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Abstract

Cell S:ulture assays are possible alternatives to replace in-vivo neutralization tests
currently required for potency testing of clostridial vaccines. So, the objective of this work
was to titrate C. perfringens type A alpha vaccine in Vero (African Green Monkey Kidney)
cells and standard.ize an in-vitro seroneutralization test to evaluate the potency of the alpha
toxoid by comparison with the animal bioassay. The present work revealed that alpha toxin
of C. perfringens type A, has a characteristic cytopathic effect (CPE) on African green
monkey kidney cell line (Vero) represented by retraction and cell rounding. Vero cells can be
used for titration of such toxin where the CPE of a prepared toxin was determined up to a
dilution of 1:800 (using 50ul for tissue culture inoculation) while the minimum lethal
dilution of the same toxin in mice was found to be 1:40 (using 100 ul for mice inoculation)
revealing the high sensitivity of Vero cells. The Testing potency of a prepared hyperimmune
serum and nine C. perfringens type A vaccines through application of serum neutralization
test (SNT) in Vero cells and mice showed that there was no significant difference between
the two tests. Therefore, these cell culture assays could be suitable in-vitro alternatives to in-
vivo mouse neutralization experiments required for potency tests of C. perfringens type A
vaccines to save time, cost, effort and avoid the use of live animals.
Keywords: C. perfringens type A, Evaluation, In-vitro, In-vivo, Vero.

Introduction
Clostridum perfringens (C. perfringens) type A is a bacterial strain that can
rapidly produce potent toxins, primarily alpha toxin. Alpha toxin is thought to be
associated with a number of potentially fatal gastrointestinal diseases, such as

hemorrhagic bowel syndrome (HBS) or “bloody gut, Enterotoxaemia in lambs,
1985). A similar condition has been reported in

(McGowan et al., 1958 and Fleming, - een _
goats (Russell, 1970) and calves (Ginter et al, 1995). Necrotic enteritis 1s a disease
of domestic chickens worldwide is usually caused by C. perfringens type A (Al-
Sheikhly and Truscott, 1977, Balauca 1978, Niilo 1978 and El-Meneisy et al., 2007).
The disease is also occurs in at least some species of captive wild birds (Stuve et al.,
1992) and in turkeys (Gazdzinski and Julian 1992 and El-Helw et al, 2014). C.

lated from caecum of affected rabbits which died

erfringens type A was iso .
lgudj:cnﬁ/ after short illness with severe diarrhea (Kunstyr et al, 1975,

Versuchstierkd et al,, 1975 and Diab et al., 2003).
Control of C. perfringens type A infection is based on preventive measures
and systematic’vaccination of the herd. Vaccination with alpha toxoid vaccine is
ing monovalent or polyvalent clostridium vaccines. The potency

carried out usl or
testing of C. perfringens containing vaccines requires vaccination of laboratory
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tative determination of the induced antibodies in the rahk;
rabbits 'fOIlO;VCdt(l)Ji,i]()lull]l::l:lltl‘ﬂatlli\;('ltiOH st (TNT) i.n lTlicc. The antmm\em%
sera using ’t. :; using lethality in the mouse as an indicator of: non neutralized toxin,
t{tr.ate.d in-y I,‘cmodology relatively costly and time consuming representing gomq
:Ilns is :1 lr]esults due to variations in individual sen51.t1v1ty and cause pain sufferin
tlgch;rrgaeimmber of animals, generating ethical GRESHONS (Wood, 1991 and Ebery et
al., 1999). Therefore, there is a need t.o devel(?p e'md standard;ze}ow Cost in-virg
method that provide quick result§ of high sensitivity and spec1f'icny with reduction
in the variability of results, testing costs, and reduce substantially the numbe, of

animals used. ) . )
The use of celi lines has become a viable and efficient option to replace

animal models (Metz et al., 2002). Cell cultures can be effective indicators of free
toxin in toxin neutralization tests. Compared with other in-vitro methods, the use of
this model indicator allows evaluating in-vitro cytotoxicity and studying the
biological activity of alpha toxin, which is not possible with other techniques such g
ELISA and agar gel immunodiffusion (Borrmann et al., 2001). Toxin neutralization
tests using cell cultures are available for potency testing for Clostridium perfringens
type C and D, Clostridium septicum and Clostridium novyi type B vaccines
(European Pharmacopoeia, 2008). So far, there have been no reports of studies
investigating the suitability of cell cultures for the titration of C. Pperfringens alpha
toxin. By comparison of 10 permanent cell lines, the Vero cells (African Green
Monkey Kidney) proved to be the most suitable cell system for the detection of the
Clostridium novyi type B alpha toxin (Borrmann and Schulze, 1999). Also, Vero cell
cultures appear to be the most suitable to use for this purpose due to its sensitivity
and relatively easy to grow and maintain (Knight et al., 1986, Bette et al., 1989 and
Knight et al., 1990),

These research works could be considered the first work that evaluates an
alternative in-vitro for titration of anti alpha-toxin of C. perfringens type A in sera of
rabbits and chicken.

Tke objectives of this work include titration of C. perfringens type A
vaceines in Vero cells instead of mice as indicators for the presence of active toxin
and standardize it as in-vitro seroneutralization test to evaluate the potency of the

aipha toxoid in comparison with the animal bioassay.

Material and Methods
1-  Laboratory animals
All laboratory animals were kindly obtained from Central Laboratory for

Evaluation of Veterinary Biologics and maintained under standard conditions of
nutrition and management,

1.1 Rabbits

. One hundred rabbits proved to be free from C. perfringens type A antibody
of either sex weighing not less than 2 kg were used. Five of them were used for
preparation of hyperimmune serum, ninety rabbits were used for experimeﬂml

vaccination with commercial C, perfringens type A vaccines and five were kept
without vaccination as control negative,
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1.2 Chickens
. Twent.y 1cglckens .four weeks old were used for experimental vaccination

wx'th commercial C. P.efﬁ'mgens type A vaccine (necrotic vaccine) while five
chickens were kept without vaccination as contro| negative

1.3 Mice

Clinically healthy Swiss albiné mice of eithe ighi
: r se
20g were used for toxin neutralization test. X weighing not less than 18-

’ DECember 2014

2- Vaccines
Nine clostridial vaccines containing C. ; i
: . perfringens type A include local
polyyalent vaccine (01.1e batch), local Necrotic Enteritis vaccine (one batch), focal
rabbit entergtoxaemla vaccine (one batch), Covexin 10 (two ,batch
Interv.et/S.chermg-Plougl}), Coglavax (two batch, Ceva) and Cubolac (two batch, Ci
Vetermfma). Local and imported vaccines were supplied by Central Laboratory for
Evaluation of Veterinary Biologics.
3- Toxin
Alpha toxin of C. perfringens type A was prepared according to Chou,
(1971) from a locally isolated strain of C. perfringens type A.
4- Antisera :

4.1 Standard antisera:
C. perfringens type A alpha antitoxin was obtained from (Central Veterinary

Laboratory, Weybridge, UK). It contains 270 alpha antitoxin international units per
ml. It was used for both standardization of alpha toxin and for control the titration of

the tested sera.

4.2 Preparation of hyperimmune serum:
It was prepared to avoid the presence of preservative in standard antisera

which have cytopathic effect on Vero cells. The hyperimmune serum was prepared
in rabbits (Yamagishi et al., 1971 and El-Jakee et al., 2010) then calibrated against
international standard toxin using serum neutralization in mice.

5- Cell lines . . '
African Green Monkey Kidney (Vero) continuous cell line was supplied by

Veterinary Serum and Vaccine Research Institute and cultivated in minimum
essential medium (MEM - Gibco Laboratories — ,Massachusetts, USA)
supplemented with 5% fetal bovine serum (Difco Laboratories — New Jersey, USA),
40,000 IU/ml of penicillin and 20,000IU/ml of streptomycin (Hang’Ombe c?t al,,
2004). Cells were harvested by trypsin-EDTA treatment and counted using a

haemocytometer cell counting chamber.

6- Diphenyl tetrazolium bromide (M]"I) ' ’ |
Evaluation of viable cells was carried out using the 3-(4,5-dimethylthiazol-

2-yl)-2,5-diphenyl tetrazolium bromide (MTT): 5 mg/ml MTT (Sigma-Aldrich).
Phosphate-buffered saline (PBS). ) . |

7. Standardization of alpha toxin’in-vivo and;in-vitro:
7.1 Determination of minimal lethal dose in mice;
The minimal lethal dose per ml (MLD/ml) was determined according to the British

Pharmacopoeia (2013).
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minimal cytopathic effect (CPE) of alpha toxyy

7.2;1%Wm toxin were prepm
dt — North Carolina, USA) with 3 OHVW"“ fm.d four repetitions, Lat‘:fe '

and 50l of cellular suspension containing 2.5x10% cells Werer’ aNothe,
£ 150pl per well. T{w positive f:ontrol contained 100y of t?]ddedto
plus 50pl of cells, while the negative C?"tf(;: m?(ljlld;d 100ul of MEM gpg4 ;Oto){in
cells. The plate Was incubated at 37°C in a humid amber (Sheldon Mamyg ul of
lled atmosphere (5% CO; and 95% ( )if’turm
2) Ior ) 4

_ Oregon, USA) with a contro ; :
lﬂ%ﬁxrs Tlheg supematant was removed after this period. The evaluation of el ]
. : }
tetrazoliun:

: _(4.5-dimethylthiazo-2-yl)-2,5-diph
orried out using the 3-(45 . GG RaCy]
;;Vrzsmi(:i » (MTT) fest (Mosmann, 1983) and microscopic examination, The MTT

G i ility of viable cells to
tric assay determines the ability o 2 convert th
colorimetric assay ¢ dark blue formazane precipitate. After dissolvi;gyilllow

frazolium salt into th .
Zergaﬂic solvent, the concentration of the formazane can be spectrophotometricyyy
f optical density (OD). Metabolically active cells reult j y
a

ined by means O
determined bY low optical density. The OD was measyreq s

:oh optical density; dead cells show a : ity. The ¢
2 15% nnI; in an ELISA-Reader. CPE was determined by visualization of the CYtopathis

offect on 80-90% of the cellular monolayer.

7.3 Determination of test dose in mice: :
The dose of the toxin was determined in mice according to the procedures

described by British Pharmacopoeia (2013).. .
7.4 Determination of test dose of cytopathic effect (CPE) of alpha toxin in Vero

cell:

(Sarste
5ol of MEM
total volume 0

Determination of test dose of cytopathic effect (CPE) of alpha toxin in Vero
cell was carried according to Borrmann et al. (2006) using calibrated hyper-immune
one international unit against alpha toxin.

serum containing
8- In-vivo and in-vitro titration of fested sera

Each tested vaccine was inoculated in ten rabbits (Except in Necrotic
Enteritis vaccine, 20 chicken were used instead) subcutaneously using the
recommended dose of the manufacturer. The rabbits received booster vaccination
after three weeks then bled two weeks after the booster vaccination (British
Pharmacopoeia, 2013).

Before titration in cell culture all test and hyperimmune sera were
decomplemented by heating at 56°C for 30 min and sterilized by filtration through a
0.22 pm filter membrane. All sera were tested and found to be free from cytopathic
activity before assay.

8.1 Seroneutralization in mice:
For determination of the potency of tested vaccines, different dilutions of

t:;:ngz:);?d ;qrum_were l}omggenized with the same volume of o-toxin previously

an injelczti y l?nnt]}ﬁe. Th}s mnxtl'l.r.e was kept at 37°C for one hour and each dilution

e ee mice (British Pharmacopoeia, 2013). A back-titration toxin
ard antitoxin was performed as a control test.

9- Cell culture assay

The cell i
monolayer from th:isgfgiﬁrev;la:skzrep_ared by harvesting of a 4-day-old cell
using trypsin, followed by resuspension in the
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spective media containing 5% fetal calf serum. The i
ffﬂf,’fion of the toxin and the sera. On each plate, onestaer:tea':;g::\rxn e us.ed for the
comparison to the lab.oratory standard antiserum and a negative c nt]r\TaS " ated by
Two-fold serial dilutions of the test sera into MEM wereon sl
well plate, with four_repetitions for each serum dilution and a tmalp;z;])ared e 0
each well. Another S0pl was then added to each well containing st :]lme.ofSOpl ;
toxin. The plate were agitated for 30 seconds on a plate shakge anda!'dxzed "
37°C for one hour in a humid chamber with a controlled atmc:-sail1 mcxgated ?t
period, S0p! of a cellular suspension with 2.5x10* cells were fd:rtei' After i
addition of cells the plate was sealed with film to ensure that each well :v:;s ! iy
The plate was then reincubated for another 24 hours. Positive contr%?s ng?lt'
contained 50ul of standardized toxin, 50ul of MEM, and 50pul of cells. Ne ‘:t?v:
control wells h_ad 100ul of MEM and 50pl of cells. Control wells had S.Opl if the
tested. serum, 30;11. of MEM, and 50pui of cells. The plate was read as previously
descrlbec.i. Betrotxtration with standard anti-toxin was used to check the
standardlzatxc_m of the toxin (Souza Janior et al, 2010). Results were assessed after
24 hours using the 3-(4,5-dimethylthiazo-2-yl)-2,5-diphenyl tetrazolium bromide
(MTT) test (Mosmann, 1983) and microscopic examination. The mean values of the
OD for the test sera and the laboratory standard antiserum were calculated using the
FTLISA-Reader relating to respective cell controls. The calculation of the antibody
titer was done basing on a comparison of the test serum and the calibrated immune

serum containing one international unit against alpha toxin.

10- Statistical analyses
Results of in-vivo and in-vitro SN were analyzed and compared with

parametrical correlation using Student’s t test (Sendecor, 1971).

Results

i' ltureacte with C. perfringens type A alpha toxin showing cell
n and rounding (Light microscopy, magnification 100x)
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Photo (1): Vero ce
retractio




Photo (): Normal Vero cell c]ture (Light microscopy, magnification 100x)
izing antibody titers (TU/ml) against C. perfringens type A

1) Neutral
Table ) f immunized rabbits

alphz toxin in pooled sera o

Titre (IU/ml)
Type of vaccine In mice In Vero cells culture
Local polyvalent 84 2
Cubolac (I) 75 0
Cubolac (II) 1 o
Covexin 10 (I) I LS
Covexin 10(IT) 19 20
Coglavax (I) 64 64
Coglavax (II) 16 17
Rabbit enterotoxaeamia 18 18
Necrotic enteritis 6 5
Positive control |
Negative control 0 0 -

Vito o] Discussion i
, clls were proved to be suitable biological tems for the
det - ¢ biological test systems
Lirg:t:izlogaftf PRl effects. of C. novyi alpha toxin (Borrmann et al, 2006 and
The pres?::tn dnii Septicum alpha toxin (Salvarani et al., 2010).
cell shape alterationss fy revealed that alpha toxin of C. perfringens type A caused
' of Vero cells characterized by retraction and rounding. Using

of antisera with hi
. 1 4 .
Microscope, Phote 1(%;1) antibody titres resulted in an intact cell image under the

cultures of Verq cells, shows the effect of C. perfringens type A alpha toxin O
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The minimum cytopathic effect of C. perfringens type A alpha toxi
dilution determined in Vero cell was 1:800 (using 50ul for tissulze cultu;n
noculation) while the minimum lethal dilution was 1:40 (using 100ul fof-
mice inoculation) in mice demonstrating the higher sensitivity of Vero cell
than that of mice to detect alpha toxin of C. perfringens type A.

Toxin standardization by standard homologous anti-toxin is needed to
use this toxin in the seroneutralization tests. The obtained titers in the
standardization of C. perfringens alpha toxin in mice and Vero cells were
1:18 and 1:800 respectively.

Titration of the tested sera by in-vivo and in-vitro seroneutralization
were carried out after standardization of the toxin. The titers of neutralizing
antibodies against C. perfringens type A alpha toxin determined by
neutralization in mice and in Vero cell culture are tabulated in Table (1).

Interpreting the obtained data in Table (1), the values obtained
during seroneutralization in mouse and Vero cells revealed that there was
no significant difference between the two methods by using Student’s t test
(at P < 0.05) (Sendecor, 1971). Cell culture presents a series of advantages
over the animal bioassay in titration of antibodies against C. perfringens
type A, specifically the drastic reduction in the number of animals used,
higher sensitivity of the test, smaller variation in the individual responses,
and decrease in the amount of standard reagents. In comparison to in-vitro
method, the use of cell cultures has some advantages; the cell test required

neither the use of highly purified toxins, in order to exclude un:sp'eciﬁc
monoclonal antibodies, which is a prerequisite for

reactions, nor the use of ]
several ELISA systems (Ebert et al, 1999; Rosskopf- Streicher et al.,
o be the ‘‘golden standard™’

2004). The animal experiment is considered t :
and the alternative method should lead to comparable results (WeiBer and

Hechler, 1997 and Hendriksen et al, 1998). . '
This study demonstrated that antibodies against C. perfringens

type A can be detected in a precise, sensitive, practical, and relatively rapid

i foni jon i £ used animals. In-vitro
way, with a sl nificant reduction 11l the number 0 _ . .
4 : 1 culture, a method standardized in this

d to be a viable alternative to the current in-vivo
yaccine potency ftest of C. perfringens type A alpha toxoid.
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