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SUMMARY

An oulbreak of enterotoxacmia in breeding cam-
cls in Belbais arca was rcported. A total of 68 or-
gan samples (liver, kidney, spleen, heart, small in-
testine, colon, lymph node, abomasum and
rumen) collected from 10 dead animals were clin-
icaly and batcriologicaly examined. Of 40 bacteri-
al isolates, 23 (57.5%) were identified as Clostrid-
ium perfringens type A, 8 (20%) as Bacillus
cereus and 9 (22.5%) as other Bacillus spp. The
biological detection of C. perfringens enterotoxin
was done in rabbits ileal loops. Rabbits ileal loops
challenged with cell extract or culture filtrates of
various strains actively responded by fluid accu-
mulation and dilatation. The cnterotoxin was
shown (o be heat labilc and lost its activity at pH
I and 12. It was inactivated by pronase but not by

amylase, lipase or trypsin enzymes.
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INTRODUCTION

Outbreaks of enterotoxacmia in both brecding and
racing camels in different locations in Dubai was
reported by Seifert ct al. (1993). In racing camels,
intermittent diarrhoca was the predominant symp-
tom which progresscd to scverc walcry diarrhoca
during the course of the discdsc. Four of 10 sick
camels died within four days after the onsct of
symptoms and thesc with gross pathological lc-
sions were lypical for enterotoxacmia in camels.
They isolated C. perfringens type A from cnlcro‘l\-
oxacmic camcls and prepared bacterin-toxoid
(cells and toxoid) as a local specific vaccinc for
enterotoxacmia in camels. They stated that no
subscquent outbreaks of enterotoxacmia have oc-
currcd in vaccinated camels. Also Wernery ct al.
(1993) attributed the hacmorrhagic discasc (HD)
in racing camels in United Arab Emirates to Ba-
cillus cereus as a possible cause of the discasc,

beside digestive toxacmias cspecially cnlcrotox-
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acmia causcd by C. perfringens (Jones and Tunt,
1983). Ll-Nacnacey and Abou El-Fetouh (1993)
studicd twenty C. perfringens type A strains iso-
lated from wild birds to their efficacy ol entero-
toxin production among rabbits. The cells multi-
ply and sporulate in the intestine to produce an
cnterotoxin. The enterotoxin is relcased upon cell
lysis and causcs increased capillary permeability,
vasodilatation and cxcess fluid movement into the
intestinal lumen resulting in diarrhoea as reported
by Willis (1977) and Popolf and Jestin (1985).
Clostridium perfringens type A enterotoxin induc-
¢s lissue damage and [luid accumulation in rabbit
ilcum was reported by Wicckowski et al. (1998),
Nctherwood et al. (1998) and Siarakas et al.
(1997). The ligated intestinal loop technique has
been used extensively as a convenient model (o
study the cnterotoxin of C. perfringens food poi-
soning (Sherman ct al., 1994). Further studies on
Clostridium bcrfringcns enterotoxin (CPE) on
permeability alteratioins in plasma mecmbrane
were done by McClane (1994, 1996). Therelore,
ihe current study was directed to investigale and
detcct the production of enterotoxin ol C. per-
[ringens type A strains isolated from camel enter-
oloxacmia, and their cffect on intestinal ligatin of

rabbits.
MATERIAL AND METHODS
An  outbreak -of ecnterotoxacmia in breeding

camels in Sharkia Governorale (Bclbais arca)

were clinicaly and bacteriologicaly examined.
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Ixolation:- A total of 68 organ samples (liver, k.
ney, spleen, heart, small intestine, colon, l)"“ph
nodes, abomasum and rumen) as in (Table I,
were collected from 10 dead animals. The sam.
ples were collected under complete asepectic con.
dition in sterile plastic bags and transported to la.
boratory as soon as possible for bacleriological
examination. After sterilization, tissuc samples
from different organs and intestinal mucosal swab
were obtained. Each sample was divided into 3
portions. The [irst portion was inoculated dircctly
onto MacConkey agar, S.S. Agar (Lab. 52 M,
Amersham), blood agar and mannitol salt agar
plates and incubated acrobically at 37°C for 24-48
hrs. The second portion was inoculated into sclen-
itc “F” broth medium and incubatcd acrobically al
37°C for 12 hrs., followed by subculturc onto
Hcktoen enteric agar medium, MacConkey agar
and S.S. agar media. The inoculated plates were
incubated acrobically at 37°C for 24-48 hrs. The
third portion was inoculated into cooked mcat mc-
dium (Difco) and incubated anacrobically at 37°C
for 24 hrs. It was then subcultured onto ncomycin
sulphate sheep blood agar (200 ug/ml) as reported
by Willis (1977) for purification of the strains.
The inoculated plates were incubated anacrobical
ly at 37°C for 48 hrs. The purc growing colonics
of the isolates were characlerized morphologicﬂl'
ly and colonial appcarance according (0 Finegold
and Martin (1982). The purc colonics werc idenii
fied biochemically according to Koncman ct 4l

(1983) and Kireig and Holt (1984).
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Strains:- The anacrobic isolates were identificd
biochcmically by Nagler rcaction and toxin-
antitoxin plate test according to Willis and Hobbs
(1959). Clostridium perfringens type A isolates
were maintained  frozen in cooked meat broth
medium as stock cultures. Cultures were activated
for usc by transferring them into fluid thioglycol-
latc medium (oxoid) with subsequent incubation
at 37°C for 18 hrs. under anacrobic atmosphere.
Growth of cells and preparation of cell extracts
and concentrated culturc filtrates were done ac-
cording to Duncan and Strong (1968 and 1969b)
and Duncan et al. (1972), smears were stained by
Gram’s stain and cxamined for typical morpho-
logical and cultural characters of the strains to en-

sure its purity.

Surgical operation: Twenty three New Zealand
white rabbits ol both sexes whose weights ranged
from 1.4 to 2.2 Kgs al the time of testing were
used. The operalive technique for the preparation
of ligated ileal loops injection was done according
to Duncan and Strong (1969a) and Sherman et al.
(1994) where -the rabbits were anesthetized by
Kitamin Hcl (Park-Davis, USA) L. M. in a dose of
40 mg/kg b.wit. Seven segments of about 10 cm
length of each were made and these scgments
were numbered from | to 7 towards the direction
of the ileum. The tested material (2 ml) was in-
jected into the loops using, onc control segment in

the begining, at the end and with the (ested mate-
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rial in between cvery two loops. The injected ma- ¢
terial used was salinc and strain (cell extracts or
culture filtrates) alternating. Every prepared strain
(either alone or with additional treatment) was in-
jected into an appropriate rabbit. The experimen-

tal rabbits were sacrificed after 20 hours post-

injection. The loop fluid accumulation and dilata-

tion were recorded macroscopically.

Effect of period of heating: The cell extract or

culture filtrate contained in screw capped boltles

were heated at 55°C in a constant-tempcrature '

15%

20, 25 min). The suspcnsions were Lthen cooled in

water bath for various time intervals (5, 10,

ice water and 2 ml of each time prcparation was
injected per ileal loop and the results were record-

ed.

The effect under different pH values: The solu-
tion was initially made to a double strength, and
the pH was adjusted by using concentrated Hcl
and 4N NaOH. The different pH values of 1, 3, 5,
6,9, 10, 11 and 12 werc used. The appropriately
adjusted extract or filtrate was then stored at 4°C
for 24 hours prior to injection in ileal loops (Dun-

can and Strong, 1969b).

Effect of enzymes: The following enzymes were
tested for their effect on the cnterotoxin present
in both cell extract and culturc filtrates: a-(al-

pha) amylase (Sigma), lipasc (Sigma), trypsin
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(Fisher Scientific Co.) and pronase (Calbiochem).
Pronasc was uscd in a [inal concentration of 0.05
mg/ml. All other enzymes were used in a final
concentration of 2.5 mg/ml. Pronase and trypsin
were tested at pH 7.4 with 0.05 M trihydroxy
mcthyl aminomethanc buffer. Alpha (o) amylase
was (ested at pH 7.0 with 0.05 M phosphate buf-
[er. Lipase was tested at pH 6.0 with 0.05 citrate
phosphatc bufer. To test for the effect of the en-
zymes on the activily of enterotoxin, three prepar-
ations were used for challenge in cach rabbit. The
lest preparation consisted of either the cell extract
or filtrate mixed with the specific enzyme and two
control preparations consisting of the cell extract
or filtratec alone in the respective buffer and the

cnzyme alone in the buffer, all preparations were

incubated for 24 hours at 37eC prior (0 testip,

&
for ileal loop activity (Duncan and Strong 1969
and Hauschild, 1970 & 1971).

“Statistics: Statistical analysis was done by “t" Icst

according to Steel and Torric (1980).

RESULTS

The clinical manifestations of affected brecding
camels with enterotoxacmia werc sweating, shiv-
ering, hyperexcitment, ataxia and convulsions.
Some animals becamc aggressive and suddcnly
died. Untreated animals died within onc hour after

the onset of symptoms.

Table (1): The bacteriological examinations of organ samples from camels

died with enterotoxaemia.

‘Samples | Number %il;i."f%‘\c“"‘ Begllls. | Bl | pesseringe
Liver 10 5 2 1 80
Kidney 10 - 2 30
Spleen 10 4 - I 50
Heart 5 - - s .
Small intestine 10 6 2 3 110
Largce colon 5 2 2 | 100
Lymph nodes* 8 4 - - 50
Abomasum 5 | - - 20
Rumen 5 1 1 | 60
Total 68 [ 23(33.8%) [8(11.76%) | 9 (13.2%) | 40(58.8%)

* Lymph nodes: Prescapular, jejunal, duodenum, mesentric.

76

Vet.Med.J..Giza.Vol.48.No. 1(2000)

CamScanner


https://v3.camscanner.com/user/download

-l

Aty of C perfringens emeroloxin 1o procuce ileal loop fluid accumulation and dilatation in rabbits.

i - o Sirain 1 Strain 2 Strain 3 Strain 4 Strain 5 Strain 6 Strain 7

i ¢ i

i Coer s ‘e - rj\\r . »w —lg\—\ - X —l—-l<\~l - - —.\TI<\H| P ™ —l*u/\.\—l - -e E\P L L —l—ﬂ/.hl

m o e raton LFveiL ration LFvel L ration LFV=IL ration LFv= L ration LFveIL ration LEvel Le* ration

M Ce™evrac b o 2.7 2.2 4.5 2 23 5 2.1 24 6 23 26 4 1.6 2.5 4.5 2.1 2.1 55 2.1 26

{

m,\. ~e e €] 1.5 2 0.75 29| 1.9 3.9 2 1.5 1.3 2 1.9 1.1 25 1.8 1.4 35 1.8 1.9 2.1 1.5 ].4

Cont. Table (2)
M o 1es Strain § Stran 9 Strain 10 Strain 11 Strain 12 Strain 13 Strain 14
" ol g e JLFVILL o]y oo [LFVIL o]+ oo |[LFVIL ol 1 oe ILFVIL " « |[LFV/L LFV/L FV
g LFVeIL ration LFVeIL raton LFV=| L** ration LFv=f L= ration LFve| L*® ration LFV*| Le® LFve| L= i
Ceiertraen D 65| 2.3 28 39 | 1.7 2.3 42 2 2.1 271 11 2.5 3 1.1 2.7 4.3 1.9 2.3 4 19 2.1
Cunre (spe 33|23 1.4 45119 24 2 1.5 1.3 35|16 22 2.5 2 1.3

*LFY = Loop flud volume

“Lsleogn

-

s =

weminer of posiive strains (12)

& mem S g S dilerence (P <0.08).
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The results of bacteriological examinations arc
summarized in (Table 1). Or 40 (58.8%) bacterial
isolates, 23 (57.5%) were identified as Clostridi-
um perfringents type A, 8 (20%) as Bacillus cere-
us and 9 (22.5%) as other Bacillus spp. The initial
studies made by using C. perfringens type A
strains showed that cell extracts and culture fil-
trates prepared from cultures grown in D.S. media
contained heat labile enterotoxin that causes dis-
tension and fluid accumulation in ilcal loops was
noliccable. Heating for 10 minutes at 60°C al-
ways inactivated the enterotoxin, where as heat-
ing for 5 minutes at 55°C never prevented dilata-
tion and fluid accumulation of ileal loops. Rabbit
ilcal loops injecled with cell extracts for detection
ol cnlerotoxigenicily induced congestion, .pele-
chac, cnteric hyperacmia, haemorrhagic inflam-
mation and much dilatation of loops due to accu-
inflammatory

mulation of cxudalc and an

responsc of progressively increasing  severity.

These amount of loop fluid volume and degree of

dilatation of intestinal loop were much more dis-
tinct than in culture filtrates and the ratio ranged
from 2.1 to 2.8 (table 2). The ileal loop fluid vol-
ume / length ratios obtained were comparable to
thosc control loops challenged with saline. In rab-
bits ilcal loops inoculated with culture filtrates
save better results responded by producing pro-
gressively fluid increasing accumulation and dis-
tention but comparatively limited than that inject-
cd with live bacterial extract (Table 2). The ileal

loop fuid volume and length ratio ranged from
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0.75 to 2.4. It was noticed that all the injecteq b
bit ilcal loops responded positively to C. perfring.
ens enterotoxin while the rest of cell extract and
culture filtrates of 9 strains (from 23 strains) wepe
non cnlerotoxigenic and werc not be able 1o .
duce any intestinal responsc. There were signifi.
cant differences (P < 0.05 ) not only between the
strains but also between cell extracts and culture

filtrates of the same strains (Table 2).

The effect of heat on the activity of entcrotoxin in
both cell extract and culture filtratc was cvident
(Table 3). Slight inactivation of enterotoxin oc-
curred within 5 to 10 minutes of hcating. How-
ever heating for 15 and 20 minutes rcsulted in dc-
crcasing average loop fluid volume/length ratios.
No activity was obtained after heating the prepar-

ations for 25 minutes.

The effect of pH on the activity of cell cxtract and
culture filtrate was shown in (Tablc 4). The aclivi-
ty of the enterotoxin was not changed appreciably
when cell extract or culture filtrate was adjusted
at pH 5, 6, 9 and 10. Less aclivity was noticed at
an acid pH3 and at alkaline pH11, however, com-
plete inactivation was apparent at pH | and 12

values,

The effect of different enzymes on the activity of
cell extract and culture filtrate of C. perfringens
strains was shown in (Table 5). The activity of €n

terotoxin in both cell extract and culture filtral¢
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Table (3 The ellect of heat on the enterotoxin in hoth cell

extract and culture filtrate of C, peifringens.

Heting time (A verage loop Nuid volume/length ration *
(mim 3t 33°C 1 Cell extract | Culture filtrate

5 2.4 1.7

10 2.1 1.6

15 1.4 1.2

20 0.3 0.2

25 0.0 - 0.0

* Avcragc ratio for the clfect of 4 tested enterotoxin strains

ol C. perfringens on ilcal loops of rabbits

Fable (): The effect of pll level on the enterotoxin in both,
cell extract and culture filtre of C. perfringens,

Average loop Muid volume/length ration *
pH level ;
Cell extract Culture filtrate
1.0 0.0 0.0
3.0 0.8 0.5
5.0 1.9 1.1
6.0 2:2 1.8
9.0 2.3 1.7
10.0 1.8 0.5
1.0 0.9 07
12.0 0.0 00

* Avcragc ratio for the clfect of 4 tested centerotoxin strains

of C. perfringens on ilcal loops of rabbils

Table (5): The cffect of sclected enzymes on the cnterotoxin in both ccll extract and culturc filtrate
ol C. perfringens.

Avcrage loop fuid volume/length ration *
Tested material a-amylasc] LApase Trypsin | Pronasc
Ccll extract with cnzyme in physiological salinc 2.3 2.6 1.9 0.0
cell cxtract in physiological salinc 2.1 2.7 2.0 2.5
Enzymc in physiological salinc 0.0 0.0 0.0 0.0
Culture filtrate with cnzymc in physiological salinc 1.7 1.3 1.8 0.0
Culwure filtrate in physiological saline 2.1 1.9 1.5 1.7
Enzymc in physiological saline 0.0 0.0 0.0 0.0

* Average ratio for the cffcct of 4 tested enterotoxin strains of C. perfringens on ilcal loops of rabbits

Vet.Med.J.,Giza.Vol.48,No. 1(2000)
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was destroyed after treatment with pronasc cn-
zyme, however, a-amylase, lipase and trypsin did

not destroy the activity ol enterotoxin.

DISCUSSION

These data (Table 1) confirm the findings of Sci-
lert et al. (1993) who reported that C. perfringens
lype A is a serious causc of enlerotoxacmia in
camels and Icading to loss in breeding and racing

camels in Dubai.

The ligated intestinal loop in rabbits has been
used as a model o study C. perfringens type A
cntrotoxin (CPE) as a cause of food poisoning and
cntcrotoxacmia. The suitability of the loop tech-
nique for this purpose showed reasonable results
and has been demonstrated in number of publica-
tions, Duncan and Suwong (1971), Sherman et al.
(1994), McClane (1994 & 1996), Siarakas et al.
(1997) and Wieckowski et al. (1998).

During lhis investigation 23 strains were used for
studying the production of enterotoxin in ileal
loop of rabbits. Table (2) showed the ability of
cell extract and culture filtrates of various strains
of C. perfringens to produce ileal loop fluid accu-
mulation and dilatation. The ability of enterotoxin
in ccll extract to produce its effect on ileal loop
fluid volume / length ratio was much due to large
amount of fluid accumulation. It was also noticed

that the enterotoxin of the same tested strains (14

positive strains from 23 by a percentage of
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60.86%) had the ability to produce an active re. |
sponsc of ligated intestinal loops. The obtaingg |
results (Table 2) showed that signilicant diffe,.
ences (P < 0.05) were found not only between (ke
strains, but also between the ccll free products of
the same strains. These resulls were inagreemen
with that reported by Duncan ct al. (1968), Haus.
child et al. (1970), Niilo and Dorward (1971) and
El-Nacnacey & Abou El-Fetouh  (1993) who
mentioned that there was a good corrclation in the
ability of cell extracts and concentrated culture
filtrates of the same strain to produce fluid accu-
mulation and dilatation in the ileal loop. In the
mean time Duncan and Strong (1969a) reported a
total of 14 out of 29 strains isolated from food
poisioning outbreaks that producc cxudation of
fluid and dilatation in thc ilcal loop when the
challenge was made with ccll extracts and culturc
filtrates. The enterotoxin is relcased upon cell ly-
sis and causes increased capillary pcrmecability,
vasodilatation and excess fluid movement into the
intestinal lumen resulting fluid accumulation and
dilatation of the intestine (Siarakas ct al., 1997
and Wieckowski et al., 1998). Thc obtained rc
sults showed that both preparations (cell c')ilvracl
and culture filtrate) have comparable heat lability
of enterotoxin (Table 3). Little inactivation of ¢
lerotoxin occurred at 55°C for 5-10 minulc$
while complete inactivatoin was obtained at¢f
heating for 25 minutes. The results in this investi
gation revealed that completc inactivation oc*
curred at pH ranged from S, 6, 9 and 10. There

. and 12
was a complete loss of activity at pH | and

Vel.Med.J.,Giza.Vol.48.No. 1(2000)
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(Table 4). The enterotoxin in both cell extracts
and culture Niltrates were inactivated by pronase
cnzyme but not alfected by amylase, lipase or
trypsin (Table 5). These results are inagreement
with that reported by Wicckowski et al. (1998)
who characterized the permeability of membranc
associated C. perfringens enterotoxin following
pronasc treatment, and the results which reported
by Duncan and Strong (1969b) and Hauschild
(1970 & 1971) who concluded (hat the enterotox-
in was shown (o be heat labile and was inactivat-
cd by pronase but not by steapsin, trypsin, lipasc
or amylase. They added that loss of activity oc-

currcd at pH values, [, 3, 5 and 12.
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