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Simple Summary: Colibacillosis is one of the major bacterial diseases in modern poultry
production, causing impaired animal health and welfare and important financial losses. Until
recently, it was mostly managed by antimicrobial treatments. A judicious use of antibiotics and the
increasing prevalence of resistant avian E. coli strains have imposed a paradigm shift. In a large
integration in Morocco, two randomized trials were implemented, using a tetravalent E. coli
autogenous vaccine on breeding hens. The autogenous vaccine had been prepared after careful
selection of field clinical strains, among 38 E. coli isolates. Performances of the 65,000 vaccinated
breeding hens and of their progeny (over 600,000 broilers) were recorded, and compared to those
of contemporaneous hens/broilers that had been left non vaccinated. Mortality rate, lesion scores
and rate and number of saleable day-old chicks were significantly improved in groups of vaccinated
breeding hens, compared to the non-vaccinated ones. Mortality rate, body weight at slaughter, food
conversion ratio, lesion scores and condemnation rate were also significantly improved in broilers
born to vaccinated hens. This is the first large field trial to document a measurable positive impact
of breeding hens immunization with a tetravalent autogenous colibacillosis vaccine over the whole
productive life of their progeny.

Abstract: Excessive use of antibiotics to control colibacillosis on poultry farms in Morocco
contributes to the development of multiresistant avian pathogenic E. coli. Autogenous vaccines are
an alternative to antibiotic usage; the main goal of this study was to assess the efficacy of this
approach to control recurrent outbreaks of colibacillosis in a large broiler production flow. A
tetravalent autogenous vaccine (serotypes 078, 088, 091, and O185) was produced from E. coli
strains isolated from clinical lesions in breeding hens and used on two farms (65,000 breeding hens
in total). On each farm, contemporaneous groups were included: groups vaccinated twice (12 and
18 weeks of age) and unvaccinated control groups. The performances of these flocks, as well as the
performances of broilers hatched from these breeders (12 farms, over 600,000 broilers in total), were
recorded. A significant reduction in lesion scores, mortality rate and a significant increase in the
number of saleable day-old chicks were observed among vaccinated hens. In broilers, body weight
at slaughter, lesion scores, food conversion ratio, mortality and condemnation rates were
significantly improved. This is the first field observation of a lasting effect of breeder hens
immunization with an autogenous vaccine against E. coli on their offspring.

Keywords: APEC; colibacillosis; antimicrobial resistance; autogenous vaccine; poultry integration;
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1. Introduction

Avian colibacillosis is one of the most frequent and important bacterial infections in avian
pathology; it mainly affects breeding and broiler farms, causing health and welfare impairment and
major economic losses [1]. Avian pathogenic E. coli (APEC) strains are presently considered one of
the major causes of mortality in poultry, and lead to performance losses and condemnation at
slaughterhouses [2]. The disease typically manifests as a secondary infection following viral,
bacterial, or parasitic primary infections. The frequent use of antibiotics in treating this condition
induces the development of antimicrobial resistance, as well as the emergence of resistant strains [3].

Over the last five years, the pathological situation in Moroccan poultry industry has undergone
important and drastic changes. The outbreaks of low pathogenic avian influenza (H9N2) in 2016 and
infections caused by Mycoplasma spp. created conditions for secondary E. coli infections, whose
prevention is becoming increasingly difficult [4]. Control of avian colibacillosis has historically been
achieved through the curative and preventive use of antibiotic treatments [1, 4,]. However, careless
use of antibiotics has caused an increase in the frequency of antimicrobial resistance (AMR) in clinical
APEC strains. This necessitates alternative strategies to protect both animal and public health [5, 6].
Commercial APEC vaccines are available as a preventative strategy against colibacillosis; they also
contribute to limiting the use of antibiotics; however, their efficacy is often limited by the lack of
cross-protection between heterologous APEC strains [7]. This has led to a paradigm change in the
poultry industry, that now considers the use of autogenous vaccines an innovative solution and a
part of the strategy to prevent and control avian colibacillosis, including protecting the progeny of
vaccinated breeding hens [8], leading the way to new vaccine development [9].

The present study aimed to evaluate a tetravalent autogenous vaccine produced from APEC
strains of four different serotypes (078, O88, 091, and O185), all isolated from the Moroccan broiler
breeder flocks where the autogenous vaccine was used. The impact of this immunization trial was
monitored at the different stages of the poultry flow, both broiler breeders and their progeny until
slaughter. It resulted in a highly significant improvement of both the health and performance of the
vaccinated hens and their progeny, with a measurable effect up to slaughter for the latter.

2. Materials and Methods

The present study was carried out from the beginning of 2020 until the end of 2022 and was
performed in a single integration poultry production flow (Zalar Holding), located on the Rabat-
Casablanca-El Jadida axis (Morocco). This production flow is ISO 9001 and ISO 22000 certified and
maintains bird/egg traceability from pullet breeding site to broiler slaughter. The design of the study
is summarized in Figure 1. Both breeder flocks (30,000 and 35,000 head, at sites 1 and 2, respectively)
had a history of recurrent colibacillosis, evidenced by the isolation and molecular characterization of
E. coli strains. For the purpose of autogenous vaccine production, organs of breeder hens and broilers
from downstream production sites were sampled (liver, ovary, bone marrow) and sent to two
different Moroccan diagnostic laboratories. Isolation of E. coli strains was achieved on EMB media.
Thirty-eight strains were sent to Ceva Biovac (Beaucouzé, France), which verified the species
identification by Maldi-Tof mass spectrometry and performed somatic serotyping using antisera,
pathotyping by PCR for detection of 18 virulence-associated genes and genotyping by Pulse Field
Gel Electrophoresis (PFGE), as described elsewhere [10]. Four dominant strains of four different
serotypes — 078, 088, 091, and O185 — were selected for incorporation in the autogenous vaccine.
The oily inactivated tetravalent autogenous vaccine was produced in France by Ceva Biovac and
imported to Morocco for the planned field trials (see supplementary documents).

Each of the two breeder farms was composed of six buildings, with the same design, equipment,
and poultry capacity per farm. All animals had ad libitum access to feed and water over the trial
duration. On site 1 (30,000 Cobb 500 pullets), each building/group count was 5,000 head. On site 2
(35,000 Ross 308 pullets), each group count was 5,800 head. Each site comprised six buildings.
Buildings were randomized on each site, so that pullets in three buildings would be vaccinated, and
those in three other buildings would be left unvaccinated. All pullets from vaccinated groups
received two doses of autogenous vaccine intra-muscularly (0.5 ml/bird) at 12 and 18 weeks of age.
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On each site, injection was performed on the same day; but on different dates on the two sites (26
November 2021 on site 1, 3 February 2022 on site 2). Pullets were transferred to laying facilities at 22
weeks of age, and group structure was maintained.

Performance and health parameters were recorded during the production cycle of each flock,
from day-old chick arrival to culling at 60 weeks of age. From 12 weeks of age (first vaccine injection
at pullet rearing site) onwards, the data were collected on a group basis. The collected parameters
were mortality rate (daily collection and recording of number of dead poultry), number of hatching
eggs, number saleable day-old chicks per hen. On each laying site (i.e., from 22 weeks of age
onwards), necropsies were performed every 7 weeks on 10 freshly collected dead hens from
vaccinated as well as control groups (10 per group). In total, six necropsy sessions were conducted
by the first author and/or the five veterinarians employed by the poultry integration. Macroscopic
lesions were recorded for the following organs: ovarian cluster, lungs, air sacs, heart and liver.
Scoring ranged from 0 (no lesion) to 3 (severe fibrin), see supplementary table S1. Lesions were
swabbed and swabs sent to the same two diagnostic laboratories, for bacterial isolation and
assessment of antimicrobial resistance (see details below).

The eggs laid by the breeding hens were identified by group from incubation and day-old chick
delivery to downstream broiler farms (12 in total). Each broiler farm received a group of 25,000-day-
old chicks hatched from vaccinated hens or a group of 25,000-day-old chicks hatched from control
hens — this represented 603,000 broilers in total, whose technical performances and health data were
recorded (mortality, average body weight at slaughter — day 37, feed conversion ratio, lesion score,
condemnation rate and reasons for condemnation at the slaughterhouse). For E. coli isolates from
broilers, AMR testing was performed on agar plates. The results of antibiograms were interpreted as
recommended by the French microbiology society [11], with cut-off values for susceptible,
intermediate, and resistant phenotypes.

38 strains from flocks of future breeders and
breeders (both farms) within a single integration
production flow.

Serotyping, pathotyping, genotyping and selection
of strains to be incorporated into the multivalent
autogenous vaccine.

Zootechnical performances (breeders and broilers)
Lesion scoring on collected dead poultry
Antibiograms on isolated APEC strains

Site 1: 3 vaccinated buildings (15,000 pullets) vs
3 control buildings (15,000 pullets)

Site 2: 3 vaccinated buildings (17,500 pullets) vs
3 control buildings (17,500 pullets)

Each pullet received two vaccination doses, or
none.

Tetravalent autogenous inactivated vaccine :
078-088-091-0185
65,000 doses produced

Figure 1. Summarised design of the study.

The common organization and certification of the sites, their proximity, and the implementation
of HACCP on farm work organization, including vaccine administration, means that environmental
factors are comparable for the duration of the trial. The main outcome of the study was the health
improvement of the birds, with average mortality rate and average colibacillosis-focused lesion score
as explanatory variables. The hypothesis of the authors was that both variables would be significantly
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improved among vaccinates. Zootechnical performance parameters of laying hens and of their
progeny (each being an explanatory variable) were the study’s secondary outcome. We hypothesized
that these parameters would also be improved in layers and their progeny, including the
slaughterhouse condemnation rate of broilers.

Each building was considered as an epidemiological unit (for breeder layers as well as for
broilers). The statistical analysis of the results (analysis of variance of the effect of explicative
variables) was carried out according to the generalized least squares method using the GLM (General
Linear Models) procedure of the SAS (Statistical Analysis System) programme (SAS, USA).

3. Results

3.1. Breeders

Average performance obtained from vaccinated and control breeder groups are presented in
Table 1. A significant improvement was measured for the vaccinated groups compared with the
control ones for mortality rate (-7.6% and -10.2% in vaccinated flocks on sites 1 and 2, respectively).
The number of saleable day-old chicks per housed hen (which is economically pivotal for the
integration) was significantly improved for vaccinated hens on site one (+3.7%) and numerically on
site 2 (+2.8%, p=0.06). Furthermore, a numerical improvement of +2.6 and +1.8% in the number of
hatching eggs per hen was observed for the vaccinated flocks, respectively.

Table 1. Average zootechnical performance and mortality rate of the vaccinated and non-vaccinated
breeder flocks involved in the trials.

Site 1 (6 buildings) Site 2 (6 buildings)
. Control .
Control (3 ?;accmated Differe 5a_ﬂue 3 ?/accmated Difference  p-value
145 o, 147 o, *

buildings) buildings) nce (%) *) ISJ)ulldmg buildings) (%) *)
Mortality (%) 16.72 15.54 -7.59% 0.04* 15.35 13.93 -10.19% 0.03*
Hatching eggs per o o
hen (weeks 22-60) 175 179 +2.60%  0.07 184 187 +1.78% 0.11
Sellable  day-old 149 ¥371%  001* 153 157 +2.79% 0.06

chicks per hen

In total, six necropsy sessions of 10 cadavers were performed on dead laying breeder hens that
had been collected from each building, identified and frozen. Macroscopic lesions were scored for
each bird, with reference to a colibacillosis-focused lesion scoring system (see table S1), then averaged
per group. These results (see table S2) show a significant reduction in the average lesion score
between vaccinated and control groups, on both sites (-47.0% on site 1, p=0.04 and -41.9% on site 2,
p=0.01), see Figure 2.
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Figure 2. Average macroscopic lesion scores, for vaccinated and control breeder hens on sites 1 and 2
(* p<0.05; **p=0.01).

3.2. Broilers

All broilers included in the trial were slaughtered at an average age of 37 days. Average live
weight at slaughter was very highly significantly improved among broiler groups hatched from
vaccinated layers (+2.0%; p=0.0001). Mortality rate was highly significantly reduced (-20.4%; p=0.001)
while food conversion ratio (FCR) was significantly improved (-1.8%; p=0.02) for the progeny of
vaccinated hens (detailed results are provided in table S3).

Weekly necropsies were performed on broilers collected as a daily routine over the whole
production period (6 necropsy sessions in total, both on flocks hatched to vaccinated and control
hens). The same colibacillosis-focused lesion scoring system was used, with the obvious absence of
ovarian cluster among the organs scored. The average lesion score was 1.04 for broilers hatched to
vaccinated hens, and 1.45 for broilers hatched to control hens (-39.4%; p=0.0075).

Regarding slaughterhouse results, both total and cellulitis condemnation rates were very highly
significantly improved among broilers hatched to vaccinated hens (-14.9 and -60.0%, respectively, see
Table 2). The partial condemnation rate was also significantly improved.

Table 2. Average condemnation rates per category of broilers (hatched to vaccinated or control hens),
for the different reasons for condemnation.

Control groups Vaccinated groups Difference (%) p-value
Total condemnation 2.55% 2.22% -14.86% 0.0003
Partial condemnation 1.43% 1.23% -16.26% 0.04
Cellulitis condemnation (colibacillosis)  0.73% 0.45% -60.00% 0.0001

3.3. AMR phenotypes

Antibiogram profiles of the 16 APEC strains isolated from dead breeding hens presenting severe
colibacillosis lesions showed very high resistance frequency to most common antimicrobials
prescribed in poultry medicine (see Figure 3). Ninety-four per cent of strains were resistant to
amoxicillin, 87.5% to tetracycline and 75% to doxycycline. Low resistance frequency was observed to
fosfomycin (6.3%), and no resistant strain was identified towards florfenicol. Most of the 28 APEC
strains isolated from broilers presented comparable phenotypes as the strains isolated from breeding
hens, although amoxicillin resistance was less common (60.7%). Still, resistance to tetracycline
(82.1%), doxycycline (78.6%) and flumequine (71.4%) were frequent.
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Figure 3. Antibiogram profiles for APEC strains isolated from breeding hens (a, 16 strains) and
broilers (b, 28 strains) involved in the trial.

4. Discussion

The significant improvement of key health (mortality rate, lesion score) and performance
indicators (number of hatching eggs, and saleable day-old chicks per housed hen) in and from
vaccinated groups of laying breeder hens, as compared to contemporaneous control (unvaccinated)
groups, in the context of recurrent colibacillosis, can be ascribed to the protective effect of the
autogenous vaccine against APEC. The improved health of the layers might also allow an improved
microbial quality of the hatching eggs and day-old chicks hatched. This study confirms previous
results obtained by pullet immunization with a multivalent APEC autogenous vaccine where
mortality rate was reduced in the vaccinated groups, compared to contemporaneous control groups,
in challenge models [12, 13]. The present study also adds to the knowledge of the impact of
autogenous vaccine usage in breeders by evidencing a significant positive effect on the health and
performance of progeny, which had been observed previously under experimental conditions for one
of the two tested challenge strains [14], but not in a field trial.

A previous field study has been conducted in broiler breeder hens vaccinated with Poulvac®
(O78) and additionally with a bivalent autogenous E. coli vaccine [15]. The latter contained two strains
belonging to the clonal complex 95, that are both closely related to an O2 reference strain, hence
providing protection against a single serotype. In the present field trial, the tetravalent autogenous
vaccine was based on four E. coli isolates of different, well-defined serotypes (078, O88, 091, and
0185).

The significant improvement of the average colibacillosis-focused lesion score among vaccinated
groups in our trial finds logical explanation in the protective effect of autogenous vaccines against
severe colibacillosis. Previous work has obtained comparable results upon experimental aerogenic
APEC infection, where the overall gross pathology scores were 2.8 unvaccinated and 1.95 in the
vaccinated E. coli challenged groups, respectively [16]. The recent trial reporting on the efficacy of a
bivalent autogenous vaccine (where both valences correspond to a single serotype) similarly
evidenced a significant reduction in the average lesion scores among vaccinates, as compared to
control groups [15]. Taken together, these results suggest that autogenous vaccination is efficacious
at limiting the severity of colibacillosis in breeding laying hens, provided the clinical strains included
in the vaccine have been adequately selected.

Regarding the progeny of the immunized hens, the standards implemented at the integration
level (ISO 9001 and ISO 22000) provide a reliable framework for the traceability of the different
groups (pullets, breeding layers, egg collection and hatching, day-old chicks and broilers up to
slaughter). Also, the comparable design of the broiler house facilities, management and feed/water
origin, and their relative proximity allow for a comparison of the two types of progenies. The
significant improvement of health (mortality rate, average colibacillosis-focused lesion score) and
technical performance indicators (FCR, and average body weight at slaughter) in broiler flocks
hatched from immunized laying breeder hens, compared to those hatched from control hens imply
that chicks acquired substantial passive maternal immunity. It has also been previously documented
that an autogenous vaccine induces specific antibodies in the serum of laying hens [12]. The transfer
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of IgY induced by immunization from a hens’ serum to the vitellus of her eggs is well described and
industrially used for egg-yolk antibody production (for a review, see [17]). Also, the transfer of anti-
APEC maternal antibodies to their progeny after vaccination has been demonstrated under
experimental conditions, with the use of a candidate enterobactin conjugate vaccine [9]. Furthermore,
broiler chickens were proven protected by passive immunity further to the immunization of their
female ascendants with an autogenous inactivated vaccine under experimental conditions [14]. It is
then reasonable to conclude that, in the present field trial, APEC-specific antibodies induced by the
multivalent inactivated autogenous vaccine induced a significant protection in the progeny of the
laying hens via passive transfer of maternal antibodies, and that this protection was significant.
Another — non exclusive — possibility is that immunization of the breeder hens reduced the level of
vertical transmission of APEC strains to the progeny, as suggested by [8]. However, the present trial
was not designed to provide data in support to this hypothesis.

Regarding condemnation at the slaughterhouse, the significant reduction in condemnation rates,
both for total condemnation and for those related to cellulitis (a clinical expression of colibacillosis in
broilers, [18]) among broiler flocks hatched from immunized breeder laying hens, as compared to
those hatched from control hens, suggests a prolonged protection by passive maternal immunity, up
to slaughter (mean of 37 days of age in the present trial). To the authors” knowledge, this had not
been evidenced under field conditions before. If this result was to be confirmed in other trials, this
would benefit the poultry industry since condemnation at the slaughterhouse is a significant source
of economic loss [19]. The Moroccan poultry industry recently estimated the yearly economic loss
from colibacillosis-related condemnation at over 4.5 million US dollars [20].

APEC strains isolated during the trial all show a high frequency of resistance to several
antimicrobial families, whether they originate from the breeder or the broiler flocks. These results are
in line with those from a previous study on breeders in Morocco between 2018 and 2021, 75 E. coli
clinical strains were resistant to more than half of the tested antibiotics, excepting fosfomycin (6.1%
of resistant strains), colistin and florfenicol (0%, [21]). These last two antibiotics are not used in
breeders in practice (colistin is only available in an injectable presentation, and there is no florfenicol-
based veterinary medicinal product that is registered for usage in laying hens). Fosfomycin is rarely
prescribed in the authors’ experience because of field reports of limited efficacy on recurrent
colibacillosis, even when the APEC strains prove to be sensitive in vitro. In broilers, a previous
Moroccan study also reported an E. coli resistance rate above 50% for most antibiotics, but for
fosfomycin (16.1%) and colistin (2.94%) [22] and the same remarks apply to both of these antibiotics
in field practice. The most concerning aspect of our results is that all tested APEC strains (16 from
breeders and 28 from broilers) were multi-resistant (i.e., resistant to 3 antibiotic families or more).
Although not unexpected (a previous study on 5 million Moroccan broilers showed that 93% of them
had received at least one antibiotic treatment [23]), this result is a clear call for action to drastically
reduce antibiotic usage in the Moroccan poultry industry. Furthermore, the possible contamination
of poultry meat by E. coli strains with a clear zoonotic potential [24, 25] is also a cause for public health
vigilance. A wider usage of autogenous vaccines has the potential to contribute to the reduction of
antibiotic usage, limit the selection of AMR on farms, and improve poultry production [13], while
providing measurable added value in the downstream segment of broiler production.

5. Conclusions

This field trial provides additional confirmation of the interest of E. coli autogenous vaccines in
the improvement of health and technical performance of broiler breeders and their progeny. It also
confirms under field conditions that maternal passive immunity confers a measurable and lasting
protection regarding colibacillosis in the progeny of laying hens. Antibiotic resistance profiles
obtained from APEC strains isolated from breeders and their progeny show a high level of AMR in
the Moroccan poultry industry, which should be tackled urgently. In this regard, autogenous
vaccines have the potential to represent an innovative and customized solution to limit the
antimicrobial resistance problem and improve productivity throughout the poultry value chain.
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Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org. Table S1: Colibacillosis-focused lesion scoring system used by all veterinarians
performing necropsies on breeding and broiler farms during the trial; Table S2: Detailed average lesion scores
from breeders, as noted over necropsy sessions (10 dead poultry per session); Table S3: Average zootechnical
performance and mortality rate of the broilers hatched to the vaccinated and non-vaccinated flocks involved in
the trial; Table S4: Detailed average lesion scores from broilers hatched to vaccinated or control laying hens, as
noted over necropsy sessions (10 dead poultry per session).
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