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SUMMARY

In the present study, a total of Lwo hundred and ten samples of milk and
feces (onc hundred and five each) of diarrheic dairy cows werc collected
and examined for isolation, identification and toxin production of
Pseudomonas. The total Pseudomonas count ranged from 9%10° to
86x102 & 1.6 x10° to 9x10" cfu/ml with mean values 9.4x10' 1
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1.1x10°% and 7.5 x10" =3 x10° efw/ml in milk and feees, respectively. £,
aeruginosa was the most predominant species isolated [rom the
examined milk and fecal samples. 2. aeruginosa exotoxin and endotoxin
were extracted and identified by electrophoresis. Lethal Dose Filty
(LDsy) of exotoxin and endotoxins varied from 25 to 100 ug and 2300 to
3000 pg, respectively. All mice that were inoculated I/V by produced
exoloxins or endotoxins died within three days post inoculation,
Protective antisera against the obtained exotoxins and endotoxins were
prepared in rabbits. It was concluded that P, aeruginosa serovars play an
important role among diarrheic dairy cows and is indication for potential
hazard associated with milk quality.
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INTRODUCTION

In recent years, there is a great interest direeted to the role of
opportunistic Gram negative psychrotrophs in dairy animals. Particular
attention has been directed to Pseudomonas infection because of its
pathogenicity 1o human and domestic animals. Pseudomonas species are
widely distributed in nature, they have been found in external
environmental conditions surrounding dairy animals such as water, soil,
sewage, air, grass, hay, leces and bedding materials. These organisms
represent the most common psychrotrophs that contaminate milk and
cause varicty of defects including fruity. rancid, bitter and putrid flavor
as well as color defects (Kraft, 1995 and Pearson ctal,, 2000),

P. aeruginosa is considered all over the world as one of the
dangerous organisms causing different diseascs and capable of seereting
many  cxtraceilular  products such  as lipopolysaccharide (LPS).
fibrinolysin, hemolysins, cxotoxins and enterotoxins, These products
have amajor role in the virulence of pathogenic strains of P. aeruginosa
(Champagne et al., 1994 and Beuchat, 2000). Pathogenic strains of P.
aeruginosa play an important role in mastitis, endometritis, chronic
pulmonary  diseases. urogenital tract infeetion. cystic fibrosis and severe
forms of gastroenteritis among man and animals (Osman et al.. 1998 and
Ribas et al.. 2000).

With the cxtensive use of relrigerated storage in the dairy
industry. the significance of Pseudomonas  specics particularly £.
aeruginosa in the spoilage of raw milk and other dairy products has
increased dramatically. The growth of these organisms in raw milk is of
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particular  importance due to production of proteinase. lipase.
phospholipase C and glycosidase enzymes strongly damaging milk {at
protein membranc which reflect on the quality of the finished products
including cream. butter and checse (Suhren. 1995 and Jayarao and Yung,
1999). Pseudomonas species can be eliminated by pasteurization or
ULIT treatment. but their enzymes are able to resist heat treatment used
for processing of raw milk and have been implicated in spoilage of ultra
lLeat treated milk and other dairy products (Dicckelmann et al.. 1998 and
Lira and Niclsen, 1998).

Therelore, due to the increase interest of Pseudomonas species
particulatly P. qeruginosa as health risk affecting human and animal. the
present study aimed to study the following items:

e lsolation and identification of Pseudomonas species from milk and
feces of diseased dairy cows.

o Screening of the isolated species for exotoxin and endotoxins
production.

e Purilication and estimation of the obtained toxins using SDS-PAGE.

o Studying the lethality, immunogenicity and protective effect of the
recovered toxins in mice.

MATERIAL and METHODS

{- Bacteriological examination:
Sampling:

A total of two hundred and ten samples of milk and feces (one
hundred and five each) were collected from Friesian dairy cows showing
diarrhoea among scveral dairy farms in Giza Governorate. The collected
samples were transferred to the laboratory in icebox with a minimum of
delay 1o be examined at the Department of Food Hygiene. Faculty of
Veterinary Medicine. Cairo University-

Isolation of Pseudomonas species:

Bacteriological swabs of the milk and lecal samples were
inoculated into sterile nutrient broth and incubated at 37°C for 24h. At
the end of incubation, a loopfull from cach tube was streaked onto the
surface of pscudosel TM agar (BBL) and blood agar plates and
incubated at 37°C for 24 hours. Total Pseudomonas count in milk and
focal samples were performed according to Collins et al., (1995).

Identification of isolates

The suspected isolates werce purified and identified according to

Koneman et al., (1992) and Quinn ct al., (1994). Typing of the P.
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aeruginosa isolates were performed by slide agglutination test using /7,
aeruginosa specific antisera polyvalent | (A, C, H. | & L group).
polyvalent II (B, J, K & M group) and polyvalent 1Ll (D, E, F, G & N
group) obtained from Denka Seikenco., Tokyo, Japan.
2. Extraction and purification of Pseudomonas toxins
e Extraction and purification of cxotoxins and ¢ndotoxins from /2,
aeruginosa isolates were performed according to Qureshi and
Takayama. (1982} and Liu ct al., (1996).
 FExotoxin and endotoxin preparations were assayed for their purity
by SDS PAGE according to Sambrook ¢t al.. ( 1989},
¢ Slaining of the toxins in gel were carried out according o T'sai and
Frasch, (1982).
3. Toxin assay
Mouse lethality bioassay was used to measure loxicity of the
obtained toxins in Swiss white mice. The mortality rate was recorded for
5 days. Lethal dose fifty (LDso) values were calculated as described by
Lynn and Collahan, (1976).
4. Immunogenieity of the obtained toxins
According to Gresiman and Johnson (1988) and Liu et al., { 1996)
specific antibodies against the obtained exotoxins and endotoxins were
prepared in rabbits.  Antibody level against P. aeruginosa n the sera of
rabbits was titred by passive haemagglutination test .
5. Proteetion study in mice
The protective activity of the prepared antibodies was asscssed
by I/V inoculation in mice. After 1-2 hours, these mice were challenged
by I/V injection with LD50 of its corresponding toxin, as well as P
aeruginosa serovars according to Gresiman and Johnson. (1988).

RESULTS and DISCUSSION

The  results presented in Tables (1&2) revealed that
Pseudomonas species were identified in 48.57% (51/105) & 51.43%
(54/1035) of milk and fecal samples respectively. The total Pseudomonas
count ranged from 9x10° to 8.6x10'2 & 1.6 x10° 10 9x10" clwml with
mean values 9.4x10'0 + LIx10% and 7.5 x10" 4 3x10° cfwml in milk
and feces respectively, The highest frequency distribution (23.53% &
31.48 %) lies within the range of 10°-10'in the examined milk and focal
satuples,

Nearly similar findings were reported by Ternstrom et al..
(1993): Jayarao et al.. (1997) and Uraz and Citak. (1998).
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The rccommended guide line for evaluating Psexdomonas count
in milk. which was published by Jayarao et al., (1997) and Jayarao and
Yung (1999). suggested that milk contain more than 107 cfu/ml of poor
quality. Therefore, about 50.98% of the examined milk samples. had
greater than 107 cfw/ml, are considered as low grade milk (Barmley and
McKinnon. 1990).

Pseudomonas  species identified from the examined milk and
fecal samples were represented by P. aeruginosa (27.45 & 31.48%); /.
atkaligenes (23.53 &29.93%); P. putida (21.57 & 22.22 %), P
aurefaciens (15.69 &12.96%): and . mesophilia (11.76 &7.41%)
respectively (Table 3 & Fig 3).

Nearly similar finding were r‘,pom,d by Mickova et al., (1989):
Ternstrom et al,  (1993); McKay ct al.. (1995); Szita ct al., (1998) and
Uraz and Citak, (1998).

As shown in Tables (3&4), P. aeruginosa was the most
predominant identifiable specics isolated from the examined milk and
fecal samples. The most common serotypes of P. aeruginosa detected in
milk and feces were poly 111 D 42.86% (6/14) & 35.29% (6/17) and poly
1 G 21.43% (3/14) & 23.53% (4/17) while poly I B was zero &
11.76% (2/17) respectively. These findings agreed to a certain extent
with Schildger et al., (1989). The high prevalence of P. aeruginosa in
milk of diarrheic dairy cattle may be duc to the contamination of milk by
fecal matter during milking or their shedding in milk constantly or
intermittently (Rebhun et al.. 1995 and Dieckelmann et al., 1998). This
organism responsible for milk spoilage (ol odor and bitter flavor) due to
breakdown of amino acids. The onset of amino acids degeneration takes
place when relatively low number ol Pseudomonas organisms present
(10%ml). When the numbers of Pseudomonas in milk reach 107/ml or
above. significant amounts of lipase and proteinase enzymes are
produced. These enzymes show high heat resistance and give rise to
problems in the manufactured milk as rancidity of cheddar cheese.
casein breakdown in UIIT milk, slow cheese making and reduction of
cheese yiclds (Suarez and Ferreivos, 1991; Lira and Nielsen, 1998 and
Jayarao and Yung 1999).

The oblained results revealed that, milk from discased dairy
cattle should be examined not only to determine milk quality but also to
detect pathogens of animal health significance such as . aeruginosa. It
is considered as an important agent in dairy cows, reflecting potential
problems associated milk quality due to their production of lipase and
proteinase enzymes and public health hazard by their exotoxin and
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lipopolysaccharide endotoxins production (Adlard etal.. 1998 ; Jayarao
& Yung 1999 and Yu and Martin, 2000).

P. aeruginosa produces number of toxic substances that have
been implicated in the pathogenicity of the organisms. When the
extracted exotoxin subjected to SDSPAGE, appearcd 1o contain from
cight o six protein components migrate during clectrophoresis at similar
rates within a close range of molecular weight approximately 50 to
7IKD (Table 5 & Fig 1). The obtained results agreed with those
reported by Lynn and Collahan, (1976) who indicated that the exotaxins
were larger than ovalbumin which has molcenlar weight of 50 10 55 KD.

Results recorded in (Table 6 & Fig 2) indicated that major bands
of endotoxin in SDSPAGL were dctected aficr staining with silver
nitrate method representing the core region with low molecular weights
varying from 7 to 12 KD. Nearly similar {inding were reported by
Gennarl and Dragotto, (1992).

The results presented in Tables (7&8) revealed that there was a
wide wvariation in LDsy values between exotoxin and endotoxins
extracted from P. aeruginosa. 1.Dsg values varied from 25 to 100 ug and
2500 ta 3000 ug for exotoxins and endotoxing respectively. This results
run parallel to those obtained by Callahan, 1976 and Bjorn et al., (1977)
who reported that endotoxin was approximatcly a thousand fold less
lethal for mice than exoloxins,

All mice inoculated 1I/V by exotoxins and endotaxing of the
isolated /. aeruginosa scrovars died within three days post inoculation
(Table 9). The onset of lethality after administration of endotoxins was
as fast as 24 hours compared to 24-72 hours with exotoxin inoculated
mice. Hypothetically exotoxin could disturb the host immune system by
breaking down the normal anatomical defense barriers and interfering
the leukocyte function. In natural infection exotoxin may enhance the
invasiveness of Pseudomonas increasing bacteremia. or interfere with
normal clearance mechanisms (Pollack et al., 1977). On the other hand.
lipopolysaccharide endotoxin (LPS) when given I/V produced a toxic
shock causing hypothermia, damage to membrancs and coagulation of
blood through complement € activation (Mergenhagen et al., 1972 and
Liueral., 1996),

Rabbits immunized with exotoxin preparation showed litres
ranged from /640 to 1/ 2500 (Table 10), There was no sharp differences
detected in antibody level between Pseudomonas isolated from milk and
those from feces. The antibody obtained in the present study was similar
Lo that reported by Liu and Hscih. (1973). Immunization of extracted
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endotoxin preparation in rabbit showed reduction of antibody titres in
immunized rabbit from 1/320 to 1/640. Thesc results came in point with
Gresiman & Johnson, (1988) and Elsheith ¢t al., (1988). This indicated
that, exotoxin is more potent than Lipopolysaccharide (LPS) endotoxin.

The protective capacity of the obtained rabbit hyper immune sera
against homologus exotoxin of P. aeruginosa serovars were estimated
using passive mice proteetion test (Table 11). The results showed that,
exotoxin antibodies were 90- 100% protective against the challenge with
its homologus exotoxin while it gave 60 to 80% when challenged with
the Pscudomonas serovars, The obtained results were similar to that
obtained by Pavlovskis et al., (1977); Zschusk and Schleisser, (1986)
and Grover et al., (1990) who concluded that exotoxins of Pseudomonas
is an important pathogenic factor.

When passive mice protection test carricd out to estimate the
protective capacity of endotoxin antibody in challenge with homologus
endotoxin and homologous Pseudomonas serovars. the results showed
90-100% protection. These results agreed to a certain extent with that
reported by Greisman and Johnson (1988). Endotoxin antibody was not
effective in protecting against pseudomonas scrovars (20-30%). These
results agreed with those reported by Lui and Hsich, (1973) and Elsheith
¢t al.. (1988) who concluded that I.PS somatic antigen was not important
factor in pathogenesis. It is hoped that the obtained data will lead to
more  study about the pathogenesis and control of Psendomonas in dairy
cattle.

In conclusion, it was clear that £. geruginosa serovars plays an
important role among diarrheic dairy cows. As well as. the effective
protection of the specific hyperimmune serum against cxotoxins and
endotoxins (LPS) produced by P. weruginosa. Regarding the high count
of Pseudomonas species cspecially P ageruginosa and their toxins
released in milk, efforts should be applicd to minimize milk
contamination by application of strict hygienic measures during milk
production. processing. distribution and storage. Morcover, infection
elimination procedures should be carried out among dairy cows
especially those suffering from diarrhea.
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Table 1: Statistical analytical results of total Pseudomaonas count/ml

of the cxamined milk and fecal samples

[Samples Total No. ] l’usimc % | Min | Max "l' “Mean WM.#J
' 105 | S " {48)7 9x10” +86\10 | Dax10" [ 1.1x10°

Milk | 105 '

x10 ‘l
e L Nl i Nl

‘Table 2: Frequency distribution of examined milk and fecal samples

based on their total Pseudomonas count.
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Tahle 3: Incid of Pend, speciex isolated from the ined milk and
fecalsamples .
Type Feces
GG No. T e
P. acruginosa 4 745 | T 3743
P. alkaligenes 12 238 14 2003
P. putida o T 2037 |72 222
P. anrefaciens 8 | 1560 |7 1296
r mss-vpiuTlia 6 76 | B 4 T
A'I‘nlal 2 i 86 . 100.00 ﬁi_L mfmu_‘
Table 4: serotyping of Psende aerugi isolated from the ined milk
and fecal I
Milk Feces
Serovars T Na: [ % Nas 1 L S
Poly 1ED 6 28 | 6 3529
Poly 1T G : 3 2143 4 23.53
| Poly 11 B8 [0 0.00 2 1176
Untypable 5 B 5 2947
Total 14 IOO.'(M") 17 ‘100.00 | -
Table 5: Characterization of exoloxins extracted from P, weruginosa serovars by
. using SDSPAGE___ e ; G
Band Marker Poly 1TDa Poly 111 Db Poly 111 Ga Poly IIIGH Toly TRa
Mol w, § amount | Molw. | amount | Mol w. | aniowt ahount | Mofw. [ amout | Mol w. [ amount
"1 |00 17509 [es.ti7 | 25307 60639 | 31440 23477 | 67569 | 18018 | 64.074 | 23153
2 19740 (16232 | 60220 [ 18918 | 7638 [ 313 (9022 | 40533 | 17.281 | $8320 | 20331
ERE 15431750723 | 19.639 | 35,469 | 6.756 12130 | se077 | 15.902 |53 7590
I EE 16371 138067 (8366 32715 | 0411 17020 [ 30220 | 6591 [s093¢ | 8065 |
59 163707 | 35897 | 13334 | 48220 | 20183 173 (3 |3 11837
6 11430 |TIRD36 | 28717 [15.456 | 43829 [ 7736 | 43 6633 | 20857 [ 18541 | 32061 | 28.950
R E - 2 - IS [T0RE9 | 38067 | 24.35) | 33001 | 16854 | -
8 1133 |- : 2 3 = T
I O o5 o o e o o B = 5
Intane |- [T [- T |- e T ] - 0 |-
(2) Taxins cxteacted from feces (b) Toxins extracted from milk
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Table 6: Characterization of endotoxins extracted from P. aeruginosa serovars

by using SDS PAGE

[ Band Marker Toly 111 Poly 111 Db Poly 11 Gt Poly NGH | Poly 1iBa
' Mol | amonnl | Mol w. ] amount | Motw, | ameonnt | Mol w. Famaunt | Mol w. | amount | Mai w. Tanount |
| TG540 T304 | 13390 | 77678 | 12265 | 22853 | 12265 [ 1927 | 11456 | 31111 [ 12265 30367
P2 a3 %IR8 | 3365 116335 | 11263 112972 | 11350 | 17RA9 105207 [ 17477 | 10.520 19153
I kl f620 [3TEer | 10520 [ 19912 | 94239 | 24007 | 90220 | 18941 | 90339 | 18564
"' 4 o036 | TTaTe | 77390 | 20080 | 663717 | 17662 | 77390 | 3287 | 77390 |31231
T |62 = : = 3217 |- - = E -
|_""§um_ . T |eeE Y. [994d |- OREGT |- | WAl6 [-  [99TI6
]r.. Tane E oo - [0 - T L [ |

(a) Te oxins extracted from feces

“{b) Toxins extracted from milk

Table 7: LD ¢ of exotoxin extracted from P aeruginosa SCrovars

“e  The number of inoculated mice in each group (10 nﬁc)

s No deaths were recorded in the control mice group
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ml_’.sr‘ddoma;n;n_‘—' Maortality in mice after iniec(ion with exotoxins ru’”ﬁ
aeruginosa v dilutions/pg
Exotoxin (3 (50 [75 | 100 [i2s [150 |15
[ Paly 1111 2[4 6 |6 R 9 0 |
Poly ITID " T |5 |7 i 9 10 50
[Poly HIG™ itz |5 |6 6 8 10 25 ]
Poly TG ® 2 |5 16 |6 7 H 10 50
e 1B S R T B 7 g W
‘Table 8: LD 5 of endotoxi ted from P. igii serovars
| Pseudomonas Mortality in mice after iniecli(fn with endotoxin LDS0/ng
aeruginosa dilutions/pg
Endotaxins W"{‘nﬁm—'Tsm) 7000 2500 ] 3000 | 3500 |
% B
Poly 111 D* 0] 3 4 4 4 6 9 2750
Poly 11 DF i 2 |2 3 3 7 10 2500 |
| Poly ITG? [ 1 3 4 4 6 10 2750
ETSTRTIRCI 0 A T T A S I L
Poly I1B* ] ) 3 a1 4 3 8 3000
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Table 9: Mortalities in mice inoculated with LDy of exotoxins and endotoxins

| Pseudomaonas " “Exotoxins " Endotoxins T
aeruginosa
Serotypes T day [27 day | 3 day Mortality i“(!ay 2™ day T37 day Tmiilya‘
% %
Poly 11 D? 1 00 J T B T 100 |
Poly I DF 2|3 160 10 0 0 o
“Poly 1T G 251 % 5 100 10 [ ) 100
| Poly TG P 3 3 4 100 10 0 ik 100 |
Poly 1B 0 “E 0 8 z | © 0o |

® The number of inoculated mice in each group [0 mices

Table 10: Antibody titre in rabbit injected with exotoxins and endotoxins of
different 2. aeruginosa serotypes

Serovars Antibody titre
! [ Exotoxin | Endotoxins "
| Poly Il D * 1280 640
l' T Po 1IDT 60 | a0 “’
=y oy G 7 280 330 4

Poly 1 G* 2560 e 640
& Poly I BT 6400 320 .[
Table 11: Passive mice protection of ins and Jotoxins rabbit
hyperimmune scra after challenge with LD of exotoxins and endotoxins
Sorresponding to P aeruginosa serotypes o
i Seravars Exotoxins antisera Endotoxins antisera control

| Chall ge with | Challenge with | Chall ge with | Challenge with
Exotoxing serovar endotoxin serovar

Poly 1T D? 10 g 10 2 10
Poly I D ® 0 7 9 3 0|
Poiy 111 G 7 9 7 g 3 0
Poly 1I1 P 10 8 10 3 10
Poly TB7 | 0 6 10 2 0|
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ted from P, aeruginosa by using SDS PAGE.
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