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Influence of vaccination of broiler chickens against Escherichia
coli with live attenuated vaccine on general properties of E. coli

population, IBV vaccination efficiency, and production
parameters—a field experiment
Marcin �Smia1ek,1 Joanna Kowalczyk, and Andrzej Koncicki

Department of Avian Disease, Faculty of Veterinary Medicine, University of Warmia and Mazury, 10-719
Olsztyn, Poland
ABSTRACT Poultry colibacillosis has been one of
the major causes behind economic losses in the
poultry production; however, no effective method for
its prevention has been developed so far. Vaccination
against colibacillosis is capturing increasing interest.
The aim of this study was to demonstrate benefits
from using a live, aroA gene–deleted vaccine against
colibacillosis in broiler chickens and its potential
impact on reduced use of antibiotics, the efficacy of
vaccination against infectious bronchitis (IB), and the
structure and properties of Escherichia coli popula-
tion in broilers under commercial farm conditions. In
2 experiments, carried out on 3 farms, broiler chickens
of one chicken house from each farm were vaccinated
against Escherichia coli (E. coli), whereas birds of
other chicken houses of each farm were not vaccinated
against E. coli. In experiment 1, which was carried
out on 2 farms, for 3 consecutive production cycles,
spray vaccination of day-old broilers against E. coli
decreased the number of E. coli isolates from internal
organs but not from the respiratory system in the
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sixth week of birds’ life. In experiment 1, E. coli–
vaccinated broilers did not receive the antimicrobials
until 14 d after the vaccination. Escherichia coli iso-
lates from the E. coli–vaccinated birds were more
susceptible to the antimicrobials. Escherichia coli
vaccination had no impact on the IB vaccination ef-
ficiency; it has reduced the mean number of days of
the antimicrobial treatment and improved broiler
production parameters. In experiment 2, chickens of
both houses received the antimicrobials for the first
4 d of their life. Birds of chicken house 1 were
vaccinated against E. coli on the ninth day of life,
whereas birds of chicken house 2 were not vaccinated.
In both houses, further antimicrobial usage was the
same, and antimicrobials were not used until 14 d
after E. coli vaccination. Similar to experiment 1, in
experiment 2, vaccination decreased the number of E.
coli isolates, and these isolates were more susceptible
to the antimicrobials. Vaccination of broilers against
E. coli should be considered in terms of routine
immunoprophylaxis.
Key words: E. coli, vaccination
, broiler chicken, field condition
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been one of the major causes behind economic losses in
INTRODUCTION

Poultry colibacillosis, induced by avian pathogenic
Escherichia coli (APEC), usually appears as a secondary
disease to the primary disorders of the homeostasis that
can develop because of the dysfunction of the respiratory
system, infectious or noninfectious immunosuppression,
or other generalized infectious diseases (Dho-Mulin and
Fairbrother, 1999). For years, the colibacillosis has
the poultry production.
Up to date, no effective method for colibacillosis pre-

vention has been developed. Its prevention and eradi-
cation is based on counteracting factors that increase
the risk of its development in a flock (including, i.a.,
vaccinations against immunosuppressive diseases,
improvement of environmental conditions, keeping hy-
gienic standards at hatcheries, proper bird feeding,
etc.) and while the disease has already appeared–on
targeted antibiotic therapy established based on re-
sults of an antimicrobial susceptibility testing (Dho-
Mulin and Fairbrother, 1999). Inactivated and subunit
vaccines against colibacillosis are also available.
The control of APEC infections has to face also

other challenges. The number of cases of infections
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with multidrug-resistant (MDR) and extended spec-
trum beta-lactamase (ESBL)-producing Escherichia
coli (E. coli) has recently increased (Shrestha et al.,
2017; Davis et al., 2018; Ibrahim et al., 2019). The
MDR bacteria pose severe threat, especially in rapidly
developing countries because of, i.a., the commonness
of using antibiotics in the large-scale poultry produc-
tion. This situation is also highly problematic, consid-
ering the restrictions imposed on the doses of
antibiotics used per kilogram of live poultry and also
considering the prospective withdrawal of certain
active substances from the veterinary market in the
upcoming years. The MDR bacteria pose also a direct
risk to consumers as donors of antibiotic resistance
genes to other bacteria (Nhung et al., 2017).
Escherichia coli infection usually proceeds through

the respiratory system. It can develop into various
forms, starting from local infections in individual sys-
tems and organs to a generalized form. Serotypes O1,
O2, O78, O8, and O35 are considered to be particularly
pathogenic to the poultry and are most often isolated
from infected birds, although they are not the only sero-
types isolated from colibacillosis cases in poultry (Dho-
Mulin and Fairbrother, 1999).
Recently, the vaccination of poultry using genetically

modified, live vaccines against colibacillosis is becoming
more and more popular (Frommer et al., 1994;
Kariyawasam et al., 2004). One of them is a commer-
cially available vaccine based on O78:K80 E. coli strain
with aroA gene deletion. La Ragione et al. (2013), as well
as Rawiwet and Chansiripornchai (2009), have shown
that a single vaccination with this vaccine on the first
or the fifth day of birds’ life ensured protection against
mortality and significantly minimized the possibility of
development of lesions, typical of colibacillosis, in
chickens and turkeys after APEC experimental infec-
tion. In addition, they have demonstrated the cross-
resistance to other E. coli serotypes, but achieved the
greatest protection in the case of homologous infection.
Galal et al. (2018) have additionally reported that
chickens vaccinated against colibacillosis reached better
BW gains after simultaneous experimental infection
with infectious bronchitis virus (IBV) and E. coli, that
their mortality rate was lower, and that the intensity
of development of pathological lesions typical of coliba-
cillosis decreased as well. In addition, they have shown
no negative effect of the vaccination against colibacillosis
on the effectiveness of vaccinations against infectious
bronchitis (IB), Gumboro disease, or Newcastle disease.
Considering the above, a study was undertaken

with the aim to demonstrate benefits from using a
live vaccine against colibacillosis in broiler chicken
flocks, in the context of its potential impact on the
reduced use of antibiotics, production parameters,
the efficacy of vaccination against IB, and on the
structure and properties of E. coli population in
broiler chickens reared under farm production
conditions.
MATERIALS AND METHODS

Ethical Statement

According to the information obtained from the Local
Ethics Committee in Olsztyn, no special approval was
necessary for the experiments performed under the field
conditions. All animal procedures, vaccination, and sam-
ple collection were performed during the standard veter-
inary inspection and observations.
Experiment 1

Experiment 1 was performed in parallel at 2 broiler
chicken farms. Farm 1 (F1) had 2 chicken houses: F1-
K1 and F1-K2, with stock density of 40,000 and 60,000
broiler chickens, respectively, whereas farm 2 (F2)
comprised 3 chicken houses: F2-K1, F2-K2, and F2-K3,
with stock density of 15,000 broiler chickens each. At
F2, the experiment was conducted in F2-K1 and F2-
K2. The experiment began in January 2019, initially
from F1 settling with chicks in the mid of January
2019, and afterward, its scope was extended onto F2
that was settled with chicks in the mid of February
2019. The experiment was continued throughout 3
consecutive production cycles at both farms. Broiler
chickens were vaccinated against colibacillosis using a
live vaccine on the first day of life, with a coarse spray
in a dose recommended by the producer. In practice,
the broiler chickens were vaccinated immediately after
they had been transported onto the farm, in transport
baskets. Ten to fifteen minutes after E. coli vaccination,
they were spilled out from the baskets onto the litter.
Throughout the experiment 1, only birds from K1 from
both farms were vaccinated (F1-K1 and F2-K1),
whereas chicken houses F1-K2 and F2-K2 served as con-
trol objects—birds nonvaccinated against colibacillosis.
Throughout the experiment, the birds from chicken
houses F1-K1 and F2-K1 did not receive any antibiotics
at least till the 14th day of rearing. In turn, birds from
chicken houses F1-K2 and F2-K2 could receive antibi-
otics starting from the first day of life, accordingly to
the indications of their clinical condition. During the
experiment, all birds from both farms were vaccinated
against IB on the first day of life in hatcheries, using vac-
cines based on H-120 and 1/96 strains, with coarse spray
in doses recommended by the producer and against
Gumboro disease (infectious bursal disease) around the
16th day of life (established based on the Deventer for-
mula), using a vaccine based on the Winterfield strain,
administered with drinking water. During the experi-
ment, production results were registered at F1
throughout the 3 production cycles (FCR, BW, mortal-
ity, culled birds, condemnation, veterinary expenses—
including the cost of the E. coli vaccine in F1-K1). At
F1 and F2, swabs from internal organs, such as the peri-
toneum, liver, heart, lungs, jejunum, hip joint, hock, tra-
chea, and suborbital sinus, were collected for



T
ab

le
1.

Su
m
m
ar
y
of

th
e
la
yo

ut
of

ex
pe
ri
m
en
ts

1
an

d
2.

A
na

ly
si
s
ty
pe

3

E
xp

er
im

en
t
11

E
xp

er
im

en
t
22

P
ro
du

ct
io
n
cy
cl
e
1

P
ro
du

ct
io
n
cy
cl
e
2

P
ro
du

ct
io
n
cy
cl
e
3

C
yc
le
1

F
ar
m

1
F
ar
m

2
F
ar
m

1
F
ar
m

2
F
ar
m

1
F
ar
m

2
F
ar
m

3

E
.c

ol
ii
so
la
ti
on

an
d
en
um

er
at
io
n

A
t
3
an

d
6
w
k4

A
t
3
an

d
6
w
k

A
t
3
an

d
6
w
k

A
t
3
an

d
6
w
k

A
t
3
an

d
6
w
k

A
t
3
an

d
6
w
k

A
t
6
w
k

E
.c

ol
is
us
ce
pt
ib
ili
ty

ev
al
ua

ti
on

A
t
3
an

d
6
w
k

A
t
3
an

d
6
w
k

A
t
3
an

d
6
w
k

A
t
3
an

d
6
w
k

A
t
3
an

d
6
w
k

A
t
3
an

d
6
w
k

A
t
6
w
k

P
ro
du

ct
io
n
pa

ra
m
et
er
s

A
ve
ra
ge

5
N
D

6
A
ve
ra
ge

N
D

A
ve
ra
ge

N
D

N
D

D
ay

s
of

an
ti
m
ic
ro
bi
al

us
ag
e

N
um

be
r
of

da
ys

N
um

be
r
of

da
ys

N
um

be
r
of

da
ys

N
um

be
r
of

da
ys

N
um

be
r
of

da
ys

N
um

be
r
of

da
ys

N
D

Se
ro
lo
gy

N
D

N
D

N
D

N
D

A
t
6
w
k

A
t
3
an

d
6
w
k

N
D

In
ea
ch

ex
pe
ri
m
en
t,
th
e
sa
m
e
sa
m
pl
es

w
er
e
co
lle
ct
ed

fr
om

bo
th

ch
ic
ke
n
ho

us
es

(K
1—

E
.c

ol
iv

ac
ci
na

te
d
an

d
K
2—

co
nt
ro
l,
no

t
va

cc
in
at
ed
)
at

fa
rm

s
F
1,

F
2,

an
d
F
3.

A
bb

re
vi
at
io
n:

E
.c

ol
i,
E
sc
he
ri
ch
ia

co
li.

1 I
n
ex
pe
ri
m
en
t
1
bi
rd
s
w
er
e
va

cc
in
at
ed

ag
ai
ns
t
E
.c
ol
i(
K
1)

on
th
e
fi
rs
t
da

y
of

lif
e.
In

va
cc
in
at
ed

bi
rd
s,
an

ti
m
ic
ro
bi
al
us
ag
e
w
as

pr
oh

ib
it
ed

fo
r
14

d
af
te
r
E
.c
ol
iv

ac
ci
na

ti
on

.C
on

tr
ol
bi
rd
s
(K

2)
re
ce
iv
ed

an
ti
bi
ot
ic
s

fr
om

da
y
1
of

th
ei
r
lif
e.
In

ot
he
r
st
ag

es
of

th
e
pr
od

uc
ti
on

cy
cl
es
,t
he

an
ti
bi
ot
ic
us
ag

e
w
as

th
e
sa
m
e
in

bo
th

gr
ou

ps
.

2 I
n
ex
pe
ri
m
en
t
2
bo

th
th
e
co
nt
ro
la

nd
E
.c

ol
i–
va

cc
in
at
ed

bi
rd
s
re
ce
iv
e
th
e
sa
m
e
an

ti
m
ic
ro
bi
al
s
du

ri
ng

th
e
en
ti
re

pr
od

uc
ti
on

cy
cl
e.
B
ot
h
gr
ou

ps
re
ce
iv
ed

L
in
co
-S
pe
ct
in

fo
r
th
e
fi
rs
t
4
d
of

lif
e.
B
ir
ds

in
K
1
w
er
e

va
cc
in
at
ed

ag
ai
ns
t
E
.c

ol
io

n
th
e
ni
nt
h
da

y
of

lif
e.
F
ur
th
er

an
ti
m
ic
ro
bi
al

us
ag

e
w
as

pr
oh

ib
it
ed

in
bo

th
gr
ou

ps
un

ti
lt
he

23
rd

da
y
of

lif
e
(1
4
d
af
te
r
E
.c

ol
iv

ac
ci
na

ti
on

in
K
1)
.

3 W
ha

t
ty
pe
s
of

la
bo

ra
to
ry

an
al
ys
es

w
er
e
pe
rf
or
m
ed

at
di
ff
er
en
t
st
ag

es
of

ex
pe
ri
m
en
ts

1
an

d
2.

4 S
am

pl
es

w
er
e
co
lle
ct
ed

at
th
e
th
ir
d
an

d/
or

si
xt
h
w
ee
k
of

bi
rd
s’
lif
e.

5 D
at
a
w
er
e
an

al
yz
ed

as
an

av
er
ag
e
va

lu
e
of

ea
ch

pr
od

uc
ti
on

pa
ra
m
et
er

fo
r
ea
ch

ch
ic
ke
n
ho

us
e.

6 N
ot

do
ne
.

�SMIA1EK ET AL.5454
microbiological analyses from 3 birds from both K1 and
K2 houses, immediately after birds were euthanized for
diagnostic purposes, in the third and sixth week of rear-
ing. Individual swabs were transferred for microbiolog-
ical analyses, with semiquantitative determination of
the E. coli colony count. Each isolated E. coli strain
was cultured individually to determine its susceptibility
to a panel of 20 antimicrobials. Antimicrobial usage was
recorded through the experiment at both farms and in
each chicken house individually. In addition, in the third
production cycle, 23 blood samples were collected from
birds from F1-K1 and F1-K2 in the sixth week of life
and from 23 birds from F2-K1 and F2-K2 in the third
and sixth weeks of life, for IBV serological analyses.
The scheme of experiment 1 is summarized in Table 1.
Experiment 2

Experiment 2 was performed at farm F3 comprising 2
chicken houses: F3-K1 and F3-K2, with a stock density
of 40,000 and 60,000 broiler chickens, respectively. As
in experiment 1, the vaccination against colibacillosis
was performed in the birds from F3-H1, but on the ninth
day of birds’ life. Since the first day of life, the birds from
both chicken houses were administered Linco-Spectin
(Zoetis, Parsippany, NJ) with drinking water for 4
consecutive days. The vaccination against E. coli was
performed after the Linco-Spectin withdrawal period
(5 d in the case of chicken meat). After the vaccination,
the birds from both chicken houses were not adminis-
tered any antibiotics for the subsequent 14 d. In the
remaining production period, the scheme of antibiotics
administration was the same for birds from F3-K1 and
F3-K2. The remaining vaccination program was the
same as in experiment 1. In the scope of experiment 2,
analogously to experiment 1, in the sixth week of birds’
life, swabs were collected from internal organs from 3
birds from chicken houses F3-K1 and F3-K2 for microbi-
ological analyses. The scheme of experiment 2 is summa-
rized in Table 1.
Birds and E. coli vaccine

In each experiment and production cycle, all chicken
houses at each farm were settled with Ross 308 broiler
chicks of both sexes, purchased from one hatchery and
from one hatch. In addition, in experiment 1, the eggs
and eventually chicks that were used to settle the F2
were provided for the hatchery from one reproduction
flock. A live attenuated vaccine against E. coli (Zoetis)
was used in both experiments. Its active substance
(accordingly to the characteristics of the medical prod-
uct) consists of viable E. coli bacteria with aroA gene
deletion, type O78, strain EC34195. The vaccine
strain, from the same batch as the vaccines used in
the experiment, was analyzed according to the analo-
gous antimicrobial susceptibility testing procedure as
the one used for the E. coli isolated in the course of
both experiments. Feed and water were given to the
birds ad libitum.



Table 2. Average number of E. coli isolates from E. coli–vacci-
nated (vacc.) and control (not vacc.) chickens at F1 and F2 in
third and sixth weeks of birds’ life.

Week

Farm and chicken house (E. coli vaccinated or not vaccinated)

F1 vacc. F1 not vacc. F2 vacc. F2 not vacc.

3 5.33 8 8.67 10.33
6 5.331 7.67 7.331 10

Abbreviation: E. coli, Escherichia coli.
1Significant difference in the number of E. coli isolates in vaccinated

birds, at different sampling points, in comparison to the control chickens on
a farm.
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Microbiological Analyses

The swabs were preincubated in a Tryptic Soy Broth
(Argenta, UK) at 40.5�C. After 24 h, further incubation
wasproceededonColumbia agarwith 5%addition of defi-
brinated sheep blood, and MacConkey Agar media
(Argenta, UK). Plates were incubated at 40.5�C for
24 h. After morphological and biochemical evaluation,
E. coli isolates were evaluated for their susceptibility to
a panel of 20 antimicrobials, according to the Clinical
and Laboratory Standards Institute guidelines
(Sweeney et al., 2018). The identification of E. coli was
performed based on the following biochemical criteria:
catalase (positive), oxidase (negative), glucose and
lactose fermentation (positive), indole (positive), urease
(negative), hydrogen sulfide (negative), citrate (nega-
tive), pyrrolidonyl arylamidase (negative), and beta
galactosidase (positive). The following antimicrobials
were used to determine the susceptibility of E. coli
strains: amoxycillin (amx), amoxycillin 1 clavulanic
(amc), ceftiofur (cef), clindamycin (cli), colistin sulfate
(cst), doxycycline (doxy), enrofloxacin (enr), erythro-
mycin (ery), gentamycin (gen), florfenicol (ff), flume-
quine (fluq), lincomycin/spectinomycin (ls),
marbofloxacin (mbf), neomycin (nm), norfloxacin (nor),
oxytetracycline (otc), penicillin G (pen), sulfamethoxa-
zole/trimethoprim (sxt), tetracycline (tet), and tylosin
(tyl) (Argenta, UK). The susceptibility of E. coli isolates
was evaluated in a 4-level scale (0-3, where 0 denotes no
susceptibility to a given antimicrobial). The strains found
Table 3. Average number of E. coli isolates from different internal
organs of E. coli–vaccinated and control (not vaccinated)
chickens.

Sample

Average number of E. coli isolates

Not vaccinated Vaccinated

Peritoneum 0.5 0.25
Liver 0.5 0
Heart 0.25 0.08
Lungs 1 1
Hip joint 0.42 0
Hock 0.25 0
Intestinum 3 2.92
Suborbital sinus 0.67 0.83
Trachea 2.33 1.58

The average value was calculated based on the results from all 3 pro-
duction cycles and 2 samplings (in third and sixth weeks of birds’ life) at
both F1 and F2 during experiment 1.

Abbreviation: E. coli, Escherichia coli.
sensitive to 40% (8 or more) of the antimicrobials tested,
with a susceptibility level of at least 1 or higher, were
referred to as multisensitive strains. In contrast, strains
that were sensitive to less than 40% of the antimicrobials
were referred to as multiresistant.

Results of microbiological analyses from experiments
1 and 2 were presented as the mean number of E. coli iso-
lates from the internal organs of birds from experimental
or control groups, in various periods of the experiment
(the third or sixth week of birds’ life). In addition, for
experiment 1, the results were summarized as the mean
number of E. coli isolates from each internal organ, in to-
tal for birds from the vaccinated or control groups from
both farms. Results of antimicrobial susceptibility
testing were presented as the mean percentage of multi-
sensitive strains among all E. coli isolates from internal
organs. These results were summarized separately in
particular production cycles for the vaccinated and for
the control groups from farms F1, F2 (in the third and
sixth weeks of birds’ life), and F3 (in the sixth week).
Serological Analyses

A commercial kit of ELISA IBV Ab Tests (IDEXX
Laboratories) was used to determine the titer of anti-
IBV–specific IgY in broiler serum. Particular stages of
the tests were performed with an Eppendorf epMotion
5075 LH automatic pipetting station (Eppendorf, Ger-
many), a BioTek ELx405 automatic multi-well plate
washer (BioTek), and a BioTek EL!800 plate reader.
The mean geometric titer of antibodies and CV% were
computed for each group in each sampling period.
Production Results

Production results recorded at F1 in the 3 consecutive
productive cycles were used to calculate earnings per
broiler chicken. The calculation was made using the
following formula: [(livestock price * final BW) - %mor-
tality and condemnation] – [(veterinary expenses/num-
ber of birds) 1 (final BW * FCR * price of a kilogram
of feed)]. Results were presented as a difference in earn-
ing/broiler chicken between F1-K1 and F1-K2 sepa-
rately for each of the 3 production cycles.
Statistics

Statistical analysis was performed with GraphPad
Prism 6.05 with the use of Mann–WhitneyU test. Differ-
enceswere considered statistically significant atP, 0.05.
RESULTS

Number of E. coli Isolates

The mean number of E. coli isolates from the internal
organs of E. coli–vaccinated and control birds from F1
and F2 (experiment 1), and F3 (experiment 2) is summa-
rized in Table 2. At each stage of both experiments, the
number of E. coli isolates was lower in the vaccinated



Table 4. Average percentage of multisusceptible E. coli stains within all
isolated E. coli strains in vaccinated (vacc.) and control, not vaccinated
(not vacc.), birds in experiments 1 (F1 and F2) and 2 (F3).

Farm Week Chicken house

Percent of susceptible isolates

AverageCycle 1 Cycle 2 Cycle 3

F1 3 Vacc. 0 88 100 62.671

Not vacc. 37.5 0 0 12.5
6 Vacc. 25 100 75 66.671

Not vacc. 40 0 0 13.33
F2 3 Vacc. 33 60 100 64.331

Not vacc. 0 0 11 3.67
6 Vacc. 60 62 100 741

Not vacc. 0 0 0 0
F3 6 Vacc. 75 - - -

Not vacc. 0 - - -

Abbreviation: E. coli, Escherichia coli.
1Significant difference in percent of multisusceptible E. coli isolates from vacci-

nated birds, at different sampling points, in comparison to the control chickens on a
farm.
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than in the nonvaccinated birds. A significant decrease
in the number of E. coli isolates was recorded in E.
coli–vaccinated chickens at both farms of experiment 1
in the sixth week of birds’ life.

In experiment 1, a decrease was also noted in the mean
number of E. coli isolates from particular internal organs
of the E. coli–vaccinated chickens compared with the
nonvaccinated birds (Table 3). This decrease was
observed practically for all organs, except for the subor-
bital sinus and lungs.
E. coli Antimicrobial Susceptibility Profile

The percentage of multisensitive E. coli strains
among all isolates from internal organs, in
experiments 1 and 2, is summarized in Table 4. In
the third and sixth weeks of birds’ life, the mean per-
centage of multisensitive strains reached 62.7 and
66.67% in the vaccinated birds as well as 12.5 and
Figure 1. Average susceptibility of E. coli isolates from vaccinated and c
tested antimicrobials. Antimicrobials used in our study are as follows: amoxy
(cli), colistin sulfate (cst), doxycycline (doxy), enrofloxacin (enr), erythromyc
spectinomycin (ls), marbofloxacin (mbf), neomycin (nm), norfloxacin (nor), o
(sxt), tetracycline (tet), tylosin (tyl). * Significant difference in susceptibilit
chickens on a farm. E. coli, Escherichia coli.
13.33% in the nonvaccinated birds from F1, respec-
tively. In F2, the mean percentage of these strains
reached 64.33 and 74% in the vaccinated birds as
well as 3.67 and 0% in the nonvaccinated birds. The
mean percentage of the multisensitive strains was sta-
tistically significantly higher in both the third and the
sixth weeks of birds’ life in the E. coli–vaccinated
chickens than the nonvaccinated ones from both farms
in experiment 1. In turn, in experiment 2, 75% of E.
coli strains isolated from the vaccinated birds were
multisensitive, whereas in the nonvaccinated birds,
their percentage accounted for 0%.
Figure 1 presents the mean susceptibility to particular

antimicrobials exhibited by E. coli isolates from E. coli–
vaccinated and nonvaccinated birds from farm 1
(Figure 1A) and farm 2 (Figure 1B). At F1, the suscepti-
bility of E. coli isolates from the vaccinated birds was
significantly higher to neomycin, sulfamethoxazole/
trimethoprim and lincomycin/spectinomycin, whereas
ontrol birds, at F1 (A) and F2 (B) in the sixth week of birds’ life, to 20
cillin (amx), amoxycillin1 clavulanic (amc), ceftiofur (cef), clindamycin
in (ery), gentamycin (gen), florfenicol (ff), flumequine (fluq), lincomycin/
xytetracycline (otc), penicillin G (pen), sulfamethoxazole/trimethoprim
y of E. coli isolates from vaccinated birds in comparison to the control



Table 5. Average susceptibility of isolated E. coli stains to clin-
damycin (Cli) and oxytetracycline (Oct) in each production cycle
in E. coli–vaccinated birds.

Farm Week Antimicrobial

Average susceptibility of E. coli
isolates in vaccinated chicken

houses in each cycle

Cycle 1 Cycle 2 Cycle 3

F1 3 Cli 0 0 0
Otc 0 0 1.33

6 Cli 0 0 0
Otc 0 1 0

F2 3 Cli 0 0 0
Otc 0 0 0

6 Cli 0 0.38 0
Otc 0 0 0

F3 6 Cli 0 ND1 ND
Otc 0 ND ND

The results ofE. coli vaccine strains revealed that average susceptibility
of this strain to clindamycin (Cli) and oxytetracycline (Oct) was 3. FieldE.
coli isolates were not susceptible to both antimicrobials at any point of the
experiment.

Abbreviation: E. coli, Escherichia coli.
1Not done.
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at F2, the susceptibility of these isolates was significantly
higher to amoxycillin 1 clavulanic acid, gentamycin,
lincomycin/spectinomycin, florfenicol, marbofloxacin,
sulfamethoxazole/trimethoprim.
Table 5 presents selected elements of the spectrum of

vaccine strain susceptibility compared with the field iso-
lates of E. coli obtained from the vaccinated birds in
experiments 1 and 2. None of the E. coli isolates from
the vaccinated broiler chickens revealed the same spec-
trum of susceptibility as the vaccine strain did, at any
of the stages of both experiments.
Average Number of Days of Antimicrobial
Treatment

The data concerning the number of days of antibiotic
treatment of broilers are presented in Table 6 as a total
number of days of treatment and the percentage reduc-
tion in the number of days the antimicrobials were
used during each production cycle at F1-K1 and F2-K1
in comparison to F1-K2 and F2-K2, respectively. During
3 production cycles, an average reduction in the number
of days of antimicrobial treatment reached 10.31 and
Table 6. Percentage reduction in the number of days of antimicrobial
vaccinated, chickens at F1 and F2 recorded during experiment 1.

Farm Cycle
Number of days of antimicrobial usage in

not-vaccinated birds
Number of d

E. c

F1 1 19
2 20
3 13

Average 17.33
F2 1 11

2 14
3 9

Average 11.33

Abbreviation: E. coli, Escherichia coli.
1In production cycle number 3 at F1 an incident of hip joints inflammation

birds, which resulted in higher antimicrobial usage.
40.57% in the E. coli–vaccinated birds at F1 and F2,
respectively, in comparison to the control birds.
Serological Evaluation

Results of serological examination are summarized in
Table 7. In experiment 1, no statistically significant dif-
ferences were demonstrated during the third production
cycle in the mean titer of antibodies against IBV be-
tween the E. coli–vaccinated and nonvaccinated birds,
at any of the experimental farms.
Average Earnings

The difference in earnings per bird obtained between
the E. coli–vaccinated and the nonvaccinated birds at
F1 in experiment 1 is shown in Table 8. In the 3 subse-
quent production cycles, the average earnings per bird
in the E. coli–vaccinated chicken house was 0.14 PLN
(approximately 0.031 EUR, if 1 EUR 5 4.52 PLN and
0.037 USD, if 1 USD 5 3,76 PLN) higher than the non-
vaccinated chicken house (the calculation takes account
of the costs of vaccine and vaccination against E. coli).
DISCUSSION

Avian pathogenic Escherichia coli is considered a pri-
mary or secondary pathogen of poultry. The key points
in controlling avian colibacillosis are management inter-
ventions, infection controls, and vaccination strategies
(Dho-Mulin and Fairbrother, 1999; Kabir, 2010).

The development of resistance is a complex process
associated with the presence of resistance-encoding genes
that are found inside plasmids or chromosomal genetic
material. Bacterial antimicrobial resistance develops
naturally over time. The unprecedented increase of
antimicrobial-resistant organisms is linked to themassive
use of antimicrobial agents for disease control and pre-
vention (Shrestha et al., 2017; Davis et al., 2018;
Ibrahim et al., 2019). This type of practice allows antimi-
crobial drugs to eliminate sensitive bacterial strains and
select strains with genetic traits that can resist antimicro-
bials, which provides favorable conditions for selected
strain persistence and spread at the farm level
(Castanon, 2007). However, this phenomenon is
usage in E. coli–vaccinated birds in comparison to the control, not

ays of antimicrobial usage in
oli–vaccinated birds

Percent reduction in the number of days of
antimicrobial usage in K1

14 226.32
16 220%
15 115.38%1

15 210.31
8 227.27%
7 250%
5 244.44%
6.67 240.57

associated with Enterococcus spp. infection occurred in E. coli–vaccinated



Table 7. Results of IBV serological evaluation in E. coli–vacci-
nated and control, not vaccinated, birds at F1 and F2 during
experiment 1.

Farm Week Parameter

Chicken house

Vaccinated not vaccinated

F1 3 Gmean ND1 ND1

CV% ND1 ND1

6 Gmean 1.392 1.201
CV% 77.8 68.7

F2 3 Gmean 140 143
CV% 169.9 113.4

6 Gmean 1.373 1.585
CV% 61.5 74.5

All the birds (both E. coli–vaccinated and not vaccinated) were vacci-
nated on day 1 with live, attenuated H-120 and 1/96 IBV vaccines via
coarse spray in the hatchery. Escherichia coli–vaccinated birds were
vaccinated against E. coli on a farm right after their placement in the
appropriate chicken house. 15 minutes after E. coli vaccination birds were
released from transport boxes.

Abbreviation: E. coli, Escherichia coli.
1Not done.
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determined not only by these differences. As it turns out,
a high correlation has been demonstrated between the
increased incidence of MDR E. coli in food products
from poultry and the practices and procedures applied
in a processing plant manufacturing these products
(Davis et al., 2018). This highlights that proper on and
outside farm management could be effective in control-
ling the spread of antimicrobial resistance pathogens in
poultry production (McEwen and Fedorka-Cray, 2002;
Davis et al., 2018).

Antimicrobial-resistant Escherichia coli strains pose a
serious problem to the public health because these
strains could be passed to humans via the food chain
or by direct contact with infected birds. In addition,
resistant E. coli may act as transporters for
antimicrobial-resistant genes to other pathogens (Dho-
Mulin and Fairbrother, 1999; Akond, 2009).

One of the key elements discussed for a long time in the
context of minimizing further multiresistance spread
among pathogens include fast diagnostics, targeted ther-
apy, quarantine, and—last but not least—the necessity
of restricting the use of antimicrobials, particularly in
the sector of industrial animal production (Dho-Mulin
and Fairbrother, 1999). Considering the restoration of
the susceptibility to antimicrobials, interesting results
have also been provided from experiments into poultry
Table 8. Average difference in earnings per bird in F1-K1 (E. coli
vaccinated) in comparison to F1-K2 (not vaccinated) chicken
house.

Farm Production cycle Earning per bird in K1 vs K2 (PLN)

F 1 1 20.081
2 0.459
3 0.048

Average 0.141

Earnings were calculated with the use on following formula: [(sale price1

average final BW) - %mortality and condemnation] – [(veterinary
expenses/number of birds)1 (averagefinalBW1FCR1 cost of 1 kg of feed)].

1Earnings per bird in the E. coli–vaccinated chicken house was 0.14
PLN (approximately 0.031 EUR, if 1 EUR5 4.52 PLN and 0.037 USD, if 1
USD 5 3.76 PLN) higher.
coccidiosis. As it turned out, the introduction of a popu-
lation of pathogen with a wide spectrum of susceptibility
to antimicrobials into the resistant population can, with
time, contribute to the increased susceptibility of the
latter through the transmission of susceptibility genes
(Chapman and Jeffers, 2014). In the context of coccidi-
osis, this can be achieved on awide scale in the poultry in-
dustry by vaccinating birds with live vaccines containing
Eimeria species being highly susceptible to coccidiostats
(Chapman, 1994; Peek and Landman, 2003; Mathis and
Broussard, 2006; Chapman and Jeffers, 2015).
Results obtained in experiment 1 indicate that the use

of live, attenuated, deletion vaccine against colibacillosis
contributed to a reduction in the amount of E. coli in the
population of birds. These results are in agreement with
findings of El-Mawgoud et al. (2020), who demonstrated
that live E. coli spray vaccination of broiler chickens
reduced the APEC colonization in the heart and liver
of the birds after experimental infection. Therefore, it
cannot be excluded that spray vaccination, via protec-
tion in the gate of infection, contributes to a reduced
number of infections among birds. This was confirmed
by the fact that the number of E. coli isolates from all in-
ternal organs, except for the lungs and suborbital si-
nuses, was lower in the E. coli–vaccinated than in the
nonvaccinated birds. In addition, in our study, the vacci-
nation contributed to a successive increase of E. coli
strain susceptibility to the antimicrobials tested. With
few exceptions, 100% of E. coli strains isolated from
the nonvaccinated birds exhibited multiresistance. The
mean susceptibility of E. coli strains isolated from the
vaccinated birds, determined for the entire experimental
period, reached 62.67% and 66.67 at F1 as well as 66.33%
and 74% at F2 in the third and sixth weeks of birds’ life,
respectively. In addition, it is worth emphasizing that in
experiment 1, the susceptibility of E. coli strains isolated
from the vaccinated birds generally increased with each
production cycle. Interestingly, none of the E. coli iso-
lates from the vaccinated birds had the same spectrum
of susceptibility as the vaccine strain used in the study.
Explicit explanation of these dependencies is difficult;
however, it seems that the results obtained should not
be attributed to the selection of resistant strains through
antibiotic treatment in the first days of birds life. This
hypothesis was supported by results obtained in
experiment 2 according to which, despite antimicrobial
treatment from the first till the fourth day of birds’
life, in the sixth week, 75% of multisensitive strains
were identified in the vaccinated birds, while no such
strains (0%) were found in the nonvaccinated chickens
among E. coli isolates. In addition, in experiment 2,
25% (1/4) of the E. coli strains isolated from the vacci-
nated birds were still sensitive to Linco-Spectin, and
this susceptibility was the same as that of the vaccine
strain (level 1). At the same time, none of the E. coli iso-
lates from the nonvaccinated birds was susceptible to
this antibiotic. Likewise, in experiment 1, none of the
E. coli isolates obtained in experiment 2 had the same
spectrum of susceptibility as the vaccine strain had.
The phenomena associated with the possibility of
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transmission of antimicrobial susceptibility and resis-
tance genes between the vaccine strain and field E. coli
strains require further investigations.
Results from experiment 1 indicate that the vaccina-

tion against E. coli in the first day of chickens’ life had
no negative effect on the effectiveness of vaccination
against IB, as no differences were demonstrated in the
mean titer of antibodies against IBV in the third and/
or sixth week of birds’ life, at any of the farms, between
the vaccinated and nonvaccinated birds in the third
production cycle. These results correspond with findings
reported by Galal et al. (2018), who concluded that live
E. coli vaccination was not negatively affecting the im-
mune response against different concurrent viral vac-
cines such as infectious bursal disease, and moreover,
improved the immune response against some others
such as Newcastle disease virus, H5 avian influenza,
and IBV.
After in-depth analysis of expenditures and incomes,

including the mean final BW of birds, averaged FCR,
cost of feed, livestock price, percentage of dead and
culled birds, number of condemnations, veterinary ex-
penditures including costs of E. coli vaccine in the case
of vaccinated birds, and average balance of profits
gained in the 3 subsequent production cycles at F1
was, on average, by 0.14 PLN (approx. 0.031 EUR or
0.037 USD) higher per broiler chicken than the non-
vaccinated birds. The above, coupled with the fact
that clinical observations made in the experiment,
which indicated a higher effectiveness of justified and
undertaken antimicrobial treatment in the E. coli–
vaccinated birds, support our opinion that vaccination
of broiler chickens against E. coli using a live deletion
vaccine should be considered in terms of routine
immunoprophylaxis.
CONCLUSION

Although no clinical cases of colibacillosis were
diagnosed at any of the farms throughout the
experiments 1 and 2, still the vaccination performed
seems to minimize also the incidence of the subclinical
forms of infection with E. coli, which by reducing the
metabolic effort of the body contributes to the
improvement of overall production results. It is also
worth emphasizing that, in experiment 1, the number
of days of antibiotic treatment in the chicken houses
vaccinated against colibacillosis decreased by 10.31
and 40.57% at F1 and F2, respectively. The above ex-
plains the effectiveness of vaccination in 2 ways.
Apart from the observed effect on the increased sus-
ceptibility of E. coli isolates to the antimicrobials
tested, in the E. coli–vaccinated birds, the reduced
use of antibiotics may in the long term contribute to
the permanent improvement of the situation with
MDR E. coli. On the other hand, the restricted use
of antimicrobials perfectly inscribes into the currently
prevailing trends aimed at minimizing their use or
their complete withdrawal from poultry production.
As it turns out, these restrictions should not be iden-
tified with achieving worse economical results in
broiler chickens’ production.
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