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ABSTRACT Clostridium perfringens (C. perfrin-
gens) is the etiological agent of necrotic enteritis and
gangrenous dermatitis; 2 diseases that cause significant
economic and welfare concerns to the broiler industry.
Previously, Clostridium-related diseases were managed
with the use of antimicrobial growth promoters fed to
broilers that improved gut health and performance. The
recent shift to no antibiotics ever (NAE) production
has increased the incidence of Clostridium-related dis-
eases. The objective of this study was to identify C. per-
fringens prevalence and toxinotypes in NAE farms.
Samples of litter, feces, and cloacal swabs were collected
from 4 NAE broiler farms in the summer of 2019, on d
28 and d 56 of one flock cycle. A total of 734 presumptive
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isolates were obtained from 192 samples collected in the
study. Irrespective of the age of flock and sample type,
all 192 samples contained at least one colony presump-
tively identified as C. perfringens on Perfringens agar
plate with morphology as a single, round colony with
opaque ring and black center. All isolates were further
screened using PCR for confirmation, toxinotyping, and
identification of virulence-associated genes. Only 9 iso-
lates among the 734 presumptive isolates were confirmed
as C. perfringens and all confirmed isolates were toxino-
type A with variation in presence of netB, cpb2, and
tpeL. More extensive studies are required to assess the
prevalence and virulence of C. perfringens in NAE
farms.
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INTRODUCTION

Clostridium perfringens (C. perfringens) is a spore-
forming, Gram-positive anaerobe found in the gastroin-
testinal tract (GIT) of animals and humans (Uzal et al.,
2014). It is the etiological agent of gangrenous dermati-
tis (GD) and necrotic enteritis (NE) in poultry. Gan-
grenous dermatitis is characterized by subcutaneous soft
tissue damage with clinical signs of fever, ataxia,
anorexia, and lateral recumbency (Shivaprasad, 2016).
Clinical NE can cause sudden mortality, lesions in the
ileum, reluctance to move, and the possibility of diar-
rhea, dehydration, and anorexia (Ficken and
Wages, 1997; Brennan et al., 2003; Van Immerseel et al.,
2004; Lee et al., 2011). Within broilers, GD and NE
cause a significant decrease in average daily feed intake
by 40% and average daily gain by 16% (Remus et al.,
2014). The economic loss associated with Clostridium is
estimated between $2 and $6 billion every year for the
global poultry industry (Wade and Keyburn, 2015).
C. perfringens is classified into 5 toxinotypes (A, B, C,

D, and E) based on their ability to produce major toxins
(a, b, e, and i; Uzal et al., 2014). Toxinotype A is most
associated with GD and NE in poultry (Wilder et al.,
2001; Uzal et al., 2014). It has been suggested that
a-toxin is the major virulence factor for NE in broilers
(Wages, 2003); however, a-toxin-lacking mutants pro-
duce NE lesions (Keyburn et al., 2006). The pore-pro-
ducing toxin, NetB, has been proposed as the new
virulence factor for NE in poultry and has been detected
in NE outbreaks in the United States and
Canada (Chalmers et al., 2008; Keyburn et al., 2008).
However, gene netB-positive isolates have also been
recovered from healthy broilers, and C. perfringens can
be netB-positive but fail to produce the NetB toxin,

https://doi.org/10.1016/j.psj.2021.101414
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:at1179@poultry.msstate.edu


2 RESEARCH NOTE
leaving its definitive role in C. perfringens unanswered
(Chalmers et al., 2008; Abildgaard et al., 2010).
Other virulence genes associated with C. perfringens
include cpb2 and tpeL; however, their exact correlation
with NE virulence in broiler chickens is unclear
(Abildgaard et al., 2010; Yang et al., 2018; Duff et al.,
2019).

The use of antimicrobial growth promoters (AGPs)
was the main barrier against Clostridium infections in
commercial broilers. They protected birds by direct anti-
bacterial effects, modifying the gut microbiota, reducing
GIT inflammation, and improving the overall physical
health of the GIT (Elwinger et al., 1998; Lin et al., 2013;
Costa et al., 2017; Ritter et al., 2019). However, due to
concerns about antimicrobial resistance, broiler opera-
tions have limited their antibiotic usage. In 2011, the
annual Agricultural Resource Management Survey con-
cluded that 48% of grow-out operations raised broilers
without antibiotics and only provided antibiotics when
birds were sick (MacDonald, 2014). Recently, it was esti-
mated that more than 50% of the industry raises broilers
without any antibiotics (National Chicken Coun-
cil, 2019). This type of broiler production is referred to
as no antibiotics ever (NAE). Broilers reared within
NAE facilities are not allowed to receive any antimicro-
bials in feed, water, supplementation, or injection, at
any point in the bird’s lifetime (Newman, 2018). The
removal of AGPs has increased the mortality in NAE
broiler production by 25 to 50%, compared to conven-
tional production (Salois, 2017). On average, NAE mor-
tality stands at 4.2%, with conventional broiler
production at only 2.9% (Ritter et al., 2019). With
greater disease-incidence and mortality rates, it is cru-
cial to understand the prevalence and virulence charac-
teristics of C. perfringens within NAE farms.

Presently, limited information is available on C. per-
fringens in commercial NAE broiler production. There-
fore, the objective of this study was to determine the
prevalence and virulence characteristics of C. perfrin-
gens in NAE commercial broiler farms.
MATERIALS AND METHODS

Experimental Design

Four commercial poultry farms from the same integra-
tor under the NAE policy were selected in Mississippi.
At each farm, 2 houses of mixed-sex broilers were chosen
for sample collection. Sample collection was performed
for one flock grow-out, 61 days in length, during the
summer months (April−July 2019). Sample collection
occurred on d 28 and d 56, consisting of litter, feces, and
cloacal swabs. A power analysis was conducted to deter-
mine sample size.

All samplings in this trial were in compliance with the
Guide for the Care and Uses of Agriculture Animals in
Research and Teaching (Federation of Animal Science
Societies, 2010) and the Mississippi State University
Institutional Animal Care and Use Committee
(IACUC, Animal welfare assurance #17-224).
Sample Collection

Eight litter samples, approximately 20 g each, were
aseptically collected with a gloved hand from 4 quad-
rants of 2 poultry houses per farm on each sampling day.
Litter was collected at no more than approximately
2.5 cm in depth in the house and placed into a 200 mL
Whirl-Pak bag (Nasco Sampling/Whirl-Pak, Madison,
WI). Each sample was pooled from random spots within
a quadrant and gloves were changed between samples.
Similar sample collection was conducted for fecal sam-
ples collecting approximately 15 g per sample using ster-
ile tongue depressors (SKU:25-705, Puritan, Guilford,
ME) as forceps. Feces samples were collected from undis-
turbed droppings on the litter floor.
Using a similar sampling plan, 8 cloacal swabs per

farm were collected on each sampling day. A random,
apparently healthy bird that was bright, alert, and
active was selected in each quadrant and was swabbed
using a sterile cotton swab (SKU:25-806, Puritan, Fal-
mouth, ME). The swab was placed into the cloaca of the
bird, gently rotated clockwise around the inside of the
cloaca approximately 3 times and was immediately
placed in a sterile culture tube (Cat No:149569C Fisher-
brand, Fisher Scientific, Pittsburgh, PA) containing
5 mL of Reinforced Clostridial Medium (RCM;
CM0149B, Fisher Scientific).
Isolation of Clostridium Perfringens

From collected litter, 10 g of litter was aseptically
weighed and placed into a new 200 mL Whirlpak plastic
bag with 90 mL of buffered peptone water (BPW), and
the bag was stomached for 60 s. For fecal samples, 5 g of
feces and 15 mL of BPW were used. A volume of 2 mL of
the solution was transferred into a sterile culture tube
containing 8 mL of RCM. Cloacal swabs with 5 mL of
RCM were vortexed with swabs remaining in the tube.
All culture tubes containing the inoculated RCM were

incubated anaerobically at 37°C for 24 h. Subsequently,
culture tubes were gently vortexed, and a sterile loop
was used to transfer and streak a loopful of RCM sus-
pension onto 2 Perfringens agar (Fisher Scientific)
plates. Plates were incubated anaerobically at 35°C for
24 h. A single, round colony with an opaque ring and
black center was identified as presumptive C. perfrin-
gens. Each colony was transferred into 3 mL of Brain
Heart Infusion (BHI; Bacto, Sparks, MD) and incu-
bated anaerobically for 24 h at 37°C. A volume of
1.5 mL of the vortexed culture was transferred into a
labeled CryoELITE cryogenic vial containing 400 mL of
glycerol 80% v/v and stored at �80°C for later use.
DNA Isolation of Suspected C. perfringens

Creating a Cell Pellet Using a sterile inoculating loop,
CryoELITE cryogenic vial stocks were scraped and
placed into a sterile culture tube containing 9 mL of
BHI. Culture tubes were incubated anaerobically at 37°
C for 48 h and centrifuged at 3,220 rcf at 25°C for 5 min
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(Centrifuge 5810R, Eppendorf, Hamburg, Germany).
The supernatant was removed to leave 2 to 3 mL of
solution and the cell pellet. The remaining solution was
vortexed and transferred to a microcentrifuge tube
(Fisherbrand, Fisher Scientific) and centrifuged again
for 3 min at 15,244 rcf (Centrifuge 5417R, Eppendorf).
The supernatant was discarded, leaving approximately
0.1 g of cell pellet to be stored at �20°C for later use.
DNA Extraction With SpeedBeads Field collected
isolates failed to produce acceptable DNA when using
the typical DNA extraction kits. The following method
described below had greater DNA yield and purity and
therefore, it was used to extract DNA from presumptive
C. perfringens isolates (Zhang, unpublished data). A
microcentrifuge tube containing a 0.1 g cell pellet was
combined with 300 mL of lysis buffer (1X TE + 1%
SDS) to dissipate cell pellets into solution. The solution
was transferred to a sterile, screw-top microcentrifuge
tube containing 200 mg of 0.1 mm glass beads (Cell Dis-
ruption Media, Scientific Industries, Inc., Bohemia, NY)
that were used to shear the cells. The solution was vor-
texed at 1,800 rpm at room temperature for 5 min
(CRP-18X, CAPP Plate Shaker, Nordhausen, Ger-
many) and incubated at 56°C (Cat No. 88870002, Dry
Bath Standard 2-Block 100-120V, Fisher Scientific) for
30 min to lyse cells. After incubation, the solution was
gently vortexed and 10 mL of 10 mg/mL RNase A was
added to remove RNA materials (Cat No. 19101, Qia-
gen, German Town, MD). The solution was incubated
again at 37°C for 10 min (Dry Bath Standard 2-Block
100-120V, Fisher Scientific) and centrifuged for 60 s at
15,244 rcf (Centrifuge 5417R, Eppendorf, Enfield, CT).
A volume of 200 mL of the supernatant was transferred
into a new microcentrifuge tube without disturbing the
glass beads. At room temperature, a 200 mL of Sera-
Mag Magnetic SpeedBeads (09-981-123, Fisher Scien-
tific) in a prepared solution was added to the superna-
tant for incubation at room temperature for 5 min to
allow the DNA materials to adhere to the SpeedBeads.
Table 1. Genes and corresponding primers used for the identification
cloacal swab samples collected from commercial NAE broiler farms.

Gene

Gen Bank
accession
number Primers Sequence (5’-30)

cpa L43545 CPA5L
CPA5R

AGTCTACGCTTGGGATGGAA
TTTCCTGGGTTGTCCATTTC

cpb X83275 CPBL
CPBR

TCCTTTCTTGAGGGAGGATA
TGAACCTCCTATTTTGTATCC

cpb2 L77965 CPB2L
CPB2R

AGATTTTAAATATGATCCTA
CAATACCCTTCACCAAATACT

etx M95206 CPETXL
CPETXR

TGGGAACTTCGATACAAGCA
TTAACTCATCTCCCATAACTG

iap X73562 CPIL
CPIR

AAACGCATTAAAGCTCACAC
CTGCATAACCTGGAATGGCT

cpe X81849 CPEL
CPER

GGGGAACCCTCAGTAGTTTC
ACCAGCTGGATTTGAGTTTA

tpeL EU848493 TPELF
TPELR

ATATAGAGGCAAGCAGTGGA
GGAATACCACTTGATATACC

netB GU433338 NETBL
NETBR

TGATACCGCTTCACATAAAG
ATAAGTTTCAGGCCATTTCA

Abbreviation: NAE, no antibiotics ever.
After that, the microcentrifuge tube was placed on a
magnetic rack (#1614916, 16-Tube SureBeads Magnetic
Rack, Bio-Rad Laboratories, Inc., Hercules, CA) for
2 min for the supernatant to become clear. The magnetic
rack affixes the Sera-Mag Magnetic SureBeads contain-
ing the DNA materials to the microcentrifuge tube wall.
The supernatant was subsequently discarded and the
SpeedBeads were washed with 400 mL of 70% molecular
grade ethanol twice while the microcentrifuge tube
remained on the magnetic stand to remove the remain-
ing foreign materials. The microcentrifuge tubes were
incubated without a cap at 37°C until the SpeedBeads
were dry. On a regular stand, 100 mL of Tris-EDTA
buffer was added and the solution was vortexed to dis-
lodge the dried SpeedBeads and release the DNA materi-
als. The microcentrifuge tubes were placed back on the
magnetic stand for 2 min for the supernatant to become
clear. The supernatant now containing DNA was trans-
ferred to a new microcentrifuge tube. The DNA solution
was tested for purity and concentration (Thermo
Scientific NanoDrop One, Fisher Scientific) and con-
firmed with a 0.7% agarose gel.
PCR Confirmation of C. perfringens Isolates PCR
was performed in a Mastercycler to test for cpa, which is
present in all C. perfringens toxinotypes. The reaction
mixture contained 5 mL of GoTaq Green 2X, 0.5 mL of
10 mM cpa forward primer, 0.5 mL of 10 mM cpa reverse
primer, and 3 mL of nuclease-free water for a total of 9
mL of template per reaction and 1 mL of DNA template.
PCR parameters consisted of initial denaturation at 95°
C for 60 s, 35 cycles of denaturation for 95°C for 60 s,
annealing at 61°C for 60 s and extension at 72°C for 60 s,
and a final extension at 72°C for 5 min. Isolates were
confirmed with 1.5% agarose gel electrophoresis.
PCR Identification of C. perfringens Toxinotypes I-
solates positive for cpa were tested for the remaining
toxinotype related genes. Primers and genes tested on
Clostridium isolates are listed in Table 1. All genes
except netB were tested using standard PCR techniques.
and toxinotyping of C. perfringens isolated from litter, feces, and

Annealing
temp
(°C)

Product
(bp) Reference

61 900 (Fan et al., 2016)

AA
CA

48 611 (Fan et al., 2016)

ACC
C

55 567 (Yang et al., 2018)

CAC
55 396 (Fan et al., 2016)

C 55 293 (Fan et al., 2016)

A
ATG

55 506 (Fan et al., 2016)

G
TG

50 466 (Coursodon et al., 2012)

GTTGG
TTTTTCCG

60 169 (Yang et al., 2018)
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Reaction mixture consisted of 5 mL of GoTaq Green 2x,
0.25 mL of 10 mM forward primer, 0.25 mL of 10 mM
reverse primer, and 3.5 mL of nuclease-free water. PCR
cycles began with an initial denaturation at 95°C for
3 min, followed by 35 cycles of denaturation at 95°C for
60 s, annealing temperature was adjusted for each pri-
mer's calculated annealing temperature (Table 1) for
60 s, extension at 72°C for 60 s, and a final extension at
72°C for 10 min (Yang et al., 2018). All isolates were
confirmed in a 1.5% agarose gel using electrophoresis.

For more sensitive detection of netB abundance,
real-time PCR was performed, and a 10 mL of reaction
mixture was prepared as follows: 5 mL of SYBR Green,
0.5 mL of 10 mM netB forward primer, 0.5 mL of 10 mM
netB reverse primer, 2 mL of nuclease-free water, and
2 mL of template DNA (100 ng). Real-time PCR was
performed in a Quant Studio 3 with an initial denatur-
ation at 95°C for 2 min, followed by PCR stage of 45
cycles of denaturation at 95°C for 5 s, annealing, and
extension at 60°C for 30 s, with a melting curve analysis
performed in a range of 60°C to 95°C at 0.5°C per 5 s
increments as described by Yang et al. (2018). All iso-
lates were confirmed in a 1.5% agarose gel using elec-
trophoresis.
RESULTS AND DISCUSSION

The farms used in this study had converted to NAE
system 6 months before sampling and had no clinical his-
tory of NE or GD. Sample types of litter, feces, and cloa-
cal swabs were used to establish the prevalence of
bacteria within the broiler environment.

A total of 733 presumptive isolates were obtained
from 192 samples collected in the current study. Of the
733 isolates, 57 exhibited C. perfringens morphology
upon second streaking on Perfringens agar. After PCR
testing for the presence of cpa (alpha-toxin gene), 9 iso-
lates were confirmed as C. perfringens. These nine iso-
lates were toxinotyped and tested for the presence of
cpb2, netB, and tpeL. The prevalence of each gene tested
and each isolate classification can be seen in Table 2. All
identified C. perfringens isolates tested negative for
remaining toxinotype classifying genes, and therefore,
all were classified as Toxinotype A. The prevalence of
virulence-related genes varied. Of the 9 isolates, 7 tested
Table 2. Prevalence of genes cpa, cpb, etx, iap, cpe, cpb2, netB, and
from commercial NAE farms.

Isolate Sample type cpa cpb etx iap

9081 Litter + � � �
9278 Litter + � � �
9347 Cloacal Swab + � � �
9528 Cloacal Swab + � � �
9556 Litter + � � �
9641 Litter + � � �
96431 Litter + � � �
96451 Litter + � � �
9653 Litter + � � �

Abbreviation: NAE, no antibiotics ever.
1From the same sample; two separate isolated colonies.
positive for cpb2, 4 tested positive for netB, and 2 tested
positive for tpeL. No isolates had a prevalence of all
3 genes, and only one isolate had no prevalence of any
virulence-related genes.
Recovery of C. perfringens isolates was lower than

anticipated as other C. perfringens field studies had
higher recovery rates in drug-free flocks.
Gaucher et al. (2015) reported that 22% of the fecal sam-
ples collected from antibiotic-free flocks contained C.
perfringens. The lower recovery observed in the current
study may be explained by no known history of C. per-
fringens related outbreaks in these farms. In
Gaucher et al. (2015), they demonstrated a higher recov-
ery of 13 C. perfringens strains from NAE flocks raised
under NAE guidelines as compared to 8.5 strains in con-
ventional flocks. Sample collection during the Summer
season (April−July) might have contributed to the low
C. perfringens prevalence due to the warm and dry sea-
son. Previous studies have reported that C. perfringens
infections are more common in the cold season and early
winter (Kaldhusdal and Skjerve, 1996; Lovland and
Kaldhusdal, 2001). Litter collected was objectively
noted as dry and dry litter might reduce the prevalence
of active C. perfringens as high litter moisture can have
up to 3 times the bacterial load as its dry counterpart
(Wadud et al., 2012).
All C. perfringens isolates identified were classified as

Toxinotype A, which is consistent with previous reports
of Toxinotype A being the most prevalent in poultry
and its environment (Crespo et al., 2007; Yang et al.,
2018).
C. perfringens relies on plasmid-encoded toxins to

induce NE (Crespo et al., 2007). Plasmid encoded genes
cpb2, netB, and tpeL are thought to play a role in the
virulence of C. perfringens by the production of toxins
that result in NE. The beta2-toxin gene, cpb2, is found
in a variety of animals suffering from C. perfringens
enteric-related disease (Van Asten et al., 2010). In the
current study also cpb2 was found in 7 out of 9 isolates.
However, it has been found to exist in both non-NE and
NE isolates (Crespo et al., 2007; Tolooe et al., 2011).
Crespo et al. (2007) reported that cpb2 gene was
detected by PCR in majority (75%) of the C. perfringens
isolates from NE-affected and healthy birds, however,
the CPB2 toxin was produced by only 54.5% of these
isolates (western blotting). They also found that 90% of
tpeL and the toxinotypes of nine confirmed C. perfringens isolates

cpe cpb2 netB tpeL Toxinotype

� + + � A
� � + � A
� + + - A
� � � � A
� + + � A
� + � � A
� + � + A
� + � + A
� + � � A
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the cpb2 positive isolates from healthy birds produced
CPB2 toxin as opposed to only 38.5% from NE-affected
birds, suggesting that CPB2 toxin probably does not
play an important role in the pathogenesis of NE in
birds. The toxin-inducing ability of cpb2 and its NE-pro-
ducing ability is yet to be fully elucidated and may not
play as strong of a role as expected.

Production of toxin NetB was recently identified as a
virulence factor for NE-inducing C. perfringens
(Keyburn et al., 2010) and gene netBwas found in 4 out of
9C. perfringens isolates in the current study. In netB stud-
ies, netB prevalence is typically higher in diseased birds
and exists in both healthy and diseased broilers
(Chalmers et al., 2008; Keyburn et al., 2010; Park et al.,
2015; Mwangi et al., 2019). Healthy birds have a more
diverse population of C. perfringens, which may explain
the lower prevalence of netB in healthy individuals
(Engstrom et al., 2003; Abildgaard et al., 2010). Recently,
Zhou et al. (2017) determined that while netB is essential
in the virulence of NE, it cannot induce NE alone and
requires other genes to induce full virulence. Therefore,
the netB gene alone is not a sufficient virulence factor for
determining the potential of NE-causing isolates.

Gene tpeL was found in 2 out of nine isolates. Gene
tpeL contributes to NE pathogenesis and is considered
highly virulent (Coursodon et al., 2012). It is usually
found in combination with cpb2 and netB in NE-induc-
ing isolates; therefore, tpeL is thought to play a role in
NE induction together with other virulence genes
(Engstrom et al., 2003; Wei et al., 2020). No isolates in
this study had a combination of all 3 virulence-related
genes and only the combinations of cpb2 and netB, or
cpb2 and tpeL were detected. Gene prevalence of viru-
lence-related genes in field samples was similar to other
studies (Abildgaard et al., 2010; Gaucher et al., 2017)
and tpeL is found in lower frequency compared to netB
(Victoria et al., 2010). Most of these virulence genes of
C. perfringens are located on large plasmids, except cpa,
which is chromosomally located. The enterotoxin gene
(cpe) can be present in chromosome as well as plasmid
(Petit et al., 1999). Ultimately, these geneses can be
transferred between the strains resulting in different
strains of varying pathogenicity. In conclusion, even
though the prevalence of C. perfringens was very low in
NAE samples, the isolates contained major virulence
genes that may induce Clostridium-related disease. Clos-
tridium disease should continue to be closely monitored
in NAE facilities year-round, especially in facilities that
have chronic Clostridium-related outbreaks. By moni-
toring the prevalence of disease-causing C. perfringens
in the NAE environment, NAE facilities could limit
future outbreaks.
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