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SUMMARY

This work was planned to investigate the correlation between humoral
immune response, clinical and subclinical infection and the possibility of
using ELISA test for diagnosis of caseous lymphadenitis (CLA) also, to
evaluate the role of four types of vaccines in killing activity of
macrophages. Twenty serum samples were collected from sheep
showing clinical lesions suspected to be caseous lymphadenitis, also,
twenty serum samples were collected from apparently normal incontact
sheep and twenty control sera were collected from 6 month-old sheep
living in free area. The serum samples of control group were used for
calculation of the cut off values for ELISA antigens. Out of the twenty
bacteriologically examined swabs collected from caseated lymph nodes,
three isolates of C. pseudotuberculosis were recovered. Out of
serologically examined 20 serum samples collected from sheep with
characteristic CLA lesions, 18 serum samples were found positive by
using Phospholipase D (PLD) antigen and 11lsamples were found
positive when the somatic antigen was used as a coating antigen. On the
other hand, incontact sheep sera showing positive results in 18 out of 20
sera when examined against PLD and 8 were positive when examined
against somatic antigen. The killing activity of peritoneal macrophages
collected from all groups of vaccinated to recipient mice received living
C. pseudotuberculosis was estimated and the obtained results were as
follows: Group of recipient mice inoculated with macrophages sensitized
with combined vaccine (phospholipase D+ Bacterin) yielded 7 bacterial
colonies compared with 23 colonies in control mice received living C.
pseudotuberculosis only. Group of mice inoculated with macrophage
sensitized with toxoid (PLD) yielded 3 bacterial colonies compared with
58 colonies in control mice. The third group which was sensitized with
Bacterin yielded 46 colonies compared with 58 bacterial colonies in
control mice. The fourth group which comprise living C.
pseudotuberculosis sensitized macrophages recorded 11 bacterial
colonies in recipient mice and 55 bacterial colonies in control mice.

Key words: Corynebacterium pseudotuberculosis, serology, immunology.
INTRODUCTION
Caseous  lymphadenitis caused by  Corymebacterium
pseudotuberculosis (C. pseudotuberculosis), is a chronic disease of

sheep, goats and other small rumirnants. Clinical signs and lesions may
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not be obssrved until several months after initial infection ancd the
disease mayv be manifested as abscesses localed internally in organs and
lymph nodes (Stoops ef «i., 1984). On the other hand, the early diagnosis
in a flock may be difficult, as subclinical infection occur (Brown et a/.,
1987). However, serological studies have proved to be suitable for the
detection of the infected animals. (Schreuder ef al., 1994) and Prescott ez
al., (2002).

The immunological mechanism of protection against infection
with C. pseudotuberculosis in sheep and goats still a matter of
controversy. Depending on data obtained from immunological analysis
of naturally or artificially infected sheep and goats with caseocus
lymphadenitis (CLA), investigations are differentiated into three
categories. Those hypothesized that immunity against CLA depends
mainly on humoral immune response with specific antibodies against C.
pseudotuberculosis (Hodgson ef al., 1994) but no one detect the
protective antigen of the causative agent either in the secretory part
which includes. exotoxin (s) or in the celi wall. Meanwhile, many
investigators reported that protection against CLA is a matter of cell
mediated immune response and endowed by increase of killing activity
of macrophages against phagocytosed Corynebacteria and hypothesized
this cell mediated views depending upon the fact that C
pseudotuberculosis is a facultative intracellular microorganism (Tashjian
and Compbell, 1983 and Johnson et al., 1993). The third division of
investigators support the view of development of both types of immune
response which are necessary for protection against infection with C.
pseudotuberculosis (Cameron ef al., 1998).

The present study was conducted to throw a light on:

1. The correlation between humoral immune response, clinical and
subclinical infection and the possibility of using ELISA test for
diagnosis of CLA.

2, Evaluation of the role of different types of vaccines on killing power
of macrophages.

MATERIALS and METHODS

Samples:

A, Serum samples: '

Sixty serum samples were collected from sheep flocks with average age
ranged from 6 months up to five years-old of both sexes. These samples
were as follow:
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1- Twenty serum samples were collected from sheep showing clinical
lesions suspected to be caseous lymphadenitis. The lesions were in
the form of lymph node abscesses specially the prescapular,
prefemural, and submandibular lymph nodes.

2- Twenty serum samples were collected from apparently healthy in
contact sheep.

3- Twenty serum samples were collected from six months-old sheep
living in free area. These sera act as a control negative sera.

B. Bacteriological samples:

Samples were collected from all caseated lymph nodes for
bacteriological examination of sheep suffered from lesions suspected to
be caseous lymphadenitis.

Media used for isolation of the microorganism:

Sheep blood agar and tryptone soy agar, brain heart infusion agar
and FNR medium were used for recovery of Corynebacterium
pseudotuberculosis.

Identification of the isolates:

Isolates were identified according to Songer et al., {1988) and
Koneman et al., {1992).

Modified CAMP test:

Synergistic haemolysis was applied after Songer et al., (1990)
using Luria-Bektani (LB) agar containing 5% sheep blood and 10%
Rhodococcus equi (R. equi) filtrate,

Serological diagnosis of caseous lymphadenitis by Enzyme Linked

Immunosorbent assay (ELISA):

This test was applied on 60 collected serum samples using C.
pseudotuberculosis somatic antigen prepared according to Ellis ef al.,
(1990) and phospolipase D antigen (PLD antigen) (Biotechnology
Center, Fac. Vet Med., Cairo Univ,)

Optical density measurement:

A serum dilution was considered positive if it yielded a mean OD
of each group equal to/or greater than the cut off value (Dxmltn and
Mikhail, 1996).

Cut off value was estimated as double or more foid of the mean
OD of negative serum. (Bassiri ef ai., 1993)

Effects of different vaccines on macrophage activity:

Preparation of vaccines: :

1- Living C. pseudotuberculosis: .

One single colony of completely identified local isolate of C.
pseudotuberculosis was inoculated into brain heart infusion broth
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containing C.1% Tween 8C, incubated for 48hr at 37°C in the shaking
incubator. The number of the bacterial ceils was counted by standarc
curve and the culture was centrifuged at 3000rprs for 10 min at 4°c. The
supernatant was discarded and the pellet was resuspended in
physiological saline. The number of resuspended ceils was adiusted to
contain 1x10°CFU/ml.

2-Bacterin:

The dried bacterial pellets were weighed and resuspended in 1%
formalin saline solution at a concentration of 10mg washed bacterial
cells/ml. Tween80 was added till a final concentration of 3.4%. The
vaccing was checked for sterility after 12Zhr incubation at room
temperature.

3- Culture filtrate vaccine (Toxoid):

Kindly selected colony was inoculated into 250ml brain heart
infusion broth containing 0.1% Ttween80 and incubated in shaking
incubator for 72hr.The culture was centrifuged at 6000rpm for 15min,
filter sterilized and the total protein in 1ml filtrate was calculated by
Lawrie, (1991). One ml of filtrate was concentrated to 1/10 of its
volume. The concentrated toxin was detected by performing of gel
electrophoresis. The amount of toxin (PLD) was calculated and
inactivated by formalin to 1.0% concentratiorn.
4-Combined vaccine (PLD+Bacterin):

Each ml containing 50ug PLD and 10mg bacterin in water-in-oil-
adjuvant. '

Evaluation of the prepared vaccines:

Four groups of 6 weeks old female Balb/C mice each group of 5
mice
The first group:

Inoculated s/c with 0.2m] of the combined wvaccine then
boostered after 4weeks. '
The second group:

Inoculated s/c with Spg toxoid/mouse and boostered after
4weeks.

The third group:

Subcutaneously inoculated with 0.2ml of the prepared
bacterin/mouse and boostered after 4weeks.
The fourth group:

Each mouse received 0.2ml of living C. pseudotuberculosis
saline suspension at a concentration of 1x10*CFU/ml.
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Macrophage transfer:

Peritoneal macrophages were collected from all groups of
vaccinated mice according to Cameron and Engelbrecht (1971).

Four groups of recipient mice (3 mice for each vaccine) were inoculated
intraperitoneally with 0.5ml dose of 3x10°CFU/ml macrophages.

All recipient mice were challenged 18hr later with 0.5ml of
2x10°CFU/ml living C. pseudotuberculosis intraperitoneally. Three
control mice were also challenged with the same dose of the living
organism.

Enumeration of live bacteria in the peritoneal macrophages:

One hour following challenge, peritoneal macrophages were
collected, ten fold serial dilutions was made, duplicate plates were
prepared by spreading 0.1ml of the 107 and 107 dilutions on brain heart
infusion agar. The colonies were counted after 48h incubation at 37°c.

RESULTS

Incidence of C. psendotuberculosis recovered from caseated lymph
nodes: '

Out of the bacteriologically examined 20 lymph node samples

collected from sheep with lesions suspected to be CLA, 3 isolates were
proved to be C. pseudotuberculosis when characterized biochemically
and with CAMP test.
Results of ELISA test on sera collected from examined groups of
sheep: ,
Twenty serum samples coliected from 20 apparently healthy
sheep living in free area and. less than 6 months old were divided into
two subgroups for examination against two coating antigens, namely, the
somatic and the phospholipase D antigens.

These negative control sera were used for calculation of the cut
off values. The results indicated that, the cut off value was 0.264 for
somatic and 0.268 for PLD antigen.

Out of the serologically examined 20 serum samples collected
from sheep with characteristic CLA lesions, 18 serum samples were
found positive by using PLD antigens, meanwhile, 11 serum samples
were found positive when the somatic antigen was used as a coating
antigen (Table 1). _

On the other hand, 20 serum samples collected from in contact
sheep with no clinical iesions of CLA reveaied that 18 samples were
found positive with PLD antigen and 8 samples reacted positively
against somatic antigen.
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Results of the effects of different types of vaccines under study on
macrophages:

The killing activity of peritoneal macrophages collected from all
groups of vaccinated to recipient mice received living C.
pseudotuberculosis was estimated and the following results were
obtained:

Group of recipient mice inoculated with macrophage sensitized
with combined vaccine (PLD+ Bacterin) yielded 7 bacterial colonies
compared with 23 colonies in control mice received living C.
pseudotuberculosis only.,

Group of recipient mice inoculated with macrophage sensitized

with toxoid (PLD) yielded 3 bacterial colomes compared with 58

colonies in control mice.

The third group of recipient mice (Bactenn sensmzedf
macrophages) yielded 46 colonies while control mice were harboured
with 58 bacterial colonies.

The fourth group (Living C. pseudotuberculosis sensitized
macrophages) recorded 11 bacterial colonies in recipient mice and 55
bacterial colonies in control mice. (Table 2)

Table 1: Collective ELISA and bacteriological results of samples
obtained from sheep with lesions suspected to be CLA.

[ Sample OD vzlues of . OD values of . Culture |
Nol.) somatic antigen Interpretation | py anfigen Interpretation results
1 0.338 + 0.680 + -
2 0.213 - 0.294 + -
3 0.281 + 0.456 + +
4 0.261 - 0.237 - -
s 0.733 + 0.732 + -
6 0.921 + 0.902 + -
7 0417 + 0.479 + -
3 0.563 + 0.811 + -
9 0.421 + 0.738 + -
16 0.226 : - 0.380 + -
11 0.062 - 0.479 + -
12 g.172 - 0.591 + -
13 0.489 + 0.410 + -
; 14 0.115 - 0.365 + -
| 15 0.268 , + ? 0.507 + -
| 16 0.167 : - 0.490 + -
: 17 0.327 ; - 0.577 + -
1 0.287 | = 0633 | + .
i9 0.177 : - : 0.381 i - : -
20 0.083 - n228 - -
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Table (2): Effect of different vaccines on the killing activity of macrophages.

Vaccinated mice

Recipient miee

Control mice

~ No. of Lysed

macrophages
Type of vaccine Total Totat Total T rotal Fotal Tatal D
leukocytie - macrophage leukocytic racrophage fenkocytic macrophage Recipiont Control
count/m! count /nal count/ml count fml cduntfml cornt /ml
Combined vaccine 19x10° | 6x10° | 84x10° | 37x16° | 58x10° | 16x10° | 116000 | 116000 |
CToxold (PLD) | 29x107 | 8x10° | 28x107 | 107x10° | 48x16° | 1.16x10° | 116,000 | 116,000
Bacterin 21x107 | 61x10° | 32x10° | 99x10° | 27x10" | 79x10° | 972,000 | 972,000
Living vaccinc 23%107 | 64x10° | 39x107 | 86x10° | 2.7x10" | 97x10° | 972,000 | 972,000 |

Ne. of colonics /100p)

Rocipient

Control

23

58

5%
5%

STy 164 TSSY

s
Py
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7
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DISCUSSION

Caseous lymphadenitis caused by C. pseudotuberculosis is a
chronic disease of sheep,goats and other small ruminants which
characterized by delayed clinical signs and lesions.

Out of 20 examined bacteriological swabs collected from
caseated lymph nodes, 3 typical isolates (15%) of C. pseudotuberculosis
were recovered. Sahar Abdel-Lattif (1998) recovered 11 isolates of C.
pseudotuberculosis when examined 126 sheep lymph nodes with typical
CLA lesions.

In this study, an ELISA for detection of antibodies directed
against the somatic and PLD antigens was developed. For interpretation
of ELISA results, 20 serum samples collected from sheep showing
characteristic CLA lesions, 20 samples collected from clinically CLA
negative in contact sheep and 20 control negative serum samples were
used.

The results indicated that 18 and 11 serum samples out of the 20
samples collected from clinically diseased sheep were found ELISA
positive using PLD and somatic antigens respectively. On the other
hand, 18 and 8 serum samples collected from incontact sheep were
found positive using PLD and somatic antigens respectively.

Using cell wall and PLD ELISA for serological studies on goats
suffering from caseous lymphadenitis was recommended by Braithwaite
et al., (1993) and Sting ef al., (1997).

Several factors may contribute to the apparent lack of specificity
of C. pseudotubercuiosis ELISA when applied for diagnosis of naturally
acquired infections. First, there is inter-host variability including the age
and immune status of the infected animal, the route and extent of
exposure to the pathogen and the interval between exposure and
serologic analysis. Second, all current assay use complex, poorly defined
antigens (Maki er al., 1985). Third, unidentified strain differences may
exist between isolates of C. pseudotuberculosis causing disease in sheep
and the standard strain that was used as a source of antigens (Takai er
al., 1987).

Vaccination of sheep against CLA stills a matter of controversy.
Some zuthers believed in the antibacterial immunity and recommended
bacterins or cell wall antigens or even living Corynebacterial cells as
vaccines. Other authers confirmed that immunity against Corynebacteria
is primary antitoxic and preferred vaccination with toxoid. The third
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aivision of authers beiieves in the importance of both antibacterial and
antitoxic immunity and recommended the use o combined vaccines.

A substantial portion of this study was concerned with attempts
to elucidate the role of macrophages as one of the important components
of cellular immunity against infection with C. pseudotubercuiosis and if
any of the different types of vaccines recommended can stimulate and
increase the activity of macrophages for killing phagocytosed C.
pseudotuberculosis.

Four groups of Balb/C mice were vaccinated with four types of
recommended vaccines. The killing assay of macrophages collected
from each group was performed by collection of macrophages from each
group and transferred to the intraperitoneal cavity of a recipient mice
which was challenged by a fixed number of living C pseudotuberculosis.

Killing =assay was performed by collection of peritoneal
macrophages from normal mice challenged with the live organism and
equal number of macrophages collected from each group were lysed and
cultivated to count the number of liberated living Corynebacteria.

The least number of living Corynebacteria was obtained from
macrophages coliected from mice group vaccinated with toxoid. The
count was CFU and it was 3 and 58 CFU in case of recipient group and
control group respectively. This result coincide with the data of other
investigators that recommended toxoid as the most effective vaccine
against CLA depending upon the fact that the exotoxin of C.
pseudotuberculosis (Phospholipase D) function in vivo as a permeability
factor, allowing for local spread of the organisms and increasing chance
that the bacteria may be carried to more distant site and antitoxin
antibodies in the initial bacterial multiplication period may limit local
spread and general dissemination of the organism (Brown ef al., 1986).
Also, Hodgson er al (1999) revealed that formalin-inactivated toxin
offered 95% protection to challenge sheep with live C
pseudotuberculosis. The adverse effect of toxins on the activity of
macrophages was studied by Sergguei et al. (2002) who noticed the
inhibition of phagocytic activity of macrophages treated with sublytic
concentration of lethal anthrax toxin. Also, the adverse effect of toxins
on activity of macrophages confirmed by Sampaio ef a/ (2003) who
reported that crotoxin when s/c injected to rats or added to the medium
of peritoneum cell incubation, inhibited macrophages function in a
similar manner to that observed on crude snake venom.

Macrophages collected from mice vaccinated with whole
inactivated component cell vaccine (Bacterin) are far weak in killing
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activity of C. pseudotuberculosis if compared with those collected from
toxoid vaccinated mice. These . results agree with the low validity
observed by many authors who vaccinated sheep or laboratory animals
with bacterin. The efficacy of bacterin have been reported to be partially
successful (Collinus and Campbell, 1982; Brodgen et al,1990 and
1996).

As regards to the protective effect of C. pseudotuberculosis
vaccine, the killing activity of collected immune macrophages was
performed and it was far less than the other forms of vaccines except the
killed vaccines. o _

This weak efficacy in killing phagocytosed bacteria can be
attributed to the adverse effect of exotoxin produced by the invasive C.
pseudotuberculosis inside the tissues of the host on phagocytic cells, in
addition to the toxic effect of phagocytosed Corynebacteria on the
macrophages itself and that may lead to death of macrophages within 24
hours. This low efficacy of macrophages collected from inoculated mice
with living C. pseudotuberculosis can be noticed in the results of some
authors that used living C. pseudotuberculosis in vaccination of sheep
and goats (Hodgson et al., 1992; Johnson ef al., 1993 and Cameron et
al., 1998). The effect of combined vaccine was investigated and the
number of CFU was higher if compared with that of macrophages
collected from mice inoculated by toxoid alone. Holstad ef al., (1989)
vaccinated goats with a combined vaccine and reported that the used
vaccine was not sufficiently effective to be recommended as the only
protective measure against CLA in goats. At the same time Point-kowski
et al., (1998) evaluated the commercially available bacterin-toxoid
vaccine in sheep and concluded a substantial decrease in the prevalence
and number of abscesses that formed secondary to C. pseudotuberculosis
infection.
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