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Objective: The effects of vaccinating 18-day-old chicken embryos with the combination of
recombinant Eimeria profilin plus Clostridium perfringens (C. perfringens) NetB proteins mixed
in the Montanide IMS adjuvant on the chicken immune response to necrotic enteritis (NE)
were investigated using an Eimeria maxima (E. maxima)/C. perfringens co-infection NE disease
model that we previously developed.

Methods: Eighteen-day-old broiler embryos were injected with 100 pL of phosphate-buffered
saline, profilin, profilin plus necrotic enteritis B-like (NetB), profilin plus NetB/Montanide adjuvant
(IMS 106), and profilin plus Net-B/Montanide adjuvant (IMS 101). After post-hatch birds were
challenged with our NE experimental disease model, body weights, intestinal lesions, serum
antibody levels to NetB, and proinflammatory cytokine and chemokine mRNA levels in intestinal
intraepithelial lymphocytes were measured.

Results: Chickens in ovo vaccinated with recombinant profilin plus NetB proteins/IMS106
and recombinant profilin plus NetB proteins/IMS101 showed significantly increased body
weight gains and reduced gut damages compared with the profilin-only group, respectively.
Greater antibody response to NetB toxin were observed in the profilin plus NetB/IMS 106,
and profilin plus NetB/IMS 101 groups compared with the other three vaccine/adjuvant groups.
Finally, diminished levels of transcripts encoding for proinflammatory cytokines such as lipo-
polysaccharide-induced tumor necrosis factor-a factor, tumor necrosis factor superfamily 15,
and interleukin-8 were observed in the intestinal lymphocytes of chickens in ovo injected with
profilin plus NetB toxin in combination with IMS 106, and profilin plus NetB toxin in combi-
nation with IMS 101 compared with profilin protein alone bird.

Conclusion: These results suggest that the Montanide IMS adjuvants potentiate host immunity
to experimentally-induced avian NE when administered in ovo in conjunction with the profilin
and NetB proteins, and may reduce disease pathology by attenuating the expression of pro-
inflammatory cytokines and chemokines implicated in disease pathogenesis.
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INTRODUCTION

Necrotic enteritis (NE) is one of the most important enteric infectious diseases affecting global
poultry production with an estimated annual economic loss of more than $2 billion, largely attri-
butable to increased costs associated with medical treatments and impaired growth performance
[1,2]. Host-pathogen interaction in NE is complex and the nature of host and pathogen genetic
factors implicated in NE pathogenesis is still unknown [3,4]. NE is caused by infection with toxin-
producing, virulent strains of Clostridium perfringens (C. perfringens) particularly in association
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with predisposing factors, such as a high protein diet and intestinal
damage following co-infection with Salmonella bacteria [5] or
Eimeria protozoa [6-8]. C. perfringens a-toxin is a multifunctional
phospholipase ubiquitously produced by all five bacterial types,
and until recently, was considered as the major virulence factor
in chickens [9,10]. More recently, the necrotic enteritis B-like
(NetB) toxin, a B-pore-forming toxin of the a-hemolysin family
[11], was identified in disease-causing C. perfringens isolates [10,
12] and has been evaluated as a vaccine candidate in small-scale
vaccination trials [13].

Control of NE in commercial broiler production has been
relatively well-managed by the use of in-feed antibiotic growth
promoters (e.g. bacitracin, lincomycin, and virginiamycin). How-
ever, due to increasing worldwide restrictions on the use of
antibiotic growth promoters, there is an increasing need for alter-
native strategies to reduce the incidence and severity of NE in
commercial flocks [13,14]. Identification of alternative manage-
ment practices to control disease has been hindered by the
difficulty of experimentally reproducing NE by C. perfringens
infection alone [6]. An Eimeria/C. perfringens co-infection model
system replicates many of the clinical features of field NE, in-
cluding body weight loss and the development of intestinal lesions
directly by the invading pathogens, as well as indirectly through
a proinflammatory cytokine/chemokine storm elicited in res-
ponse to the microorganisms [1,6,15]. This experimental model,
and those described by others [1,6,8], have led to the development
and evaluation of novel strategies that may be of benefit to reduce
field infections. Among these new approaches is immunization
with subunit protein vaccines derived from Eimeria and C. per-
fringens in the presence of adjuvants to stimulate adaptive and
protective immune responses [13]. In particular, the Montanide
ISA and IMS adjuvants are aqueous-based microemulsions with
demonstrated efficacy for enhancing the immunogenicity of a
variety of animal vaccines, including those for avian coccidiosis
[13,16].

In ovo vaccination has been successfully used to protect against
poultry infectious diseases since the initial observations by Sharma
and Witter [17] that 18-day-old embryos develop post-hatch
immunity against the immunizing agents. Subsequent research
indicated that vaccination of late-stage chicken embryos was
safe and induced immunity earlier compared with post-hatch
immunization [18]. Compared with other routes of immuniza-
tion, in ovo vaccination also offers the advantages of reducing
physiologic stress associated with post-hatch immunization, more
precise and uniform vaccine dosing, multiple-agent vaccination,
ease of handling, and reduced labor costs. Our previous studies
showed that immunization of broilers at day 18 of embryogenesis
with the Eimeria recombinant profilin protein induced protection
against post-hatch challenge infection with live parasites [19,20].
The current study was undertaken to assess the ability of the novel
Montanide IMS adjuvants, IMS 106 and IMS 101 which are speci-
fically designed for in ovo vaccination, to enhance protective
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immunity to avian NE when co-administered with the profilin
and NetB proteins at 18 days of embryo development.

MATERIALS AND METHODS

Recombinant profilin and NetB proteins

E. acervulina recombinant profilin protein was expressed in
Escherichia coli (E. coli) as a maltose-binding protein (MBP) fusion
protein, purified on an amylase affinity column, and treated with
factor Xa (New England Biolabs, Ipswich, MA, USA) to separate
MBP from profilin as described [21]. The C. perfringens NetB
toxin gene was cloned by polymerase chain reaction (PCR) from
the DNA of a virulent bacterial strain isolated from an outbreak
of NE as described [22]. Recombinant NetB protein was expressed
in E. coli with a 6xHis epitope tag and purified on a Ni-NTA aga-
rose affinity column as described [22]. Both proteins migrated
as single bands on Coomassie blue-stained SDS-polyacrylamide
gels and reacted with profilin- or NetB-specific antibodies on
Western blots [22]. Lipopolysaccharide (LPS) was removed from
the purified recombinant proteins by using the Endotoxin Removal
Solution (Sigma, St. Louis, MO, USA) and the level of endotoxin
was checked by the PierceLAL Chromogenic Endotoxin Quanti-
tation Kit (Rockford, IL, USA). Recombinant proteins with less
than 0.1 EU/mL LPS (data not shown) was used in this paper.

The Montanide IMS adjuvants

The Montanide IMS 106 and IMS 101 adjuvants (Seppic, Paris,
France) are a dispersion of liquid nanoparticles in an aqueous
phase containing a proprietary immunostimulating component
and compatible with all kinds of buffered antigens. Recombinant
purified profilin and NetB proteins were mixed with IMS adjuvants
at a 50:50 ratio (wt:wt) as recommended by the manufacturer.

In ovo immunization

Embryonated eggs of commercial broiler chickens (Moyer’s
Chicks, Inc., Quakertown, PA, USA) were candled to select well-
developed embryos and randomly distributed into 4 groups (20
eggs/group) as follows (Table 1): i) unimmunized and uninfected
control group, ii) unimmunized and Eimeria maxima (E. maxima)
plus C. perfringens co-infected group, iii) profilin plus NetB-
immunized and co-infected group, and iv) profilin/NetB plus

Table 1. Experimental design

Treatment Number  Protein Challenge infection

group  of birds (100 pg/bird) Adjuvant (EM+CP")

1 20

2 20 - +

3 20 Profilin +

4 20 Profilin+NetB +

5 20 Profilin+NetB  IMS 1142106 +

6 20 Profilin+NetB  IMS 1142101 +

)

" Chickens were orally infected with 1.0 x 10" cocysts/bird of £. maxima (EM) at day 14
post-hatch and with 1.0 x 10° CFU/bird of C. perfringens (CP) at day 18.
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IMS adjuvant-immunized and co-infected group. At 18 days of
embryonic development, the eggs were injected using the Intelli-
ject system (Avitech, Easton, MD, USA) with 100 pL of phosphate-
buffered saline (PBS), pH 7.4 (unimmunized controls), 50 pg
of profilin plus 50 pg of NetB, or 50 pg of profilin plus 50 pg of
NetB in combination with 50 puL of IMS adjuvant as described
[19,20].

Experimental NE disease model

Experimental NE was induced by co-infection with E. maxima
and C. perfringens as described [6,13]. Briefly, chickens were
infected by oral gavage on day 14 post-hatch with 1.0x10" oocysts/
bird of E. maxima Beltsville strain 41A. At day 18, birds were
infected by oral gavage with 1.0x10’ colony forming units/bird
of C. perfringens strain Del-1. Chickens were fed an antibiotic-free,
certified organic starter diet containing 18% crude protein (dry
matter basis) between days 1 and 14 followed by a standard grower
diet containing 24% (dry matter basis) crude protein between
days 15 and 28. All animal protocols were approved by the USDA
Beltsville Area Institutional Animal Care and Use Committee.

Determination of NE-induced clinical parameters

Body weight gains and gut lesion scores were used to assess NE
clinical signs as described [13]. Body weights were measured
on all chickens between days 14 and 20 (days 0-6 post-infection
with E. maxima) and expressed as g/bird. For intestinal lesions,
5 chickens from each group were randomly selected at day 2 post-
infection with C. perfringens (day 6 post-infection with E. maxima),
intestines were removed, and lesions were scored on a numerical
scale from 0 (none) to 4 (high) in a blinded fashion by 3 inde-
pendent observers as described [6,13].

Serum anti-NetB antibody levels

Peripheral blood was collected by cardiac puncture from 3 birds/
group immediately following euthanasia on day 7 following
infection with C. perfringens. Sera were obtained by low speed
centrifugation, pooled, and used in an enzyme-linked immuno-
sorbent assay (ELISA) to measure anti-NetB antibody levels as
described [13]. Briefly, 96-well microtiter plates were coated
overnight with 1.0 pg/well of purified recombinant NetB protein.
The plates were washed with PBS containing 0.05% Tween (PBS-
T) and blocked with PBS containing 1% BSA. Sera (100 pL/well)
were incubated for 2 h at room temperature with gentle agitation,
the plates were washed with PBS-T, and bound antibody was
detected with peroxidase-conjugated rabbit anti-chicken immuno-
globulin G secondary antibody (Sigma, USA) and peroxidase-
specific substrate. Optical density at 450 nm (OD,;,) was measured
with an automated microplate reader (Bio-Rad, Richmond, CA,
USA). The final antibody concentrations were calculated as ng/mL
using our laboratory standard graph. Standard graph was obtained
by conducting ELISA as described above using purified NetB
antigen as the coating antigen and purified chicken immnoglo-
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bulin which detects NetB as the detecting antibody. Serially diluted
antibodies of known protein concentrations were used to develop
a standard curve that covers the detection ranges of 0 to 1,000
ng/mL antibodies. Fresh egg yolks containing high titer anti-
bodies to C. perfringens NetB antigen were used to purify chicken
antibodies using PierceChicken IgY Purification Kit (Pierce Bio-
technology, Rockford, IL, USA).

Quantitation of cytokine and chemokine levels in
intestinal intraepithelial lymphocytes

Intestinal tissues between the jejunum and the ileac region were
harvested from 3 birds/group on day 2 following infection with
C. perfringens, cut open longitudinally, washed gently with ice-cold
Hank's balanced salt solution (Sigma, USA), and intra epithelial
lymphocytes (IELs) were isolated by density gradient centrifu-
gation as described [6,13,19]. Total RNA was extracted using
TRIzol (Invitrogen, Carlsbad, CA, USA) and 5.0 pg of total RNA
were treated with 1.0 U of DNase I and 1.0 pL of 10X reaction
buffer (Sigma, USA), incubated for 15 min at room temperature, 1.0
uL of stop solution was added to inactivate DNase I, and the mix-
ture was heated for 10 min at 70°C. RNA was reverse-transcribed
using the StrataScript first-strand synthesis system (Stratagene,
La Jolla, CA, USA) according to the manufacturer’s protocol.
Quantitative real time polymerase chain reaction (QRT-PCR)
oligonucleotide primers for chicken lipopolysaccharide-induced
tumor necrosis factor-a factor (LITAF), tumor necrosis factor
superfamily 15 (TNESF15), interleukin-8 (IL-8), and glyceralde-
hyde 3-phosphate dehydrogenase (GAPDH) internal control
are listed in Table 2. Amplification and detection were carried
out using equivalent amounts of total RNA with the Mx3000P
system and Brilliant SYBR Green qPCR master mix (Stratagene,
USA). Standard curves were generated using log10 diluted standard
RNAs and the levels of individual transcripts were normalized
to those of GAPDH by the Q-gene program [6,23]. Each sample
was analyzed in triplicate. To normalize individual replicates, the
logarithmic-scaled threshold cycle (C,) values were transformed
to linear units of normalized expression prior to calculating mean
and standard deviation values for the references and individual
targets, followed by the determination of mean normalized ex-
pression using the Q-gene program.

Statistical analysis

All data were subjected to one-way analysis of variance using
SPSS 15.0 for Windows (SPSS, Inc., Chicago, IL, USA). Mean
values were compared using the Duncan’s multiple range test and
differences were considered statistically significant at p<0.05.

RESULTS

Effects of vaccination with NetB proteins plus IMS
adjuvants on body weight gains and gut lesions
Animals in ovo immunized with profilin+NetB/IMS 106 or
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Table 2. Oligonucleotide primers used for quantitative RT-PCR
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RNA target Primer sequences PCR product size (base pair) GenBank accession no.
TNFSF15
Forward 5'-CCTGAGTATTCCAGCAACGCA-3' 292 NM_01024578
Reverse 5'-ATCCACCAGCTTGATGTCACTAAC-3'
IL-8
Forward 5'-GGCTTGCTAGGGGAAATGA-3' 200 NM_205498.1
Reverse 5'-AGCTGACTCTGACTAGGAAACTGT-3
GAPDH
Forward 5'-GGTGGTGCTAAGCGTGTTAT-3' 264 NM_204305.1
Reverse 5'-ACCTCTGTCATCTCTCCACA-3'

gRT-PCR, quantitative real time polymerase chain reaction; TNFSF15, tumor necrosis factor superfamily 15; IL-8, interleukin-8; GAPDH, glyceraldehyde 3-phosphate dehydrogenase.

profilin+NetB/IMS 101 exhibited significantly increased body
weight gains between days 0 and 6 post-infection with E. maxima
compared with the PBS or antigens- only group (Figure 1).
Chickens in ovo immunized with profilin+NetB/IMS 106 or
profilin+NetB/IMS 101 showed significantly reduced lesion
scores at 2 days post-infection with C. perfringens compare with
birds given the PBS control or profilin alone group (Figure 2).
However, no differences in lesion scores were seen between the
adjuvant-only group and the PBS control groups.

Effect of vaccination with NetB proteins plus IMS
adjuvants on serum antibody responses

Chickens in ovo immunized with profilin+NetB/IMS 106 and
co-infected with E. maxima/C. perfringens had significantly greater
levels of NetB-reactive serum antibodies at day 7 C. perfringens
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Figure 1. Effects of in ovo immunization with recombinant profilin plus necrotic
enteritis B-like proteins plus Montanide IMS adjuvants on body weight gains. Chicken
were immunized and were uninfected or co-infected with Eimeria maxima and
Clostridium perfringens as described in Table 1. Body weight gains were measured
between days 14 and 20. Each bar represents the mean-standard deviation value (n
= 20). Bars not sharing the indicated letters are significantly different according to
the Duncan’s multiple range test (p<0.05).

post infection compared with infected animals given PBS or
profilin alone (Figure 3). Similarly, co-infected birds immunized
with profilin+NetB/IMS 101 had significantly greater concentra-
tions of NetB-reactive antibodies compared with infected animals
immunized with the negative PBS control group (Figure 3).

Effect of vaccination with NetB proteins plus IMS
adjuvants on IEL chemokine/cytokine mRNA levels
Compared with the PBS and antigen only groups, chickens in
ovo immunized with profilin+NetB/IMS 106 or profilin+NetB/
IMS 101 and co-infected with E. maxima/C. prefringens had signi-
ficantly reduced levels of IEL transcripts encoding IL-8 (Figure
4). Similarly, TNFSF15 transcript levels were diminished in the
profilin+NetB/IMS 106 or profilin+NetB/IMS 101 group (Figure
4), compared with the other respective experimental and control
groups.
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Figure 2. Effects of in ovo immunization with recombinant profilin plus necrotic
enteritis B-like (NetB) proteins plus Montanide IMS adjuvants on gut lesions. Chicken
were in ovo injected with PBS (NE control) or profilin plus NetB plus IMS 106 or IMS
101 with the indicated protein/adjuvant combinations. The birds were co-infected
with Eimeria maxima (EM) on day 14 and Clostridium perfringens (CP) on day 18,
and lesion scores were assessed on day 20 using a scale from O (none) to 4 (high).
Each bar represents the mean+standard deviation. value of the combined
observations on 5 chicken by three independent observers (n = 15). Bars not sharing
the indicated letters are significantly different according to the Duncan’s multiple
range test (p<0.05).
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Figure 3. Effects of in ovo immunization with recombinant profilin plus NetB
proteins in combination with Montanide adjuvants on necrotic enteritis B-like (NetB)
antibody levels after necrotic enteritis (NE) infection. Chicken were in ovo immunized
and were uninfected or co-infected with Eimeria maxima (EM) and Clostridium
perfringens (CP) as described in Table 1. The concentration of serum antibodies
against NetB toxin were measured by enzyme-linked immunosorbent assay at the
indicated days post-hatch. Each bar represents the average antibody concentration in
ng/mL (n = 3). The letters (a, b) indicate significantly increased NetB antibody
concentrations comparing the profilin+NetB/IMS 106 and profilin+NetB/IMS 101
groups with profilin alone or NE groups (p<0.05). Numerical values shown below the
figure are average serum antibody concentrations.

DISCUSSION

This study was conducted to evaluate the effect of in ovo immuni-
zation with recombinant profilin on combination with Montanide
adjuvants IMS 106 or IMS 101 as a vaccine/adjuvant complex
candidate, local and systemic immune responses against experi-
mental NE disease model in commercial broilers. The major
findings are: i) chickens immunized with profilin+NetB/IMS 106
or profilin+NetB/IMS 101 and co-infected with C. perfringens
and E. maxima had increased body weight gains compared with
the antigens only without adjuvant, and PBS groups; ii) greater
NetB antibody levels were apparent in the profilin+NetB/IMS
106 and profilin+NetB/IMS 101 groups compared with PBS or
antigens only (profilin+NetB) group; and iii) decreased levels of
IELIL-8, and TNFSF15 gene transcripts were observed in chickens
in ovo immunized with profilin+NetB/ IMS 106 or IMS 101 com-
pared with the antigen alone control.

The increasing number of legislative restrictions and the volun-
tary withdrawal of antibiotic growth promoters worldwide will
continue to impact poultry production and health. The rising
incidence of Clostridium infections and development of NE in
commercial chickens has been associated with the withdrawal
of antibiotics during poultry production [1,2]. Therefore, a better
understanding of host- and environmentally-related factors on
C. perfringens infections will be necessary for the development
of effective sustainable strategies aimed to reduce the negative
consequences of NE. The limited progress in understanding the
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Figure 4. Effects of in ovo vaccination with profilin plus necrotic enteritis B-like
(NetB) proteins plus IMS 101 or IMS 106 on IL-8, and TNFSF15 transcript levels in
intestinal IELs. Chicken were in ovo immunized and co-infected with Eimeria maxima
and Clostridium perfringens as described in Table 1. Intestinal IELs were isolated at
day 20, and the levels of (A) IL-8 and (B) TNFSF15 mRNAs were measured by
quantitative RT-PCR at day 20 and normalized to GAPDH transcript levels. Each bar
represents the mean+SD. value (n = 4). Within each graph, bars not sharing the
indicated letters are significantly different according to the Duncan’s multiple range
test (p<0.05). Numerical values below the figures show the averages normalized RT-
PCR measurements. IL-8, interleukin-8; TNFSF15, tumor necrosis factor superfamily
15; IELs, intraepithelial lymphocytes; qRT-PCR, quantitative real time polymerase chain
reaction; GAPDH, glyceraldehyde 3-phosphate dehydrogenase.

complexity of host-pathogen interactions in NE underscores the
urgent need for more fundamental research in host immunity
against Clostridium pathogens in order to develop effective con-
trol strategies against NE [6]. Etiology of NE is complex, but
coccidiosis is a well-known factor that predisposes birds to NE
[2] and has been identified to have a synergistic relationship with
C. perfringens during the development of experimental NE [6].
Coccidia multiplication stages in the intestinal epithelium initiate
gut mucosal damage and C. perfringens colonize the damaged
intestinal epithelium further destructing the enterocytes [2]. Thus,
ability to reduce coccidiosis-afflicted gut damage will reduce NE
induced by C. perfringens. Although the etiology of NE is not
clearly known, coccidiosis is considered to be a major risk factor
[19]. In this study, we used the NE disease model using co-infec-
tion of E. maxima and C. perfringens as previously described [6].
In this model, different strains of E. maxima and C. perfringens
were screened to select the combination that induced the typical
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NE lesion in the gut [6].

Previous investigations of avian NE vaccines have included
C. perfringens recombinant proteins, attenuated bacteria, and live
expression vectors, or naked DNAs containing bacterial genes [7,
13,14,24]. While many NE vaccine development efforts in poultry
have focused on a-toxin, these toxin-based vaccines have not pro-
vided the same level of efficacy compared with clostridial vaccines
in other animals, presumably because a-toxin is not an essential
virulence factor for C. perfringens in chickens [9]. On the other
hand, Lovland et al [25] reported that a C. perfringens toxoid A
vaccine administered intramuscularly with aluminum hydroxide
adjuvant reduced subclinical NE compared with non-immunized
controls. The commercial Netvax vaccine, incorporating a C.
perfringens type A toxoid and formulated as an oil emulsion, has
shown promise in controlling NE in commercial poultry flocks
following intramuscular administration [26]. In a previous study,
we demonstrated the efficacy of the Montanide ISA 71 water-in-oil
adjuvant for increasing protective immunity against experimental
NE following immunization with recombinant NetB toxin [13].
More specifically, subcutaneous vaccination of broilers with puri-
fied NetB plus ISA 71 prior to co-infection with E. maxima and
C. perfringens increased body weight gains, reduced gut lesion
scores, and enhanced serum anti-NetB antibody levels compared
with controls. To the best of our knowledge, however, no studies
have been reported demonstrating the feasibility of in ovo vacci-
nation for protection against avian NE in a laboratory-based
disease model or under field conditions.

In the last few years, in-ovo vaccination technology has been
extended for other vaccines, including live and recombinant vac-
cines, and efforts to extend it for other viral, bacterial and coccidiosis
vaccines are in progress. A few reports have now been published
describing new strategies for immunizing embryos and showed
effective stimulation and the induction of protective immunity
[18-20]. Many different types of chemical compounds and formul-
ations have since then shown to be effective in increasing humoral
and/or cell-mediated immune responses in animals [27]. The
Montanide IMS series of adjuvants comprise oil-free, ready-to-
use aqueous mixtures of liquid nanoparticles ranging from 50
nm to 500 nm in size, together with a generally recognized as
safe, proprietary, immunostimulating compound. IMS adjuvants
are easily manufactured, well-tolerated in animals, and possess
excellent storage stability, and have been used together with
piscine, porcine, equine, and avian vaccines [28,29]. IMS 1313
in combination with recombinant profilin protein augmented
protective immunity in chickens against infection by multiple
species of Eimeria compared with vaccination with profilin alone
[29].

Lovland et al [25] reported that the C. perfringens toxoid A
vaccine administered with aluminum hydroxide adjuvant re-
duced subclinical NE compared with non-immunized controls.
In previous study, we demonstrated the efficacy of the ISA 71 VG
water-in-oil adjuvant in potentiating protective immunity against
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experimental NE disease following immunization with a recom-
binant clostridial protein in combination with ISA 71 adjuvant
[13]. More specifically, vaccination of broilers with clostridial
NetB or PFO proteins plus ISA 71 VG prior to co-infection with
E. maxima and C. perfringens increased body weight gains, re-
duced gut lesion score, and enhanced NetB serum antibody levels
compared with vaccination with adjuvant alone. Although C.
perfringens occurs naturally in the gut in healthy chickens, its
potential to produce overt NE is dependent upon a number of
factors, including a high protein feed mix, and the presence of
other enteric pathogens, Salmonella and coccidian parasites [2,5].
Eimeria profilin has been considered as a potential vaccine can-
didate for controlling coccidiosis, malaria, and toxoplasmosis
because of their capacity to polymerize actin for host invasion
[21,30]. In the current study, we therefore asked whether the
recombinant profilin plus clostridial NetB protein in combination
with Montanide IMS was a more effective adjuvant compared with
NetB plus adjuvant using in ovo immunization. In our previous
embryo vaccination studies, we demonstrated that circulating
antibodies were induced following in ovo injection with a DNA
or recombinant protein vaccine [19,20,29,30]. Therefore, in this
study, we measured serum antibodies against NetB to investigate
if IMS 106, or IMS 101 adjuvant augments serum antibodies that
could be beneficial to NE protection.

Body weight gains and gross gut lesions are commonly used
to assess the severity of experimental NE [1,5]. In the present
study, there was significant difference in the body weight of birds
in ovo immunized with profilin+NetB/IMS 106, or profilin+NetB/
IMS 101 and prior to infection with E. maxima and C. perfringens.
The profilin+NetB/IMS106 group showed the highest body weight
among groups, showing 10% higher body weight than control
PBS group. Our results showed that the immunoenhancing effects
of in ovo vaccination with profilin+NetB/IMS 101 or profilin+
NetBF/IMS 106 on body weight and intestinal gut lesion scores
implies that the mode of action of these vaccine/adjuvant complex
may involve anti-bacterial effector mechanisms influencing intes-
tinal structure and/or function. These results are consistent with
our previous report [13].

In previous studies, we have shown that although cell-mediated
immunity is of importance in poultry immunity against these
parasites, serum antibody titres highly correlated with survivability
following C. perfringens infection. The present study indicates that
IMS 106 or IMS 101 adjuvants can modulate humoral antibody
response in broiler chickens as seen in this study and described
earlier [13]. Serum antibody levels against clostridial antigen
Net-B protein were measured as parameters of humoral immunity
in vaccinated chickens. To confirm and extend our previously
study, this experiment was done using in ovo immunization
method. In birds in ovo immunized with NetB+profilin/IMS 106
and NetB+profilin/IMS 101, the levels of serum antibodies reac-
tive with Net-B antigen were significantly increased compared
with profilin or profilin plus NetB group. Higher NetB toxin anti-
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body titers were observed in those groups, of E. maximal/C.
perfringens co-infected chickens, each compared with the other
vaccine/adjuvant groups, as well as with untreated and infected
controls and infected chickens that received antigen (profilin+
NetB) alone without adjuvant. The results indicated that in ovo
immunization with a recombinant profilin plus NetB protein in
combination with Montanide IMS 106 or IMS 101 adjuvant en-
hanced the antibody levels of chickens and the antibody response
might play a role in protection of chickens against NE disease.
Furthermore, IMS 106 and IMS 101 did not show any toxicity
for developing embryos based on the hatchability data (Results
not shown).

Even though there has been significant progress in under-
standing the molecular mechanisms for the pathogenesis of C.
perfringens infection in chickens, the immunology relating to
C. perfringens infection, including immune recognition of the
pathogen, is still poorly understood [1,3]. Park et al [6] demon-
strated that intestinal IELs from an NE model system using
chickens co-infected with C. perfringens and E. maxima revealed
that gene transcripts encoding interferon (IFN)-a, IEN-y, IL-1(,
and IL-10 were significantly increased in NE-infected birds com-
pared with uninfected controls. In addition, Collier et al [15]
observed that chickens with induced NE exhibited significantly
increased levels of IFN-y, IL-4, and IL-10 in the intestine com-
pared with healthy controls. In this study, they observed that the
expression patterns of 2 genes, [IFN-vy, and IL-10, were increased
in NE-infected birds compared with healthy controls. Generally,
IFN-y regulates adaptive immunity by activating lymphocytes and
enhancing the expression of MHC class II antigens. In a previous
study, co-administration of the ISA 71 adjuvant with recombi-
nant NetB toxin increased protection against experimental avian
NE while concomitantly decreasing the levels of intestinal IEL
transcripts encoding LITAE, TNESF15, and IL-8 [13]. In the present
study, the level of transcripts encoding the cytokine IL-8 pro-
duction was significantly decreased in profilin+NetB/IMS 106,
and profilin+NetB/IMS 101 groups compared to antigens alone
group without adjuvant. In addition, TNFSF15 mRNA levels were
also significantly decreased in the birds that immunized with
profilin+NetB/IMS 106 and profilin+NetB/IMS 106 groups. These
finding indicated that the cellular response was activated and may
appear that in ovo vaccination with profilin plus NetB clostridial
proteins in combination with Montanide IMS 106 or IMS 101
adjuvants decreased the levels of these immune mediators, parti-
cularly IL-8 and TNFSF15, while simultaneously increasing
outcomes of protection against NE. These results are consistent
with our previous reports as well as other report [7,13] and suggest
that profilin+NetB/IMS 106 or IMS 101 used as a vaccine com-
plex regulates cellular immunity by altering the expression levels
of these proinflammatory or Th1 cytokine genes in the intestine
of infected animals with E. maxima/C. perfringens.

Avian coccidiosis is one of the most widespread infectious
diseases of chickens [30]. The etiologic agent of avian coccidiosis
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is Eimeria, a genus of eukaryotic obligate intracellular parasites
belonging to the phylum Apicomplexa, along with the genera
Plasmodium, Cryptosporidium, and Toxoplasma, among others.
These parasites infect the intestinal tract and clinical manifes-
tations of infection include damage to the intestinal epithelium,
decreased nutrient absorption, inefficient feed utilization, and
impaired growth rate, which, in severe cases, may lead to mor-
tality [30]. Eimeria parasites induce leakage of plasma proteins by
killing epithelial cells as a consequence of the intracellular stages
of their lifecycle. Moreover, according to Collier et al [15], a
coccidial infection enhances mucus production in the intestine.
Recombinant NetB protein in combination with Montanide
adjuvants are capable of enhancing protective immunity to a de-
gree greater than that achieved by use of the vaccine alone. In
a previous study, we showed that subcutaneous vaccination with
the NetB protein in combination with Montanide ISA 71 adjuvant
significantly protected chickens against body weight loss induced
by necrotic enteritis [13]. In addition, parasite replication was
significantly reduced in chickens given the profilin-pcDNA vac-
cine along with the IL-1, IL-8, IL-15, IFN-c, transforming growth
factor—{34, or lymphotactin genes compared with profilin alone
[30]. In conclusion, this study provides evidence that immuniza-
tion of chicken embryos with Eimeria profilin and C. perfringens
NetB proteins, in combination with the IMS adjuvant, increases
protection against post-hatch experimental NE. Future studies
will be required to elucidate the molecular and cellular mecha-
nisms through which this adjuvant enhance immunity to avian
NE. A better understanding of host-pathogen interactions in NE
and the identification of the nature of host immune responses
that are critical for protection against C. perfringens infection will
contribute to the development of logical intervention strategies
to reduce the negative consequences of NE.
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