N

N

Diversity of Escherichia coli strains isolated from
day-old broiler chicks, their environment and
colibacillosis lesions in 80 flocks in France
Sabine Delannoy, Catherine Schouler, Rozenn Souillard, Léna Yousfi, Laetitia
Le Devendec, Camille Lucas, Stéphanie Bougeard, Alassane Keita, Patrick
Fach, Pascal Galliot, et al.

» To cite this version:

Sabine Delannoy, Catherine Schouler, Rozenn Souillard, Léna Yousfi, Laetitia Le Devendec, et
al.. Diversity of Escherichia coli strains isolated from day-old broiler chicks, their environment
and colibacillosis lesions in 80 flocks in France. Veterinary Microbiology, 2021, 252, pp.108923.
10.1016/j.vetmic.2020.108923 . hal-03107169

HAL Id: hal-03107169
https://hal.inrae.fr /hal-03107169

Submitted on 2 Jan 2023

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche frangais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.

Distributed under a Creative Commons Attribution - NonCommercial 4.0 International License


https://hal.inrae.fr/hal-03107169
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://hal.archives-ouvertes.fr

Version of Record: https://www.sciencedirect.com/science/article/pii/S0378113520310610
Manuscript_0254f489¢55416d3a3e63413bba82c95

10

11

12

13

14

15

16

17

18

19

20

21

22

23

1

Diversity of Escherichia coli strains isolated from day-old broiler chicks, their environment

and colibacillosis lesions in 80 flocks in France

Sabine Delannoy?, Catherine Schouler®, Rozenn Souillard®, Léna Yousfi?, Laetitia Le
Devendec®, Camille Lucas®, Stéphanie Bougeard®, Alassane Keita®, Patrick Fach?, Pascal
Gallot®, Loic Balaine®, Julie Puterflam?®*, and Isabelle Kempf**

*contributed equally to this work

#Université Paris-Est, ANSES, Food Safety Laboratory, Platform IdentyPath, 94701 Maisons-
Alfort, France

> ISP, INRAE, Université de Tours, UMR 1282, 37380, Nouzilly, France

°ANSES, Ploufragan-Plouzané-Niort Laboratory, France

4TAVI, Ploufragan

Corresponding author: Isabelle Kempf

isabelle.kempf @anses.fr

ANSES Laboratoire de Ploufragan-Plouzané-Niort

Unité Mycoplasmologie, Bactériologie et Antibiorésistance
Zoopole Les Croix

22440 Ploufragan

France

© 2020 published by Elsevier. This manuscript is made available under the CC BY NC user license
https://creativecommons.org/licenses/by-nc/4.0/


https://creativecommons.org/licenses/by-nc/4.0/
https://www.sciencedirect.com/science/article/pii/S0378113520310610

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

Abstract

Avian colibacillosis is the most common bacterial disease affecting broilers. To better
evaluate the diversity and the origin of the causative Escherichia coli strains infecting birds,
we conducted a study on 80 broiler flocks. Just before the arrival of chicks on the farm,
samples were collected in the farm environment (walls, feeders, air inlets, etc.) and, upon
delivery, day-old chicks (DOCs) and the transport boxes were also sampled. Isolates were
obtained from these samples, and from organs of chickens exhibiting typical colibacillosis
symptoms. The isolates were characterized using high-throughput qPCR to detect a range of
genetic markers (phylogroups, main serogroups virulence markers, etc.). A total of 967
isolates were studied, including 203 from 28 colibacillosis episodes, 484 from DOCs, 162
from transport boxes and 118 from the farm environment. These isolates yielded 416 different
genetic profiles, of which 267 were detected in single isolates, and the others were observed
in up to 44 isolates from nine farms. The distributions of isolates across phylogroups and the
main serogroups varied with the origin of isolation. The isolates obtained from colibacillosis
cases either shared a single genetic profile or were different. In a few cases, we observed the
same profile for isolates obtained from DOCs and colibacillosis lesions in the same flock or
different flocks. However, some flocks receiving DOCs contaminated with isolates bearing
the genetic profile of colibacillosis cases identified in other flocks remained healthy. This

study highlights the huge diversity of avian pathogenic and non pathogenic E. coli strains.
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Introduction

Avian colibacillosis is the most common infectious bacterial disease in poultry (Nolan et al.,
2020; Souillard et al., 2019), leading to significant economic losses. It can affect various
poultry species (chickens, turkeys, ducks, etc.), different production breeds (broilers, layers,
breeders) and production types (conventional, organic). Clinical signs may be diverse, but
colibacillosis in poultry is most typically a localized or a systemic extra-intestinal disease. In
chicks, the systemic form of colibacillosis is called colisepticemia and results in early
mortality. Typical lesions include polyserositis affecting air sacs, the pericardium, pleura and
the peritoneum. Later on, other syndromes may be observed, including respiratory signs or
lameness. Escherichia coli can be isolated from the lesions, but this bacterium is also present
in the farm environment, and is a normal component of poultry intestinal microbiota, with
titres of 10° colony forming units per gram of faecal material. Several studies have attempted
to identify virulence markers to differentiate the pathogenic strains involved in clinical cases,
called avian pathogenic E. coli (APEC), from the non-virulent strains. Lists of these virulence
markers or virulence-associated genes (VAGs) and diagnostic schemes have been proposed
(Johnson et al., 2008; Schouler et al., 2012). However, it is still not possible to diagnose all
APEC isolates without ambiguity (Guabiraba and Schouler, 2015), because no specific gene
can be used as a hallmark to distinguish virulent strains from non-pathogenic strains (Nolan et
al., 2020). Moreover, although highly virulent APEC strains may exist, colibacillosis is
sometimes considered as a secondary disease caused by opportunistic bacteria when host
defences are impaired, due to other infections, immunosuppression or poor production
conditions.

The origin of the APEC strains affecting a flock is most often unknown. Strains with VAGs
are present in the intestinal microbiota of healthy birds, with one report demonstrating that

24% of the intestinal E. coli isolated from day-old chicks carried more than five VAGs
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(Kemmett et al., 2013). Strains with VAGs can also be detected in the farm environment
(litter, dust, housing material, feed, wild birds, rodent droppings, insects, well water, etc.
(Nolan et al., 2020)). In a few cases, the strain colonizing or infecting the chicks originates
from the breeder (parental) flock (Pasquali et al., 2015; Petersen et al., 2006). A breeder or
hatchery origin may be suspected when very similar isolates are isolated from colibacillosis
lesions of birds grown in different flocks, but originating from the same breeder flock or the
same hatchery. For example, one study (Petersen et al., 2006) identified the same
enrofloxacin-resistant clone in dead broilers from five flocks and in cloacal swabs from one
parental flock, eggs and hatchery fluff, thus demonstrating vertical transmission. There are
various methods aiming to compare isolates from different farms, including phenotypic
methods such as serotyping, multilocus enzyme electrophoresis, outer membrane protein
profiles and antimicrobial sensitivity testing (Giovanardi et al., 2005; Tourret and Denamur,
2016), as well as genotypic methods such as pulsed field gel electrophoresis (PFGE), random
amplified polymorphic DNA (RAPD), multilocus sequence typing (MLST), PCR-based
phylogrouping and virulence genotyping (Dissanayake et al., 2014; Pasquali et al., 2015). The
most recent method, whole-genome sequencing, can even compare chromosomal or plasmid
contents of isolates (Olsen et al., 2012; Poulsen et al., 2018). However, this powerful method
is time consuming and expensive to apply to large numbers of isolates. Therefore, high-
throughput PCR methods appear to be more convenient and less costly for diagnosis and large
epidemiological investigations (Baranzoni et al., 2016).

The aim of this study was to better determine the origin of colibacillosis strains. Thus, we
conducted a longitudinal epidemiological study on 80 commercial broiler flocks located in
western France, the main French region for poultry production. We collected E. coli strains
from chicks, their environment and from lesions in colibacillosis cases. The E. coli strains

were characterized using high-throughput PCR to detect a panel of genetic markers. Here, we
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describe the diversity and traceability within and between flocks of more than 900 E. coli

1solates.

Materials and methods

Farms and flocks

Eighty standard broiler flocks (breeds: Ross RJE, Ross 308 or Cobb 500), vaccinated against
infectious bronchitis and Gumboro disease and bred in one of four major poultry production
companies, were included in the study. The flocks were grown in the main production areas in
western France between May 2017 and February 2019. Each flock was visited twice, first on
the first day of chick delivery from the hatchery, and at three weeks of age.

On the first day, one hour before the chicks arrived, five swab samples were collected in the
farm’s broiler house (walls, feeders, troughs, air inlets, and litter), and the water was sampled.
This whole set of samples from the farm environment is hereafter called “farm”. Upon chick
arrival, 10 day-old chicks (DOCs) were sampled and one swab of 20 delivery boxes was
collected directly in the lorry; this latter sample is hereafter called “transport”.

For the 80 initially included flocks, it was agreed that, suspicion of early colibacillosis was
defined as a flock of up to 10 days of age with a daily mortality rate higher than 0.3% and
suspect clinical signs or lesions, whereas late colibacillosis was defined as birds aged more
than 10 days with a daily mortality higher than 0.1% on two consecutive days and suspect
clinical signs or lesions. In the case of suspicion, the farmer brought 10 chicks (early
colibacillosis) or 6 chickens (late colibacillosis) to the laboratory.

E. coli isolation

In the laboratory, harmonized standard protocols were used to isolate E. coli, farm and
transport samples and from the yolk and the liver of the 10 DOCs. For the early colibacillosis

cases, 10 chicks were necropsied, and if there were typical colibacillosis lesions on at least
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four chicks, lesions from the air sacs, liver, spleen, joint or heart tissues were inoculated on
lactose media. For late colibacillosis cases, six chickens were necropsied and lesions of the
liver, spleen, heart, joints, or air sacs from at least four affected chickens were inoculated on
lactose media. The E. coli strains were then identified according to standard methods
(MALDI-TOF or biochemical characteristics), and DNA extracts were prepared from
colonies, using InstaGene™ (Bio-Rad, Marnes La Coquette, France). The maximum number
of isolates collected at each visit is given in Table 1.

High-throughput PCR

A high-throughput microfluidic real-time PCR (qPCR) system was used to screen genetic
markers related to 23 serogroups (O1 (2 variants), O2 (3 variants), 06, O8, O11, 018, 023,
025, 035, 045(S88), 078, 088, 0153, H4, H7, H8, H21, H25, K1, K5), five phylogroup
markers (Clermont et al., 2013; Clermont et al., 2019) and 66 virulence factors
(Supplementary Table 1), in addition to the cdgR gene (species marker).

gPCR amplifications were performed using the BioMark™ real-time PCR system (Fluidigm,
South San Francisco, CA, USA) and 96.96 dynamic arrays (Fluidigm), using 6-
carboxyfluorescein (6-FAM)- and Black Hole Quencher® (BHQI)-labelled TagMan probes
according to the manufacturer’s instructions.

The genetic profile of the isolates was obtained by concatenating the qPCR-detected genes,
and the Simpson's diversity indexes (Simpson, 1949) of the isolates from farm and transport
swabs, DOCs, early colibacillosis cases and late colibacillosis cases were calculated.
Unbiased hierarchical clustering with heatmap generation was generated using the R package
ComplexHeatmap (version 2.2.0) (Gu et al., 2016). The distance matrix was estimated using
the Euclidean method and the ward.D method was used to cluster the distance matrix.

Antimicrobial susceptibility testing
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Susceptibility to 15 antimicrobials was determined according to the French standard NF U 47-
107 for sub-sample of 73 isolates, based on similar genetic profiles of isolates obtained from
different animals or flocks.

Statistical methods

Statistical methods

The distribution of positive and negative results was compared using a chi-squared or Fisher’s
exact test (n<5). It allows to study the relationships between categorical variables taken in
pairs. For all tests, values of p<0.05 were considered statistically significant differences.

To have an overall vision of the relationships between the categorical variables under study
(origin, serogroup and phylogroup), a Multiple Correspondence Analysis (Greenacre, 1984)

was applied.

Results

Number of colibacillosis and number of strains

Among the 80 flocks included, 20 flocks suffered from early colibacillosis only, 6 from late
colibacillosis only, and 5 flocks encountered both. Thus, overall, 31 flocks had at least one
colibacillosis episode. A total of 967 isolates were available for study (Table 1).

Diversity of strains

All 967 isolates carried cdgR, confirming the E. coli species identification. The ompA and the
papG allele I genes were found in all isolates, but neither the focG, LT, STa, STb, stx1 nor the
stx2 genes were found in any of the isolates. These genes were thus excluded from the genetic
profiling study.

Serogroups

A total of 421 isolates (43.5%) belonged to 12 different serogroups (Figure 1). Isolates for

which the serogroup could not be determined represented 45.7% (n=138), 24.6% (n=65),
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54.1% (n=484), 68.5% (n=162) and 79.7% (n=118) of farm and transport samples, DOCs,
early colibacillosis cases and late colibacillosis cases (Pearson's chi-squared test, p<0.001),
respectively. Thus the number of determined and undetermined serogroups varied according
to the origin of the isolates, except for the farm and transport samples, DOCs and early
colibacillosis cases.

The distribution of the serogroups varied with the source of isolation (Table 2). The numbers
of O2 and non-O2 serogroups varied between isolate origins, except between DOCs (18% of
02 isolates) and early colibacillosis cases (22% of O2 isolates), between farm samples (3% of
02 isolates) and late colibacillosis cases (0% of O2 isolates) and between farm (3% of O2
isolates) and transport (9% of O2 isolates) samples. The percentage of O8 isolates was
significantly higher in DOCs (14%) than in colibacillosis cases (3% for early (p= 0.0002) and
0% for late colibacillosis (p=0.0003)) and more OS isolates were detected in transport
samples (11%) than in early colibacillosis cases (3%) (p= 0.007). Regarding the O25
serogroup, MCA showed that late colibacillosis isolates belonged significantly more often to
the O25 serogroup (22% of 025 isolates, originating from three flocks) than the isolates from
other origins (maximum of 2% of 025 isolates, p<107) (Figure 2). In all, 38.5% of late
colibacillosis isolates belonged to the O78 serogroup, compared with less than 0.2% in the
other isolate groups (p<2x107'?) (Figure 2). The distributions of O88 and non-O88 were not
significantly different between early and late colibacillosis isolates (15% of O88 isolates for
each), and there were significantly more O88 isolates in colibacillosis cases than in farm
isolates (p<2.107), transport isolates (p<0.0003) and DOCs (p<2x107) (less than 3% for
each).

Phylogroups

The phylogroups of isolates according to isolate origin are given in Figure 3.
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Significantly fewer late colibacillosis isolates belonged to phylogroup A (0% compared with
more than 8% for isolates from other origins, p<0.03) (Table 2). Isolates from early or late
colibacillosis cases belonged significantly less frequently to phylogroup B1 compared with
isolates from other origins (22% and 23%, respectively, compared to a minimum of 44% for
other groups of isolates, p<4x10~ for early colibacillosis, p<0.003 for late colibacillosis).
There were significantly more isolates belonging to the B2 phylogroup among those obtained
from early colibacillosis (33%) than those from DOCs (21%) (p=0.003), transport samples
(14%) (p=9x107) or farm samples (2%) (p=3x10"1?), and significantly fewer isolates from
farm samples belonged to this phylogroup compared with all other origins (p<0.0002). Late
colibacillosis isolates belonged less frequently to phylogroup D/E (1.5%) (Figure 2) than
isolates from DOC:s, transport and farm swabs (respectively 8.5%, 11% and 15%, (p<0.05)).
Significantly more isolates from colibacillosis cases fell in phylogroup F/G (25% and 35% for
early and late colibacillosis respectively, p<0.01 and p<0.0002 respectively) than isolates of
other origins; furthermore, only 1% of farm isolates belonged to this phylogroup, compared
with percentages of higher than 8% for the other origins (p<0.003).

Table 2 summarizes the significant and non-significant differences of the serogroup and
phylogroup distributions between DOC and early and late colibacillosis isolates. MCA also
revealed associations between serogroup O1 and phylogroup B2 (p=5x10"), and serogroup
02 and phylogroup B2 (p=8x107).

Diversity of genetic profiles

When combining the results obtained for the different genetic markers for each isolate, 416
different profiles were detected (Figure 4). Among these, 267 were unique profiles
(singletons), observed in one single isolate, 99 were observed two to four times (55 twice, 23

three times, 21 four times) and 50 profiles were observed more than four times. The most
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frequent profiles were Pf1 (44 isolates observed on nine farms), Pf2 (identified 19 times on
one farm) and profiles Pf3 to Pf14, which were detected more than 10 times each.

The values of Simpson's diversity index for early colibacillosis, late colibacillosis, DOCs,
transport and farm samples were respectively 0.980, 0.980, 0.978, 0.978 and 0.974.

Table 3 gives the origin of the isolates for the 10 most frequent profiles. Some of these
profiles were observed in only one type of sample from a single flock, e.g. Pf6, Pf 9 and Pf10
were detected only in isolates from, respectively, the farm environment for the L4 flock, late
colibacillosis cases for the P33 flock, and DOCs for the P42 flock. Some profiles were
detected in different types of samples, but never or rarely in colibacillosis cases. For instance,
Pf1 was detected in DOCs (39 isolates from seven farms) and in transport samples (four
isolates from three farms), but only in one colibacillosis isolate from another farm. Pf2 was
detected in 19 isolates from flock L23, either in DOCs or transport samples, but was never
detected in colibacillosis cases. Pf4 was detected in 15 isolates from DOCs, farm or transport
samples, but never in colibacillosis cases. Interestingly, Pf3 was detected in only two flocks:
in the P5 and P8 flocks, it was identified in DOCs and in early colibacillosis cases, however in
flock P5, Pf3 was the unique profile of the six colibacillosis isolates studied, whereas in P8,
the eight colibacillosis isolates showed five different profiles. Pf5, Pf7 and Pf8 were identified
in isolates from early colibacillosis cases, DOCs and transport swabs. Interestingly, Pf7 was
detected in both types of colibacillosis cases, DOCs and transport swabs from the L9, L14,
P11 and P25 flocks. The Pf5 and Pf8 isolates were not isolated from colibacillosis and non-
colibacillosis samples from the same flocks.

The 21 cases of early colibacillosis, for which 138 isolates were available, yielded 65 profiles,
with 34 singletons. One to 12 (mean 6.6) isolates per case were studied. For each case, one to
eight profiles were detected, with a mean of 3.5 profiles per case. From each chick, we

obtained one or two profiles. Most early colibacillosis profiles were detected in a single flock,
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but six profiles were detected in two flocks, and one profile (Pf5) was present in three flocks
(L9, L17 and L24). Each early colibacillosis profile was obtained from one to seven chicks.
For the seven cases of late colibacillosis for which 65 isolates were available, 4 to 14 (mean
9.3) isolates per case were analysed, yielding 19 different profiles. For each case, one to four
profiles were detected, with a mean of 2.9 profiles per case. All 19, except Pf13, were
detected in late colibacillosis isolates from a single flock and obtained from one to four
different birds of this flock. Pf13 was detected from nine diseased chickens from two flocks
(L1 and L3).

For DOCs, 209 profiles, 114 being unique, were recorded in the 484 isolates. Each profile was
detected in 1 to 39 DOC isolates, 1 to 28 different DOCs and DOCs from one to seven flocks.
We tracked the most frequent colibacillosis profiles. For early colibacillosis cases, the Pf16
profile was identified in four and five colibacillosis isolates from respectively flocks L17 and
L32, but was never detected in DOCs, farm or transport samples. Similarly, the Pf18 profile
was obtained from only eight colibacillosis isolates from the L28 flock. As mentioned above,
the Pf3 profile was observed in the P5 and P8 flocks’ colibacillosis cases, but this profile was
also detected in DOCs from these two flocks. The Pf5 profile was present in colibacillosis of
the L17 (three isolates), .24 (two isolates) and L9 (one isolate) flocks, and in one DOC in the
P19 flock, and in seven isolates from farm swabs for the L18, P2 and P15 flocks.
Interestingly, flocks P19 and P2 did not report any colibacillosis cases, whereas the .18 and
P15 flocks showed an early colibacillosis case with isolates displaying other profiles.
Eighteen of the 19 late colibacillosis profiles were observed in colibacillosis isolates only.
The Pf13 profile was recorded in late colibacillosis isolates from two different flocks (L1 and
L3), Pf22 was identified in early and late colibacillosis isolates from the P44 flock, and P23
and Pf41 were detected in early colibacillosis (L5 or LL18) and late colibacillosis (P21)

1solates.
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Hierarchical clustering of the isolates according to 58 VAGs (excluding serogroup and
phylogroup information) as part of the heatmap analysis identified two main clusters (Figure
4). Interestingly, these clusters could be clearly distinguished by their phylogroup. One cluster
(on the right-hand side of the heatmap) contained all of the isolates from phylogroups B2,
F/G, E/C11/U and some isolates from phylogroup D/E, whereas the other cluster grouped all
of the isolates from phylogroups A, B1, A/C/CI1, and C11/CI2/U and the remaining isolates
from phylogroup D/E. These two clusters appeared to be mainly differentiated by the
presence/absence pattern of the cluster of VAGs at the bottom of the heatmap, i.e. tsh, vat,
fyuA, YqiC, frzom, tktl, aec4, csgA2 and ibeA.

One sub-cluster of the A/B1 cluster (located on the right-hand side of the cluster on the
heatmap) clearly differed by the absence of the VAGs located at the top of the heatmap, i.e.
the APEC ColV plasmid-associated VAGs. Interestingly, none of the isolates from this sub-
cluster lacking the APEC ColV plasmid were isolated from a colibacillosis case.

Other than this sub-cluster, no other clear associations between VAG and isolate origin were
detected.

Antimicrobial susceptibility profiles

The susceptibility of isolates sharing the same genetic profiles but obtained from different
animals or different flocks was analysed. Among the 12 Pf9 isolates from the late
colibacillosis case of flock P33, three isolates obtained from chicks 2 and 3 were resistant to
amoxicillin and tetracycline, whereas nine obtained from chicks 1 to 4 were resistant to
amoxicillin, tetracycline and trimethoprim-sulfamethoxazole. In some cases, the same
resistance profile was observed for isolates sharing identical genetic profiles, obtained from
different chicks from different flocks: all early colibacillosis Pf45 isolates from chicks 7 and 8
from flock L1 and from chicks 1 and 2 from flock L32 were pan-susceptible. This was also

the case for the early-colibacillosis tetracycline-resistant Pf90 isolates obtained from flocks
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L14 (two isolates) and L27 (one isolate). But, for Pf7 isolates obtained from different flocks,
the two isolates from flock P11 were susceptible to all tested antibiotics, the four from P25
were resistant to nalidixic acid only, and the six isolates from L9 and L17 were resistant to
third-generation cephalosporins, tetracycline and gentamicin.

Discussion

This epidemiological study was a unique opportunity to obtain and analyse many E. coli
isolates, including isolates from DOCs, the farm environment and colibacillosis lesions, from
different flocks in a large French region during a 20-month period.

Using numerous genetic markers included in the high-throughput qPCR study, our isolates
showed high diversity. The Simpson diversity index values were similar between origins. The
huge diversity of the E. coli genome has already been highlighted, giving estimates of the
pangenome of around 10 times the size of the core genome, with as many genes in the E. coli
species as in the human species (Tourret and Denamur, 2016).

Some of the main characteristics of the colibacillosis isolates along with the other origins was
the high proportion of isolates belonging to the F/G phylogroup, and the low proportion to the
B1 phylogroup. Phylogroup F/G can be detected using the “revisited” PCR protocol described
in 2013 (Clermont et al., 2013), but not the initial method (Clermont et al., 2000). This
phylogroup is composed of strains previously assigned to the D phylogroup, and is, according
to the above-cited studies, a sister group of phylogroup B2. In a study of 272 APEC from the
UK, Italy and Germany, the most prevalent phylogroup was B2 (47%), with differences
between countries (Cordoni et al., 2016). The B2 phylogroup also predominated among the
APEC in a study of salpingitis and peritonitis in 68 Danish broiler breeders (Pires-dos-Santos
et al., 2013). Our results suggest that the B2 phylogroup is associated with poultry affected
with early colibacillosis and that this phylogroup has a low survival rate in a farm

environment. However, this predominance of B2 among APEC has not been observed in other
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studies, which report APEC clusters in the A, B1 and D phylogroups, with fewer than 20% of
B2 isolates (Pasquali et al., 2015; Tourret and Denamur, 2016). Nonetheless, because the
colibacillosis isolates were not tested in an experimental animal model, their pathogenic
potential cannot be determined. Conversely, the A phylogroup is regularly described as the
commonest phylogroup in commensal E. coli from poultry. In one study on broilers and their
breeder flocks in Italy, associations were found between the organ of origin of the isolate and
the phylogroups: the B1 phylogroup was associated with the gut, reflecting the predominance
of B1 in our farm and transport samples, which are probably mainly contaminated with faecal
material; the A and D phylogroups were associated with dust and the respiratory tract, and B2
with internal organs (liver, marrow and spleen) (Pasquali et al., 2015). This Italian study also
described associations with poultry age, with the B1 phylogroup corresponding to DOCs, as
in our study, and the A and D phylogroups corresponding to older broilers, contrary to our
low percentage of phylogroup A in late colibacillosis, but similar to our relatively high
proportion of isolates belonging to phylogroups D or F/G in late colibacillosis.

Among the genes mostly associated with the cluster of B2 and F/G phylogroup isolates, vat,
fyuA, tktl and ibeA have previously been shown to be associated with phylogroup B2 (Li et
al., 2012; Nojoomi and Ghasemian, 2019; Spurbeck et al., 2012). The association between
APEC of the O1 and O2 serogroups and the B2 phylogroup was previously observed by
Moulin-Schouleur et al. (2007), who reported that 28 of the 30 APEC strains of serogroups
01, 02, and O18 were classified by MLST into the same subcluster (B2-1) of phylogenetic
group B2.

Regarding serogroups, although we included primers for 12 O-, 5 H- and 2 K-encoding genes,
only 43.5% of the isolates could be assigned to a serogroup. Among the O-, H- and K-
encoding genes included, all were detected except O35, although frequently reported in avian

colibacillosis (Nolan et al., 2020). Conversely, the high proportion of isolates with a non-
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determined serogroup may be related to the fact that some serotypes, such as O5, 036, O81,
Ol111, O115, O116, or O132 described in avian pathology (Nolan et al., 2020; Rodriguez-Siek
et al., 2005; Schouler et al., 2012), were not included in our typing scheme. Further molecular
analysis such as sequencing would help to better precise the serogroup determination of these
strains. Similarly to other authors (Germon et al., 2005; Nolan et al., 2020; Rodriguez-Siek et
al., 2005; Vounba et al., 2018), we detected a high proportion of 02, 018, 025, O78 and O88
isolates among our colibacillosis case isolates, but O1 isolates were observed in colibacillosis
from only three flocks, although O1 is frequently cited as a major serotype in APEC
(Schouler et al., 2012). Possible reasons for the discrepancies between our results and other
studies include the use of different methods for serogrouping. Agglutination tests depend
strongly on the quality of antisera, and PCR performed with primers depend on published
sequences, for which there may be sequence variants. Another source of discrepancy is the
possible diversity in isolates from colibacillosis from different productions (broilers, layers or
breeders), or countries. Variations in the occurence of the different serotypes may also vary
over time. In particular, the use of O1 vaccines in poultry production may have induced a shift
in the most commonly found serogroups over time.

We used the genetic profiles of the isolates to investigate the possible origins of colibacillosis
cases. Various situations were found. In some instances, all colibacillosis-associated isolates
exhibited the same profile (e.g. Pf3 for the six isolates of early colibacillosis in the P5 flock,
and Pf9 for the 12 late colibacillosis isolates in the P33 flock (although with two different
resistance profiles)). We also observed colibacillosis cases with multiple profiles, sometimes
several profiles for the same individual (e.g. five different profiles for the eight isolates
obtained from four diseased chicks in the early colibacillosis cases of flock P8, or three
profiles from four chickens with late colibacillosis in flock L3, with two chickens harbouring

more than one profile). This diversity of situations may reveal different types of colibacillosis,
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either due to a single, very virulent strain, multiple mildly virulent strains acting
synergistically or consecutive to poor production conditions, leading to infections caused by
various opportunistic strains. Therefore, due to the possible presence of several strains in a
colibacillosis case, it is necessary to characterize several isolates when an antimicrobial
treatment or preparation of an autovaccine are needed, as observed in humans (Levert et al.,
2010).

In some cases, identical profiles were detected in colibacillosis cases and DOCs, and,
remarkably, sometimes in different flocks, e.g. Pf3 in DOCs and early colibacillosis cases in
two flocks (P5 and P8, belonging to the same production company, and sharing the same feed
supplier, hatchery and poultry breed). The same profile was also sometimes observed for
isolates from transport swabs, DOCs and early colibacillosis cases, e.g. Pf31 in flock L38.
Considering the identical profiles in DOCs from different flocks or between transport swabs
and colibacillosis samples, it is tempting to speculate that the E. coli strains may be acquired
from breeder flocks, in the hatchery or during chick transport. The transmission from breeders
to their progeny has already been observed (Giovanardi et al., 2005), and that study suggested
that an embryonic APEC infection possibly occurs before hatching and results in field cases
of omphalitis or colibacillosis. However, we note in addition isolates sharing a profile with a
colibacillosis isolate in DOCs from flocks that remained healthy (e.g. Pf7 found in
colibacillosis in flocks L9 and L.24, and in DOCs in flocks P11 and P25, which were not
affected with colibacillosis). Similarly, profiles from transport swabs were detected in
colibacillosis cases in other flocks (e.g. Pf39 in transport swabs from flock L27 which
remained healthy, in flock L28, which presented colibacillosis cases with different profiles,
and in early colibacillosis cases in flock LS5). This finding indicates that the presence of E. coli

in DOCs or transport swabs does not necessarily mean that the flock will be affected with
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colibacillosis, and various factors such as the number of infected chicks or inoculum doses,
and farm conditions, likely play a role in the development of colibacillosis.

None of the profiles observed in the farm environment isolates were detected in colibacillosis
samples from the same farm, and only one farm profile was detected in a colibacillosis case
(Pf125 present in the flock L.24 broiler house, and in a joint sampled during a late
colibacillosis episode in flock P26). However, the role of the housing environment has been
demonstrated in one study (Daehre et al., 2018), with the presence of the same cephalosporin-
resistant E. coli strain in broilers from two consecutive flocks and in the broiler house
environment (boot swab and litter) before the arrival of the chicks of the second flock. The
authors underlined the difficulty of eliminating (resistant) E. coli in the farm environment
even after cleaning and disinfection. Several explanations can be offered for the absence of
identical profiles in broiler houses and colibacillosis cases, with the characteristics of
pathogenic E. coli strains differing from those of strains able to persist in the environment
after cleaning and disinfection. However, it is also likely that, despite our efforts to test many
isolates from different samples (walls, materials, air inlets, litter and water), we did not
capture the whole diversity of the environmental (and DOC) isolates. Thus, some profiles,
such as Pf9 (12 late colibacillosis isolates in flock P33), were observed only in colibacillosis
lesions in a single flock, hampering the possibility of finding the origin of the contamination,
although 19 other isolates from DOC:s, transport swabs and the farm environment had been
characterized for this flock. Similar situations include, for instance, the L28 flock (six early
colibacillosis isolates with Pf18, but all six isolates from DOCs, transport swabs and the farm
environment differing from Pf28), or the P44 flock, with six early colibacillosis isolates of the
Pf22 profile, but non-colibacillosis isolates having other profiles. It is also possible that the
colibacillosis strain(s) originate from other sources (e.g. contamination via live vectors or

fomites, entering the broiler house after our initial visit). In the above-mentioned broiler house
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study (Daehre et al., 2018), despite of intensive sampling of the environment, the origin of the
ESBL-AmpC contamination in some flocks could not be determined. Thus, even intensive
sampling may overlook the origin of contamination, because many different sources of
horizontal transmission can be encountered on a farm. Data of our study corroborates such a
conclusion and reinforce the idea of testing many isolates as possible when an

epidemiological investigation of colibacillosis is conducted.

Conclusion

In conclusion, this study offered an excellent opportunity to evaluate the genetic diversity of
E. coli strains obtained from a large number of flocks, monitored from before chick delivery
to colibacillosis outbreaks. We clearly evidenced the diverse disease conditions, with either an
apparently unique genetic strain or different strains in colibacillosis lesions. The colibacillosis
isolates were sometimes identical to isolates obtained from DOCs or DOC transport boxes of
the same or different flocks, but the presence of isolates sharing the same profile in DOCs,
transport boxes or the broiler house did not necessarily lead to a colibacillosis outbreak. Work
is now in progress to get a better evaluation of the virulence of the strains based on the
presence of the different genetic markers that were screened, as well as the epidemiological

factors associated with a higher risk of early or late colibacillosis.

Declarations of interest: none

Funding
This work was supported by the French Ministry of Agriculture (General Education and
Research Department, grant ITAVI-DGER 16/110), and the French broiler association

(Comité interprofessionnel du poulet de chair).



445

446

447

448

449

19

Acknowledgments
The authors are grateful to the veterinarians and farmers who participated in the study and the

Finalab, Labocea, and Resalab laboratories for isolating the strains.



450

451

452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499

20

References

Baranzoni, G.M., Fratamico, P.M., Gangired|a, J., Patel, I., Bagi, L.K., Delannoy, S., Fach, P., Boccia, F.,
Anastasio, A., Pepe, T., 2016. Characterization of Shiga Toxin Subtypes and Virulence Genes
in Porcine Shiga Toxin-Producing Escherichia coli. Front. Microbiol. 7, 574.

Clermont, O., Bonacorsi, S., Bingen, E., 2000. Rapid and simple determination of the Escherichia coli
phylogenetic group. Appl. Environ. Microbiol. 66, 4555-4558.

Clermont, O., Christenson, J.K., Denamur, E., Gordon, D.M., 2013. The Clermont Escherichia coli
phylo-typing method revisited: improvement of specificity and detection of new phylo-
groups. Environ. Microbiol. Rep. 5, 58-65.

Clermont, O., Dixit, 0.V.A., Vangchhia, B., Condamine, B., Dion, S., Bridier-Nahmias, A., Denamur, E.,
Gordon, D., 2019. Characterization and rapid identification of phylogroup G in Escherichia
coli, a lineage with high virulence and antibiotic resistance potential. Environ. Microbiol. 21,
3107-3117.

Cordoni, G., Woodward, M.J., Wu, H., Alanazi, M., Wallis, T., La Ragione, R.M., 2016. Comparative
genomics of European avian pathogenic E. Coli (APEC). BMC Genomics 17.

Daehre, K., Projahn, M., Semmler, T., Roesler, U., Friese, A., 2018. Extended-Spectrum Beta-
Lactamase-/AmpC Beta-Lactamase-Producing Enterobacteriaceae in Broiler Farms:
Transmission Dynamics at Farm Level. Microb. Drug Resist. 24, 511-518.

Dissanayake, D.R.A., Octavia, S., Lan, R., 2014. Population structure and virulence content of avian
pathogenic Escherichia coli isolated from outbreaks in sri lanka. Vet. Microbiol. 168, 403-412.

Germon, P., Chen, Y.H., He, L., Blanco, J.E., Brée, A., Schouler, C., Huang, S.H., Moulin-Schouleur, M.,
2005. ibeA, a virulence factor of avian pathogenic Escherichia coli. Microbiol. 151, 1179-
1186.

Giovanardi, D., Campagnari, E., Ruffoni, L.S., Pesente, P., Ortali, G., Furlattini, V., 2005. Avian
pathogenic Escherichia coli transmission from broiler breeders to their progeny in an
integrated poultry production chain. Avian Pathol. 34, 313-318.

Greenacre, M.J., 1984. Theory and Applications of Correspondence Analysis. . Academic Press,
London.

Gu, Z,, Eils, R., Schlesner, M., 2016. Complex heatmaps reveal patterns and correlations in
multidimensional genomic data. Bioinformatics 32, 2847-2849.

Guabiraba, R., Schouler, C., 2015. Avian colibacillosis: Still many black holes. FEMS Microbiol. Lett.
362.

Johnson, T.J., Wannemuehler, Y., Doetkott, C., Johnson, S.J., Rosenberger, S.C., Nolan, L.K., 2008.
Identification of minimal predictors of avian pathogenic Escherichia coli virulence for use as a
rapid diagnostic tool. J. Clin. Microbiol. 46, 3987-3996.

Kemmett, K., Humphrey, T., Rushton, S., Close, A., Wigley, P., Williams, N.J., 2013. A longitudinal
study simultaneously exploring the carriage of APEC virulence associated genes and the
molecular epidemiology of faecal and systemic E. coli in commercial broiler chickens. PLoS
One 8, e67749.

Levert, M., Zamfir, O., Clermont, O., Bouvet, O., Lespinats, S., Hipeaux, M.C., Branger, C., Picard, B.,
Saint-Ruf, C., Norel, F., Balliau, T., Zivy, M., Le Nagard, H., Cruveiller, S., Chane-Woon-Ming,
B., Nilsson, S., Gudelj, 1., Phan, K., Ferenci, T., Tenaillon, O., Denamur, E., 2010. Molecular and
evolutionary bases of within-patient genotypic and phenotypic diversity in Escherichia coli
extraintestinal infections. PLoS Pathog. 6, €1001125.

Li, G., Kariyawasam, S., Tivendale, K.A., Wannemuehler, Y., Ewers, C., Wieler, L.H., Logue, C.M.,
Nolan, L.K., 2012. tkt1, located on a novel pathogenicity island, is prevalent in avian and
human extraintestinal pathogenic Escherichia coli. BMC Microbiol. 12, 51.

Moulin-Schouleur, M., Reperant, M., Laurent, S., Bree, A., Mignon-Grasteau, S., Germon, P.,
Rasschaert, D., Schouler, C., 2007. Extraintestinal pathogenic Escherichia coli strains of avian



500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540

541

21

and human origin: link between phylogenetic relationships and common virulence patterns.
J. Clin. Microbiol. 45, 3366-3376.

Nojoomi, F., Ghasemian, A., 2019. The relation of phylogroups, serogroups, virulence factors and
resistance pattern of Escherichia coli isolated from children with septicemia. New Microbes
New Infect 29, 100517.

Nolan, L.K., Vaillancourt, J.P., Barbieri, N.L., Logue, C.M. 2020. Colibacillosis, In: Swayne, D.E.,
Boulianne, M., Logue, C.M., McDougald, L.R., Nair, V., Suarez, D.L. (Eds.) Diseases of Poultry,
14th edn. Wiley-Blackwell, Hoboken, NJ, 770-830.

Olsen, R.H., Christensen, H., Bisgaard, M., 2012. Comparative genomics of multiple plasmids from
APEC associated with clonal outbreaks demonstrates major similarities and identifies several
potential vaccine-targets. Vet. Microbiol. 158, 384-393.

Pasquali, F., Lucchi, A., Braggio, S., Giovanardi, D., Franchini, A., Stonfer, M., Manfreda, G., 2015.
Genetic diversity of Escherichia coli isolates of animal and environmental origins from an
integrated poultry production chain. Vet. Microbiol. 178, 230-237.

Petersen, A., Christensen, J.P., Kuhnert, P., Bisgaard, M., Olsen, J.E., 2006. Vertical transmission of a
fluoroquinolone-resistant Escherichia coli within an integrated broiler operation. Vet.
Microbiol. 116, 120-128.

Pires-dos-Santos, T., Bisgaard, M., Christensen, H., 2013. Genetic diversity and virulence profiles of
Escherichia coli causing salpingitis and peritonitis in broiler breeders. Vet. Microbiol. 162,
873-880.

Poulsen, L.L., Bisgaard, M., Jorgensen, S.L., Dideriksen, T., Pedersen, J.R., Christensen, H., 2018.
Characterization of Escherichia coli causing cellulitis in broilers. Vet Microbiol 225, 72-78.

Rodriguez-Siek, K.E., Giddings, C.W., Doetkott, C., Johnson, T.J., Nolan, L.K., 2005. Characterizing the
APEC pathotype. Vet. Res. 36, 241-256.

Schouler, C., Schaeffer, B., Bree, A., Mora, A., Dahbi, G., Biet, F., Oswald, E., Mainil, J., Blanco, J.,
Moulin-Schouleur, M., 2012. Diagnostic strategy for identifying avian pathogenic Escherichia
coli based on four patterns of virulence genes. J. Cli.n Microbiol. 50, 1673-1678.

Simpson, E.H., 1949. Measurement of diversity. 163 4148, 688.

Souillard, R., Allain, V., Toux, J.Y., Lecaer, V., Lahmar, A., Tatone, F., Amenna-Bernard, A., Le Bouquin,
S., 2019. Synthése des pathologies aviaires observées en 2018 par le Réseau National
d’Observations Epidémiologiques en Aviculture (RNOEA). Bulletin épidémiologique, santé
animale et alimentation 88, 1-5.

Spurbeck, R.R., Dinh, P.C., Jr., Walk, S.T., Stapleton, A.E., Hooton, T.M., Nolan, L.K., Kim, K.S., Johnson,
J.R., Mobley, H.L., 2012. Escherichia coli isolates that carry vat, fyuA, chuA, and yfcV
efficiently colonize the urinary tract. Infect. Immun. 80, 4115-4122.

Tourret, J., Denamur, E., 2016. Population phylogenomics of extraintestinal pathogenic Escherichia
coli. Microbiol. Spectrum 4.

Vounba, P., Yaghouba, K., Ndiaye, C., Arsenault, J., Fairbrother, .M., Bada Alambédji, R., 2018.
Molecular Characterization of Escherichia coli Isolated from Chickens with Colibacillosis in
Senegal. Foodborne Pathog. Dis. 15, 517-525.



542

543

544

545

546

547

548

549

550

551

552

553

554

555

556

557

558

559

560

22

Table 1: numbers of samples and isolates

Table 2: Significant differences in the serogroups and phylogroups of isolates obtained
from DOCs and early and late colibacillosis cases

Table 3: Origins of the 10 most frequent profiles. For each profile, the flock in which it

was observed is indicated and the number of isolates is given in parentheses.

Figure 1: Percentage of isolates belonging to one of the 23 screened serogroups (colour)
according to isolate origin

Cose: colibacillosis; DOCs: day-old chicks; ND: serogroup not determined

Figure 2: MCA for serogroups and phylogroups of isolates

Early Cose: early colibacillosis, Late Cose: late colibacillosis, DOCs: day-old chicks; ND:
serogroup not determined, U: phylogroup not determined

Figure 3: Percentage of isolates belonging to the phylogroups according to their origin
Cose: colibacillosis; DOCs: day-old chicks; ND: not determined

Figure 4: Hierarchical clustering of the isolates according to 58 VAGs

CP: early: colibacillosis; CT: late colibacillosis, house: farm samples; Pap: transport
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Table 1: numbers of samples and isolates

Context Samples sent to Number of isolates per Total number of isolates
laboratory flock analysed
At 10 DOCs Up to 20 isolates from yolk 484
placement 6 house and paper or liver 280
swabs Up to 12 isolates
Early 10 chicks 4-16 isolates from yolk, 138
colibacillosis liver, spleen, heart, joints or
air sacs from at least 4
chicks
Late 6 chickens 4-20 isolates from liver, 65
colibacillosis spleen, heart, joints or air

sacs from at least four

chickens




Table 2: Significant differences in the serogroups and phylogroups of isolates obtained

from DOCs and early and late colibacillosis cases

Not significantly Significantly different™
different
Early colibacillosis 08, 088 SNDE, 02E, 025%, 078"
versus late colibacillosis  B1, B2, D/E, F/G AE, A/C/ClT-
Early colibacillosis SND, 02, O78 08P, 025E, 088t
versus day-old chicks A, A/C/CIL, D/E B1P, B2F, F/GE
Late colibacillosis versus SNDP, 02P, 08P, 025%, 078%™ 088"
day-old chicks B2 AP, A/C/CIT, B1P, D/EP, F/G"

SND: serogroup not determined
*For each serogroup and phylogroup, the superscript letter indicates the origin (E: early

colibacillosis, L: late colibacillosis, D: DOCs) with the highest percentage



Table 3: Origins of the 10 most frequent profiles. For each profile, the flock in which it

was observed is indicated and the number of isolates is given in parentheses.
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