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‘SUMMARY

Clostridium perfringens enterctoxin (CPE) is an
important sporalation associated virul=ace facior
in several illnesses of humans and domestic ani-

mals.

In the present invistigationl69 camel ineat sam-
ples were collected from smali buicher's shop
where C. perfringens type A was identified with
an incidence of 33.7% only 5.9% had detectable
cnterggoxin. The meat samples tested had MPN
per gram values ranging from G to 35, determina-
tioﬁ of spore heat resistance for cpe positive C.
perfringens type A isolates varicd between logs
1.3 to log 5.07 at different time intervals. The
current study has used PCR assays to detect cpe
production in gene as a method for determining

the enterotoxigenicity of C. perfringens 150lates.

176

CLOSTRIDIUM PERFRINGENS

sasalts snowed that %2R 18 suitable for detection

of € perfringens enterotoxin froin raw rcal.

T RODVTION

v perfroigens spores are present it smali num-
sevs in numan faccal specimens and raw food
sati:ples. [Human food poiscning caused by C
pesfringens s due (o an enterotoxin produced
duiing sporulanion of e bacteria i the intestine
sullowing wngesaon of vegetative cells in large
miiibers (iilie ot al., Z002).

e Gram-positive,  spore-forming, anagrobe
{losrridivn  peifringens 18 a notorious toxin-
pivdacing pathogen. One biomedically imaportant
wain exprossed by soime C. perfringens isolates
is L. perfringens enterotoxin (CPL), which has
bz tmplicatea as a virulence factor in several

huaan gastrointestinal  illnesses  (Collic and



-]

McCiane,1998). These Ciiv-assoctated illngsses
inclune C. perfringens i A focd polsoitiug, as
well 25 nont food borae lwinan gastroinic ual
(GI) diseascs, such as aitibiotic-associated diar-
rhea, wind may also contritiic to the pathogeiesis

of soui: veterinary diarrhe s ( Bean et al., 1996,

The enteropathogenic eftects of CPE are prisaai-
ly mediated through a multistep cyvtotoxic action,
which mitiates when CFF binds to a protenia-
ceous receptor(s) (Coraillot e al ., 1995) Clos-
tridivm perfringens uses s potent arsenal of 14
toxins v cause enteric aud hListotoale infecions

in hunians and domestic aniraals.

Deaths from C. perfringens > pe A food poison-
ing are not cormmon but <o ovcur i the elderly
and detulitated. CPE toxin is both becessary and
sufficicnt for the enteric vivilence of C. perfiing-
ens type A food poisoning 1solates. (Sarker et al .,
1999 ). Ingestion of purified CPE by human vol-
unteers -vas deiermined to ve sufficient for repro-
ducing the cramping and diarrheic syraptoms of
the natural food poisoning (Skjelkvale and Ue-

mura, 1977).

A reccnt study snggests lindl the strong associa-
tion betwecn type A isolates carrving a cpe gene
and C. perfringens type A focd potsoning is at-
tributable (at lcast in part) (¢ the excepiional heat
resistance: of tiose isolates, which should favor
their survival in mcompletely cooked or improp-

erly held foods (Yarga et al., 2004).
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There were two reasons for our focus on testing
caizels meat, ihis food is epidemiologically im-

portant as a wiest common food vehicle of C. per-

fringeis type A and as a cheapest meat used more

in Egyit and our samples were raw which might

favor de:zction of C. perfringens isolates.

MATEKIALS AND METHODS

Collection of meat samples. [69 camel meat
samples weie obtained from small butcher shops
of Cairo, Giza and kalubia governorates.
Preparation of meat samples. {(Food and Drug
Administration, 1998),

A sample (10 g) was collected aseptically and
placed into sterile plastic bag for transfer to the
laboratory. Food samples were typically pro-

cessed immediately.

Processiag of each food sample started with a ho-
mogenization step using sterilized surgical scis-
sors. Ten milliliters of sterile fluid thioglycolate
{FTG) medium were then added to the 50 ml flask
containing the minced meat. An aliquot (I ml) of
each FTG meat suspension was added to each of
two tubes containing 10 ml of sterile FTG. To en-
rich for any C. perfringens spores present in the
meat sample, one of those two tubes was heat
shocked at 72°C for 20 min before incubation at
37°C for 18 to 24 h. The other tube was directly
incubated at 37°C for 18 to 24 h to enrich primari-
ly for C. perfringens vegetative cells present in

that meat sample.
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Each FTG enrichment culture showing growth
was streaked onto one plate of tryptose-sulfite-
cycloserine agar containing 10% egg yolk (TSC
with egg yolk) and a second plate of brain heart
infusion agar containing 10% sheep blood and 40
Hg/ml neomycin . Both plates were then incubat-
ed for 18 h at 37°C in an anaerobic jar. When a
meat sample did grow presumptive C. perfring-
ens, those colonies were inoculated into 10 ml of
FTG medium, which was then incubated for an
overnight at 37°C. To confum the identity of
those presumptive FTG cultures as C. perfring-
ens, standard methods were used (Food and Drug
Administration, 1998). A loopful of each culture
was stabbed into a tube of motility nitrate and
lactose-gelatin media. Those tubes were then in-
cubated at 37°C for 18 to 24 h. Toxin type of the
isolates were determined by neutralization test in

mice. (Stern and Batty , 1975).

Determination of MPN of C. perfringens per
graljr; in meat.

A three-tube most probable number (MPN) meth-
od was used to investigate C. perfringens levels
in meat samples (Lin and Labbe, 2 003). Briefly,
a 10 g aliquot of a meat suspension (prepared as
described above) was diluted by 10 fold incre-
ments (from 10-! to 10-3) in FTG, and then 1 ml
aliquots of each dilution from a single sample
were inoculated into three tubes containing 10 ml
of -differential reinforced clostridial broth medi-
um (DRCM). After incubation at 37°C for 24 h,

cultures testing positive for C. perfringens pro-
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duced a unique black piecipitation in this DRCM.
Statistical analyses were performed ( Koburger ,

1973).

Determination of spore heat resistaiice for
CPE-positive C. perfringens type A meat iso-
lates.

To evaluate the heat resistance of . perfringens
meal isolates, the spore count was measured at
100°C for each isolate, (Sarker et al., 2000).
Briefly, sporulating cultures of C. perfringens
were prepared by inoculating a 0.2 mi aliquot of a
FTG culture into 10 ml of Duncan-Strong (DS)
sporulation medium. After an overnight incuba-
tion at 37°C, the presence of sporulating cells in
each DS culture was confirmed by phase contrast
microscope. Those DS cultures were then heat
shocked at 72°C for 20 min to kill any reinaining
vegetative cells and to facilitate spore germina-
tion. A 0.1 ml aliquot of each heat-shocked DS
culture was then serially diluted with sterile FTG
medium to obtain dilutions ranging from 10-2 to
10-7. Twol ml aliquots of each dilution werc du-
plicate plated onto BHI agar plaies in order to es-
tablish the number of viable spores present per
milliliter of DS cultures at the start of heating

(i.e., at the zcro time point of the experiment).

The remainder of each heat-shocked DS culture
was then heated at 100°C for time periods rang-
ing from 1 min to 2 h. At each time point, the
beiled DS culture was mixed, and a 0.1-ml ali-

quot was withdrawn and diluted (dilution range,
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102 to 0 7y ks swerile Fi G aeditn, Each dilu-
tion was nen diplicate plaled outo BHI agar
plates, *iach were incubated anaerobically at
37°C for 18 k. Colontes developing from germi-
nated spoics that survived heating were then
counted {u dercinvne the nuinber of viable spores
present @t that tume point ped mitliliter of each

heated S culiice,

Detectiou of enterotoxins producing isolates by
reversed passive latex agglutination (RPLA
Kit ) A purtdon of the sporulated culture (about 5
ml) was coitrifnged for 15 min at 10,000 xg and
cell free coulture supernatantwas tesied for entero-
toxin by using RPLA Kit (Food and Drug Ad-

ministration. 1998).

Extractivin of DNA for cpe detection: ( Kokai-
Kun et al. 1994

To prepae lemnpiaie DNA for cpe detection, a
loopful of « pure FTG culture from each isolate
confirmed as C. perfringens by biochemical tests
was streahed outo a brain heart infusion (BHI
agar plale. After incubation in an anaerobic jar at
37°C for 18 h, five colonies from each BHI plate
were suspended in 200 pl of sterilized phosphate-
buffered salinc (PBS). Those cell suspensions
were microcentrifuged at 14,000 x g for 5 min,
and the resultant pellet was similarly washed
twice moiz with PBS befoie final resuspension in
100 ut of PCR-grade H,O (Sigma). Microcentri-
fuge tubes containing each pieparation of washed

C. perfrinigens cells were then sealed with Para-
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film and subjected to heating in a microwave
{700 W) for a toial of 20 min {(administered as
four separate 5-min heat treatments with 1-min
cooling intervals) to induce bacterial lyses. The
resultan !vsates were cleared by microcentrifuga-
tion at {400 x g for 5 min, and 5 | of each su-
pernatan: were then used directly as template

DNA in PCR assay.

PCR protocol for cpe detection: (Kokai-Kun et
al., 1994)

The primer sequences used in our standard PCR
protocol are 5'-
TGTTAATACTTTAAGGATATGTATCC-3
and 5-TCCATCACCTAAGGACTG-'3

This primer pair was designed to decrease the
probability of identifying isolates carrying only

portions of cpe open reading frame (ORF).

PCR amplification involved incubation of 500 ng
of template DNA, 0.4uM (each primer, and 0.4
mM deoxynucleoside triphosphates, 2.0 mM
Megcly and 1.5 U of Taq DNA polymerase (pro-
mega), in a total reaction volume of 50 W in a
thermal cycler for 34 cycles, each consistign of
the following: 1.5 min at 94°C, | min at 50°C,
and 1 min at 72°C.

After PCR cycling, 200l aliquots of the reaction
products were loaded onto a 1.5% agarose gel
in the presence of ethidium bromide for elec-
trophoresis. The 935-bp PCR product of cpe

was observed.
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RESULTS and DISCUSSION

Results from the present study provide an expla-
_nation for the association between C. perfringens

type A isolates and cpe gene.

As shown in Table (1) 33.7% of meal samples
teste_d_ m the present survey were found to be con-
larﬁi..nated with C. perfringens isolates, similar re-
sult were reported by Abd El-Rahman et al .
(1995} who mentioned that C. perfringens is
present in high incidence in meat and meat prod-
uct. Table (1) showed that low contamination fre-
quency is consistent with MPN results indicating
that the camel meat samples tested in this survey
had MPN / gram values ranging from 0 to 35, this
observation were in agreement with that nen-
tioned by Lin and Labbe (2003) and Wen and
McClane (2004) who tested MPN/gram in Amer-
ican retail foods and found that its value ranged

from 0 to 32.

About 5.9% of sampled meat grew C. perfringens
after_heat shocking clearly indicating they con-

tained spores of this bacterium.

Meanwhile, 33.7% of meat samples grew C. per-
fringens only in the absence of heat shocking .It
is theoretically possitle that some of these sam-
ples also contained C. perfringens spores that
spontaneously germinated in the absence of heat
shocking. However, the large difference in

C.perfringens observed between heat-shocked

Vet.Med.J.,Giza.Vol.54,No. 1{20086)

versus non heat -shocked meat samples (5.9%
versus 33.7% positive for C.perfringens) strongly
suggests that most of the non-heat-shocked food
samnples growing C. perfringens had been con-
taminated with vegetative cells which were killed
by heat skacking |, rather than spores. In most of
the non -heat -shocked samples yielding
C.perfringens had contained spores thai sponta-
neously germinated into vegetative cells, those
sumples also tested posiive for Coperfringens af-

ter heat shocking.

The C.perfringens heat resistant isolates collected
from the 169 camel meat in our study and tested
by RPLA techniques were subjected to PCR to
detcrmine whether they carry the ¢pe gene or not.
Our result indicates that 5.9% of the camel meat
samples were CPE posiuve C.perfringens type A
tsolates. All of that ¢pe positive type A isolates”
grow from heat shocked cultures and these were
present i meat as spores (photo 1)This finding
agree with Wen and McClane (2004) who detect-
ed that about 4.3 % of Il C. perfringens food iso-
lates carry C.perfringeas and they detected that:
spores of type A 1solates carrying cpe gene cxhib-
it exceptional heat resistance even when present '’
in raw foods (i.e prior to cooking) this finding in- -
dicates that heat resistance appears 10 be an in- !
trinsic property of many C.perfringens (ype A

isolates carrying cpe gene

Inclusion of our heat shocking to help germinate |

spores in meat samples proved important as all of
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the cpe pusitive type A isolatos deiested i oot

form heai - shocked cultui=s. Tiis clear iacindi

cation of spores of type A isshuies curr

Luig a P
gene in racat has importani taplications for vie-
venting (. perfringens typ % {ood poisoading,
this observation agrees with that icported by Var-
ga et al. (2004) who discussod the relaiion be-
tween the sporulation and 1niuoioain gene in C

perfringons.

Table (2) fig.(1) summarized the osnli of C. pes
Sfringens spore count of the collected samples aind
it is evident that the spore ¢ wint -ancd between
logs 1.3 t log 5.07.
.

This variation may be attrivcd o vadation of
1solate eaterotoxigenicity aint .o contrbuted to
increasing anaerobic load, w-aiy shalar findiig
were reporied by El-Laweney (1096) ond Has-
san (1999) who reported izher spore counts
(5x103),

It is notable from our sur.e: hat 5.9% of all
C.perfringens isolates obtaincd Yoom caniel meat
were CHE positive type A soletes 1lus resulis
agree witlt survey of Lin and Labhe ( 2003) who
had demoemstrated that raw e wud poultry are
epidemiologically importani =s 17 051 common
food vehicles of Coperfring:is .7 A food poi-
soning and to be the most neavil contaminated
with C.peifringens isolates aiil Jdztected that raw
meat mignt favor detection of i peifringens 1so-

lates
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This study cvalnated the ability of ¢pe PCR as-
says to identify eiterotoxigenic C.perfringens iso-

lates,

PCR as2ys were 100% specific and sensitive for

distinguii-hing enterotoxogenic strains.

It might indicate the absoclute sensitivity of cpe
PCR, le. the smallest amount of DNA which pro-
duces a visible PCR product.

Determining the C perfringens cnterotoxin is epi-
demioclogically significant since C.perfringens
type A food poisoning is nearly always caused by

CPE positive type A isolates.
CONCLUSION

Our result purposely focused on testing meats be-
cause this food are epidemiologically important
as the most common food vehicles of C. perfring-
ens type A food poisoning and it is the most heav-

ily contaminated with C.perfringens tsolates .

Heat shocking to help germination of spores in
meat samples proved important as 5.9 % of the
CPE posilive type A isolates detccted in meat
during our research were detected from the heat
shocking cultures. This clear identification of
spores of type A isolates carrying cpe gene in
camel meat has important implication for under-
standing and preventing C.perfringens and food

poisoning.
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Table (1): prevalence of C. pesfringens in camel meat.

No. of total No. (%) of positive No. (%) of y No. of samiples tested
\ _ MPN/g with RPLA kit
samples vegetative cell of spore cell of R - .
- ange . e
examined | . C. perfringens C. perfringens T:Iy(]: ¢ A P(g;}g ¢
. X1n
169 57(33.7) 10 (5.9) 035 § 57 10

Table (2): Spore count of Clostridium perfringens type A after heating at 100°C at different

.time intervals,

Isolates 0 30 min 60 min T ‘J;O min Jl 20 r-;nn
1 7 3.322 - - -
2 7 1 4,11 - -.-- "
3 7 5.07 T _
4 7 5.04 - ___—‘- - -
5 7 4.47 _2.85 T } 6 - o
6 7 4.30 [.32 B - -
7 7 3.30 - o - )
8 7 4,14 - -
9 7 3.07 - | - - |
[0 7 3.17 - o - N

Vet.Med.J.,Giza.Vol.54,No. 1 (20086) 185
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Photo (1): 1% agarose gel showing the pattern of CPE PCR
genotyping analysis of CPE positive C.perfringens
tyjre A meat isolates.

W1z 100 bp inolecular weight marker ladder.
Laaes (1, 2, 3,4 ... 10): PCR product of cpe gene

Vet . Med.J. Giza. Vol.Bb4 No. 1{2006)



REFERENCES

Abd El-Rahman, M., Abd Allah, W.H. and Abd El-Aziz, S.
(1995): Anaerobic and Aefobic microorganisms as bac-
terial contamination of meat and meatl product. ZagJ.
Pharm. Sci. 4 (1) 227-233

Bean, N.H.;Goulding. J.5.; Lao.C. and Angulo.F.J. (1996):
Surveillance for foodborne disease outbreaks United
States, 1982-1988. Morbid.Mortal Weekly Rep., 45:1-
54.

C()l]ie.R.E.land McClane, B.A. (1998): Evidence that cnter-
Qloxin geqc can be Episomos in Clostridium perfringens
isolates -associaled with non food borne human gastroin-
testinal diseases. J. Clin. Microbiol. , (36):30-36.

Cornillot , E. B.; Samnt- Joans, B.; Daube.G.; Katayama, S.;
Granum , P.E.; Camard, B. and Cole, T.S. (1995): The
cnterotoxin gene (cpe) of C.perfringens can be chromo-
somal or plasmid-borne.Mol.Micorobiol. ,15:039-047

EL-Lawendy, HM.T. (1996): Occurrence of Closiridiuni
perfringens in locally product meat products, M.V, SC.
Thesis , Zagazig Univ.

Food and Drug Administration (1998): Bacteriologic ana-
tytical manual, 8th ed. Association of official analytical
chemists international, Gaithersburg, Md.

Hassan, M.A.(1999): Follow-up of some pathogens in meat
producits and their resistance 1o cerlain preservative
beni-seuf, Ver.Med.}. Giza 9 (3):417.

Kilic,U.; Schalch, B. and Stolle, A. (2002) : Ribotyping of
C. perfringens from industrially produced ground meat
Letters in Applied microbial 34:238-243

Koburger , J.A.(1975): Understanding and teaching the
most probable number technique J.Milk food technol.,

38:540-545

Vet.Med.d.,Giza.Vol.54,No. 1{20086)

Kokai-Kun, LF;Sonver, 1.4, Czeczulin, J.R.; Chen, Fan
McClane, B.A. (1994 ): Comparison of western tmmuno-
blots and gene deicciion ussays for identification of po-
tentially enterotoxiginic isolates of C.perfringens 1,
Clin hierobiol | 32:2533-2539.

Lin.Y.T. and Labbe, R. (2003) : Enterotoxigmicity and ge-
netic resatedness of C.periringens isolates from retail
foods in the United State Appl. Environ. Microbiol . .
69:1642-1646.

Sarker, MR, Carman, .1, and McClane,B. A. (1999): Tn-
activation of the gene (cpe) encoding C.perfringcns'én-
terotoxin eliminates the ability of two cpe- positive
Coperfringens type A isolates to affect rabbit ilcal loops.
Mol. Microbiol. ,33:945.-958.

Sarker, MLR.; Shivers, R.P.; Sparks, 8.G.; Juneja,”' K. and
Mcelane,B.A. (2000): Comparalive experiments (o ex-
amine the effect of hcaling on vegelative celis and
spores of Clostridium pertiingens isolates carrying plas-
mid gene versus chromosomal enterotoxin genes. Appl.
Environ. Microbiol. , 66:3234-3240.

Skjelkvale, R. and Ucmura, T. (1977} Expermintal diarrhea
in human volunteers following oral administration of
Clostridium perfringens enterotoxin. J.Appl.Bacteriol .,
46:281-286.

Stern,B.H and Batty,l. (1975): Pathogenic closindia st E
D. butter worth, London UK.

Varga, 1. Stirewult, V.L. and Melville .S.B. (2004): The
CepA Protein Is Necessary for Efficient Sporulation and
Enterotoxin Gene (cpe) Regulation in Clostridinmn per-
Jringens 1. Bacteriol, 186:5221-5229.

Wcen, Q. and McClane, B.A. (2004): Delection of enlirolox-
igenic Clostridium perfringens type A isolates in Ameri-
can retail loeds. Appl. Environ. Microbiol., 70:2685-

2691,

187



Joadl pand | 2 (1) §gi Jasi. j ) i e GAS 1) it St S

3_}:}?-” - ;;3.}-” = L';,}_:t;a“ Lo & ERRRT S

Byl 5 pal3tl g:_.Ur.:.iL.:a,m 2y |}::.»” elos fpe ol Jloa ‘s;.l due VA Sue C:f..n.,;;] i ol i U.i

S il naa gy (A5 1Y) R (1) 2185 Ut ot pa s up S cpm Be OV e iy Tonsulilly
(MPNJLaglio oo o¥ gall 5508 fpoai p3 LeX o3a00 aalll alym (3 Siaad s pada sieplSI olyg,Sal

JL._snl,;:.s,iﬂf J.u..'.j (CPE) ﬁ},,.ﬁ.,,ﬂ AT % ,flg. ¥ sl 5 jud ssan f‘:"-’ (JLQP«;’I]') QLQ}SJ.:}.“ Q.:JS‘JJ 5_,'_)3”
(RPLA).

q\? E_§‘j='f.- &_ﬁ\}!ﬂ-;u '(PCR) .}_PL‘»,-,«.J.:;Li 5»}-5‘\1«}}] LJ&LJ;: J[-;Al Flﬁb L:JIJ:L?AU (s'ij:&” L’y'a.ﬁ[_;.” J.’Qj i&: L&S
(L'!)(’)-g-‘at;.’a“ Laala ‘a:a‘; .

188 Vet.Med.d.,Giza.Vol.54,No. 1 (2006}





