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SUMMARY

In the present study invesﬁgation of virulence factors of Yersinia
enterocolitica was done .From 35 tested Yersinia enterocolitica isolates
belonged to 5 serobiovars (O:8/1A, 0:8/1B, 0:5/1A, 0:9/2;0:3/1A ) iso-
lated from diarrhoic and apparently healthy cow and buffalo calves, 28
isolates (80.00%)were positive for Congo red test and able to survive in
normal calf serum.Twenty six isolates (74.29%) were able to bind with
crystal violet, while 34 and 32 jsclates were haemagglutination positive
using bovine and guinea pig RBCs with an incidence of 97.10% and
91.43%, respectively . Twenty isolates (57.14%) were positive for
autoagglutination , pyrazinamidase production and calcium dependency
tests , while 24 isolates ( 68.57%) were able to grow in normal calf serum.
Concerning HEP-2 cells penetration, enterotoxin production and Sereny
test, 31, 23 and 16 isolates gave positive resnlts with incidence of 88.57%
,56.71% and 45.71% , respectively.
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INTRODUCTION

Yersinia enterocolitica is a well-established zoonotic pathogen for human
and animals, causing, gastroenteritis, terminal ileitis, mesenteric adenitis
and septicemia (Bottone, 1977). The source of most infections is unknown
but outbreaks have been attributed to the consumption of contaminated
food or water. Domestic animals have been widely suspected of acting as a

source of pathogenic Yersinia enterocolitica in several countries

(Wauters, 1979).

The primary step in intestinal Yersinia enterocolitica infection is the adher-
ence of bacteria onto the gut epithelium. After adherence, colonization and
multiplication of Yersinia enterocolitica in the intestines follow. As this
takes place at body temperature, the circumstances may favour the bacteria

to invade the tissues.

Awide range of experimental procedures has been applied for the determi-

nation of virulence among strains of Yersinia enterocolitica.

Bahduri et al. (1987) indicated that binding of crystal violet to virulent

strains allows the rapid and simple differentiation of virulent and avirulent

strains of Yersinia enterocolitica.

The use of tissue culture cell penetration as an experimental model of

in-vivo invasive disease. It is consistent with the usual illness produced by
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Yersinia enterocolitica (Kay et al., 1983).

Accordingly Grant et al . (1998) found that clinical isolates of Yersinia
enterocolitica invaded HEP-2 cells to a significantly greater extent than

non-clinical strains.

The suckling mouse assay is a reproducible assay system for the detection
of heat stable enterotoxin .Yersinia enterocolitica heat-stable enterotoxin
has a similar mode of action and is structurally and immunologically
related to heat-stable enteotoxin of E .coli, which is respbnsible for profuse

watery diarrthoea in humans and animals (Walker and Gilmour,1990).

Generally, Yersinia enterocolitica virulence is a complex and multifactori-
al phenomenon, no individual test was found as a single reliable measure

of virulence.

The aim of the present work was to investigate the virulence attributes of
Yersinia enterocolitica by performing the following tests on field isolates;
congo red dye absorption assay, crystal violet binding assay, calcium
dependency test, serum sensitivity test heamagglutination test, auto-
agglutination test, pyrazinaminidase test , invasiveness in HEP-2 cé]]s,

enterotoxin production and Sereny test.

147 151 Joint. Sci.Congr.of Egypt. Soc.Anim.Manag.&Egypt. Vet.Nutri Assoc.30-31 Oct., (2006)




Badia et al.,

MATERIAL AND METHODS

A total of 35 Yersinia enterocolitica strains recovered from apparently

healthy and diarrhoeic cow and buffalo calves by Refai ( Department of

Microbiology. Faculty of Vet. Med. Cairo Univeristy ) were tested in the

present work for their virulence factors using the following tests:

1-Congo red absorption assay (Prpic et al.,1993).

2-Crystal violet binding assay (Bahduri et al .,1987).

3-.Haemagglutination test (Kapperud and Lassen,1983), in the presence
or absence of D-mannose

4-Autoaglutination test (Laird and Cavanaugh, 1980).

5-Calcium dependency test (Okoroafor et al., 1988).

6-Pyrazinaminidase test (Kandolo and Wauters, 1989).

7-Serum sensitivity test (Pia and De-Stephano, 1982).

8-Invasion of HEP-2cells (Kay et al., 1983).

9-Enterotoxin production (De-Guzman et al.,, 1991) using the infant
mouse assay.

10-The abiiity of Yersinia enterocolitica isolates to cause conjunctivitis in

the guinea pig eye model "Sereny test” (Aulisio et al.,1983).
RESULTS AND DISCUSSION

- ongo indin jvi
In this study, all Yersinia enterocolitica isolates obtained from diarrhoeic

cow and buffalo calves bounded Congo red dye and developed red
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colonies (CR+). Meanwhile, two isolates (22.2%) recovered from appar-
ently healthy calves were only positive for Congo red binding activity

(Tablel)

These findings suggest that there is a positive association between the
isolation of CR+, Yersinia enterocolitica and disease status. This assump-

tion is confirmed by Styles and Flammer (1991).

In this aspect, Prpic et al. (1985) added that Congo red was the most
reliable predictor of pathogenicity for animals.Howeve , a significant num-
ber of avirulent food borne isolates of Yersinia enterocolitica were Congo

red positive.

Z. Q[ !S!&! V-IQIQI (C& ! bi!lﬂilig

In this study, out of 26, 24 isolates of Yersinia enterocolitica recovered
from diarrhoeic cow and buffalo calves bounded crystal violet with an inci-
dence of 92.30 %. On the other hand, two (22.22) Yersinia enterocolitica
isolates recovered from apparently healthy calves were positive for crystal
violet (Table2).

Mahal et al. (1994) reported that 87.5 % of clinical isolates of Yersinia en-
terocolitica bound crystal violet dye at 37°C but not at 25°C. Borie et al.
(1997) found that 73.3 % of tested Yersinia enterocolitica strains were pos-

itive for crystal violet binding assay.
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1 H Jutinati
Examination of the recovered Yersinia enterocolitica isolates for haemag-
glutination(HA) and mannose resistant haemagglutination (MRHA) was
done. As shown in Tables (3), among the isolates recovered from diarrhoe-
ic cow calves 100 % and 94.44 % were positive for haemagg]lutination
using bovine and guinea pig RBCs , respectively. While all isolates (100
%) recovered from diarrhoic buffalo calves were positive for haemaggluti-
nation using bovine and guinea pig RBCs. It is interest to note that all
isolates were negative for haemagglutination using chicken and human

RBCs.

These results agree with that of Kapperud et al. (1987), who used guinea
pig RBCs as indicator for hacmagglutination activity and Aleksic (1995),
who suggested that homologous RBCs were the most appropriate for test-

ing haemagglutination activity.

4. Autoagglutination and calcium dependency

In the present study, all autoagglutinated isolates (20/35) were Ca- depen-
dent with an incidence of 57.14 % (Tables 4 and 5). Eighteen out of 26
isolates of Yersinia enterocolitica recovered from diarrhoeic calves were
autoagglutinable and Ca dependent with an incidence of 69.23 % . On the
other hand, two out of 9 isolates of Yersinia enterocolitica recovered from
apparently healthy calves were positive for autoagglutination and Ca-
dependency with an incidence of 22.22 % each. It is clear that, 13 out 21
(61.90 %) and 7 out of 14 (50.00 %) isolates from cow calves ahd buffalo
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calves , respectively were autoagglutinable and Ca-dependent. One out of
3 (33.33 %) and 12 out of 18 (66.67 %) isolates, were positive for autoag-
glutinablity and Ca-dependency were collected from apparently healthy
and diarrhoeic cow calves, respectively. Meanwhile, one isolate (16.67 %)
and six out of 8 (75.00 %) isolates, which were positive for autdagglutina-
tion and Ca-dependent were obtained from apparently healthy and diar-

rhoeic buffalo calves, respectively.

*In this aspect, Pia and Destephano (1982), demonstrated that Yersinia en-
terocolitica strains that grow poorly at 37°C on mégnesium oxalate(
MOX) agar and autoagglutinate when grow at 37°C in tissue culture media
were virulent and strains that have lost the property for calcium dependen-

cy and autoagglutination were avirulent.

Moreover, Laird and Cavanaugh (19_80) reported that the production of
diarrhoea was limited to strains which had the ability to autoagglutinate at
35°C in a tissue culture medium. Prpic et al. (1985) examined 86 clinical
isolates of Yersinia enterocolitica, 52 of them were Ca dependent. Also
they showed that all virulent strains were ca- dependent, however, not all

ca- dependent strains were virulent.

In Egypt,Gad EL-Said et al. (1997) found that all Yersinia enterocolitica
serovars isolated from clinically healthy cows, buffaloes, sheep and pigs

were negative for autoagglutination test
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5, Pyrazinamidase test

In the present study, (Table 6) revealed that eleven out 21 (52.38 %) and 9
out of 14 (64.29 % ) Yersinia enterocolitica isolates recovered from cow
calves and buffalo calves , respectively were pyrazinamidase positive.
Meanwhile, 8 out of 18 (44.44 %) and 3 out of 8 (37.50 %) isolates recov-
ered from diarrhoeic cow calves and diarrhoeic buffalo calves were pyrazi-
namidase positive. These findings are in contrary to that reported by Nobel
et al. (1987), who recorded that Yersiniu enterocolitica biotype 2 whether
from human or animal pathogens were pyrazinamidase negative.Moreover,
Farmer et al. (1992) reported that the pyrazinamidase test is widely used
to differentiate potentially pathogenic Yersinia enterocolitica isolates from
non-pathogenic ones. Burnens et al.(1996) found the sensitivity and speci-
ficity of pyrazinamidase test was100% to detect pathogenic Yersinia ente-

rocolitica.

6. Serum sensitivity

In the present study, of Yersinia enterocolitica isolates recovered from di-
arrhoeic and apparently healthy calves was tested for the survival in calf
serum {Table, 7). Out of 26 isolates of Yersinia enterocolitica recovered
from <diarrhoeic calves, 23 (88.96%) were able to survive in calf ser-
um.Guly five Yersinia enterocolitica isolates from apparently healthy
calves were able to survive in serum (55.56 %). In this aspect, GemskKi et
al. (1980) showed that the susceptibility of the organisms to the bacterici-
dal action of normal serum was related to virulence in Yersinia enterocolit-

ica. Virulent strains were able to survive in fresh normal sera, whereas
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their avirulent variants were readily killed. Pia and De-stephano (1982)
observed that virulent strains of Yersinia enterocolitica were able to sur-
vive in fresh normal sera of humans or rabbits, whereas their avirulent var-
iants were readily killed. at 37°C . On the other hand Chiesa and Bottone
(1983) found that some Yersinia enterocolitica strains were resistant to ser-
um killing even though these strains did not express other virulence plas-
mid markers, Martinez (1989) mentioned that serum resistance in Yersinia
enterocolitica was thermoreguiated, and its expression correlated well with

the presence of virulence plasmid-encoded outer membrane proteins.

7. Determination of invasiveness

As shown in Table (8), 31 Yersinia enterocolitica isolates were able to in-
vade the HEp-2 cells with an incidence of 88.57 %. All isolates of Yersinia
enterocolitica recovered from diarthoeic calves were able to invade HEp-2
cells after 3 hours of inoculation while 5 out of 9 (55.55 %) isolates recov-
ered from apparently healthy calves were invasive. It is clear that, 20 out
21 (9524 %) and 11 out of 14 (78.5'_7 %) recovered from cow calves and
buffalo calves, respectively invaded HEp-2 cells

Vesikari et al. (1981), who found a positive correlation among the pres-
ence of plasmid in isolates of Yersinia enterocolitica, autoagglutination,
and adherence to HEp-2 cell cultures, all of these properties were lost by
culturing at 37°C in the absence of calcium and they added that strains
of Yersinia enterocolitica O:3 and O:9 carried of the plasmids showed

increased invasiveness in HEp-2 cell culture model, with out invasiveness

in guinea pig.
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It is clear from Table (9) that , 23 out of Yersinia enterocolitica isolates -
(65.71 %) were positive for production of enterotoxin. Out of these isolates
21 out of 26 (80.77 %) and 2 out of 9 (22.22 %) were recovered from
diarrhoeic and apparently healthy calves, respectively Forteen out 21
(66.67 %) and 9 out of 14 (64.29 %) recovered from cow calves and buffa-
fo calves , respectively were enterotoxigenic. The incidences of enterotoxi-
genic isolates in diarrhoic cow and buffalo calves were 71.18% and
87.51%, respectively,while in apparently healthy , the corresponding
figures were 0.0% and 33.33%, respectively.

These results are consistent with the findings of Mors and pai (1980);
Kay et al. (1983) and Kwaga and Iversen (1992). Aithough, Schiemann
and Devenish (1982) reported that there was no association between viru-
lence and the ability to produce enterotoxin measured by the infant mouse
assay, Swammathan et al. (1982) found that the illness may occur as a re-

sult of consumptlon of performed Yersinia enterocolitica enterotoxin,

In this aspect, Gad EL-Said et al. (1997) examined the virulence of 34
strains of Yersinia enterocolitica belonging to 6 serovars isolated from
clinically healthy cows, buffaloes, sheep and pigs in Egypt. They found
that 21 isolates (81.8%) were positive for heat stable enterotoxin., while
Grant et al. (1998) found thirty three strains (29.7 %) produced an entero-
toxin that was reactive in infant mice. Recently Singh and Virdi (2004)
found that 77.7 % of clinical isolates of Yersinia enterocolitica showed en-

terotoxigenicity in infant mice.
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Table (1); Congo red reaction among Yersinia enterocolitica recovered from calves

Animal | Cow calves isolates | Buffalo calves isolates Total
species Positive for Positive for Positive for C.
No.of | Congored | No.of | Congored | No.of s ved st ongo
isolates test 1s0lates test isolates red tes|
Health \ | tested |\ | g [ tested fog | o | tested |y %
condition
Apparently
healthy 3 1 {3333 6 1} 1667 9 2 222
calves
D‘j;]ﬂv‘::"’ 18 |18 {10000| 8 |8 10000 26 [26| 10000
Total 21 19 | 90.48 14 9 | 6429 35 28 80.00

% calculated according to number of isolates.

Table (2): Crystal violet binding assay of

Yersinia enterocolitica recovered from examined

calves.
Animal | Cow calves isolates | Buffalo calves isolates Total
o [ [t [ roein T T i e
No. of . No. of No. of violet test
. violet test | . test .
Heattht solates No isolates No isolates
condition % % No. %
Apparent
y healthy 3 1 {3333 6 1 | 16.67 g 2 2222
calves
D‘:;I"‘""“ 18 |16 |s889| 8 |8 |w0000) 26 |24 | 9230
ves : :
Total 21 17 | 80.95 14 9 | 6429 35 26 74.29

% calculated according to mmber of isolates.
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Table(3): Heamagglutination of different erythrocytes by Yersinia enterocolitica isolates
recovered from examined calves.

Source of Yersinia enterocalisica wolates

“jv 12 vipog

9¢1

Cow valves Builnlo catves
Total
by Yersima {35
enterocolitica \ o A |
isolates - Apparcily : ; pparently : i
recovered from Iypes oftiA heaithy I)m(r:':c;elc 'E;tla)l healthy Dur(;h)oem '::?;
exanined ) ©)
calves RBCw
No. o No. % Ne. % No k() No. %o No. % Na. %
MRHA 1 3333 14 T1.78 1% 7143 4 3133 7 3$7.50 9 64.29 4 68.57
Bovine MSHA 1 333 4 222 3 2380 4 66.67 1 12.50 b 3571 10 .57
HA 2 66.67 18 100.0 20 95.23 ] 100.0 L3 100.0 14 100.0 34 97.14
MRHA | 3133 12 66.67 13 61.90 2 3333 7 £7.50 ] 6429 2 62.86
Guinea pig MSHA 2 66.67 5 2778 7 313.23 2 kK] 1 t2.50 3 2143 1] 28.57
nA A 1ML 0 17 94,44 20 95.24 4 66.67 8 100.0 12 83.71 32 91.43
MRIlA 0 0.00 1] o.0u 0 080 ] 0.00 Q .00 0 0.00 [) 0.00
Chicken MSHA 0 .00 0 0.00 1] 0.00 14 06.00 0 0.00 0 .00 Q 0.00
HA 0 0.0 [1] 0.00 0 0.00 L] 0.00 0 0.00 0 0.00 [1] 0.00
MRHA 0 000 0 0.00 [} 0.00 o 0.0 U 0.00 4 0.00 0 0.00
Human MSHA 0 (.00 1] (.00 0 0.0u 0 0.0 i 0.00 1] 0.00 ] 0.00
HA 4] 000 0 0.0 1] [1214] 0 0.0 [1] 0,00 0 0.0¢ 0 .00
HA: Positive haemagglutination activity. MRIHA: Mannose resistant hagmagglutination. MSHA:

Mannose sensitive haemagglutination .
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Table (4): Autoagglutination of Yersinia enterocolitica recovered from calves,

Animal Cow calves isolates Buffalo calves isolates Total
species
Positive for Positive for Postive for
No.of | autoagglutination | No.of | astoagglutination | No.of | sutcagghuiuasion
isolates isolates isolates
Hauacondnia\ I No | % No. | % N | %
Apparently N -
poal calves 3 I 3333 j_6 1 1667 9 2 nn
Diarrbocic 8 f 1z | ess7 | 8 | 6 | 7500 % 8 ! osex
cabves :
Total 2 13 6190 i W7 50.00 35 20 5114
% calculated according to number of isolates.
Table (5): Calcium dependency of Yersinia enterocolitica recovered from calves
“\ Amrr_ta] ' Cow calves isolates Buﬁ'_aio calves { Total
\ Species 150lates
\\\ Positive for : ’ Positive for Positive for
: calcium ! caleium calcium
No. of No.of No. of
S dependency ! . ! dependency | .
: lisolates Pendency | isolates #peu ®Y | isolates dependency
Health \" No.| % No.| % No.| %
condition
Apparently - i
healthy 3 1 133335 6 1 16.67 9 2 nn
calves |
Diarhoeic 1 12 |6667) 8 |6 [7500] 26 |i8] 6913
calves .
Total | 21 13 [6190 | 14 7 156000} 35 20 5714
| . *
% caleulated according to number of isclates
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Table (6) : Pyrazinamidase activity of Yersinia enterocolitica recovered from calves.

Animal Cow calves isolates Buffalo calves isolates Totol
\ species ]
\ Positive for Positive for Positive for
Pyrazinamidase Pyrazi#amidase Pyrazinamidase
N . o Ko of — No of S
\ Ne. of isplates activity isolates activity isolates activity
Health 5
condition Ne. % No. % No. %
Apparently
healthy 3 3§ 10000 6 6 { 10000 9 9 100.00
Calves )
Diarrhocic | B 8 lasgs § 8 |3 {350 2 |u 231
cabves
Total 21 11 5138 i 9 6429 35 20 5714
% calculated according o number of isolates.
Table (7): Serum sensitivity of Yersinia enterocolitica recovered from calves.
Smmal Cow calves isolales Bulfala celves isolstes Total
species .
No Suraval Growthin Survival Cowth in al Growth in
of s<um serum No. of BT werum No_af Survmval in senim serum
isola wolales wotaes
Heakh [Ty
condhu L B L No | % % | % No. | % | me |w
Afparentls 33 4
a 1 1 13313 6 4 66 67 3 50.00 9 § 5556 4
healthy catves 3 “
; i X3 76
Diarbax: 8 |16 M| T 8 7 bose | s {0 | B | wae | o
alves . ] n
Toral n {1 3‘;"’ 15| na W ot ilnaw s | 3 B | s | :g'

% calonlated according o aumber of isolates.
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Table (8): lnvasiveness property of examined Yersinia enterocolitica isolates using HEp-2 cells.

Animal | Cow calves isolates Buffalo calves isolates Total
species -
Positive for Posttive for Positive for
No.of | Hvasiveness | o . | invasiveness No. of invasiveness
isolates 150lates isolates .
Health No.!| % No.| % No. | %
condition
Apparently
healthy 3 2 | 66.67 6 3 | 50.00 9 5 | 55.55
calves
Diarthocic | 1o | 15 | 10000 | 8 8 10000 26 |26 |100.00
calves
Total 21 |20 9524 | 14 |11 |78s7| 35 |31]8857

% calculated according to number of isolates

Table (9) : Enterotoxigenicity of examined Fersiniz enterocolitica isolates using infant mice assay.

Animal Cow calves isolates Buffalo calves isolates Total
specics
" Positive for Positive for Positive for
No. of entesotoxin No. of enterotoxin No. of enterotoxin
isolates isolates isolates
Heatth No. | % No. | % No. | %
condition
Apparently
healthy 3 0 0.00 6 2 13333 9 2 |22
calves
Diamhoeic | o {1y tmpg | 8 [ 7 [8151] 26 |21 |s0m
calves
Total 21 14 | 66.67 14 9 ]64.29 35 23 {6571

% calculated according to number of isolates
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Table (10) : Sereny test of Yersinia enterocolitica isolates recovered from examined calves.

“Iv 12 vipng

Animal Cow calves isolates Buffalo calves isolates Total
species -
Positive for Positive for Positive for
No. of Sereny test No. of Sereny test No. of Sereny test
1solates 1solates 1solates
Health No. | % No. | % No. | %
condition
Apparently
healthy 3 0 0.00 6 0 0.00 g 0 0.00
calves
Diarthoeic |\ 1g | 11 {6111 | 8 |5 {6250 26 |16 |6154
calves
Total 21 11 | 52.38 14 5 1357 35 16 | 45.71

091

% calculated according to number of isolates.
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Table (11): Virulence and pathogenicity tests of isolated Fersinia enterocofitica serobiovars.

Haemagghitinin ‘ .
Noube | Conord | ol . | Caleum . Serum sensitivity HEpd I
. . , ) dependenc oelly Sereny best
Sebiom | rof | iy | vioetlt | Bovie | G.pg 2 .| production
¥ Survival Growth | invasion
5| iolae RBCs RBCs
L No Ne N No N N Ne No
Mo | % % % ) % % % % % % % %
0, 0. Q
ovia | s wo [ loo g ||y | ao |, |00, {1000 ]y |a |0 (o0 | |10
‘ U el PN " ! R ; : s |7y 12 [ |1 e
#7011 1008 B
oA |1 28 a8 | 142 141 Wiy (a2
N AR E N 0 0 S ] 7 |3 ]a% 3 jaK o
) f00 ]
ovia | 7 mn4 B4 L 142 142 1000 | 4 6 1008
sy 61 0 s 1]y ) " aw éa o% |1 {59
0. | [ 100 1009 100,
ovB | ¢ ] 0. | g e ]| e, 9 9 1006 1000 100
Yl |t w | ]| ] o |7 w000 b w0 (%] [P0
. [ | 160 . 1007 0.
09 7 10, 8719 00, 0, 1 7 1000
el o 0 w 17| 149 0 w 17 g |6 [Bnfe o
00 |, im2ly ! TR 851,
T3} 35 | 0 151 H 1 %4 PR S704 | 28 | 3000 1M g |7 (8973 |6 [ |am

fo 540100f a3uUIINAIA UO SIIPNIS

% caleulated according to number of isolates.
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th ici i igs
Results of testing the isolated Yersinia enterocolitica for the ability to pro- -
duce conjunctivitis are illustrated in Table (10). From 35 tested strains, 16
Yersinia enterocolitica strains (45.71 %) were able to produce guinea pig
conjunctivitis. Sixteen out of 26 (61.54 %) isolates of Yersinia enterocoliti-
ca recovered from diarrhoeic calves were able to produce guinea pig con-
junctivitis. On the other hand, all Yersinia enterocolitica recovered from
apparently healthy calves did not produce conjunctivitis in guinea pigs.

These findings agree with that of Mors and Pia (1980) ; Schiemann and
Devenish (1982) and Miliotis et al. (1990). On the other hand, Gad EL-
Said et al. (1997) found that 1 isolate (2.9%) was positive for guinea pig
conjunctivitis test from 34 strains of Yersinia enterocolitica belonging to 6
serovars isolated from clinically healthy cows, buffaloes, sheep and pigs in

Egypt.

The collective data presented in Table (11) suggested that no single current
assay correlated with virulence of Yersinia enterocolitica, This assumption
is confirmed by Kay et al. (1983). The data obtained indicated that most
isolates from diarrhoeic calves were positive in one or more virulent tests
suggesting that they might have been virulent. However it is unwise -
based on data of this work i to conclude or relate the results of virulence
assays to pathogenicity in animals or humans. This assumption conforms
with conclusions drawn in a series of publications that pointed out that
pathogenicity differences among Yersinias confirmed the complex nature

of virulence in Yersinia enterocolitica ( Kay et al. , 1983 and Robins-
Browne,1993).
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