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In the Netherlands, extended-spectrum beta-lactamase (ESBL)-producing Escherichia coli bacteria are highly prevalent in poul-
try, and chicken meat has been implicated as a source of ESBL-producing E. coli present in the human population. The current
study describes the isolation of ESBL-producing E. coli from house flies and blow flies caught at two poultry farms, offering a
potential alternative route of transmission of ESBL-producing E. coli from poultry to humans. Overall, 87 flies were analyzed in
19 pools. ESBL-producing E. coli bacteria were detected in two fly pools (10.5%): a pool of three blow flies from a broiler farm
and a pool of eight house flies from a laying-hen farm. From each positive fly pool, six isolates were characterized and compared
with isolates obtained from manure (n � 53) sampled at both farms and rinse water (n � 10) from the broiler farm. Among six
fly isolates from the broiler farm, four different types were detected with respect to phylogenetic group, sequence type (ST), and
ESBL genotype: A0/ST3519/SHV-12, A1/ST10/SHV-12, A1/ST58/SHV-12, and B1/ST448/CTX-M-1. These types, as well as six ad-
ditional types, were also present in manure and/or rinse water at the same farm. At the laying-hen farm, all fly and manure iso-
lates were identical, carrying blaTEM-52 in an A1/ST48 genetic background. The data imply that flies acquire ESBL-producing E.
coli at poultry farms, warranting further evaluation of the contribution of flies to dissemination of ESBL-producing E. coli in the
community.

Extended-spectrum beta-lactamase (ESBL)-producing Entero-
bacteriaceae are increasing in prevalence worldwide (1, 2).

ESBLs confer resistance to most beta-lactam antibiotics, including
3rd- and 4th-generation cephalosporins, which severely limits
treatment possibilities for infections caused by these bacteria. Of-
ten, options for treatment are further restricted by the multiresis-
tant nature of ESBL-producing bacteria, which has led to in-
creased use of, and increasing prevalence of Enterobacteriaceae
resistant to, last-resort antibiotics, such as carbapenems (3). Al-
though initially ESBL production was mainly observed in hospital
infections caused by Klebsiella pneumoniae, today it is also fre-
quently associated with community-acquired infections, mostly
urinary tract infections caused by Escherichia coli (4, 5), as well as
commensal E. coli strains isolated from humans and food-produc-
ing animals (6–8).

Not only can dissemination of ESBL-producing E. coli in the
community be facilitated by direct contact with human or animal
carriers, but also, the presence of the bacterium in environmental
compartments, such as surface water (9–12) and wildlife (13),
suggests that the environment should also be considered in this
regard. In the Netherlands, ESBL-producing E. coli is highly prev-
alent in poultry: in 2009, ESBL-producing (and/or AmpC-pro-
ducing) E. coli bacteria were detected on 100% (n � 26) of Dutch
broiler farms studied (14). Because of the high prevalence of
ESBL-producing E. coli on Dutch retail chicken meat and the
overlap between ESBL genotypes from chicken meat and clinical
E. coli isolates (15, 16), chicken meat has been suggested as a
source of ESBL-producing E. coli in the Netherlands.

The present study was aimed at assessing a potential alterna-
tive, indirect route of transmission of ESBL-producing E. coli from
poultry to humans, namely, through flies. These insects have been
recognized as transmitters of infectious diseases for some time
(17). They move between feces and carcasses and food meant for
human consumption. Bacteria acquired from filth can be trans-
mitted to food, either via the fly exterior, e.g., body surface and

mouth parts, or with feces and vomit that is produced during
feeding (18–23). In an experimental setting, flies were shown to
transmit Campylobacter between chickens (24), and several stud-
ies have demonstrated similar pathogenic E. coli and Klebsiella
strains on flies and in humans in hospital settings, as well as in
small rural communities, suggesting their potential as transmis-
sion vehicles (25–27). Even though flies generally stay close to
their breeding source, they may also move over considerable dis-
tances (28, 29). The current study demonstrates the dissemination
of ESBL-producing E. coli from laying hens and broilers to house-
flies and blow flies, indicating a possible role for flies in the dis-
semination of ESBL-producing E. coli from poultry to the general
public.

MATERIALS AND METHODS
Sampling of flies. A broiler farm, with a capacity of 90,000 broiler chick-
ens distributed over four poultry houses, and a laying-hen farm, with a
capacity of 30,000 free-range chickens, were visited in September and
October 2011, respectively. Broilers are commonly kept for a period of 5
to 7 weeks, after which the entire flock is transported to the slaughter-
house and the poultry houses are cleaned before the next flock is intro-
duced. The broiler farm was therefore visited twice, once while a flock of
broilers 38 days of age were present and once after the poultry houses had
been emptied of the flock and were being cleaned, for the purpose of
evaluating the presence of ESBL-producing E. coli on the farm after clean-
ing. Laying hens are kept for well over a year, and therefore, the laying-hen
farm was visited once, at which time the hens were 52 weeks old. During
all visits, flies were collected using nontoxic sticky flypaper and harvested
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within 24 h after placement. When the number of flies stuck on the flypa-
per was considered low compared to the number of flies flying around the
farm, they were also collected using a fly swatter and stored in sterile
containers. At the broiler farm, 10 flies were caught when broilers were
present and 27 when the poultry houses were being cleaned; at the laying-
hen farm, 51 flies were collected. The 87 flies were analyzed in 19 separate
pools, each consisting of 1 to 8 flies that were identical with respect to
collection location and fly species (see Table 3).

Sampling of manure and rinse water. At both farms, poultry manure
of varying degrees of freshness was sampled. During the first visit to the
broiler farm, while the broilers were present, 10 manure samples were
collected: 8 samples of fresh manure (“fresh” was defined as still soft and
warm) from poultry houses, 2 samples per house, and 1 sample of semi-
fresh manure (“semifresh” was defined as generally still identifiable as
individual droppings but no longer soft and warm) from a small flock of
laying hens kept as a hobby on the premises near the private house. During
cleaning of the poultry houses, when there were no broilers present, two
manure samples were collected from a 2-day-old dung heap. At the lay-
ing-hen farm, also, 10 manure samples were collected: 2 samples of fresh
manure from the poultry house, 7 semifresh samples (3 from manure
belts inside the poultry house, 2 from the free-range area, 1 from the
premises but outside the official free-range area, and 1 from soil beneath
the manure transport belt outside the poultry house), and 1 sample of
dried (“dusty”) manure from a manure storage container. The samples
consisted of five pooled individual droppings, with the exception of the
samples from the dung heap and storage container, where 20 to 50 g were
collected. All manure samples were placed in sterile containers. At the
broiler farm, 0.5 liter of rinse water was sampled from wastewater pits that
filled up during cleaning of the poultry houses. The samples were trans-
ported in cool boxes containing ice packs and stored at 4°C.

Isolation of ESBL-producing E. coli. All samples were analyzed
within 24 h after sampling. Fly pools were collected in 24 to 33 ml phos-
phate-buffered saline (Biotrading, Mijdrecht, the Netherlands) with 0.5%
Tween 20 and transferred to sterile filter bags (Interscience, St Nom La
Bretêche, France) using sterile pairs of tweezers. The flies in bags were
thoroughly crushed using thumb and forefinger (from the outside of the
bag) and then homogenized using a Stomacher400 (Seward, Worthing,
United Kingdom) at 230 rpm. Of these homogenates, 100 �l was streaked
on ChromID ESBL medium (bioMérieux, Boxtel, the Netherlands). For
manure, 10 g was diluted 10 times in buffered peptone water (BPW),
followed by homogenization using a Pulsifier (Microgen Bioproducts
Ltd., Camberley, United Kingdom). These 10�1 homogenates were again
diluted 10 times (10�2 dilution) using peptone saline (Biotrading), and
100 �l (each) of 10�1 and 10�2 dilutions were streaked on ChromID ESBL
medium. Wastewater samples were filtered through membrane filters
with a pore size of 0.45 �m (Millipore, Amsterdam, the Netherlands) in
volumes ranging from 0.1 �l to 1 ml. Filters were placed on ChromID
ESBL medium. For fly pool and manure samples, additionally, 10 ml of
homogenates was preenriched in BPW either supplemented or not with 1
�g/ml cefotaxime (BPW-CTX) and streaked on ChromID ESBL medium.
After the first five pools of flies had been analyzed (together containing 10
flies caught at the broiler farm while broilers were present) (see Table 3),
the 14 fly sample pools collected at later time points (i.e., 77 flies caught
during cleaning at the broiler farm and at the laying-hen farm) were ad-
ditionally analyzed for the presence of total E. coli, using Tryptone Bile
X-glucuronide (TBX) agar (Bio-Rad, Veenendaal, the Netherlands).

All cultures were incubated for 4 to 5 h at 37°C, followed by 16 to 20 h
at 44°C to increase selectivity for E. coli (30). In manure and wastewater
samples, ESBL-producing E. coli bacteria were quantified, and 95% con-
fidence intervals (CI) were calculated using Mathematica 9.0.1 (Wolfram
Research, Oxfordshire, United Kingdom).

Confirmation of ESBL production and identification of ESBL genes.
Isolates were tested for ESBL production using disk diffusion following
CLSI guidelines (31). Using Sensi-Disc test discs (BD, Breda, the Nether-
lands), zone diameters were determined for cefotaxime (30 �g/ml), cefo-

taxime (30 �g/ml) plus clavulanic acid (10 �g/ml), ceftazidime (30 �g/
ml), ceftazidime plus clavulanic acid (10 �g/ml), and cefoxitin (30 �g/
ml). ESBL-producing isolates were defined as strains resistant to
cefotaxime (zone diameter, �22 mm) and/or ceftazidime (zone diameter,
�17 mm) and with a reduction in zone diameter of �5 mm with the disks
containing clavulanic acid (31). Phenotypically confirmed ESBL-produc-
ing E. coli isolates were analyzed for the presence of genes encoding
CTX-M group 1, CTX-M group 2, and CTX-M group 9 ESBLs and of
blaOXA, blaSHV, and blaTEM genes by multiplex PCRs using primers de-
scribed by Dallenne et al. (32). Material from a single colony was sus-
pended in Tris-EDTA buffer (pH 8.0; Sigma-Aldrich, Zwijndrecht, the
Netherlands), and the cells were lysed at 70°C for 5 min. DNA extracts
were stored at �20°C. For amplification, 3 �l of DNA extract was mixed
with 10 pmol of each primer and 12.5 �l Qiagen Multiplex PCR mix
(Qiagen, Venlo, the Netherlands) in a final volume of 25 �l. Amplification
conditions were as described by Dallenne et al. PCR products were ana-
lyzed on agarose gels. PCR products of the expected size were treated with
ExoSap-It (GE Healthcare, Hoevelaken, the Netherlands) and sequenced
using the same primers used to generate the PCR products and a BigDye
Terminator v3.1 Cycle Sequencing kit (Applied Biosystems, Bleiswijk, the
Netherlands). The sequences obtained were compared with ESBL gene
sequences in the GenBank database and on the Lahey website (http://www
.lahey.org/studies).

Phylogenetic typing. ESBL-producing isolates were allotted to phylo-
genetic group A, B1, B2, or D by PCR targeted to the chuA and yjaA genes
and the TspE4.C2 DNA fragment, using primers described by Clermont et
al. (33). For amplification, 1.5 �l of 10-times-diluted DNA extract (the
same extract used for ESBL genotyping) was mixed with 5 pmol of each
primer and 12.5 �l iQ Supermix (Bio-Rad, Veenendaal, the Netherlands)
in a final volume of 25 �l. The amplification conditions were as follows: 5
min at 95°C, followed by 35 cycles of 30 s at 95°C, 30 s at 60°C (TspE4.C2)
or 62°C (chuA and yjaA), 30s at 72°C, and a final elongation step of 10 min
at 72°C. Strains were subgrouped according to the method of Escobar-
Paramo et al. (34): subgroup A0, chuA, yjaA, andTspE4.C2 negative; sub-
group A1, chuA negative, yjaA�, TspE4.C2 negative; group B1, chuA neg-
ative, yjaA� or negative, TspE4.C2�; subgroup B22, chuA�, yjaA�,
TspE4.C2 negative; subgroup B23, chuA�, yjaA�, TspE4.C2�; subgroup
D1, chuA�, yjaA negative, TspE4.C2 negative; subgroup D2, chuA�, yjaA
negative, TspE4.C2�.

MLST. For multilocus sequence typing (MLST) of ESBL-producing E.
coli isolates, seven housekeeping genes were amplified (adk, fumC, gyrB,
icd, mdh, purA, and recA), as described by Wirth et al. (35). Primer se-
quences were obtained from the E. coli MLST database website (http:
//mlst.ucc.ie/mlst/dbs/Ecoli). For amplification, 2 �l of 10-times-diluted
DNA extract was mixed with 200 pmol of each primer, 1� PCR buffer
(Invitrogen, Bleiswijk, the Netherlands), 2.5 mM MgCl2 (Invitrogen), 200
�M deoxynucleoside triphosphate (dNTP) mixture (Invitrogen), and
1.25 U Taq polymerase (Invitrogen) in a final volume of 50 �l. The am-
plification conditions were as follows: 5 min at 95°C, followed by 35 cycles
of 30s at 95°C, 30s at 60°C (adk, icd, mdh, purA, and recA) or 30s at 64°C
(fumC and gyrB), 45s at 72°C, and a final elongation step of 10 min at
72°C. The PCR products were analyzed on agarose gels, and PCR products
of the expected size were treated with ExoSap-It (GE Healthcare, Ho-
evelaken, the Netherlands), followed by sequencing with the same primers
used to generate PCR products using a BigDye Terminator v3.1 Cycle
Sequencing kit (Applied Biosystems, Bleiswijk, the Netherlands). Se-
quences were imported into the E. coli MLST database website (http:
//mlst.ucc.ie/mlst/dbs/Ecoli) to determine MLST types.

RESULTS
Prevalence of ESBL-producing E. coli in manure and rinse wa-
ter. At the broiler farm, ESBL-producing E. coli bacteria were de-
tected in 82% of manure samples and all rinse water samples (Ta-
ble 1). ESBL-producing E. coli bacteria were found in fresh
manure from three of four poultry houses, as well as in 2-day-old

Blaak et al.

240 aem.asm.org Applied and Environmental Microbiology

http://www.lahey.org/studies
http://www.lahey.org/studies
http://mlst.ucc.ie/mlst/dbs/Ecoli
http://mlst.ucc.ie/mlst/dbs/Ecoli
http://mlst.ucc.ie/mlst/dbs/Ecoli
http://mlst.ucc.ie/mlst/dbs/Ecoli
http://aem.asm.org


dung heap manure samples. Additionally, they were detected in
manure from hobby laying hens that were kept on the premises. In
the dung heap samples, ESBL-producing E. coli bacteria were de-
tected only after preenrichment. In these samples, concentrations
were at least 0.1 CFU/g and most likely below 173 CFU/g, where
the upper limit is represented by the 97.5% CI obtained from the
negative direct cultures. The average ESBL-producing E. coli con-
centrations in quantifiable manure samples were 5.3 � 105 CFU/g
(range, 1.5 � 103 to 2.4 � 106 CFU/g). In rinse water sampled
from five wastewater pits when poultry houses were being cleaned,
ESBL-producing E. coli was detected with an average concentra-
tion of 2.5 � 107 CFU/liter (range, 3.9 � 106 to 5.8 � 107 CFU/
liter).

At the laying-hen farm, ESBL-producing E. coli bacteria were
detected in 8 of 10 (80%) manure samples (Table 2). ESBL-pro-
ducing E. coli bacteria were found both inside the poultry house
and outside, in the official free range but also at other places on the
premises. Positive samples included one of two fresh manure sam-
ples and all samples of mixed freshness. No ESBL-producing E.
coli bacteria were detected in dried manure stored in containers.
In one of the samples, ESBL-producing E. coli bacteria were de-
tected only after preenrichment. In this case, the concentration of
ESBL-producing E. coli bacteria could not be established accu-
rately but was at least 0.1 CFU/g and most likely below 87 CFU/g,
where the upper limit is represented by the 97.5% CFI obtained
from the negative direct cultures. The average ESBL-producing E.
coli concentration in quantifiable samples was 2.8 � 103 CFU/g
(range, 45 to 9.3 � 103 CFU/g).

Prevalence of ESBL-producing E. coli in/on flies. Overall, 87
flies were caught at the poultry farms: 54 house flies (Musca do-
mestica), 20 lesser house flies (Fannia canicularis), 6 stable flies
(Stomoxys calcitrans), and 7 blow flies (Lucilia spp.) (Table 3). The

flies were analyzed in 19 pools, each consisting of one to eight flies
that were identical with respect to collection location and fly spe-
cies. ESBL-producing E. coli bacteria were detected in two pools
(10.5%): a pool of three blow flies from the broiler farm caught
during cleaning and a pool of eight house flies from the laying-hen
farm. In comparison, total E. coli bacteria were detected in 12 of
the 14 (85.7%) fly pools that were also analyzed for total E. coli. E.
coli bacteria were detected in 8/8 housefly pools, 2/2 blow fly
pools, 1/2 lesser house fly pools, and 1/2 stable fly pools. Two fly
pools did not contain detectable levels of E. coli: one fly pool con-
sisting of four F. canicularis flies from the broiler farm and one fly
pool consisting of two S. calcitrans flies from the laying-hen farm.
The 17 ESBL-producing E. coli-negative pools together consisted
of 77 flies, meaning that at least 88.5% (77/87) of all flies analyzed
did not carry detectable levels of ESBL-producing E. coli bacteria.
The total numbers of ESBL-producing E. coli bacteria in the pos-
itive fly homogenates were 2.5 � 104 CFU and 1.2 � 103 CFU for
the blow flies and house flies, respectively. Given the relatively low
overall prevalence of ESBL-producing E. coli on flies, it is most
likely that each positive pool contained only one ESBL-producing
E. coli-positive fly, meaning that the indicated numbers of ESBL-
producing E. coli were derived from one fly each. However, the
possibility that multiple ESBL-producing E. coli-carrying flies
were present in the positive pools cannot be excluded.

ESBL genes in ESBL-producing E. coli isolates. Overall, 113
suspected ESBL-producing E. coli isolates were obtained: at the
broiler farm, 40 from broiler manure, 5 from hobby laying-hen
manure, 25 from rinse water, and 6 from the positive blow fly
pool; at the laying-hen farm, 31 from laying-hen manure and 6
from the positive housefly pool. All isolates were confirmed ESBL
producers, based on the effect of clavulanic acid on cefotaxime
resistance alone (single effect; n � 8) or that of clavulanic acid on
cefotaxime and ceftazidime resistance (double effect; n � 105). Of
note, even though all isolates had at least reduced susceptibility to
cefotaxime (zone diameter, �25 mm), all single-effect isolates and
10 of the double-effect isolates did not appear resistant to ceftazi-
dime (zone diameter, �20 mm in the absence of clavulanic acid).
The eight single-effect isolates were all derived from the broiler
farm: one from manure from one of the poultry houses, five from
dung heap manure, and two from the fly sample.

All 12 fly isolates (six from the broiler farm fly pool and six
from the laying-hen farm fly pool), all 31 manure isolates from the

TABLE 1 Concentrations of ESBL-producing E. coli bacteria in manure
and rinse water at a Dutch broiler farm

Sampling location
Freshness
of manure Concnd 95% CI

Manure
Poultry house 1 (A) Fresh 4.5 � 105 3.6 � 105–5.4 � 105

Poultry house 1 (B) Fresh 1.5 � 103 1.1 � 103–2.1 � 103

Poultry house 2 (A) Fresh 2.0 � 105 1.9 � 105–2.2 � 105

Poultry house 2 (B) Fresh 2.4 � 106 2.2 � 106–2.7 � 106

Poultry house 3 (A) Fresh �0.1a 0–86
Poultry house 3 (B) Fresh �0.1a 0–86
Poultry house 4 (A) Fresh 2.7 � 104 2.5 � 104–3.0 � 104

Poultry house 4 (B) Fresh 4.2 � 104 3.4 � 104–5.1 � 104

Hobby laying hens Mixed 2.0 � 104 1.5 � 105–2.6 � 104

Dung heap (A)c 2 days old �0.1b 0–173
Dung heap (B)c 2 days old �0.1b 0–173

Rinse waterc

Wastewater reservoir 1 NAe 2.6 � 107 2.0 � 107–3.4 � 107

Wastewater reservoir 2 NA 5.8 � 107 4.8 � 107–6.9 � 107

Wastewater reservoir 3 NA 3.9 � 106 3.1 � 106–4.7 � 106

Wastewater reservoir 4 NA 1.8 � 107 1.2 � 107–2.4 � 107

Assembly pit NA 2.0 � 107 1.4 � 107–2.6 � 107

a Negative in direct culture and after enrichment.
b Positive after enrichment only.
c Sampled at cleaning. The 95% CI are based on the results of direct culture.
d Concentrations are CFU/g for manure and CFU/liter for rinse water.
e NA, not applicable.

TABLE 2 Concentrations of ESBL-producing E. coli in manure at a
Dutch laying-hen farm

Sampling location
Freshness
of manure

Concn
(CFU/g) 95% CI

Poultry house (A) Fresh 45 2.6–100
Poultry house (B) Fresh �0.1a 0–87
Transport belt 1 Mixed 2.7 � 103 2.1 � 103–3.5 � 103

Transport belt 2 Mixed 3.4 � 102 1.2 � 102–7.3 � 102

Transport belt 3 Mixed 3.8 � 103 3.0 � 103–4.6 � 103

Free range (A) Mixed 9.3 � 103 8.1 � 103–1.1 � 104

Free range (B) Mixed 3.1 � 103 2.5 � 103–3.9 � 103

Premises Mixed 4.1 � 102 2.0 � 102–7.4 � 102

Soil beneath transport belt Mixed �0.1b 0–87
Storage container Dry �0.1a 0–87
a Negative in direct culture and after enrichment.
b Positive after enrichment only. The 95% CI are based on the results of direct culture.
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laying-hen farm, and a random selection of 24 manure and 10
wastewater isolates from the broiler farm were characterized with
respect to ESBL genotype. Four of six (67%) fly isolates from the
broiler farm carried blaSHV-12, and two (33%) carried blaCTX-M-1

(Fig. 1). The same ESBL genes were detected in manure and rinse
water isolates from the same farm, with similar relative distribu-
tions (23/34 blaSHV-12 versus 6/34 blaCTX-M-1). Five manure iso-
lates, all obtained from one dung heap sample, carried blaTEM-52.
The eight single-effect isolates were all identified as blaCTX-M-1-
carrying isolates. At the laying-hen farm, all six fly isolates and all
31 manure isolates carried blaTEM-52.

Phylogenetic typing and MLST of ESBL-producing E. coli.
Combining ESBL genotypes and phylogenetic profiles of isolates,
six different ESBL-producing E. coli types were recognized at the
broiler farm: A0/SHV-12, A1/SHV-12, B11/SHV-12, D2/SHV-12,
B11/CTX-M-1, and B22/TEM-52 (Fig. 2). The six ESBL-produc-
ing E. coli isolates obtained from the blow fly pool represented
four different ESBL-producing E. coli types. All of these types were
also present in at least one of the other sample types (broiler ma-
nure, hobby laying-hen manure, dung heap manure, and/or
wastewater). At the laying-hen farm, housefly and manure isolates
all shared the same type: A1/TEM-52.

A selection of 25 ESBL-producing E. coli isolates from the

broiler farm (including 6 isolates from the blow fly pool) and 11
ESBL-producing E. coli isolates from the laying-hen farm (includ-
ing 3 isolates from the house fly pool) were further characterized
using MLST. From each matrix-location combination indicated
on the x axes in Fig. 1 and 2, at least one phylogenetic group/ESBL
genotype variant was selected, so that all phylogenetic group-
ESBL genotype combinations were represented. Ten different
ESBL-producing E. coli sequence types (STs) were recognized at
the broiler farm (Table 4). Among these, two new sequence types
were identified. Each sequence type was always observed in com-
bination with one specific ESBL genotype. In the fly pool, four
different sequence type-ESBL genotype combinations were iden-
tified, and all of them were also present in manure and/or waste-
water (Table 4). All A1/TEM-52 isolates from the laying hen farm
(3 isolates from flies, 1 from manure in the poultry house, 3 from
manure on the manure belt, 2 from manure of free-range chick-
ens, and 2 from manure collected at other sites on the premises)
had the same sequence type, ST48.

DISCUSSION

At the broiler farm, three different ESBL genes, blaCTX-M-1,
blaSHV-12, and blaTEM-52, were circulating, associated with 10 dif-
ferent E. coli sequence types, all during one production round. In

TABLE 3 Characteristics of fly samples

Fly scientific name Fly common name

nb

Broiler farm Laying-hen farm

Broilers present At cleaning

Flies Pools Flies Pools Flies Pools

Musca domestica Common housefly 9 2 (3–6) 45 6 (5–8)
Fannnia canicularis Lesser housefly 9 4 (1–4) 11 2 (4–7)
Lucilia spp.a Blow fly 1 1 6 2 (3)
Stomoxys calcitrans Stable fly 6 2 (2–4)

Total 10 5 26 6 51 8
a Flies were not identified to species level.
b Indicated in parentheses are the minimum and maximum number of flies per pool.
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contrast, at the laying-hen farm only one ESBL gene, blaTEM-52,
and one sequence type were detected. In the Netherlands, the total
amount of antimicrobials used in broilers is approximately 20
times higher than that in laying hens, i.e., during the first half of
2013, 20 daily doses per animal year (dd/ay) were registered for
conventionally held broilers compared to 0.7 to 1.2 dd/ay for free-
range and battery laying hens, respectively (Dutch Product Boards
of Livestock, Meat, and Eggs, personal communication). Possibly,
the more restricted use of antimicrobials in laying hens and the
high turnover of flocks in broiler farms could explain the differ-
ence in diversity in ESBL-producing E. coli between farm types.

However, only one farm of each type was included in the current
study, and more farms need to be analyzed to establish whether
this difference in diversity is indeed a feature specific to the two
types of poultry farms. The three ESBL genes detected at the farms
are the most commonly observed genes on poultry meat in the
Netherlands and are, with the exception of blaSHV-12, equally com-
mon in humans (15). Several of the E. coli sequence types found on
poultry farms, i.e., ST10, ST48, ST58, and ST448, have been pre-
viously detected in human and animal clinical isolates obtained in
the Netherlands or the neighboring countries Belgium and Ger-
many, albeit generally associated with ESBL genes other than
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FIG 2 Phylogenetic group/ESBL type variants among ESBL-producing E. coli isolates from a broiler farm and a laying-hen farm. The bars represent the numbers
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TABLE 4 ESBL-producing E. coli sequence types/ESBL genotypes at broiler and laying-hen farmsa

Phylogenetic group/ESBL gene Sequence type

No. of isolates originating from matrix

TotalFlies

Manure

Rinse
water

Poultry
house

Dung
heap

Hobby
hens

Broiler farm
B11/CTX-M-1 Total 2 1 1 NA NA 4

ST 448 2 1 1 NA NA 4
A0/SHV-12 Total 1 2 NA 1 1 5

ST 746 0 0 NA 1 0 1
ST 3519 1 2 NA 0 1 4

A1/SHV-12 Total 1 2 NA 1 NA 4
ST 10 1 2 NA 1 NA 4

B11/SHV-12 Total 2 1 NA NA 7 10
ST 58 2 1 NA NA 3 6
ST 155 0 0 NA NA 2 2
ST 2079 0 0 NA NA 1 1
New 0 0 NA NA 1 1

D2/SHV-12 Total NA 1 NA NA NA 1
ST 420 NA 1 NA NA NA 1

B22/TEM-52 Total NA NA 1 NA NA 1
New NA NA 1 NA NA 1

Grand total 6 7 2 2 8 25
a From each matrix/location combination indicated on the x axes of Fig. 1 and 2, at least one representative of each phylogenetic group/ESBL genotype variant was selected for
MLST. Indicated in the table are, for each phylogenetic group/ESBL gene variant and each sample type, the total number of isolates tested in MLST analysis (Total) and the number
of isolates with the indicated sequence type. NA, not applicable (the specific phylogenetic group/ESBL gene variants were not observed in the indicated sample type).
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those observed in the current study (15, 16, 36–40). At both types
of farms, flies carrying ESBL-producing E. coli were caught, and all
fly isolates had genotypes also present in manure and rinse water,
strongly implying the broilers and laying hens were the sources.

In 2012, the Netherlands had 2,140 poultry farms with 95 mil-
lion chickens (Statistics Netherlands [CBS] [http://www.statline
.cbs.nl]) in a country with an area of 41,256 km2. In convention-
ally kept broilers, the prevalence of ESBL-producing E. coli is very
high, with 100% of farms positive (37), and 77 to 94% of all retail
chicken meat is contaminated with ESBL-producing E. coli bacte-
ria (15, 16). The prevalence in laying hens has not been published
yet, but preliminary data suggest 100% positivity in convention-
ally kept laying hens, as well, albeit at lower concentrations than in
broilers (unpublished observations). Assuming that farm flies
may travel beyond farm premises, they could facilitate the spread
of ESBL-producing E. coli from farms to the general public by
contaminating food meant for human consumption. House flies
have been reported to travel up to 30 km, although maximum
distances of 0.5 to 4 km appear to be more common (28, 29).
Monitoring the travel behavior of marked house flies on two
mixed poultry and dairy farms over 3 days, Lysyk and Axtell (41)
observed that the majority of house flies stayed in animal housings
in which they were released (66% to 85%) or moved between
poultry and dairy housings (7% to 24%), which were approxi-
mately 100 m apart on both farms. A minority of flies (4% to 6%)
moved from the animal housings to surrounding pastures and
fields and could be retrieved up to 250 m from the release sites
(41). Even when flies travel only relatively short distances from
farms, for instance, 200 m, ESBL-producing E. coli may still be
disseminated to people living or pursuing recreation in agricul-
tural areas.

Assuming that both positive fly pools contained one ESBL-
producing E. coli strain each, 2.8% and 2.0% of the flies at the
broiler and laying-hen farms, respectively, were carriers. In con-
trast, total E. coli bacteria were detected in the vast majority (83%
and 88%) of fly samples, implying that the chances of flies becom-
ing contaminated with ESBL-producing E. coli largely depended
on the ESBL-producing E. coli/total E. coli ratio in the food ani-
mals at the farm or in their manure. In fresh manure, this ratio can
vary from 1:200 to 1:2 � 105 between poultry farms (unpub-
lished). Overall, 1 of 54 (1.9%) house flies and 1 of 7 (14%) blow
flies were carriers of ESBL-producing E. coli bacteria. Two recently
published studies, one performed at a horseback-riding center in
the Czech Republic and the other on a cattle farm in Japan,
describe the presence of ESBL-producing E. coli on flies, with at
least some identity homology with variants isolated from ani-
mals and/or stables (42, 43). In the Czech study, ESBL-produc-
ing E. coli bacteria were isolated from 18% of unspecified fly
species, and in the Japanese study, cephalosporin-resistant E.
coli bacteria were detected in 14.3 and 10.3% of houseflies and
false stable flies, respectively. The detection of ESBL-producing
E. coli on house flies (current and Japanese studies), blow flies
(current study), and false stable flies (Japanese study) and of
total E. coli on stable flies and lesser houseflies (current study)
demonstrates that at least these five fly species may act as ESBL-
producing E. coli carriers.

As well as in poultry, ESBL-producing E. coli bacteria are com-
monly observed in other food animals in the Netherlands, espe-
cially veal calves and slaughter pigs (8). The risk for the general
public to be exposed to ESBL-producing bacteria from flies orig-

inating from farms can be estimated using quantitative risk assess-
ment (QMRA) (44, 45). For that purpose, data are required on the
prevalence and concentrations of ESBL-producing E. coli on flies,
on the survival potential of E. coli in or on flies, and on the ecology
and behavior of the particular fly species that are identified as
possible carriers of ESBL-producing E. coli. Examples of this type
of information are the number of flies that live on farms, their life
spans and feeding and breeding properties (which determine both
the chance of flies acquiring E. coli and the possibility of transmit-
ting these bacteria to food), the percentage of flies that move from
the farms, and the distances they travel. Such analysis will provide
insight into the overall contribution of flies to the spread of ESBL-
producing E. coli from food animals to the community and allow
comparison with the contributions of other possible transmission
routes, such as direct contact with human and animal carriers or
consumption of contaminated food. Mapping the relative roles of
all potential transmission routes, including transmission through
various fly species, is necessary to purposefully reduce the spread
of community-associated ESBL-producing E. coli.
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