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ABSTRACT

A reliable and reproduciblen vivo experimental model is an essential tool to stuuy t
pathogenesis of broiler necrotic enteritis andvalgate control methods. Most currémtvivo
models us&imeria as predisposing factor. Nevertheless, most mamysresult in a limited
number of animals with intestinal necrosis. Thiseaach describes the necrotic enteritis
incidence and severity using two previously desatilexperimental models varying in the
time point and frequency dimeria administration: single late and early repediiaheria
administration models. In am vivo model in whichC. perfringens is administered at 3
consecutive days between day 18 and 20 of ages betbnging to the single laEEmeria
administration regimen received a single administmaof a tenfold dose of a live attenuated
Eimeria vaccine on the second day Gf perfringens challenge. Broilers belonging to the
early repeated administration regimen were inoedlatith the samé&imeria vaccine four
and two days before the start of tle perfringens challenge. Early repeated coccidial
administration resulted in a significant increaseaverage necrotic lesion score (value 3.26)
as compared to a single ldameria administration regimen (value 1.2). Also, the nembf
NE-positive animals was significantly higher in tgeoup that received the early repeated
coccidial administration. Singl€&imeria administration duringC. perfringens challenge
resulted in a skewed distribution of lesion sconmith hardly any birds in the high score
categories. A more centred distribution was obthivgth the early repeate@imeria
administration regimen, having observations in gJPesion score category. These findings
allow better standardization of a subclinical n&cr@nteritis model and reduction of the

required numbers of experimental animals.

Key words: necrotic enteritis, coccidiosis, expexital model
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INTRODUCTION

Necrotic enteritis (NE) is an enteric disease causeClostridium perfringens toxin type G

strains that are characterized by their abilitptoduce the NetB toxin. Restrictions in the use
of antimicrobials due to legislation and an inceghg€onsumer awareness can impact NE
prevalence in the future, increasing the demandrésearch on the pathogenesis of the

disease, and on alternatives for antimicrobials phevent and control NE.

To evaluate and develop novel control strategiasdwes, drugs, feed additives) and to study
the disease pathogenesis, reliable and reproducibieo challenge models are an essential
tool. However, research on NE is hindered by théifactorial nature of the disease, which
has led to a variety of different NE challenge msd#escribed in the scientific literature.
Remarkably, a large variation in the percentagermmals developing clinical signs and
lesions has been reported throughout literaturthendifferent disease models (Lee et al.,
2011; Shojadoost et al.,, 2012; Alnassan et al..420dan Waeyenberghe et al.,, 2016;
Bortoluzzi et al., 2019). The lack of uniformity tineen these performed trials has made
comparison of the results difficult. Ideally, th&eNhallenge model should be reproducible
and resemble the situation described in the fiekl cosely as possible because
implementation of certain parameters can greatlyaich the outcome of results (Park et al.,
2008; Van Damme et al., 2020). Preferably all @rmakd animals should develop the
characteristic necrotic lesions without manifestatof sever clinical disease or mortality,
reducing the experimental sample sizes while migim@ statistical power. Therefore, careful

selection of experimental models is needed.

An important variable that differs between the eléint infection models is the use of
predisposing factors. The list of confirmed predspg factors is long, ranging from co-
infection with Eimeria or viruses to nutritional (i.e. non-starch polydzarides, animal

protein, poorly digested protein, anti-nutritiorfalctors,...) and management factors (i.e.
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stress, feeding regimen, rapid growth, stock dgnsiy. Experimental model design is based
on the implementation of one or multiple of thesedpsposing factors, of whidaimeria co-
infection, high protein diets (fishmeal), high d#gynshousing and mild forms of
immunosuppression are most often described (Shogidet al.,, 2012). Coccidiosis is
considered the most important risk factor assodiategh NE disease development based on
the strong correlation between the prevalence tf bothe field (Al-Sheikhly and Al-Saieg,
1980). Therefore, implementation of a predisposiocridiosis challenge in the NE challenge

model seems essential to link experimental studidise field situation.

Throughout literature, a large variability in implentation of this predisposing factor in NE
models has been described, differingeimeria species and time point, frequency and route
of administration (Gholamiandehkordi et al., 20@&rk et al., 2008; Cooper, 2016; Van
Waeyenberghe et al., 2016). In the present studlierature search was performed in which
NE in vivo models were selected varying in thBiemeria administration regimen: single late
Eimeria administration (on second day @f perfringens challenge) and early repeated
Eimeria administration (four and two days befdte perfringens challenge). Literature data
on results of trials implementing both models cdno® compared because they were not
carried out simultaneously under the same conditiodherefore, both models were
compared in amn vivo trial in which all other environmental factors dpfom theEimeria
administration were kept equal between both growos,that the effect of timing and

frequency of th&imeria administration in experimental NE models coulcebeluated.
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MATERIAL AND METHODS

Model descriptions based on previously published NE trials

A literature search was performed in which NE dvadle models varying in frequency and
timing of Eimeria administration were selected. Two types of NE lelmgle models, in which
C. perfringens oral administration was performed on 3 consecutiags between day 18 and
20, were compared: single laEémeria administration (on second day Gf perfringens
challenge) and early repeatdeimeria administration (four and two days befo@
perfringens challenge). Among these articles published betw2@10 and 2020, a further
selection was made based on comparable diet cotigmpsT. perfringens challenge strain,
stocking density, inoculation schedule, type ofrsmpsystem and the availability of data on
the mean lesion score and percentage of NE-positiraals. Based on these restrictions, four
papers were withheld in which five trials were ddsed in total. The single latEBimeria
administration (duringC. perfringens challenge) was described by Mot et al. (2013al(tA
and B), Van Waeyenberghe et al. (2016) (trial GJ Ba Costa et al. (2013) (trial D). The
early repeateEimeria administration (beforeC. perfringens challenge) was described by
Dierick et al. (2019) (trial E) and Van Damme et €020) (trial F). A summary of

experimental setup of the models and their ressiljgven in Table 1.

Necrotic EnteritisIn Vivo Trial

Seventy-two mixed sex Ross 308 broilers were hoursdte same room and divided into four
equal groups (duplicate per condition). Each greap housed with a density of 18 birds per
square meter. Water and feed were supplied adiibiA schematic overview of the model is
depicted in Figure 1. The feed was a wheat/ryee$48%/7.5%) diet containing soybean
meal as a protein source. Soybean meal was reptgceshmeal (30%) from day 17 on, as a

source of dietary animal protein, which is a kngwedisposing factor for induction of NE. A



93 tenfold dose of Paracox-5® (MSD Animal Health) veaally administered at day 14 and 16
94  for group 1 or day 19 for group 2. Subclinical NBsnnduced by oral administration of one
95  millilitre overnight culture (in Brain heart infusn broth (Bio-Rad, Temse, Belgium)) of the
96 pathogenicC. perfringens type G strain CP5&éB”, alpha toxin®, pfoA") at days 18, 19 and
97 20 (Timbermont et al., 2014). In contrast to mosiblghed studies, no predisposing
98 immunosuppression was applied as this would ma&entbdel less suitable for vaccination
99  studies. Furthermore, previous results have shdvat predisposing challenge with the
100  Nobilis Gumboro D78 vaccine had no effect on thgrde and severity of birds developing
101 NE (own unpublished results). At day 21, birds wewn¢hanized. At necropsy, the lesions in
102  the duodenum, jejunum and ileum were scored usingebrestablished scoring system
103  (Keyburn et al., 2006). In short, score 0: no ghessons; score 1: thin or friable walls, score
104  2: focal necrosis and ulceration (1-5 foci); scBrdocal necrosis and ulceration (6-15 foci);
105  score 4: focal necrosis and ulceration (16 or ni@cg; score 5: patches of necrosis 2 to 3 cm
106 long and score 6: diffuse necrosis. Due to itsexttbje nature, score 1 was not assigned. The
107  experiment was carried out according to the recona@agons and following approval from
108 the Ethical Committee of the faculty of VeterinaiMedicine at Ghent University

109 (EC2018_17). No mortality was observed.
110  Statistical Analysis

111 All statistical analyses were performed using GRgah Prism 8 software. Normality of the
112  dataset was checked using the Kolmogorov-Smirnawmality test. The difference in mean
113 lesion score of both groups was assessed usingptiparametric Mann Whitney test with a

114  significance level of 95%.
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RESULTSAND DISCUSSION

Timing of coccidiosis administration is crucial ME lesion development. In search of the
optimal NE challenge model, a literature search pagormed in which NE models with
variable Eimeria timing and frequency were selected. We focussedwan types of NE
challenge models that have been described preyiossigle lateEimeria administration
(during C. perfringens challenge) and early repeaté&imeria administration (beforeC.
perfringens challenge). Their NE-inducing potential in prewsbu described NE-trials is

summarized in Figure 2A and the results sectiohatfle 1.

According to literature data, single laEmeria administration results in a rather limited
percentage of animals developing gross necrotioiesn the small intestine, ranging from
32 to 53%. The average NE lesion score calculaiedlf animals ranged from 0.68 (trial C)
to 1.57 (trial B), whereas this value ranged fromdXtrial A) to 3 (trial B) when only taking
the NE-positive animals into account. A double adstration regimen in which a tenfold
dose of a live attenuateimeria vaccine was administered twice befdZe perfringens
challenge results in a higher number of NE-positiménals, ranging from 62% to 85%. The
average NE lesion score is also higher, ranging f&o10 (trial E) to 3.33 (trial F) for all

animals in the trial and from 3.48 (trial E) to B.@rial F) for NE-positive animals.

Although both models have been used previouslydexlsy-side comparison in NE-inducing
potential has never been made. In order to unarmobgjy confirm that the observed
difference in NE lesion development is due to thertg of Eimeria administration, amn vivo

trial was performed with timing dimeria administration as sole variable parameter.

In the presentin vivo study, single lateEimeria administration duringC. perfringens
challenge resulted in 45% NE-positive animals andagerage lesion score of 1.2 for all

animals (average lesion score of 2.77 for only Mie-positive animals), which is in
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agreement with previously published trials (Fig@f®). The distribution of the observed
lesion scores is depicted in Figure 2C. A cleamsdedistribution towards low lesions scores
can be observed for the single |&eneria administration regimen, comparable to previous
NE trials. Mostly focal necrosis and ulcerationghamnly one to five foci throughout the
small intestine were observed (score 2). Only gsfiosdly more severe necrotic lesions
(scores higher than two) were observed. Comparedetsingle lat&Eimeria administration
protocol, the early repeated coccidial administraiegimen resulted in significantly more
NE-positive animals (79% ;P = 0.0059), which is pamable to previously described NE-
trials implementing this model (Figure 2C). The rage lesion score of all animals in the trial
with repeated coccidial regimen was 3.26 (averagpoh score of 4.13 when only NE-
positive animals were taken into account) which sigsificantly more severe than obtained
after single coccidial administration (P < 0.00@E)gure 2B). The distribution of lesions
scores obtained after repeated administration vedsskewed, having observations in all
lesion score categories (Figure 2C). Throughouttilaé no mortality was observed for both

models.

In the current study, we show that the timing amedjfiency of thé&imeria administration is
crucial in NE disease development. A hypothesidaming the underlying reason for these
observed differences is based on teneria life cycle. It has been suggested that the
epithelial damage, induction of mucogenesis orredieakage are the underlying reasons for
the predisposing nature of a coccidiosis infec{ibrmbermont et al., 2011; Adhikari et al.,
2020). The exact time point during tlemeria life cycle which is responsible for this
phenomenon is however unclear. The 48-hour admatish interval between thEimeria
administrations in the early repeated regimen wesen based on the life cycle duration of
multiple precociou€imeria strains composing the commercial vaccine. Thesgesaange

from 60 to 120 hours (Shirley and Bedrnik, 1997%).dRoosing an intermediate time point of
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48 hours, both asexual schizogony and the sexuakewgony stages (both resulting in
epithelial cell death) of th& meria cycle might be represented when challenging Wth

perfringens. This is in contrast to the single late coccidsogdministration protocol, where
Eimeria administration coincides witle. perfringens challenge so not all stages of the life
cycle of Eimeria will be represented. Alternativeliimeria field strains can be used in NE
model development, either as a single strain oina(@holamiandehkordi et al., 2007) (Van
Waeyenberghe et al., 2016). However, the optimahiadtration interval should be

reassessed, taken into account the life cycle idaraf the particular strains.

Overall, our findings show that early repeated anistiation (beforeC. perfringens
challenge) of a tenfold dose of a live attenudisderia vaccine results in the development of
NE in the majority of the challenged animals, wiasréess animals develop disease when a
single late (duringC. perfringens challenge) coccidiosis administration protocalised, all in
combination with the predisposing effect of fishineapplementation. Furthermore, both
described models have shown to be reproduciblenie, twith our results being similar to the
results previously described in literature. The okan NE challenge model that consistently
yields high numbers of animals with lesions, withmducing mortality, reduces the number

of experimental animals needed duringivo NE trials.
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Tablelegend

Table 1: Summary of the experimental setup paraseted results of the NE trials selected

from literature.

CP=C. perfringens, NE+ animals = amount of animals with an NE lessaore equal to or
higher than 2Eimeria challenge was induced by oral gavage with a tenflase of a live
attenuated vaccine: Hipracox (containtagenella, E. acervulina, E. maxima, E. praecox and
E. mitis), Paracox-5® (containing. acervulina, E. maxima, E. mitis, and E. tenella) or
Paracox-8® (containindgz. acervulina, E.brunetti, E. maxima, E. mitis, E. necatrix, E.

praecox andE. tenella).
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Figurelegend

Figure 1: Timeline of the necrotic enteritsvivo experiment.

The feeding regimen was soybean-based and replatefishmeal from day 17 onwards for
all models. Predisposing factors are indicatedwelral administration of a tenfold dose of
Paracox-5® at day 14 and 16 for group 1 (Early aggbEimeria administration, four and
two days beforeC. perfringens challenge) and day 19 for group 2 (Single |Eieneria
administration, duringC. perfringens challenge). All broilers were challenged with
perfringens CP56 (Black bar), resulting in the induction ofbslinical NE. Here for one
millilitre overnight culture of the pathogeni€. perfringens strain CP56 was orally

administered. Afterwards, birds were euthanized.
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Figure 2: Lesion scoring and distribution aftergdnand repeated coccidial challengenn

vivo NE trials using two different coccidial adminigtcen models

Panel A: NE trials described in literature using #ingle late coccidial administration model
(Trials A & B by Mot et al. (2013), Trial C by Vawaeyenberghe et al. (2016) and Trial D
by Da Costa et al. (2013)) and the early repeabedidial administration model (Trial E by

Dierick et al. (2019) and Trial F by Van Damme le{2020)).

Panel B: NE lesion score obtained in curremtvivo study. Birds were pre-treated by
administration of a tenfold dose of Paracox-5® agy @9 (single late coccidial challenge) or
at day 14 and 16 (early repeated coccidial chadlerfeeed and water was provided at libitum.
From day 17 onwards the feed was supplemented30i#h fishmeal. On days 18, 19 and 20
the birds were challenged by oral administrationoné millilitre overnight culture of the
pathogenicC. perfringens strain CP56. Birds were euthanized and lesiong weored on day
21. In short, score 0: no gross lesions; score@@lfnecrosis and ulceration (1-5 foci); score
3: focal necrosis and ulceration (6-15 foci); scéréocal necrosis and ulceration (16 or more
foci); score 5: patches of necrosis 2 to 3 cm lamgl score 6: diffuse necrosis. The
distribution of the lesion scores is shown in padeBlack and open bars indicate the necrotic

enteritis- negative and positive birds, respecyivel
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SINGLE LATE
EIMERIA
ADMINISTRATION

EARLY REPEATED
EIMERIA
ADMINISTRATION

score (NE+)

Trial A Trial B Trial C Trial D Trial E Trial F
Reference Mot et al. Mot et al. Waeyenbergh| Da Costa et al. | Dierick et al. Van Damme et
(2013) (2013) e etal. (2016)| (2013) (2019) al. (2020)
Housing 15.3 19.3 20 16.6 18.7 18.7
density
(birds/m2)
Feed Wheat/rye Wheat/rye Wheat/corn Wheat/rye Wheat/rye Wheat/rye
(43%/7,5%) (43%/7,5%) (48%/10%) | (43%/7,5%) (43%]7,5%) (43%17,5%)
Protein Soybean meal Soybean meal Soybean meal Soybean nje8loybean meal Soybean med
source
Day to switch | 17 17 17 17 17 17
to fishmeal
Concentration | 30 30 40 30 30 30
fishmeal (%)
&) Immuno- Nobilis Nobilis / Nobilis Nobilis Nobilis
II'I—J suppression Gumboro D78 | Gumboro D78 Gumboro D78 | Gumboro D78 | Gumboro D78
UEJ (In drinking (In drinking (In drinking (Oral gavage — | (Oral gavage —
é water - day 16) | water - day 16) water - day 16) | days 4 and 9) days 4 and 9)
% Type of 10x Paracox-5®| 10x Paracox-5®| 10x Paracox- | 10x Paracox-5® 10x 10x
E Eimeria (Oral gavage) (Oral gavage) 8® (Oral gavage) Hipracox® or Hipracox® or
n (Oral gavage) Paracox-5® Paracox-8®
(Oral gavage) (Oral gavage)
Timing Second day of | Second day of | Second day off Second day of | Two and four Two and four
Eimeria CP challenge CP challenge CP challenge | CP challenge days before CP | days before CH
challenge challenge challenge
CP strain CP56 CP56 CP56 CP56 CP56 CP56
Timing CP Days 17-20 Days 17-20 Days 18-21 Days 17-20 Days9al7 Days 18-20
challenge
Lesion Keyburn et al. Keyburn et al. Keyburn et al.| Keyburn et al. Keyburn et al. Keyburn et al.
scoring (2006) (2006) (2006) (2006) (2006) (2006)
system
Timing 4 to 6 days post| 4 to 6 days post| 1to5 days 1to 3 days 3 days 3 days
necropsy first CP first CP post first CP | post first CP post first CP post first CP
challenge challenge challenge challenge challenge challenge
NE+ animals 48% 52% 32% 48% 62% 85%
4 Mean lesion 1.03 157 0.68 1.04 2.10 3.33
5' score (Total)
g Mean lesion 2.14 3 2.17 2.17 3.48 391




C. perfringens
challenge

1
e e ol e el e T
I I I

10X dose Paracox-5° 10X dose Paracox-5%
Group 1 Group 2

Finisher feed with fishmeal

Starter feed Grower feed 30%




NE Lesion Score

Percentage of total animals

80+

60+

40—

20+

0=

Lesion 023456 0

score

Trial A Trial B
p<0.0001
I 1
6= 4
54 Y 0
41 e M.
3 - N
9 R S
——=\
0 T T
Single late Early repeated
coccidial coccidial

administration

administration

23456 023456 023456

Trial C Trial D

Literature single
late coccidial

El NE-negative
3 NE-positive

R
023456 023456

Trial E Trial F

Literature early
repeated coccidial

administaration | administration

Co
T 60
E
c
o
T 404
8
e
o
& 20-
8
=
aQ
e
a O-
Lesion 0 2 3 4 5 6 0234568

score .
Single late Early repeated
coccidial coccidial

administration

administration



