of ESBL‐producing E.
coli in chicken meat.
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Introduction
The prevalence of extended‐spectrum β‐lactamase (ESBL)–producing Entero‐
bacteriaceae is increasing rapidly worldwide.1 Infections with these and other resistant
bacteria are associated with increased morbidity, mortality, and healthcare costs.2,3
Initially, infections with ESBL‐producing bacteria were almost exclusively hospital‐
associated. Today, however, such infections are increasingly frequent among
community‐dwelling patients without a history of hospitalization or antimicrobial
use.4‐6 Faecal carriage is believed to be the most important reservoir for ESBL‐producing
bacteria in the community.
A connection between ESBL‐producing bacteria in food animals and humans has been
proposed; indeed the presence of these bacteria in food animals has been documented
repeatedly.7‐9 Recently, we showed that the vast majority of retail chicken meat in the
Netherlands was contaminated with ESBL‐producing Enterobacteriaceae.10 A close
resemblance of strains and ESBL genes was found between ESBL‐producing Escherichia
coli from chicken meat and from humans. This makes chicken meat a plausible source
of ESBL‐producing E. coli in humans. ESBL genes usually are located on plasmids, which
may also carry virulence factors.11 Plasmid‐borne resistance genes may spread clonally
with the strains but can also spread among different strains by plasmid transfer. The
multiple levels of transmission make elucidation of the epidemiology of ESBL‐producing
Enterobacteriaceae extremely complicated.
Worldwide, huge geographic differences in the prevailing ESBL genes are observed.12
Although there is ample knowledge regarding the epidemiology of E. coli, local
differences clearly do exist. For example, the ST131 CTX‐M15‐positive ESBL‐producing
E. coli clone is a known virulent strain that causes a substantial fraction of ESBL‐
associated infections in many countries.13 However, in the Netherlands, this clone is
rarely found.10
Virulence factors are important in the epidemiology and pathophysiology of E. coli
infections. Phylogenetic groups are associated with virulence factors and the likelihood
of causing various infections.14,15 Virulent strains causing extra‐intestinal infections
belong mainly to groups B2 and D, whereas strains from group A and B1 are less often
recovered from extra‐intestinal body sites.
The aim of this study was to further explore the relationships among ESBL‐producing
E. coli isolates from chicken meat, human rectal samples, and human blood cultures in
the Netherlands by combining new data regarding virulence genes, plasmids,
phylogenetic groups, amplified fragment length polymorphism (AFLP), and pulsed‐field
gel electrophoresis (PFGE) with previously reported ESBL genotyping and multilocus
sequence typing (MLST) results.10
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Methods
Strain collection
The 145 studied ESBL‐producing E. coli isolates were part of a previously described
collection of 158 ESBL‐producing E. coli from retail chicken meat and humans in the
southern part of the Netherlands isolated during 2008–2009.10

Genetic characterization of ESBL genes
As reported previously,10 characterization of resistance genes was performed using a
microarray (Check‐Points, Wageningen, the Netherlands)16 and sequencing.

Multilocus sequence typing (MLST) and phylogenetic group distribution

5.2

All ESBL‐producing E. coli isolates from meat, rectal swabs, and blood cultures
underwent MLST according to the method described by Wirth et al.,17 as reported
previously.10 Here, the MLST results were newly used to assign isolates to a major E. coli
phylogenetic group by comparison with the public MLST database
(http://mlst.ucc.ie/mlst/dbs/ecoli) and a private MLST database (D.G.), within which
MLST nucleotide sequence data have been used to assign the various sequence types
to E. coli phylogroups according to several population assignment algorithms.14 For
sequence types that appeared in both datasets and were assigned to the same
phylogroup in each dataset, or appeared in only 1 of the 2 datasets, the corresponding
phylogroup assignment was used. For sequence types that did not appear in either
dataset, or had conflicting phylogroup assignments in the 2 datasets, the triplex
polymerase chain reaction (PCR) method of Clermont et al.,15 which is less precise than
MLST,14 was used for phylogroup assignment.

Characterization of plasmids
DNA was newly tested using real‐time PCR for the presence of 15 common plasmid
replicons (InqI1, Frep, FIA, ColEtp, FIB, FIIs, R, ColE, B/O, A/C, N, P, HI2, FIC, Y). The
primers used to amplify the 15 plasmid replicons were previously described by Carattoli
et al..18

Virulence genotyping
Extended virulence genotypes for 51 markers associated with extra‐intestinal
pathogenic E. coli were newly determined using established multiplex PCR‐based
assays.19 The virulence score was calculated as the total number of virulence genes
present in a single strain.

104

Extended comparison of ESBL‐producing E. coli in chicken meat and humans

Amplification fragment length polymorphism typing (AFLP)
For a higher‐resolution assessment of whole‐chromosome similarity relationships, a
subset of 30 isolates newly underwent AFLP typing, as described by Savelkoul et al..20
These 30 isolates were those that were predicted to be the most likely in the study
population to exhibit whole‐chromosome profile commonality across source groups (ie,
human vs meat) based on their across‐group similarity according to the other studied
molecular characteristics, as assessed by inspection, discriminant analysis (see below),
or principal coordinates analysis (not shown).

Pulsed‐field gel electrophoresis analysis (PFGE)
To provide even higher resolution assessment of whole‐chromosome similarity
relationships, the same 30 isolates also newly underwent XbaI PFGE analysis. Profiles
were captured and analysed using Bionumerics (Applied Maths). Pulsotypes were
defined at the ≥94% profile similarity level based on Dice similarity coefficients, which
corresponds approximately with the 3‐band difference criterion of Tenover et al..21

Statistical analysis
Data were analysed with Statistical Package for Social Sciences software (SPSS version
18). Predicted grouping of isolates by inferred source based on their molecular
characteristics was done using discriminant function analysis. Prediction models were
made using different combinations of the study variables, with prior probabilities being
computed based on group sizes. Wilks lambda (Λ), which indicates the proportion of
variability that is not explained by the model, was calculated. Cross‐validation was
performed by leaving the case to be classified out of the analysis, then classifying it
based on the resulting (n‐1) data set. Statistical significance was accepted at P<0.05.

Results
Isolates
The 145 ESBL‐producing E. coli study isolates from the Netherlands derived from
chicken meat (n=87), human carriers (n=43), and human blood cultures (n=15), and
were confirmed as ESBL‐producers based on their phenotype and by sequencing the
ESBL genes.10

Multilocus sequence typing
Multilocus sequence typing showed a heterogeneous population containing several
clusters (Figure 5.2.1A). Most clusters contained isolates from both chicken meat and
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humans. Notably, 22 of the 43 (51%) isolates from human carriers and 4 of the 15 (27%)
blood culture isolates clustered with chicken meat isolates. These findings are more or
less similar to the previous report, which contained largely the same strains.10
A
23
23

10
10
131
131

117

155

168
168
46
46

156

Chicken meat
Human carriers
Blood cultures

B

23
23

10
10
131
131

117
117

5.2

155
155

168
168
46
46

156
156
Phylogroup A
Phylogroup B1
Phylogroup B2
Phylogroup D
PhylogroupE

Figure 5.2.1 Minimal spanning tree based on multilocus sequence typing (MLST) of extended‐spectrum
β‐lactamase–producing Escherichia coli isolates. A) The 3 source groups: chicken meat (yellow),
human carriers (green), and blood cultures (red). B) The phylogenetic groups: A (dark blue), B1
(light blue), B2 (cyan), D (brown), and E (purple). Representative sequence types are shown as
numbers. Black connecting lines indicate single‐locus variants; gray connecting lines indicate
double‐locus variants; dashed connecting lines indicate strains with ≥3 loci that are different;
and shadowing indicates that >2 sequence types belong to 1 clonal complex.
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Phylogenetic Groups
The phylogenetic group distribution of the isolates from human carriers and chicken
meat was comparable (Table 5.2.1 and Figure 5.2.1B). In contrast, the blood culture
isolates belonged significantly more often to group B2, and less often to group B1.
Table 5.2.1

Distribution of phylogenetic groups among 145 extended‐spectrum β‐lactamase‐producing
Escherichia coli isolates from human carriers, blood cultures, and chicken meat.

Prevalence of phylogenetic group, No. (Column %)
Phylogenetic
Human Carriers
Blood Cultures
Chicken Meat
Group
(n=43)
(n=15)
(n=87)
A
13 (30%)
3 (20%)
24 (28%)
a,b
B1
16 (37%)
1 (7%)
38 (44%)
a,b
B2
3 (7%)
7 (47%)
2 (2%)
D
11 (26%)
4 (27%)
20 (23%)
E
0
0
3 (3%)
a
Statistically significant (P<0.05, Fisher exact test) variation between blood cultures and human carriers.
b
Statistically significant (P<0.05, Fisher exact test) variation between blood cultures and chicken meat.

ESBL genes
Table 5.2.2 shows the distribution of ESBL genes among the 3 source groups. The most
prevalent ESBL gene was blaCTX‐M‐1, both overall (62%) and within each group. The
second most prevalent ESBL gene was blaTEM‐52, both overall (13%) and among
chicken meat and human carrier isolates. In contrast, among blood culture isolates the
second and third most prevalent ESBL genes were blaCTX‐M‐15 and blaCTX‐M‐14,
respectively. In chicken meat isolates, blaCTX‐M‐15 was not detected and blaCTX‐M‐14
was found only once. Overall, 39 of the 44 (89%) ESBL genes found in human carrier
isolates and 12 of the 16 (75%) ESBL genes found in blood culture isolates were also
found in chicken meat isolates, as reported previously.10

Plasmids
Table 5.2.3 shows the distribution by source group of the 15 studied plasmid replicon
types, 4 of which were not detected. The 11 detected replicon types exhibited limited
variability in prevalence by source group, including a comparatively high prevalence of
FIA and ColEtp among blood culture isolates and of ColE among human carriage
isolates. IncI1, the replicon type associated with blaCTX‐M‐1,22 was found most
frequently among chicken meat isolates, but also was highly prevalent among blood
culture and human carriage isolates.
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Distribution of extended‐spectrum β‐lactamase (ESBL) genes by source group among 145 ESBL‐
producing Escherichia coli isolates from humans and chicken meat.

Table 5.2.2

a

a

ESBL gene

b

blaCTX‐M‐1
blaCTX‐M‐2
blaCTX‐M‐9
b
blaCTX‐M‐14
b,c
blaCTX‐M‐15
blaCTX‐M‐64
blaSHV‐2
c
blaSHV‐12
blaTEM‐19
blaTEM‐52
Total

d

Prevalence of ESBL Gene, No. (Column %)
Human Carriers
Blood Cultures
Chicken Meat
(n=43)
(n=15)
(n=87)
25 (58%)
5 (33%)
60 (69%)
1 (2%)
0
1 (1%)
0
1 (7%)
4 (5%)
4 (9%)
3 (20%)
1 (1%)
3 (7%)
4 (27%)
0
1 (2%)
0
0
1 (2%)
1 (7%)
1 (1%)
0
1 (7%)
11 (13%)
1 (2%)
0
0
8 (18%)
1 (7%)
11 (13%)
a,c

44

a,c

16

a,c

89

a

Column percentages represent the number of ESBL genes divided by the number of isolates in the source
b
group. Statistically significant variation (P<0.05, Fisher exact test) between blood cultures and chicken meat.
c
d
Statistically significant variation (P<0.05, Fisher exact test) between human carriers and chicken meat. One
human carrier, 1 blood culture, and 2 chicken meat isolates each contained 2 resistance genes. Therefore, the
total number of resistance genes is larger than the number of isolates.
Table 5.2.3
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Plasmid
a
Replicon
b
IncI1
Frep
c,d
FIA
ColEtp
b,d
FIB
FIIs
R
b,c
ColE
B/O
P
FIC

Distribution of plasmid replicons by source group among 145 extended‐spectrum β‐lactamase‐
producing Escherichia coli isolates from humans and chicken meat.
Prevalence of replicon within sourcegroup, No. (Column %)
Human Carriers
Blood Cultures
Chicken Meat
(n=43)
(n=15)
(n=87)
29 (67)
11 (73)
76 (87)
28 (65)
12 (80)
65 (75)
7 (16)
8 (53)
9 (10)
11 (26)
6 (40)
16 (18)
22 (51)
8 (53)
64 (74)
1 (2)
0
2 (2)
3 (7)
0
1 (1)
23 (54)
1 (7)
8 (9)
2 (5)
0
1 (1)
1 (2)
0
2 (2)
1 (2)
0
0

a

Only plasmid replicons that were detected in ≥1 isolate are shown. The following plasmid replicons were not
b
detected: HI2, N, and Y. Statistically significant variation (P<0.05, Fisher exact test) between human carriers
c
and chicken meat. Statistically significant variation (P<0.05, Fisher exact test) between blood cultures and
d
human carriers. Statistically significant variation (P<0.05, Fisher exact test) between blood cultures and
chicken meat.

Virulence genes and virulence scores
Table 5.2.4 shows the distribution by source group of the 51 studied virulence genes,
10 of which were not detected. Of the 41 detected virulence genes, 29 (71%) were
found among both human and chicken meat isolates. Only one was restricted to
chicken meat (papG allele III), and it occurred in a single isolate only. In contrast, 11

108

Extended comparison of ESBL‐producing E. coli in chicken meat and humans

virulence genes occurred exclusively among human‐source isolates (papAH, sfa/focDE,
afa/draBC, afaE8, bmaE, hlyD, cnf1, sat, kpsM K5, kpsM K15, and ibeA). Several
virulence genes were significantly overrepresented among blood isolates, for example,
the adhesin genes papAH and iha, the toxin gene sat, the siderophore receptor gene
fyuA, the capsule genes kpsM II and kpsM K5, the bacteriocin gene usp, and the
pathogenicity island marker malX. Aggregate virulence scores were significantly higher
among blood culture isolates than among human carriage isolates (P=0.003) and
chicken meat isolates (P=0.001), but did not differ significantly between the latter 2
groups (Figure 5.2.2).

Discriminant function analysis
Discriminant function models were made for each of the molecular methods
separately. The discriminatory power was lowest using MLST alleles (Wilks Λ: 0.79) and
increased for phylogenetic groups (Wilks Λ: 0.74), ESBL genes (Wilks Λ: 0.69), plasmid
replicons (Wilks Λ: 0.56), and virulence genes (Wilks Λ: 0.19). A combined analysis using
all variables is shown in Figure 5.2.3. This model yielded the highest resolution (Wilks Λ:
0.08). Still, there was substantial overlap between the isolates from humans and from
chicken meat. Table 5.2.5 shows a series of prediction models based on discriminant
function analysis. All models yielded substantial misclassification, indicating
considerable overlap among the isolates from the 3 source groups according to the
analysed traits. The combined model, which had the highest discriminatory power, still
classified 40% of the human isolates (both from carriers and from blood cultures) as
chicken meat isolates, suggesting a possible chicken meat origin for these isolates.

virulence score

5.2
21 15 14 13 12 11 10 9876543210human carriers

blood cultures
source of strain

chicken meat

Figure 5.2.2 Box plot of virulence gene scores among isolates from human carriers, blood cultures, and
chicken meat. The grey box indicates the median and the quartiles. The extended bars indicate
the 5th and 95th percentiles.
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Table 5.2.4

Distribution of virulence genes by source group among 145 extended‐spectrum β‐lactamase‐
producing Escherichia coli isolates from humans and chicken meat.

Virulence gene
c

papAH
papC
papEF
papG
papG allele II
papG allele III
sfa/focDE
afa/draBC
afaE8
b,c
iha
bmaE
fimH
hra
hlyD
c,d
hlyF
cnf1
b,c
sat
Pic
Vat
c,d
Tsh
astA
c,d
iroN
b,c
fyuA
ireA
b,c
iutA
b,c
kpsM II
kpsMT III
kpsMT K1
b,c
kpsMT K5
kpsMT K15
kpsMT K2
cvaC
b,c
usp
traT
ibeA
b,c
ompT
c,d
Iss
H7 fliC
,c
malX

5.2

a

Prevalence of virulence gene, no. (column %)
Human carriers
Blood cultures
Chicken meat
(n=43)
(n=15)
(n=87)
3 (7)
4 (27)
0
4 (9)
3 (20)
6 (7)
2 (5)
2 (13)
5 (6)
2 (5)
1 (7)
3 (3)
0
2 (13)
6 (7)
0
0
1 (1)
1 (2)
0
0
2 (5)
1 (7)
0
2 (5)
0
0
3 (7)
7 (47)
4 (5)
2 (5)
0
0
40 (93)
13 (87)
84 (97)
7 (16)
3 (20)
16 (18)
1 (2)
0
0
18 (42)
5 (33)
61 (70)
1 (2)
0
0
1 (2)
6 (40)
0
2 (5)
0
6 (7)
4 (9)
1 (7)
7 (8)
3 (7)
2 (13)
32 (37)
4 (9)
2 (13)
10 (12)
18 (42)
4 (27)
61 (70)
20 (47)
12 (80)
21 (24)
3 (7)
2 (13)
18 (21)
19 (42)
13 (87)
57 (66)
5 (12)
7 (47)
4 (5)
2 (5)
1 (7)
2 (2)
0
1 (7)
1 (1)
1 (2)
3 (20)
0
0
1 (7)
0
3 (7)
2 (13)
1 (1)
10 (23)
3 (20)
29 (33)
3 (7)
8 (53)
3 (3)
29 (67)
11 (73)
71 (82)
2 (5)
1 (7)
0
10 (23)
11 (73)
38 (44)
17 (40)
4 (27)
63 (72)
2 (5)
1 (7)
1 (1)
4 (9)
7 (47)
3 (3)

Only genes that were detected in ≥1 isolate are shown. The following virulence genes were not detected:
b
papG allele I, sfaS, focG, gafD, F17, clpG, cdtB, rfc, clbB, and clbN. Statistically significant variation (P<0.05,
c
Fishers’ exact test) between blood cultures and human carriers. Statistically significant variation (P<0.05,
d
Fishers’ exact test) between blood cultures and chicken meat. Statistically significant variation (P<0.05,
Fishers’ exact test) between human carriers and chicken meat
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Wilks lambda: 0.08 P<.001

human carriers

Function 2

blood cultures

chicken meat

Source of strain
human carriers
blood cultures
chicken meat
Group Centroid

Function 1

Figure 5.2.3 Discriminant functions based on extended‐spectrum β‐lactamase genes, plasmid replicons,
virulence genes, multilocus sequence typing alleles, and phylogenetic groups. Wilks Λ is
provided, indicating the proportion of variability not explained by the model and the
significance of the functions.
Table 5.2.5

Prediction models based on discriminant analysis using extended‐spectrum β‐lactamase genes,
plasmid replicons, virulence genes, phylogenetic groups, and multilocus sequence typing alleles.

Variables used in
model
ESBL genes

Actual source

Total no.

Human carriers
Blood culture
Chicken meat
Plasmid replicons
Human carriers
Blood culture
Chicken meat
Virulence
Human carriers
Blood culture
Chicken meat
Phylogenetic groups Human carriers
Blood culture
Chicken meat
Alleles of MLST
Human carriers
Blood culture
Chicken meat

43
15
87
43
15
87
43
15
87
43
15
87
43
15
87

All variables

Human carriers
Blood culture
Chicken meat

43
15
87

Predicted Group Membership
Human Carriers Blood Carriers
Chicken Meat
No. (%)
No. (%)
No. (%)
9 (21)
8 (19)
26 (60)
5 (33)
4 (27)
6 (40)
12 (28)
2 (2)
73 (84)
24 (56)
4 (9)
15 (35)
2 (13)
8 (53)
5 (33)
15 (17)
4 (5)
68 (78)
25 (58)
2 (5)
16 (37)
3 (20)
9 (60)
3 (20)
23 (26)
2 (2)
61 (71)
25 (58)
3 (7)
15 (35)
7 (47)
7 (47)
1 (7)
43 (49)
2 (2)
42 (48)
18 (42)
1 (2)
24 (46)
2 (13)
3 (20)
10 (67)
38 (44)
6 (7)
43 (49)
20 (47)
2 (13)
15 (17)

6 (14)
7 (47)
3 (3)

17 (39)
6 (40)
69 (79)

ESBL=extended‐spectrum β‐lactamase; MLST=multilocus sequence typing.
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AFLP and PFGE analysis
To assess whole‐chromosome similarity across source groups, AFLP and PFGE analysis
was done for a subset of the study isolates (n=30), including the above “overlap”
isolates from the discriminant analysis, plus several others for which combined trait
profiles suggested human‐meat commonality based on inspection and/or principal
coordinated analysis (not shown). Figures 5.2.4, 5.2.5, and 5.2.6 show dendrograms of
AFLP and PFGE profiles for selected isolates from this subset belonging to
phylogroups A (n=15), B1 (n=8), and D (n=7), respectively. In general, the isolates from
the 3 source groups are extensively intermixed, with limited if any segregation by
source group. Among the phylogroup A isolates, AFLP showed blood culture isolate A7
to be related to 2 chicken meat strains, whereas PFGE (which is considered more
discriminating than AFLP) did not support this finding (Figure 5.2.4). Both AFLP and
PFGE considered isolates A9 and A10 from human carriers related. Among the B1
isolates, both AFLP and PFGE identified 1 perfect match between a strain from a human
carrier and 1 from chicken meat (B1‐5 and B1‐6; Figure 5.2.5). Among the phylogroup D
isolates, AFLP identified 2 clusters, 1 of which contains 2 strains from meat and 1 from a
human carrier (Figure 5.2.6). PFGE identified the same 2 clusters, but suggested a lower
degree of similarity among the isolates (Figure 5.2.6).
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Figure 5.2.4 Amplification fragment length polymorphism (AFLP) and pulsed‐field gel electrophoresis (PFGE)
analysis of selected extended‐spectrum β‐lactamase–producing Escherichia coli isolates from
humans and chicken meat belonging to phylogroup A. Red bars indicate clusters into which the
profiles segregated. Numbers behind the PFGE profiles correlate with the numbers behind the
AFLP profiles. Coloured circles indicate the source group: chicken meat (yellow), human carrier
(green), and blood culture (red).
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Figure 5.2.5 Amplification fragment length polymorphism (AFLP) and pulsed‐field gel electrophoresis (PFGE)
analysis of selected extended‐spectrum β‐lactamase–producing Escherichia coli isolates from
humans and chicken meat belonging to phylogroup B1. Red bars indicate clusters into which
the profiles segregated. Numbers behind the PFGE profiles correlate with the numbers behind
the AFLP profiles. Coloured circles indicate the source group: chicken meat (yellow), and human
carrier (green).
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Figure 5.2.6 Amplification fragment length polymorphism (AFLP) and pulsed‐field gel electrophoresis (PFGE)
analysis of selected extended‐spectrum β‐lactamase–producing Escherichia coli isolates from
humans and chicken meat belonging to phylogroup D. Red bars indicate clusters into which the
profiles segregated. Numbers behind the PFGE profiles correlate with the numbers behind the
AFLP profiles. Coloured circles indicate the source group: chicken meat (yellow), human carrier
(green), and blood culture (red).
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Discussion
In this study we assessed 145 ESBL‐producing E. coli isolates from retail chicken meat
and infected or healthy humans in the Netherlands for molecular similarity according to
genomic backbone (as assessed by phylotyping, MLST, AFLP, and PFGE), ESBL genes,
plasmid replicons, and virulence genes. It provides what, to our knowledge, is the most
detailed analysis to date of the link between ESBL‐producing E. coli from chicken meat
and that from humans. We found a remarkable degree of similarity between ESBL‐
producing E. coli from chicken meat and humans, especially the human carrier isolates.
Even when all molecular markers were used, discriminant function analysis could not
reliably segregate the human isolates from those derived from chicken meat. This
intermixed pattern was confirmed by AFLP and PFGE. In this relatively small sample
there was even 1 perfect match between chicken meat and humans according to all
methods used, including AFLP and PFGE. These findings implicate chicken meat as a
source, in the study region, for a substantial fraction of the ESBL‐producing E. coli
strains that colonize humans and the associated plasmid‐mediated resistance genes.
The phylogroup distribution was remarkably similar across source groups. Statistical
significant differences were found only for the blood culture isolates, and only
regarding the prevalence of groups B1 and B2. Group B2 is usually described as the
most prevalent phylogroup among isolates from humans.23 However, we found group
B2 to be rare among human carriers, whereas groups A and B1 predominated. The
basis for this difference remains to be elucidated but may reflect a different
epidemiology of ESBL‐producing E. coli compared with susceptible E. coli. Previous
reports suggest that resistant E. coli strains are probably more likely to be transmitted
from poultry to humans than are susceptible variants,24 and that phylogroups A and B1
predominate among poultry‐source E. coli.23 Thus, the present study population, which
consisted of resistant E. coli only, may have been biased toward chicken‐source
isolates, which predictably would confound the ability of discriminant analysis to
accurately predict the true original source of the isolates.
Apparently, in our locale, a substantial proportion of the ESBL genes in the human
intestinal E. coli population are derived from chicken meat. It is unclear what
proportion of such resistance is due to transfer of mobile genetic elements from
chicken‐source strains to resident human intestinal strains, as was described using an in
vitro model,25 vs. direct transfer of resistant strains from the food chain. The greater
degree of overlap among source groups according to mobile elements such as plasmid
replicons and ESBL genes, as compared with chromosomal traits, suggests that an
appreciable degree of transfer of mobile elements does occur from chicken‐source
strains to resident human strains. Nonetheless, substantial overlap according to
chromosomal characteristics was also found.
Previous studies have identified food as an important source of E. coli in the human gut.
For example, in 2 related studies, consumption by human volunteers of a sterile diet for
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several weeks produced a significant decrease in the variability in E. coli serotypes26 and
the density of antimicrobial‐resistant E. coli27 in the intestinal microbiota, suggesting
that food normally provides a continuous input of diverse E. coli. Additionally, Danish
investigators recently showed that geographically and temporally matched E. coli
isolates from patients with urinary tract infections, community‐dwelling humans, and
several meat sources overlapped for phylogenetic groups and resistance phenotypes,
implicating meat as a source of E. coli in humans, including disease‐causing strains.23
Likewise, a recent survey comparing resistance rates among E. coli from humans versus
from poultry, pigs, and cattle in 11 European countries found strong, statistically
significant correlations for various groups of antibiotics.28 Notably, for resistance to
extended‐spectrum cephalosporins, a significant correlation was found only between
humans and poultry, implicating poultry as an important source for human‐associated
ESBL‐producing E. coli.
Two previous studies from the Netherlands identified genetic similarities between
ESBL‐producing E. coli in poultry and humans, including our previous study involving the
present isolates10 and a similar survey from another group documenting that 94% of
retail chicken meat harboured ESBL‐producing E. coli, which showed marked similarities
to human isolates regarding MLST type, resistance genes, and plasmids.29 The present
study extends these findings (eg, by including virulence genes and more discriminatory
whole‐genome typing methods).
Virulence factors improve our understanding of transmission routes and development
of disease. Most isolates in chicken meat and human carriers had a low virulence factor
content and so presumably pose a low risk for the development of an infection.
However, a small proportion of such isolates contained numerous virulence factors and
is more likely to cause infections. Consequently, this subset was found more frequently
in blood cultures. It should be realized that what is found in blood cultures is not a
result of random selection from the gut, but is a selected subset of strains with an
overrepresentation of the more virulent strains. This may have important implications
for studies of the relationship between environmental reservoirs of resistance (eg,
food) and human outcomes.
Based on our findings and the known epidemiology of E. coli, we propose that in the
study locale, chicken meat is an important reservoir for ESBL‐producing E. coli in the
human intestinal tract. Transmissible genetic elements containing resistance genes
probably are transferred to humans both by acquisition of chicken‐source strains per se
and by transfer of chicken‐source resistance elements to the human intestinal
microbiota. The abundant use of antimicrobial agents in food production animals poses
therefore a threat to human health. This has recently spurred the US Food and Drug
Administration to propose a ban on certain uses of cephalosporins for livestock.30 This
was heavily criticized by representatives from the veterinary field as an intrusion on
veterinary practice, whereas food safety advocates said it was at best a minor step. Our
study provides further relevance to the recent discovery of New Delhi metallo‐

116

Extended comparison of ESBL‐producing E. coli in chicken meat and humans

β‐lactamase in Chinese chickens31 and underscores the potentially great public health
threat posed by this route of transmission.
This study has some limitations. First, the number of blood culture isolates was
relatively small. Second, it involved a relatively limited geographic area and short time
period, which, although strengthening the epidemiological linkage of the isolates, limits
generalizability. Third, the region that was studied is known for having extremely low
resistance rates in humans and relatively high antibiotic usage and resistance in
livestock,10,32 which may further limit generalizability. Fourth, we studied only isolates
with a specific resistance trait, that is, ESBL production. Inclusion of susceptible isolates,
or those with different resistance phenotypes, likely would have yielded a more
complex, albeit more complete, picture.
In conclusion, we found significant similarities between ESBL‐producing E. coli from
retail chicken meat and humans. In particular, the mobile genetic elements in meat and
intestinal carriage isolates were highly similar. Although blood culture isolates could be
largely separated from the chicken meat isolates when virulence factors were taken
into account, substantial overlap was still evident. This suggests that both transfer of
mobile genetic elements and direct transfer of strains from chicken meat likely
contribute to the emergence of ESBL‐producing E. coli in human infections.
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Abstract
Recently, chicken meat was identified as a plausible source of extended‐spectrum
β‐lactamase (ESBL)‐producing Escherichia coli in humans. We investigated the
relatedness of ESBL‐producing Klebsiella spp. in chicken meat and humans.
Furthermore, we tested the performance of ©SpectraCell RA (River Diagnostics,
Madison, Wisconsin, USA), a new typing method based on Raman spectroscopy, in
comparison with multilocus sequence typing (MLST) for Klebsiella pneumoniae.
Twenty‐seven phenotypically and genotypically confirmed ESBL‐producing Klebsiella
spp. isolates were typed with MLST and SpectraCell RA. The isolates derived from
chicken meat, human rectal swabs, and clinical blood cultures.
In the 22 ESBL‐producing K. pneumoniae isolates, CTX‐M15 was the predominant
genotype, found in 5 isolates of human origin and in 1 chicken meat isolate. With MLST,
16 different sequence types were found, including 5 new ones. Comparing the results
of SpectraCell RA with MLST, we found a sensitivity of 70.0% and a specificity of 81.8%
for the new SpectraCell RA typing method. Therefore, we conclude that SpectraCell RA
is not a suitable typing method when evaluating relationships of ESBL‐producing
Klebsiella spp. at the population level.
Although no clustering was found with isolates of chicken meat and human origin
containing the same ESBL genes, MLST showed no clustering into distinctive clones of
isolates from chicken meat and human origin. More extensive studies are needed to
elucidate the role of chicken meat in the rise of ESBL‐producing Klebsiella spp. in
humans.
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Introduction
The worldwide prevalence of extended‐spectrum β‐lactamase (ESBL)‐producing
Enterobacteriaceae is increasing rapidly.1,2 A recent study identified chicken meat as a
plausible source of ESBL‐producing Enterobacteriaceae in humans.3 It showed that
most Escherichia coli strains harbouring blaCTX‐M1 or blaTEM‐52 from humans and
chicken meat belong to multilocus sequence type (MLST) clusters containing strains
from both sources. This study focused mainly on ESBL‐producing E. coli, while ESBL‐
producing Klebsiella spp. are also important ESBL‐producing Enterobacteriaceae in
humans.
To investigate the relatedness of ESBL‐producing Klebsiella spp. in chicken meat and
humans, several typing methods are available. These can be divided in methods to
identify ESBL‐genes and methods for strain typing. MLST is a well‐known typing method
for Klebsiella pneumoniae.4 It is a sequence‐based typing assay, targeting seven
housekeeping genes. Based on sequence results, each isolate can be assigned to a MLST
type. Isolates with identical MLST types form a cluster. MLST is widely regarded as an
excellent method for typing with an aim of epidemiological linkage at population level.
Although this method is very reliable, it is also expensive, time‐consuming, and requires
a high level of technical skill. Therefore, it is mainly used in reference laboratories.
©
SpectraCell RA (River diagnostics, Madison, Wisconsin, USA) on the other hand, offers
a new strain typing method based on Raman spectroscopy. The spectrometer uses a
source of light with a known frequency. When the light falls through bacteria, the
various proteins in the bacteria alter the frequency of the emitted light. The amount of
every protein alters the frequency in a different way. All alterations are detected and
translated in a spectrum. The relatedness of different isolates is determined by
comparison of the spectra. The SpectraCell RA method is easy to use, faster than MLST
typing, and can be implemented in all microbiology laboratories.
The objectives of this study were two‐fold. The first objective was to investigate the
relatedness of ESBL‐producing Klebsiella spp. in chicken meat and in humans. The
second objective was to evaluate the performance of SpectraCell RA as a typing
method for the evaluation of relationships of ESBL‐producing Klebsiella spp. at the
population level.

Methods
Strain collection
The ESBL‐producing Klebsiella spp. were part of a collection of ESBL‐producing
Enterobacteriaceae isolated from both meat and humans. The origin of the samples,
the methods for detection and confirmation of the presence of ESBL‐producing
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Enterobacteriaceae in the samples, and typing of the isolates were previously
described.3 Briefly, all samples were collected between January 2008 and December
2009 and were cultured using selective media. Presence of ESBL‐producing Klebsiella
spp. was both phenotypically and genotypically confirmed. All ESBL‐producing K.
pneumoniae isolates were typed using MLST as described by Diancourt et al..4

SpectraCell RA typing
The SpectraCell RA typing procedure was performed according to the manufacturer’s
instructions, and took 3 days. On day 1, a tryptic soy agar (TSA) was inoculated and
incubated for 18‐24 hours at 35°C. On day 2, a 1 μl loop was used to suspend a few
grown colonies in 20 μl of sterilised water. Subsequently, 20 μl of the suspension was
inoculated on new TSA agar and spread over an area of 2 by 4 cm. After a 10 minute
drying period, the agar was incubated during 20 hours by 35°C. On the last day, a 1 μl
loop of bacteria was suspended in 10 μl of demineralised water. After 3 minutes of
centrifuging at high speed, 3 μl of supernatant was removed and the solution was re‐
suspended. Then 3 μl of the suspension was inoculated in one well of the SpectraCell
RA cartridge. After a drying period of 15‐30 minutes, the cartridge was placed in the
SpectraCell RA machine. The software produced a plot with all clusters and unique
isolates together. The cutoff value used for the calculation of the clusters was based on
criteria set by the manufacturer.

Statistical analysis

5.3

Several analyses have been performed. First we compared the results of SpectraCell RA
with the results of MLST. We choose MLST as reference method and gold standard
because the aim of our study was to identify epidemiological linkage at the population
level; between isolates of human and chicken origin. If SpectraCell RA was in agreement
with the gold standard, and considered an isolate to be part of a cluster that was also
found using MLST, the result was scored as true positive. If SpectraCell RA and MLST
both considered an isolate to be unique, the result was scored as true negative. If the
reference method considered an isolate to be part of a cluster and SpectraCell RA did
not, the result was considered false negative. The result was considered false positive if
SpectraCell RA considered an isolate to be part of a cluster and MLST did not, or
SpectraCell RA clustered isolates of different MLST clusters together (Table 5.3.1).
Sensitivity was calculated by dividing the number of true positives by the sum of true
positives and false negatives. Specificity was calculated by dividing the number of true
negatives by the sum of true negatives and false positives.
Second, we evaluated the similarity of ESBL‐producing Klebsiella spp. derived from
chicken meat and humans. For this we used the results of MLST and typing of the ESBL‐
gene.
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Table 5.3.1

Comparison of results MLST and SpectraCell RA.
MLST

SpectraCell RA

Cluster
Unique

a

b

Identical to MLST
Number of isolates
Different from MLST Number of isolates
Number of isolates
c

Cluster
Number of
isolates
a
7
d
1
c
3

Unique
Number of
isolates
Not applicable
d
1
b
9

d

True positive. True negative. False negative. False positive.

Results
In total, 27 isolates were available for investigation; 6 originated from chicken meat, 12
from human rectal swabs and 9 from blood cultures. All chicken meat isolates and
rectal isolates were obtained from different chicken meat packages and patients. Two
blood culture isolates were obtained from the same patient with an interval of
5 months in two consecutive periods of bacteraemia. Most isolates were identified as
K. pneumoniae, but 5 isolates were identified as Klebsiella oxytoca, 3 were obtained
from human rectal swabs and 2 from clinical blood culture. All K. oxytoca harboured the
OXY‐2 gene, but none of the K. pneumoniae did. OXY‐2 is a known chromosomal gene
in K. oxytoca. A mutation in the promoter of the OXY‐2 gene causes hyperproduction of
β‐lactamase resulting in the ESBL phenotype of the isolate.5,6 Since the K. oxytoca were
only found in human samples, the comparative analysis of Klebsiella spp. from human
and chicken meat origin, was only performed on the K. pneumoniae isolates.
As shown in Table 5.3.2, the most prevalent genotype in the K. pneumoniae was CTX‐
M15, which was found in K. pneumoniae isolated from both chicken meat and human
rectal swabs. All K. pneumoniae were typed with MLST and SpectraCell RA. Using MLST,
16 different MLST types were found, five of which were new. Two of the new MLST
types had a new allele string, whereas the other three contained a new tonB allele, and
one also contained a new GapA allele. The details of these new ST‐types are shown in
Table 5.3.3. In total, 5 clusters were found, 4 of which contained only 2 isolates and one
contained 3 isolates.
SpectraCell RA typing failed for one K. pneumoniae isolate despite several attempts.
This isolate was therefore excluded from further analyses. Table 5.3.1 shows the results
of the 21 Klebsiella pneumoniae isolates when comparing the SpectraCell RA with the
MLST results. Three clusters were identical, SpectraCell RA missed one cluster and
clustered 1 isolate falsely. The falsely clustered isolates differed in 3 of the MLST alleles.
Figure 5.3.1A shows the MLST branched tree with the SpectraCell RA clusters in colours.
The calculated sensitivity was 70% and the specificity was 81.8%.
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MLST showed one cluster that contained isolates of both human and animal origin.
However, these isolates contained different ESBL genes; the chicken meat isolate
contained a CTX‐M1 gene, and the isolate from a blood culture contained a TEM‐12
gene. Figure 5.3.1B shows the MLST branched tree with the origin of the isolates and
ESBL genotype incorporated.
No clustering was found with isolates of chicken meat and human origin containing the
same ESBL genes. However, the MLST results showed that the isolates from chicken
meat and human origin did not cluster into distinctive clones.
Table 5.3.2

Collection of K. pneumoniae.

Origin of isolates

Chicken Meat
Human rectal swab
Clinical blood culture

CTX‐M1

CTX‐M2

2
2
0

2
0
0

Genotype
CTX‐M14
CTX‐M15
Number of isolates
0
1
0
5
3
0

SHV

TEM

a

11
b
2
c
3

0
0
d
1

a

b

The SHV containing K. pneumoniae isolate from chicken meat contained both SHV‐1 and SHV‐2. One K.
pneumoniae isolate from the human rectal swab contained SHV‐27 and of the other one the SHV‐type was
c
not determinable. One K. pneumoniae isolate from a clinical blood culture contained SHV‐2 and SHV‐5, one
d
contained SHV‐92 and of one the SHV‐type was not determinable. The TEM gene of the K. pneumoniae
isolated from a clinical blood culture was a TEM‐12 gene.

Table 5.3.3
ST‐type
549
550
551
552
553

5.3

a

New alleles.
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New Klebsiella pneumonia multilocus sequence typing (MLST) types.
Source
Human ‐ rectal swab
Human ‐ rectal swab
Chicken meat
Chicken meat
Chicken meat

GapA
16
4
3
56*
4

Infl B
18
1
1
1
1

Housekeeping genes
mdh
pgi
phoE
21
27
47
1
2
12
1
1
9
2
1
10
2
1
16

rpoB
22
4
4
1
1

tonB
a
134
100
a
135
a
136
38
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A

B
CTXM15

CTXM1

SHV
SHV 2+5

CTXM15

SHV
1+2

CTXM15
CTXM15

5.3

SHV
92
CTXM11
CTXM14

TEM
12

CTXM2

CTXM1

CTXM1
SHV

CTXM2

SHV
27

Figure 5.3.1. Mulitlocus sequence typing (MLST) branched tree.
A) MLST Branched tree with SpectraCell RA clusters in colours. B) MLST branched tree with
origin of isolates and genotype incorporated; Chicken meat isolates are coloured red; isolates
from human rectal swabs are coloured green; isolates from clinical blood cultures are coloured
blue.
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Discussion

5.3

We evaluated the relatedness of ESBL‐producing Klebsiella pneumoniae in chicken meat
and in humans, and the performance of a new typing method, SpectraCell RA. This was
done on a collection of 27 Klebsiella spp. originated from chicken meat and human
origin. Using MLST, we found 5 new K. pneumoniae strain types, containing 3 new tonB
alleles and one new GapA allele. Comparison of the SpectraCell RA results with the
MLST results revealed a sensitivity of 70.0% and a specificity 81.8% of SpectraCell RA.
Therefore we consider SpectraCell RA an inappropriate typing method for the
evaluation of relationships between isolates of ESBL‐producing Klebsiella spp. at the
population level.
The performance of SpectraCell RA for typing of Gram‐negative rods has been
evaluated only recently.7 Willemse‐Erix et al. conclude that SpectraCell RA has the
required reproducibility and discriminatory power to perform sub‐species typing and to
establish relatedness between individual isolates. Our results are less favourable. This
difference might be due to the origin of the isolates. Willemse‐Erix et al. used a
collection of ESBL‐producing K. pneumoniae from an outbreak and a non‐outbreak
situation in one hospital. These isolates were chosen based upon their known similarity
or their known diversity in PFGE type. Therefore, we cannot exclude that SpectraCell RA
functions appropriately to detect local outbreaks.
The blaCTX‐M1 and blaCTX‐15 genotypes were found in isolates of both chicken meat
and human origin. One MLST cluster contained an isolate from human and chicken
meat origin, but the ESBL‐genotype differed between these two isolates. Yet,
evaluation of the MLST branched tree showed that the isolates from chicken meat and
humans did not form two distinctive clones related to the origin of the strains.
Therefore, an association between ESBL‐producing Klebsiella spp. from chicken meat
and humans cannot be excluded.
The main limitation of our study is the low number of isolates included. This could
results in an overestimation or underestimation of the performance of the SpectraCell
RA method. We did not detect direct relatedness between K. pneumoniae isolates
derived from chicken meat and humans, but possibly a larger collection could reveal
such relationship.
In conclusion, we could not detect a direct relation between ESBL‐positive Klebsiella
spp. isolates from chicken meat and those from humans, although the same ESBL genes
were found in some strains of different origin, and the isolates from chicken meat and
humans did not form two distinctive clones related to the origin of the strains. As
spread of resistance in Enterobacteriaceae can travel through spread of bacteria or
spread of resistance‐genes, an epidemiologic association of ESBL‐positive Klebsiella spp.
from chicken meat and humans cannot be excluded. Furthermore we conclude that
SpectraCell RA is not an appropriate typing method for epidemiological surveys.
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