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Comparative immunogenieity of urea and EDTA extracted cell surface components

from Salmonella typhimurium in mice
G CCHATURVED!, MINAKSHI%, Y K KAURA? and A K PRUTHF
CCS Haryana Agricultural University, Haryana, Hisar 125004
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ABSTRACT

Swiss albino mice (group 1a to 4g) immunized with urea exiracted cell surface components (UECSCs), recycled
UECSCs, peak [P [), recycled UECSCs pooled peaks (PI+PU+PII) and EDTA extracied CSCs of S, typhinmrium 163,
respectively, showed humoral (MR} and cellular immune tesponses (CIRY. The HIR was exhibited by increase in imnu-
noglobulin (Ig) level at weekly intervals postimmunization (P1) and postchallenge (PC), and immediate type footpad
thickness (ITFT) at 6 hy postinoculation of eliciting antigen (PEA) in the left hind footpad. However. the mice in group
4f immunized with EDTA extracted CSC showed comparatively higher level of 1g at 4 weeks Pl and 3 weeks PC. In
immunized mice treated with carrageenan (group 1b, 2d, 4g), the [g level decreased abruptly at 1. 2 and 3 weeks PC. The

CIR was exhibited by delayed type footpad thickness (DTFT) at 72 hr PEA. nitroblue tetrazolium (NBT) reduction test -«
at weekly intervals PT and PC. Postchallenge heavy mortality was observed in mice trcatcd with carrageenan (macroph- o

age depleted),

The difference between the per cent protection of immunized groups (1a, 2¢, 3e) as well as \mmunued and carr ageenan B

truated groups (Ib, 2d) and mock vaceinated group (5h) was statistically stgmﬁcant The corvesponding values in groups
e. 41, 4g and 5h, were highty significant. The liver and spleen of the sacrificed mice surviving challenge in the immunized

glOUD\ showed more immunological, less immunopathological and pathological alterations on micrascopic cmmmatmn o

while mice in group 4f showed only immunological alterations, The EDTA extracted CSCs were more lmlmmoquuc and

protective compared to UECSCs in mice,

Key words: Carrageenan treated (macrophage depleted) mice, EDTA e'(lracted CSCs, Humoral and cellular 1mmune responses,’
Immunogenicity, Mice, Nitroblue tetrazolium reduction test, Per cent protection, Salmonella typhmmrmm. Urea thracted el smrnu. ‘
components (UCSCs) K

The merits and demerits of live/killed vaccines as well as

superiority of subcomponent vaccine have already been

described by Chaturvedi et al, (1994). The predominant role
of cell-mediated immunity (CMI) in comparison to humoral
immunity (HI) has been opined in protection of mice against
Salmonella typhimurinm and S. enteritidis (Collins -and
Mackaness 1968, Collins 1969) of chickens and guineapigs
against S. gallinarum and S. dublin (Cameron 1976).
Chaturvedi and Sharma (1981a, b) reported the major role
of CMTI in protection of calves against virulent challenge with
§. dublin. The central role of macrophages in resistance to
intracellular infection has been well emphasized by
Mackaness (1962) and Collins (1974) in mouse typhoid.
However, no information is available regarding the role of

Present address: ' Senior Scientist. 2Assistant Scientist,
Departmenl of Veterinary Microbiology; * Assaciate Professor,
Department of Veterinary Pathology. .

¥ Professor and National Fellow (Retd,) H.No. (0-C, Friends
Colony, Hisar. Haryana. ‘

macrophages in mice immunized with Safmaonella vaccineg -
as well as treated with casrageenan in protectlon agamst
virulent challenge with S. typhimurium. - \ -
The significance of protein as protective immunogen has
been reported in mice by Bhatnagar et al. (1982) and
Udhayakumar and Muthukkaruppan (1989). The protein-
lipopolysaccharide (PLPS) complex isolated from 'S.
typhimurium and S. dublin was able to induce protective
immunity in mice (Plant et al. 1982) and rabbits (Chaturvedi
et al. 1994) respectively. Jorbeck et al. (1981) reported that
mice mgmhcantly cleared challenge dose of S. typhimurhom
immunized passively with rabbit anti-O-antibodies: Further,
Killian and Morrison (1986) reported that LPS-lipid A-
associated protein complex protected mice against lethal
infection with Salmonella, whereas the' LPS alene did nor.
Therefore in the light of aforesaid facts, the present study
was undertaken to study the immune response of mice'
immunized with cell surface components (CSCs) of .
typhimurium extracted by urea and EDTA treatments and ,
role of macrophage in protective immunity. ‘
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MATERIALS AND METHODS

Mice Do e

Swiss albino mlce were procured from DlseaSe Free Small
Animal House (DFSAH), CCS Haryana Agricultyral
University, Hisar.

Bacterial strain ‘

The culture S. typhimurium 163 (phage type 166) was
isolated from diarrhoeic dead cow-calf of organized dairy
farm (Kaura [988). The culture was passaged twice in mice
for increasing its virulence.

Isolation of cell surface components (CSCs)

The cell surface components (CSCs) of S, typhimurium
were isolated by urea method (Bouzoubaa et al. 1987). The
urea extracted cell surface components (UECSCs) were
fractionated on ultrogel AcA-34 column (1.6 % 100 cm). The
peaks (PI, PI1, PIII) (Fig. 1) obtained were concentrated on
- Amicon dialyzer PM 30 and dialyzed-against Tris - FHCl buffer
0.05 M, pH 7.5 containing | mM EDTA and 0.02% sodjum
azide. Each of the 3 peaks was recycled on ultrogel AcA-34
column (1 % 40 cm), The CSCs of S. ryphimurium were also
extracted by the cold EDTA (ethylene diamine tetra-acetic
acid ) extraction method of Kabir (1987).

Immunochemical character ization of var:ou@ prepctratzons
of S. typhimurium 163

Biochemical analysis: The protein and carbohydrate in
the UECSCs, its recycled peaks and cold EDTA extracted
CSCs were determined as per Lowry et al. (1951) and DllbOIS
et al. (1956) respectively.

Immunological reaction : The UECSCs, its recycled peaks
and EDTA extracted CSCs of S. typhimurium were tested for
their iimmunological activities against antiporin of E. coli
K12 and antlserum prepared against sonicated antigen of S,
typhimur ium 163 by immunodiffusion test. The
immunodiffusion test was performed as per Hudson and Hay
(1980) with slight modifications.

Immunization of mice

The mice were divided into 5 groups comprising 47, 40,
30, 24 and 28 mice in groups 1, 2, 3, 4 and 5 respectively.
The mice in groups 1, 2, 3 and 4 were immunized with
UECSCs, recycled CSCs on ultrogel AcA-34 column peak
(P1), recycled pooled peaks 1, 2, 3 (P1, 2, 3) and EDTA
extracted CSCs of S. typhimurium 163, respectively, as per
Udhayakumar and Muthukkaruppan (1987). The mice in
each of the 4 groups were immunized with 50 pg protein./
motuse, respectively, by subcutaneous route twice at 2 weeks
intervals. After separating 20, 10 and 10 mice from groups
la, 2¢ and 4f for treating with carrageenan 24 hr before
challenge, were named as 201°, 10{14and 10 IV¢and in control
group as V",

[Vol, 68, No. 4

Table 1, The protein and carbohydrate contents in the various
preparations of S. typhimurium 163

Preparations Prolein Carbohydrate
(mg/ml) (mg/ml)
UECSCs 304.0 14.59
Receycled Pi of UECSCs 5.3 1.90
Recycled PI* of UECSCs 4.0 1.20
Recycled P of UECSCs 2.0 0.95
Recycled PII® of UECSCs 3.8 1.60
Recycled Pl of UECSCs 3.5 0.20
Recycled PIIT of UECSCs 1.5 Nil
EDTA extracted CSCs 12.0 10.5

CSCs , Cell surface oomponents of S. lvphmzunum 163: PIv .
recycled subpeak from PI; Pl PIIY, PII¢ recycled subpeaks of PJ.

P4

Optical density

Fraction No.

Fig. 1. Recycled peak-I of urea extracted outer membrane
proteins (porins) of S. fypimurium 163 on ultragel AcA-34 column
(1=40 cm).
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Monitoring of humoral immune response (HIR)

Collection of sera: Immunized and control mice were bled
retro-orbitally with the capillary tube. The sera were separated
from the clot by centrifugation and stored at -20°C before
use.

Quantitation of total immunoglobulin (Ig): The Ig levels
in the serum samples of immunized and coritrol mice collected
at 0 day and at weekly intervals postimmunization (P1) and
postchallenge (PC) were determined as per Pfeiffer er al.
(1977) as adopted by Chaturvedi and Kaura (1987).

Detection of antibodies in the serum samples of immunized
and challenged mice: The serum samples collected at 0 day,
weekly intervals PI and PC were used for the detection of
antibodies with the immunodiffusion test.

Immediate type footpad hypersensitivity reaction (ITFHR}:
The [TFHR was performed as per Collins and Mackaness
(1968), The footpad biopsy was collected randomly in 10%
formol-saline from each group of mice showing peak reaction
at 6 hr from antigen and saline inoculated sites for the
histopathological examination.

Cell-mediated immune response (CMIR)

Nitroblue tetrazolium (NBT) reduction test © NBT
reduction test was performed at 0 day, weekly mtervals Pl
and PC (Frymus ef al. 1985),

Delayed type of footpad hypersensn‘zwty react:on
(DTFHR): The DTFHR was recorded at 12, 24, 48, 72 hron
the sites at which ITFR was recorded PEA, The skin biopsy
at peak reaction of 72 hr was collected in formol-salme for
the histopathological examination,

Determination of role of macraophage in immunity: Twenty,
ten and ten mice immunized with UECSCs (graup 1b),

IMMUNE RESPONSES OF MICE TO.CELL SURFACE COMPONENTS OF S4LMONELLA
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recycled UECSCs Pl (group 2d) and EDTA extracted CSCs
(group 4g) were separated from the respective groups 24 hr
before challenge and treated with type V Iota carrageenan
following the method of Ishizaka er al. (1977) with slight
modifications. ‘

Challenge experiment: Immunized and control groups of
the mice were challenged at 2 weeks post second vacgina-
tion by 1/P route with 2 LD, culture of S. typhimurium 163
(twice mice passaged contammg 1.16 x 10° cells), The surface
viable count of the culture was done by spreadmg method
(Cruickshank et al. 1965).

PC mortality patiern and microscopic examination of
tissue alterations: The mortality pattern of the mice immu-
nized with various preparations of UECSCs, its recycled peaks
and EDTA exfracted CSCs was recorded up to 3 weeks PC.
The mice died PC and sacrificed at 3 weeks surviving
challenge were examined for the presence/absence of lesians
and bacterial load/ reisolation (Chaturvedi et al 1994) of
challenge organism in the liver and spleen. The liver and
spleen of the surviving mice sacrificed at 3 weeks PC were
preserved in 10% formol-saline and examined

microscopically for the tissue ‘alterations.

Percentage protection
The percentage protection of the PC surviving mice was
calculated at 3 weeks PC in immunized and control grotips.

' RESULTS
Isalation, purification of CSCs from S, typhimyrium

The UECSCs of S. typhimurium 163 were fractionated on
ultrogel AcA-34 column ( 1.6 % 100 cm) and 3 peaks were

Table 2. Reisolation‘of chal‘icnge organism of S, yyphimurium 163 from the liver and spleen of surviving mice sacrificed at 3 weeks
postchallenge

Group No. Total No, Imnunizing agant TotalNo. "~ - Total No. Total No. of mice
R ‘ mice surviving ‘ of mice posmve for negative for

challenge and challenge organism challenge argansm
sacrificed (04,12 antlsera) (04,12 antisera)*

Vaceinated o ‘

la 27 UECSCs 12 1 1

b 20+ UECSCs 2 2 nil

2¢ 30 Recyeled UECSCs Pl 12 5 7

2d 10%* Recycled UECSC P1 nil nil nil

3e 30 Recycled UECSCs 11 8 3

‘ PIPI+PI ‘

ar 14 EDTA extracted CSCs 8 7 )

dg 1Q+* EDTA. extracted CSCs nil nil ail

Mock-vaccinated ‘

Shr 28 NSS8 6 2 4

*, Colonies reisolated reacted with 0-4, (2 antisera by slide apglutination test; **, each mouse inje‘cted 3 mg carrageenan by I/P route 24
hr. before challenges: the mice were separated 24 hr befare challenge for treating with carrageenan; CSCs. cell surface components.
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Table 3. Immunopathological alterations in the liver and spleen
of immunized mice sacrificed at 3 weeks surviving challenge
with §. typhimurium 163

Group Group Group Group Group
la 2c 3e 4 5h

Organs Alterations

Liver immunological

Infiltration of lymphocytes + + + + +
around bile duct and
central vein

Intravascular aggregation  + + + + -
of monocytes in the
central vein

Congestion of sinusoids  + - - - -

Immanopatholagical * ,
Formation of granuloma  + + + - -
inside the central vein
Small granuloma at some  + + + - -
places

Pathological
Cloudy swelling + - - - -
Necrosis/necrosis ++ + - - -
coagulative type

Spleen immunological
RE. cells - -+ ++ + - ND
hyperplasia : )
Formation of secondary + + - + ND
follicles

Immunopathological

Granuloma formation + - - - ND
Pathological
Congestion - + - - ND
Macrophage - + - - ND
infiltration
Neutrophil - + - - ND

infiltration

Group la, Immunized with UECSCs; group 2¢, immunized with
recycled Plof UECSCs:; group 3¢, immunized with recycled pooled
PHPI+PII of extracted UECSCs; group 41, immunized with EDTA
extracted CSCs; group 5h, mock vaccinated with NSS.

obtained in the elution profile. These 3 main peaks were
recycled on ultroge! AcA-34 column ( | % 40 cm) and eluted
in large and some small peaks (Fig. 1).

Immunochemical characterization of various preparations
of S. typhinurium 163

Biochemical analysis: The protein and carbohydrate
contents are shown in Table 1.

Immunological reaction: The UECSCs of S. typhimurium
formed 2 precipitin bands with antiserum of sonicated antigen
of the S. fyphimurium and a single precipitin band with
antiporin of E. coli K 12. The recycled PI of UECSCs and
CSCs of EDTA extracted and UECSCs of S. typhimurium

. [Vol. 68. No. 4

50

{mg/ml)

—
—
120
N
w
o
I

©

Total serum immunoglobulin

o 1 2 3 4 1 2 3
Post-immunization  Post-challenge
(weeks) (weeks)
Fig, 2. Immunoglobulin level in immunized mice with and
without carrageenan treatment,
Tg of 5IMM Mice Gr l¢
[ Jeaw— e " of 3 IMM and Carr treated Mice Gr 1 b

la

[ J— ® ¢ of5IMM miceGr2c

0-..- ° ":01‘5 IMM and Carr treated Mice Gr 2d
¢ 0 5 IMM Mice Gr 3¢
, 0f 5 IMM Mice Gr 4v
I » f of 5 IMM and Carr treated Mice Gr 4g
b of 5 control mice Gr 5h

IMM Imunized, Carr-Carrageenan. Superscripl-surviving mice
less than 5: Gr, group.

showed precipitin line with antiporin of E. coli K 12, while
recycled PII*, 1I°, 11 and PILT did not show any precipitin
line. Thus, the positive reactivity of these preparations with
antiporin of £. coli K12 confirms the presence of porin
therein,

Monitoring of immune response

H/R: The serum lg levels in the groups la, 2c, 3e and 4f
showed increasing pattern in the levels of sernm Ig (Fig. 2).
While at 1 week PC, the mice showed fall in the level of Ig
and reached at the level of prechallenge at 3 weeks PC.
However, the levels of the Ig in the immunized and
carrageenan treated mice (groups 1b, 2d, 4g) was
comparatively very low after challenge. On the other hand.
in mock vaccinated mice (5 h), the level of Ig was almost
constant with siight fluctuation. The mice in group 4
immunized with EDTA extracted CSCs showed higher level
of lg and higher percentage of survival compared to other
groups. However, in groups of mice immunized and treated
with carrageenan, there was abrupt fall in the level of Ig
along with their heavy mortality.

Detection of antibodies in the serum samples of immunized
and challenged mice: The serum samples of mice collected
at weekly intervals Pl and PC showed precipitin line with
UECSCs, recycled Pl and EDTA extracted CSCs of S.
typhimurium.

ITFHR: The ITFHR in immunized mice in response to
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8 o [ ' 4 , recorded at control sites inoculated with NSS was in the range
_E 3k ) of 2.10+ 0.00 to 2.20 + 0.00 mm. On the other hand. mock
O T T T 123 vaccinated mice showed 2,12 +.0.04 mm thickness at 72 hr
£ £ 2t ST et By postinoculation of NSS. However, footpad thickness was
- _g comparatively more in group of the mice immunized with
‘a 1+ EDTA extracted CSCs than in other groups, but in control
" mice inoculated with NSS, the thickness was almost
8 O I ! ' L L . A ; negligible (Fig. 3). On histopathological examination.
u 0O 1 3 s 12 24 48 72 infiltration of mononuclear cells and proliferation of

Post-inoculation of antigen in
foot pad (hr)

“ Fig. 3. Footpad thickness in mice immunizea witn varous
preparations of C8C (s) S. typhmurium 163

------ ®--- Footpad thickness of 3 IMM Mice Gr, 1

------ 0O---- Footpad thickness of 3 IMM Mice Gr. 2

------ A---- Footpad thickness of 3 IMM Mice Gr. 3

-~—---%----  Footpad thickness of 3 IMM Mice Gr. 4

...... ®--- TFootpad thickness ot 3 control Mice Gr. 5

eliciting antigens is shown in Fig.3. The ITFHR in response
to various preparations of UECSCs and EDTA extracted
CSCs at 6 hr was 2,73 + 0.12,2.70 £ 0.02, 2.83 + 0.03, 2.83
+0.03 mm in groups 1 to 4, respectively, while at the control
sites reaction ranged from 2.37 £ 0.22 to 2.57 £0.12 mm
inoculated with NSS, However, ITFHR in mock vaccinated
mice inoculated with NSS was 2.40 + 0.03 mm.

The microscopic examination of the footpad biospy
collected at 6 hr PEA revealed mild oedema, congestion of
blood vessels, infiltration of neutrophils and few mononuclear
cells in the dermis.

CMIR

NBT reduction test: The mice immunized in groups lato
4g (before separation and carrageenan treatment) showed
more OD of the dye (formazan) released by the lysis of the
phagocytic cells, which was 0.25-0.75, 0.26-0.75, 0.25-0.80
and 0.29-0,70, respectively, at 1 to 4 weeks P1. In mice in the
control group 5h, the OD of the dye ranged between 0.19 -
0.70 at weeks postmock immunization. In groups | to 4 the
OD of the dye was 0.24 - 0. 64, 0.31 - 0.60, 0.25 - 0.48 and
0.21 - 0.52 at weeks PC respectively. In control group 5h the
OD of the dye ranged between 0.24 - 0.64 at | to 3 weeks
PC. However, groups of mice (1b, 2d, 4g) immunized and
treated with carrageenan showed less OD of the dye than the
mice immunized but not treated with carrageenan. On
comparative analysis, it was clear that mice treated with
various preparations of CSCs showed activation of phagocytic
cells. In groups 1a, 2c and 4f, there was comparatively more
OD than the other groups. However, in groups 1b, 2¢ and 4g
treated with carrageenan the OD was less in comparison to
untreated groups. ,

DTFHR: The DTFHR recorded at the antigen inoculated
sites at 72 hr ranged from 2.65 +.0.04 mm, while reactions,

histocytes in the dermis were observed in the footpad biopsy.

50  Gr=Group
.

i

O
Pt § -h

40

N

N

30 |

| T

20|
10 |

< Protection (%)

M d ] e
1 2 3 4 5
Immunized Controt
- groups groups

Fig. 4. Immunizing ability of various preparations of CSC (s) ol
S. typhimurium 163 in mice against challenge with S. fyphimurivm
163 ,

Gr 1 1TMM Gr | IMM and Carr treated -

d
7 7 ‘
///A Gr2 IMM // Gr 2 IMM and Carr treated
/) o
e

. r
Gr3 1MM : I : ‘
L Gr4 IMM and Carr treated’

8
I : : h
» Gr 4 IMM and Cour Treated

Gr 5 TMM Control
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Challenge experiment and percentage protection

The mice in each group were challenge with 2 LD by I/
P route and mortality pattern was recorded up to 3 weeks
PC. The mice in groups la, 2c, 3¢ and 4f survived 44.44,
40.0, 36.66 and 42.86%, respectively, while in the control
group 5h the survival was 21.43% (Fig.4). Further, mice
immunized and treated with carrageenan in groups 1b, 2d
and 4g showed 10,00, 0.00 and 0.00% survival respectively.
It shows that the treatment of mice with carrageenan made
the mice more susceptible for PC infection by destroying
macrophages. '

On statistical analysis by applying Chi-square test, the
effect of the vaccine in each group was tested and difference
between percentage protection of immunized versus
immunized and carrageenan treated mice as well as differ-

_ence between immunized and control groups were significant.
In group 4, the difference between 4f and 4g was highly sig-
nificant. The mice inmunized with UECSCs (group 1a) and
EDTA extracted CSCs (group 4f) showed higher percentage
protection than the mice immunized with UE recycled Pl
and recycled pooled peaks Pl to PIll. However, the percent-
age protection in control mice (group 5h) was comparatively

_poar. Further, the mice immunized with UECSCs and treated

" with carrageenan (group 1b), mice immunized with recycled
Pl and treated with carrageenan (group 2d) and mice immu-
nized with EDTA extracted CSCs and treated with
carrageenan (group 4g) showed abrupt increase in the
mortality pattern than the untreated groups (la, 2c, 3e and
Af, (Fig. 4).

The viable count of the challenge organism dropped in
the liver and spleen counted at weekly intervals of the
immunized mice died PC. The decrease in the count ranged
from 5.52" to 483.33 fold in the liver and from 8.72 t0 5.8
107 in the spleen over the original challenge inoculum which
was [.16 x 10* /ml. [n contrast, there was approximately 5 x
10" fold increase in the viable count in the spleen of the control
group over the challenge inoculum. The viable count of the
challenge organism in the spleen of the immunized and
carrageenan treated PC died mice was more than immunized
mice and almost equal to the control mice.

Reisolation of the challenge organisin from the post-
challenged surviving sacrificed mice :

The surviving mice in groups 1a and 2¢ (12 mice in each
group), | [ and 5 sacrificed surviving challenge were positive
for the challenge organism respectively. On the other hand,
in immunized and carrageenan treated groups 1b, 2 of the
surviving mice were positive for the challenge organism. In
groups, 3e and 4f, 8 out of 11 and 7 out of 8, the surviving
mice were positive for the challenge organism respectively.
However, immunized and carrageenan treated mice in groups
24 and 4g died cent percent PC. In the control group (Sh) 2

out of 6 mice were positive for the challenge organism (Table

2). ‘
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Microscopic alterations in the ‘liver and spleen of
immunized mice sacrificed surviving challenge

In groups la, 2¢, 3e, there was immunological and
immunopathological changes in the liver, while in group 4f,
there was immunological reaction and no pathological
changes were observed (Table 3). Further, in spleen of
immunized groups 1a, 2c, 3e, there was more immunological

.reaction and no pathological changes except in groups la

and 2c. However, in group 4f, some immunological reaction
and no pathological reaction were recorded on the
microscopic examination.

Mice died 1 week PC examined randomly in the
immunized groups showed reticuloendothelial cell
hyperplasia, congestion of sinusoids, while mice died in the
control group, showed moderate infiltration of neutrophils
around the central vein and bile duct, mild granuloma
formation, severe perihepatitis, thickening of liver capsule
and chronic infection.

DISCUSSION

Mice immunized with UECSCs, recycled peaks and EDTA
extracted CSCs of S. fyphimurium 163 showed both humoral
and céTiular immune responses. These immunological
responses were also reported by Udhayakumar and
Muthukkaruppan (1987), Muthukkumar and Muthuk-
karuppan (1993) and Villamil et al. (1995). The UECSCs
and EDTA extracted CSCs of S. syphinmrium were immuno-
genic and protective in mice. These findings are consistent
with the findings in poultry (Bouzoubaa et /. 1987) and
rabbits (Kabir 1987).

Int this investigation, the UECSCs and EDTA extracted
CSCs are OMP-LPS-complex of S. rephimurium compara-
tively contained more LPS and provided better protection P1
in mice of groups la and 4Ff, respectively, than that of the
purified, recycled UECSCs - Pl and recycled UECSCs pooled
peaks (PI+PII+PIIl} containing less LPS, used for the
immunization of mice of groups 2¢ and 3e respectively, The
current evidence supports our findings that protective
immunogens in the killed vaccine are associated with LPS
(Muthukkumar and Muthukkaruppan 1993), while purified
oligosaccharides derived from the O-specific antigens of S,
typhimurium are not potent protective immunogens {Jorbeck
ef al. 1981, Svenson and Lindberg 1981) and small size of
oligosaccharides in these vaccines of mouse typhoid might
be responsible for the loss of immunogenicity (Hsu ef al.
1985).

In this investigation, CMI studied by DTFHR, NBT
reduction test, heavy mortality in macrophage depleted mice
(treated with carrageenan), indicated that CMI might be
playing a major role in the clearance of challenge organism
in the light of intracellular nature of organism, thus helping
in the survival of the challenged mice P1. This finding is
corroborated by the findings of Cameron ef ¢l (1974) and
Collins (1974), who also emphasized the signiticance of CMI
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in the survival of pouliry and mice challenged Pl with
antigens of Salmaonellu species. The role of macrophages in
PI immunity was demonstrated by NBT reduction test and
carrageenan treatment of mice. The abrupt increase in QD
of NBT reduction test was observed at | week PI and PC,
indicating the phagocvtic activity of the activated
macrophages in the immunized mice. Further, immunized
mice treated with carrageenan (macrophage depleted mice)
died 90.0% in group Ib, 100.0% in group 2d and group 4g,
PC with S. ryphimurium indicated the significant role of
macrophages in protection against intracellular infection,
Selective toxicity of carrageenan for macrophages, but not
to T and B-cells was proved by in vitro lymphocyte
transformation studies in human and guinea pig (Lake e/ al.
1971, in vivo antibody production by B-cells in response to
T-independent and dependent antigens in mice (Ishizaka e/
al. 1977). The immunized mice treated with carrageenan
showed 90.0 to 100.0% PC mortality in comparison to the
other groups. The death of immunized and carrageenan
treated mice might be possibly due to unhindered growth of
the challenge organism in the [iver and spleen, which showed
more viable count of the challenge organism than the other
immunized groups. Our findings are consistent with the
findings in mice treated with silica (macrophage depleted
mice) and infected with S. typhimurium (O’ Brien et al. 1979)
and infected with C. neoformans (Monga 1981).
Histopathological evidence of protection provided by
immunological reaction (cellular infiltration) in the visceral
organs (liver, spleen) of immunized mice sacrificed surviving
challenge, was absent in the control mice. However, there
was only immunological reaction in the liver and spleen of
mice immunized with EDTA extracted CSCs and this prepa-
ration was comparatively more immunogenic. These findings
were supported from the results by Teuscher er al. (1988)
and Chaturvedi ef al. (1994). Further in the light of immune

responses, it would be worth, if cell surface components could -

be used with the suitable immunomodulator for the
immunization trial in the laboratory animals.
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ABSTRACT

Studies were conducted to compare the efficacy of live avirulent 9R vaccine, protein extracts and formalin- killed
bacterin for the protection of chickens against fowl typhoid. Vaccination of birds at 9 weeks of age using strain 9R with
and without Freund’s complete adjuvant resulted in 95 and 100% survivors, but the challenge strain persisted in the
organs of 1 bird each. The use of crude protein extract + adjuvant resulted in 100% survival rate along with total
clearance of the challenge strain  of Salmonella gallinarum from all the survivor birds. Addition of Freund’s complete
adjuvant during primary vaccination resulted in higher antibody titres and survival rate, Killed bacterin without adjuvant

gave minimum protection against fowl typhoid.

Key words: Fowl typhoid, Killed bacterin, Membrane proteins, Salmonella gallinarum, Vaccines live

The outbreak of fow! typhoid caused by Saimonella
gallinarum, result in devastating losses in adult fowls and
in young chicks. Efforts have been made to control the disease
by vaccination of birds with differént vaccines (Bouzoubaa
et al. 1987, 1989, Barrow 1990). The present study was
undertaken to compare the efficacy of different live or killed
vaccines for protection of birds against fow] typhoid.

" MATERIALS AND METHODS

Live vaccine ‘

The 9R strain of S, gallinarum was used as a live vaccine.
Growth of 9R organisms on Mueller Hinton agar was
harvested with sterile normal saline solution. This suspension
was used in aqueous or adjuvanted form after mixing it with
equal volumes of normal saline or with Freund’s complete
adjuvant (FCA) so that the finished product contained 40% 10’
organisms/ml.

Killed vaccine

A strain of S, gallinarum isolated from a case of fowl
typhoid was used for the preparation of formalin- killed
bacterin. The overnight growth of organisms in Roux flasks
containing Mueller Hinton agar was harvested with normal
saline solution and given 3 centrifugal washing. After

Present address: 'Assistant Bacteriologist, Department of
Gynaecology and Obstetrics; *Assistant Professor, Department of
Bacteriology and Virology; *Professor, Department of Immunology.

Table 1. Per cent reactors detected by rapid plate agglutination
test after vaccination with various vaccines against S. gallinarum

Group Vaccine Adju- Days post-vaccination
vant* 10 20 . 30 40 50 60 70

I © 9R - 5 20 15 30 25 100 100
+ 15 60 50 75 65 100 100

i Killed- - 85 100 100 100 100 100 100
bacterin + 95 100 100 100 100 100 100

it Crmde - 90 100 100 100 100 100 100

protein. + 95 100 100 100 100 100 100
extract: ‘

IV~ Purified - 80 90 85 100 100 100 100
‘ protein + 90 95 95 100 1060 100 100
extract : . ‘

Y Control 0 0 0 0 0 100 100

*Incorporated during primary vaccination only.

adjusting the concentration of the suspension to 10'
organisms/ml, the organisms were killed with 0.3% formalin.
This suspension was mixed with equal volume of FCA or
used as an aqueous suspension.

Membrane protein extract ‘
The strain of S. gallinarum used for preparation of
bacterin, was used for the isolation of outer membrane
proteins by the method described by Bouzoubaa et al. (1987)
with slight modifications. The pooled supernates after
extraction were concentrated with the help of lyophilizer.
This extract was purified by gel filtration through a column
of 2,5 cm x 50 cm containing Sepharose-6B. The purified
protein extract was used @ 2 mg/bird. . The protein extract
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Table 2. Geometric mean (log 2 < 10 ) antibody titre for various
vaccines against S. gallinarum

Group Vaccine Adju-
vant* 10 20 30

Days post-vaccination
40 50 60 70

1 9R - L0 L2 11 12 1.1 38 34
+ 1.1 L7 16 21 1.8 42 37
T  Killede - 30 41 39 43 41 51 46
bacterin + 3.5 4.7 4.5 51 49 55 53
m Crude - 32 43 40 47 44 50 48
protein + 3.7 49 51 53 49 57 50

extract
1AY Purified - 23 3.0 28 36 34 42 4.0
protein + 3.3 40 40 49 43 49 47

exiract
v Control 0.0 00 00 00 00 32 42

¥ Incorporated during primary vaccination only.

was also used in its crude form (without gel filtration) @ 3
mg/bird. Both the extracts were used in aqueous form or
after blending with FCA.

Experimental design

The birds were distributed into 4 groups of 40 birds each.
Each group was further divided into subgroups of 20 birds
each. One subgroup within each group was given the
respective vaccine as aqueous suspension and the other with
FCA at9 weeks of age. The booster dose of respective vaccine
in the form of aqueous suspension only, was given to all the
birds at 13 weeks of age. One group of 20 birds served as
unvaccinated controls. Blood samples were collected from
all the birds at 10 day intervals. The birds were subjected to
serological testing by rapid plate agglutination test using S.
pullorum stained antigen (IVRI). Sera samples were also
subjected to microagglutination test as described by Williams
and Whittemore (1971) with minor modifications. The
working dilution of antigen was determined by checker board
titration,

The birds in all the groups including controls were
challenged 3 weeks after the second vaccination with 1 ml
of diluted 18 br broth culture of S. gallinarum mixed with
0.3 g of alkali powder (Smith 1955). Daily mortality was
recorded for 28 days and the dead birds were subjected to
bacteriological examination for the isolation of the challenge
strain. After 28 days, all the birds were killed and the samples
from liver, spleen, and ileocecal junction were cultured to
see the clearance of systemic infection,

RESULTS AND DISCUSSION

In the group vaccinated with 9R vaccine without adjuvant,
a maximum of 30% reactors were detected on 40th day
post-primary vaccination, whereas 75% of the birds injected
9R + adjuvant showed antibody production (Table 1). In the
other vaccinated groups most of the birds gave positive
reaction. In general, addition of adjuvant resulted in more
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Table 3. Protection rate afforded by different vaccines against
fowl typhoid

Group Vaccine Adju- Total No. of survivors
‘ vant mortality positive for challenge
out of 20 strain/total survivors
I 9R - 0 ()] 1/20 5.0
+ | (5) 1/19 (5.26)
1 Killed- - 7 (33) 4713 {(30.76)
Bacterin + 3 (13) 2/17 (11.76)
I Crude - 2 (10) 0/18 (0.0)
protein + \ o 0/20 (0.0)
extract
IV Purified - 4 (20) 1716 (6.25)
protein + 2 (10) 1/18 (3.55)
extract
v Control 13 (63) 5/7 (71.42)

Figures in parentheses indicate percentage.

reactors. The development of antibody following vaccination
with 9R and protein extract has been reported (Bouzoubaa
et al. 1989). “As regards the microagglutination test (Table
2), geometric mean antibody titres were Jowest in the birds
vaccinated with live avirulent (9R) vaccine, Highest titre
(before challenge) were observed 40 days post-primary vac-
cination in the birds vaccinated with crude protein extract +
adjuvant followed by birds vaccinated with bacterin +
adjuvant. The serological titres in the group vaccinated with
purified protein extract + adjuvant were slightly less than
those vaccinated with crude protein extract. Antibody levels
were higher in the birds injected with vaccines containing
adjuvant, Booster dose of different vaccines resulted in higher
antibody titres. Silva et al. (1981) have reported that vacci-
nation with killed S. gallinarum + adjuvant stimulated the
highest and most uniform antibody response and that addition

- of mineral oil adjuvant to 9R enhances the antibody response.

The mortality pattern in the vaccinated birds following oral
challenge with S. gallinarum (Table 3) reveals that 9R vaccine
resulted in 95 and 100% survivors when used with or without
adjuvant respectively. The challenge strain was isolated from
the ileocecal junction of 1 bird each in 9R and 9R + adjuvant
vaccinated birds that survived the 28 day observation period
postchallenge. Therefore, it seemed that some of the birds
were not totally cleared of infection. The results agree with
the work of other investigators who have reported that 9R
vaccine gave variable protection against natural or
experimental fowl typhoid (Silva et al. 1981). The membrane
protein extract when used in crude form along with adjuvant
resulted in 100% protection, But gel-filtered protein extract
afforded 90% protection when used along with adjuvant and
80% when used without adjuvant. Systemic infection
seemed to be totally cleared from the birds vaccinated
with crude protein extract, but 1 bird cultured positive
out of 16 and 18 surviving birds administered purified
protein extract without and with adjuvant respectively.
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Bouzoubaa et al. (1987) have reported that serological
titres and pratection rate increased with the increase in
amount of protein injected. [n this study, comparatively
lower protection by purified protein extract might have
been because of the presence of lesser amount of
immunogenic components compared to that present in
the crude extract.

The birds vaccinated with formalin-killed bacterin with
and without adjuvant suffered 15 and 35% mortality on
challenge. The challenge strain could be isolated from 11.76
and 30.76% of the survivors respectively. So killed bacterin
did not seem to be effective in reducing the losses from fowl
typhoid. These observations are similar to those of Silva et
al. (1981). Within a group mortality was less in the birds
immunized with adjuvant incorporated vaccines except in
the birds vaccinated with *9R + adjuvant’ in which 1 bird
died out of 20. Silva et a/. (1981) reported that addition of
oil adjuvant to 9R vaccine interfered with the protection and
gave even less protection than inactivated oil adjuvanted
vaccine.

In this present study, there was no direct relationship
between the antibody titres and the level of protection afforded
by different vaccines thereby indicating a little role of humoral
factors in the protection of birds against fowl typhoid
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(Padmanaban et al. 1981, Bouzoubaa ef al. 1987).
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ABSTRACT

Clinicopathological studies on IBH was catried out in bursectomized and thymectomized chicks and findings were
compared with normal chicks. After bursectomy and thymectomy, chicks free from avian adeno virus detected by dot LTA
method were grouped into thymectomized, bursectomized and normal. Each group was further divided into 2 subgroups.
One subgroup from each group was inoculated by IBH virus @ 107* TCID,,. The other subgroup of each group was kept
as control, Haematological studies revealed fall of haemoglobin (Hb) and total erythrocyte count (TEC) valucs at 3 and
5 days post- inoculation (DPI) followed by slight increase which indicated anaemia in first stage followed by
haemoconcentration due to diarrhoea. Anaemia was more severe in thymectomized infected and bursectomized infected
groups. The absolute lymphocyte count as also T cell population increased considerably. Among biochemical param-
eters, uric acid, lactic dehydrogenase, serum glutamic oxaloacetic transaminase, serum glutamic pyruvic transaminase,

alkaline phosphatase increased in all the infected groups as compared to the non-infected groups. The increase was more’

marked in thymectomized infected and bursectomized infected groups. Gross lesions were seen only in liver at 5 and 7
DPI which comprised enlargement, mottling and congestion. Kidneys were slightly nephrotic. Histopathologically. liver
has vacuolar degeneration with congestion, haecmorrhage and sometimes necrosis, intranuclear inclusion bodies in hepa-
tocytes were seen between 5 and 7 DPL In T, group , the lesions were more severe and inclusions appeared 3 DPI
onwards followed by BI group. Studies revealed that thymectomized group was most susceptible than other groups.

Key words : Bursectomized, Chicks, [nclusion body hepatitis, Thymectomized

Inclusion body hepatitis, a disease of young chicks caused

by adenovirus result in heavy mortality in association with

stress of any kind or immunosuppressive factors. It has,
therefore, been envisaged to study the clinicopathology of
the disease in thymectomized and bursectomized chicks as
compared to the disease in chicks with intact thymus and
bursa.

MATERIALS AND METHODS

Day-old broiler chicks (200) were procured from Punjab
Agricultural University hatehery. Chicks were divided in 3
groups. In the first group, bursectomy was conducted (Eslami
1967) using halothane as general anaesthesia at day-old
stage, Using the same anaesthesia, thymectomy was
performed in the second group (Eslami 1967). On second
day, cloacal swabs were subjected to indirect-dot EIA ( Oberoi
et al. 1993). Birds positive to viral antigen were discarded,
and only negative birds were used for experimental studies.
Chick embryo passaged IBH virus was obtained from
Department of Bacteriology and Virology, PAU, Ludhiana,

Present address: ' I/C Veterinary Hospital Ghanauli Distt. Patiala.
*Professor, Veterinary Pathology, College of Veterinary Sciences.

Table 1. Procedure followed for experimental studies in various
groups

Groups No. of Dose of virus No. of chicks

birds in inoculated at sacrificed DPT*
each 21 days ofage —
groups intraperitonally 3 5 7 9
pet chick.
Normal control 30 - 5 5 5 4
(NC)
Normal 30 log10"*TCID,, 6 6 6 6
infected (NI)
Bursectomized 30 - 5 5 5 4

control {BC)
Bursectomized
infected (BI)

Thymectomized 30 -
control (TC)

Thymectomized
infected (TI)

30 logl0”TCID, 6 6 6 5

wn

30 logl0™TCID, 6 6 6

*Materials collected at the time ol sacrificing: I, blood in heparin
for haematology: 2, blood for serum for biochemical studies; 3,
tissues in 10% formalin saline,
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Fig. 1. Alterations in haemoglobin concentration in various
groups of the experiment.

which was isolated from the liver of naturally infected birds.

The chicks found free from adenovirus were divided in
different groups and treated (Table 1).

The chicks were closely observed for any clinical
symptoms and mortality daily to ascertain the effect of IBH
virus on chicks. Blood was collected from each bird in 2
clean autoclaved vials before sacrificing the birds (Table 1).
One vial contained 0.1 ml heparin for collecting biood for
haematological studies. Blood was collected in the second
vial without any anticoagulant for serumi separation for
biochemical studies. Haemoglobin (Hb) was determined by
haemoglobinometer. Total erythrocyte count (TEC) and total
leukocyte count (TLC) were made ( Wiseman 1931).
Differential leukocyte count (DLC) was done by staining the
blood smears with Wright's stain and counting at least 100
cells. T and B cell status has been ascertained on the basis of
demonstration of esterases in peripheral blood leukocytes
(Osbaldiston et al.1978). Alpha naphthyl acetate esterase
activity was demonstrated as reddish brown staining granules
in T lymphocytes. Cells showing no such activity were
considered as B cells and negligible population of natural
killer cells. ‘ ‘

Biochemical parameters, viz. protein, albumin, alkaline
phosphatase (AKPase), lactic dehydrogenase (LDH), uric
acid, serum glutamic pyruvic transaminase (SGPT), serum
glutamic oxalate transaminase (SGOT), were analyzed on
auto analyzer.

Representative tissue pieces of kidneys, spleen bursa of
Fabricius, thymus, heart, lungs, and brain were collected in
10 % formalin. Sections were cut at 5 u thickness by paraffin
embedding technique and stained with H&E stain,

RESULTS AND DISCUSSION

After inoculating IBH virus intraperitonally at 21 days
of age, the chicks were observed for 9 days. No clinical signs
were observed in the control group. The infected groups did
not show any clinical signs up to 5 DPI after which reduced
feed intake and ruffied feathers were observed up to 8 DPI,

CLINICOPATHOLOGICAL STUDIES ON INCLUSION BODY HEPATITIS R

when some of the chicks passed sticky faeces. After 8§ DPI
the chicks showed signs of recovery.

The Hb and TEC values were comparable in NC, BC and
TC groups (Figs 1-3). In NI group, Hb and TEC values
decreased at 3 DPI and further decreased at § DPI, slightly
increased at 7 DPI and almost came to notmal level at 9
DPI, The fall in Hb and TEC values indicate anaemia. The
rise in values of Hb and TEC at 7 and 9 DPI appears to be
due to haemoconceniration as a result of diarrhoea. Anaemia
has been recorded earlier by Mishra (1988), In Bl group, the
Hb and TEC values were significantly lower compared to
BC but higher than that of NI group up to 9 DPI which may
be because of more severe diarrhoea and thus
haemoconcentration. In T, group, Hb and TEC values were
significantly lower than TC group. These values decreased
at 3, 5 and 7 DPI but increased at 9 DPIL. This indicate
anaemia and later haemoconcentration due to diarrhoea.

The TLC and ALC values in different groups are given in
Table 2. The values in NC group remained almast stable. In
BC group, these values decreased due to the absence of B
cells. Since circulating lymphocytes are T cells, thus TLC
and ALC values were more low in TC group. The NI group
revealed increased TLC and ALC up to 7 DP1 with slight

Table 2. Total leukocyte and absolute lymphocyte values in
different groups

Name of Dayspost- Total leukocyte Absolute

groups _ inoculation  count x10*  lymphocyte values x 10°
Normal 3 8.30+1.32 6,2+0.27
control 5 9.93x1.06 - 7.3040.17
7 9.84+1.28 7.34+0.04
9 9.32+1.52 6.99+0,06
Normal 3 9.05+0.75 7.05+0.06
infected 5 10.21£1.29 8.21x0.18
7 10.98+0.78 - 9.03x0.16
9 10.98+1.26 8.48+0.23
Bursectomized 3 6.48%1.26 4.660.2 -
5 7.68+1.32 5.58+0.06
control 7 7.72+1.88 5.65+0.18
9 7.09£1.75 . 5.1240.07
Bursectomized 3 6.78+1.06 6.60+0.23
5 9.05+0.95 6.9040.11
infected 7 9.95+1.14 7.36+0.36
9 10.20£1.25 7.59+0.35
Thymectomized 3 3,75+0.62 2.97+0.04
5 3.68+0.21 2.99+0.07
control 7 3.29+0.62 2.63£0.06
9 3.28+0.72 2.64+0.07
Thymectomized 3 4,16x1.09 3.00+0.06
5 4,17+1.12 2.88+0.82
infected 7 4.28+1.06 2.93+0.07
9 4.38+1.06 2.95+0,02
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Fig. 2. Alterations in total erythrocyte count {TEC) in various
groups of experiment.

fall at 9 DPI. In BI group, significant lymphocytosis
(significant at 0.01 % level) was observed up to 9 DPI in
comparison to BC and NC group but not beyond NI group.
However, in T1 group, significant lymphopaenia was seen as
compared to the NC and NI groups. However, there was slight
and nonsignificant increase in lymphocytes as compared to
the TC group. This indicated that 3 cell population increased
in the defense process. The role of the T celis can be expressed
by the significant increase in the population of T cells in NI
and Bl .groups.

The biochemical parameters were studied at 3,5,7,9 DPI
in all the experimental groups.

There was nonsignificant fluctuation of total serum
proteins at different stages of experiment in each group.
However, total proteins varied significantly between infected
groups. Total proteins increased at 3 DPI in NI group which
decreased at 7 DPI but again slightly increased at ¢ DPL. In
BI group, the total protein values were lower compared to
the BC group throughout the experiment with progressive
decrease up to 7 DPI in Bl but with slight increase at 9 DPI,
Similar trend of decrease in total protein was seen in T] group
compared to the TC group up to 7 DP] with slight upward
trend at 9 DPI. The protein values can be correlated to the
extent of degenerative changes in liver.

Serum albumin concentration varied nonsignificantly. The
serinmm  albumin values were comparable in all the control
groups. In the NI group, the values decreased at 5§ DPI which
further decreased at 7 DPI but increased at 9 DPL. In Bl group,
the values decreased up to 7 DPI but increased at 9 DPI. In
the T group, the value decreased throughout the experiment
and were lower than those found in other infected groups.
The nonsignificant variations indicate that albumin part is
notaffected much and only globulin part of total serum protein
has been depressed by the virus infection in bursectomized
and thymectomized groups.

Uric acid concentration was comparable in all the control
groups. In NI group, constant increase was observed as also
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recorded by Mishra (1988). In BI and TI groups, the increase
was more marked up to 7 DPI after which the values
decreased but remained higher compared to NI group. This
trend appears to be correlated with the severity of the lesions
particularly in kidneys.

The LDH values varied significantly in control and
infected groups. Values were highest in NI group. In other
infected groups there was nonsignificant increase in values.
Thus no specific conclusion can be drawn.

SGOT levels varied nonsignificantly in control groups
during different stages of the experiment. In NI group, the
level was significantly higher than control groups. In Bl and
TI groups, the levels initially increased followed by decrease.
The increase in all the infected groups indicate soft tissue
damage. The present results are similar to those of Mishra
(1988).

The control groups showed almost identical picture of
SGPT levels. All the infected groups showed significant
increase. The SGPT values are indicative of liver damage
which is required for the leakage of enzyme into blood stream
(Kaneko 1989). The necrosis was more in the liver of BI
group which explains the highest level of the enzyme in this
group. ‘ "

AKpase values rose steeply in all the infected groups. The
increase was highest in TI group followed by Bl and NI groups
(Kohlar and Hromatka 1974),

The chicks of the control groups ie, normal control (NC),
bursectomized control (BC), thymectomized control (TC)
sacrificed at different intervals did not reveal any gross
lesions. Grossly the liver of chicks belonging to normal
infected (NI) were comparable to control groups at 3 DPL,
howaver, at 5 DPI slight enlargement was observed. At 7
DPI, liver showed rounding of the borders, enlargement and
slight congestion and mottling. At 9 DPI, the extent of the
lesions decreased. Kidneys were enlarged and nephrotic at 5
DPI and 7 DPI. The severity of the lesions decreased at 9
DPI . No other significant changes were observed in other
organs. In bursectomized and thymectomized infected (BLTI)
groups, the chicks showed gross lesions identical to NT group
except the presence of petechial haemorrhages in the thymus
of Bl group.

Histopathologically, the control groups did not reveal any
changes except cloudy swelling in the hepatocytes of some
of the cases.

In NI group chicks, liver had varying degrees of vacuolar
degeneration with or without mild lymphoid cell infiltra-
tion. These lesions became more severe on 5 DPI (Fig.4 ). At
7 DPI, congestion and haemorrhages and sometimes the
necrosis were the additional changes. At 9 DPI, the intensity
of the lesions decreased. However, the mononuclear cell
infiltration was seen . The intranuclear inclusion bodies in
hepatocytes (INIB) seen at 5 DPI, were more frequent at 7
DPI but rare at 9 DPI.

Kidneys had lesions of nephrosis at 3 and 5 DPI
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of broiler chicks.

comprising granular and vacuolar degeperation and even
coaggulative necrosis of the tubular epithelial cells. At 7
and 9 DPI, the degenerative changes persisted with additional
lesions of congestion and haemorrhages and attempts at
tubular epithelial cell proliferation .

Myocardium had congestion and mild mononuclear cell
infiltration at 3 DPT ,lymphoid cell aggregates at 5, 7 and 9
DPI. At 9 DPI, the intensity of the lesions decreased. Bursa
of Fabricius showed rarefaction of lymphoid cells particu-
larly at 7 DPI, Other organs did not reveal any significant
changes except mild congestion and haemorrhages.

In Bl group chicks, the lesions in liver and kidneys were
similar to those of NI group except that the lesions at 5 and
7 DPI were relatively more severe, when 'the congestion and
haemorrhages were prominent changes, INIB were more
frequent at these intervals. Mpyocardium had granular
degeneration at 3 DPI, mild haemorrhages and extensive
mononuclear cell infiltration along with proliferation of
mesothelial cells at 5 DPI, At 7 DPI, Iesions were similar to
those of NI group.

In TI group, the lesions were more severe compared to
NI and B groups. Liver had congestion , haemorrhages and
degenerative changes and INIB from 3 DP| onwards which
were maximum at 7 DPI. Kidney lesions were identical to
NI group at 3 and 9 DPI . At 5 and 7 DPI subcapsular
haemorrhages and degeneration were more marked.

Myocardial lesions were more severe than other groups. Bursa -

had mild fibrosis and heterophilic infiltration. Rest of the
organs had only mild congestion,

The gross lesions in the NI group were similar to those
recorded by Christensen and Saifuddin (1989) and Sandhu
et al. (1995). Gross lesions in Bl and T groups were similar
to NI group except petechiae on the thymus of BI group.
Thymus haemorrhage was reported by Hoffman et a/. (1978).

Histopathological lesions in liver and kidneys in NI group
were similar to those recorded by Nayak et af. (1990) and

9
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tig. 4. Normal infected group at 5 DPI: Mepatocytes having
extensive vacuolar degeneration. F & E. 1235, '

Sandhu et a/,(1995). Lungs and bursa lesions were similar
to those recorded by Mishra (1988) and Sandhu et af.(1995).
Lesions in BI and T! group were more severe compared to
NI group possibly because of immunosuppression.
Bursectomy has also been reported to induce outbreaks of
IBH (Hoffmann et al.1978). The TI group had more severe
lesions than N1 and Bl chicks, thus indicating that the
cell-mediated immunity play the main defense role. Sandhu
et al. (1995) studied the effect of immunosuppression on the
course of IBH, They inoculated chicks with IBH virus and
fed with aflatoxin or ochratoxin or both simultaneously and
recorded the most severe [esions in the combined treatment
groups than indjvidual treatment groups.

It can, therefore, be concluded that the severity of the
disease increase in thymectomized and bursectomized groups
compared to the normal group.
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ABSTRACT

A survey of cryptosporidiosis was carried out in some animals and human beings in contacts. Faecal specimens (180)
from patients suffering with gastrocnteritis at Gharbia province in Egypt were screened for cryptosporidium oocysts.
The oocysts were detected in 9 patients (5.0%). Faecal specimens (44) were collected from the households living with the
patients who showed cryptosporidiosis by laboratory investigation. The oocysts were detected in 2 of these households.
Faecal samples (223) were collected from different animal species (calves 45, dogs 25, cats 16, sheep 52, goats 35,
pigeon's and chicken's droppings 35) living in contact with patients who showed cryptosporidiosis,. 15 of these samples
were soil contaminated with dog and cat excreta, the oocysts were detected in one of these samples,

Key words : Cryptosporidiosis, Cruptosporidiosis

Cryptosporidiosis is among the zoonotic diseases that can
be transmitted by animal wastes. The causative agent,
Cryptosporidiosis is a well recognized gastrointestinal
coccidian protozoan parasite of the class Sporzoasida, sub-
class Coccidiasina, the order Eucoccidiorida, the suborder
Eimeriina, Family Cryptosporidiidae, genus Cryptosporidium,
that inhabits the intestinal epithelium and develop
intracellularly in the microvillous border of the small intestine
{Anderson 1982), This agent has emerged as a cause of
chronic diarrhoea primarily in persons with various immuno-
logic disorders, particularly in patients with AIDS (Acquired
Immunodeficiency Syndrome) (szpon 1983 Soave and
Armstrong 1986).

The role of cryptosporidium species as a cause of enteri-
tis in man and farm animals has been the subject of much
recent interest (Pitlick e /. 1983, Schultz 1983). It was re-
ported to be transmitted from infected kittens to their owners
(Currentet al. 1983, Kock et al. 1983) and from infected calves
to healthy animal-handlers (Angus 1983, Current et af. 1983,
Pitlick et al. 1983). Most recently, it has been shown that
zoonotic infection occurs with transmission of the disease
from diarrhoic calves to man (Amira 1985, Magda and El-
Ahraf 1988).

Therefore on account of the importance of
cryptosporidiosis in man and animals, this work has been
undertaken to investigate the incidence of cryptosporidiosis

Present address : ! Department of Animal Hygiene, Husbandry
and Zoonosis, Faculty of Veterinary, Mansour University , Egypt
P.0. Box. 35516.

in animals and human-beings in contact and to investigate
the role of soil contaminated with infected excreta as a reser-
voir of the disease.

MATERIALS AND METHODS

Collectzon of samples

Stool specimens (Human patients) : In this study, 180
swabs and stool specimens (100 adults, 80 children) were
collected in snap-capped vials containing 10% formalin
(HCOH), from patients of all ages suffering from severe
gastrointestinal symptoms such as abdominal cramps, vom-
iting and diarrhoea; most of these patients were otherwise
healthy, at the Public Health Laboratory of Ei-Mahalla Gen-
eral Hospital-Gharbia province and submitted for routine bac-
teriological and parasitological examination. Meanwhile, 44
stool samples were also collected from the house of holds of
these patients.

Faecal samples (in-contact animals)

Fresh faecal samples (208) were collected from different
animal species living in contact with human cases who
showed cryptosporidiosis after laboratory investigations.
Faecal samples were collected either by direct collection of
the faecal samples from the soil contaminated with fresh un-
der the animal and transferring them to snapcapped vials
containing 10 mi of 10% fromalin solution, or by using rectal
swabs, which utilizes sterile cotton-tipped wooden Stlcks and
placing them in the collection vials.

Soil samples
Soil samples (15) contaminated with fresh dogs and cats
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Table 1. Frequency distribution of cryptosporidium oocysts
detected from parasitofogical examination of staol specimens
coltected from human-beings in contact with infected animals

Cases  Collected Cryp. (%) condition Overall
specimens oocysts (%)

Aduhts 100 4 4.00 35H 1 2.86

65D 3 4.62

Children 30 5 6.25 18H - 1 3.66

620 4 6.45

Total 180 9 5.00 180 9 5.00

11, Healthy : D). discased (had a severe gastrointestinal
disturbance.

excreta were collected and placed in snap-capped vials con-
taining 10 mt of 10% formalin solution and were labelled and
transferred with a minimum of delay to the laboratory for
parasitological examination.

Procedurés of preparing of samples
Crytosporidum oocyst were detected as per Garcia ef al.
{1983) and California Department of Health Service (1984).

Staining of faecal samples
Stool specimens and faecal samples were stained for the
detection of Cryprosporidium oocysts.

‘Modified Ziehl-Neelsen Stain Technique (MZN) (Garcia
ef al. 1983), one of the 3 previously prepared stides was fixed
in absolute methanol for 10 min, then immersed in concen-
trated cold fuchsin (1.0 g fuchsin, 10 ml ethanol and 90 ml of
5% phenol) for 5 min. The slides were then rinsed with tap
water for 2 min, decolourized with 10% H,SO, for 30 sec and
rinsed again in tap water for 2 min. Counter staining with 5%
malachite green (5.0 g of malachite green, 100 ml of 10%
ethanol) was done for | min. The smears were rinsed with tap
water, air-dried and examined microscopically for about 10
min under the oil immersion lens at a magnification of 1000
to detect Cryptosporidium oocysts, Qocysts were identified

as spherical red bodies 3-6 mm in dianmieter, with evidence of -

mote deeply stained internal structure.

Awramine-Rhodanin staining technique (Sobieh et al. 1987)

The second slide, previously prepared was air dried, fixed
by passing through a flame 3 times or / with methanol and
stained by the Auramine - Rhodamine method (Vestal 1975).
Smears were scanned for Cryptosporidium oocysts by fluo-
rescence microscope at x 250 and x 400. All positive findings
were confirmed with additional direct smears prepared di-
rectly and stained by the Kinyoun acid - fast method (Vestal
1975) with 10% H,SO, for decolourization.

Safianin - methylene blue staining technique (SMB)

It is used as a confirmatory technique after Baxby et al.
(1984). The third slide was fixed by passing, the slide was
then examined under the microscope at x 400, as well as x
1000,
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RESULTS AND DISCUSSION

This survey indicated the occurrence of Cryptaspaoridum
species in stool specimens submitted for routine bacterio-
logical and parasitological examinations from patients with
with gastrointestinal symptoms in Gharbia province, Egypt,
and confirmed receut reports from elsewhere that
Cryptosporidium species may be an unrecognized cause of
diarrhoea and other gastrointestinal symptoms in patients
who are otherwise healthy (Hunt ez al. 1984, Mata et al. 1984).
Whether cryptosporidial infections occur primarily as spo-
radic cases or in outbreaks is not known (Hunt et a/. 1984)
nor can we speculate on whether our prevalence data repre-
sent endemic or epidemic rates.

Cryptosporidium oocysts were identified in 9 faecal speci-
mens (5.0%) out of 180 patients admitted to the EI-Mahalla
General Hospital, suffering from severe gastrointestinal symp-
toms. Of these Cryptosporidium oocysts positive cases in-
cluded 5 young children under 3-years-old (2 were < 1-year-
old and, 3 were 3-year-old } were expecting Cryptosporidia
(6.25%), while the other 4 positive cases (40%) out of these 9
were adult persons (Table 1), We also found that
Cryptosporidium species to be one of the common intestinal
prastitic pathog