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A total of 99 pregnant cows were divided into eight groups submitted 
to the following treatments : group 1 (n= 29) consisted of unvaccina- 
ted cows whose calves did not receive a orobiotic and was used as 
control. Group II (n = 10) consisted of vaccinated cows whose calves 
did not receive a probiotic. Groups III, IV and V (n = 10 neach) 
consisted of vaccinated cows whos&calves received a probiotic for 5, 
15 and 30 days, respectively. Groups VI, VII and VIII (n = 10 each) 
consisted of unvaccinated cows whose calves received a probiotic for 
515 and 30 days, respectively. Each animal in the vaccinated groups 
received two 5.0 ml vaccine doses containina oili K99 and Al4 of 
.Escherichiu coli by the subcutaneous route. The-probiotic containing 
Luctobacillus acidophilus at the dose of 2.0 x 10slive cells in 250 ml 
milk, was administered orally. Al1 animals were observed clinically 
and bacteriologically and anti-K99 and anti-A14 antibody titers were 
determined in serum and colostrum. Mean calf weight was measured 
at birth and at 30 days of age. The results showed that a combination 
of the vaccine with the probiotic administered for 15 and 30 days was 
the most efficient treatment for the control of diarrhea. 

Key words : Cattle Calf Diarrhoea - Escherichia coli Probiotics - 
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INTRODUCTION 

Disorders of the digestive tracts have been frequently 
repor-ted to occur among calves during the first weeks of 
life. Among the different causes of diarrhea in calves, 
enterotoxigenic Escherichia coli is the most common. 
The development of diarrhea due to enterotoxigenic 
Escherichia coli depends on two factors : colonization of 
the small intestine and production of enterotoxin (9). 

Pili K99 (11) and Al4 (6) are filamentous appendages of 
protein constitution that are produced by some bacteria 
and play an important role in Escherichia coli colonization 
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of the small intestine of calves. The ingestion of colos- 
trum from cows immunized against K99-carrying Escheri- 
chia Co/i has been reported to be efficient for the protec- 
tion of calves against colibacillosis (3). However, the 
appearance of new adherence antigens (5) has motiva- 
ted the development of new vaccines potentiated with 
these antigens. 

An important characteristic of the good functioning of the 
intestinal tract is the equilibrium of its bacterial microflora. 
This equilibrium is very important but quite difficult to 
determine. It is mainly harmful to pathogenic microorga- 
nisms which are able to multiply rapidly and which often 
pre-exist in the intestinal flora. This equilibrium may be 
altered by aggressive phenomena that modify the intesti- 
nal secretions and peristalsis (10, 13). In these cases, 
pathogens such as Escherichia coli present in a state of 
latency may proliferate. 

Preparations of live microorganisms such as Lactobacil- 
lus, called probiotics, are commonly added as a dietary 
supplement to maintain and stabilize a population of 
beneficial organisms in the gastrointestinal tract, thus 
improving cattle growth and the efficiency of food absorp- 
tion in these animals (12). Thus, the role of a probiotic as 
a microbial bioregulator is to maintain the equilibrium of 
the intestinal flora, with the major function of preventing 
intestinal colonization by pathogenic bacteria such as 
enterotoxigenic Escherichia Co/i (4). 

The objective of the study was to compare the efficiency 
of a probiotic, vaccination and a combination of the two in 
the control of enterotoxigenic Escherichia Co/i-induced 
diarrhea in calves. 

MATERIALS and METHODS 

Probiotic 
The probiotic used was a Lactobacillus acidophilus (LBV- 
1) strain isolated from the gastrointestinal tract of an adult 
cow by the method of Wolf et a/. (14) with the following 
characteristics : apathogenicity, lactic acid production 
and resistance to pH between 4.0 and 3.0. 

Probiotic dose 

The inoculum contained 2.0 x 108 live Lactobacillus aci- 
dophilus cells Tournut et a/. (13) in lyophilized form in 
10 g of an inert substance (kaolin) as vehicle. 
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Probiotic inoculation 

The probiotic was administered to each calf by the oral 
route mixed with 250 ml of milk starting on the first day of 
life. 

Vaccine 

Composition 

The experimental vaccine was prepared with two Esche- 
richia coli strains, K99+ Sta+ and Al4+ Sta-. Cultures were 
inactivated with 40% commercial formalin and adsorbed 
to aluminum hydroxide. The vaccine dose was 5.0 ml and 
contained 5.0 x 10g bacteria of each Escherichia coli 
strain. 

Protocol of vaccination 

Each pregnant cow from the vaccinated groups received 
two vaccine doses of 5.0 ml by the subcutaneous route. 
The first dose was administered during the 5th or 6th 
week before parturition and the second three weeks after 
the first. The animals that were not vaccinated were simi- 
larly injected with a 5.0 ml dose of placebo (sterile saline) 
at the same times as the vaccinated animals. 

Animals 

The authors used 99 pregnant cows of Pitangueiras 
breed (milk breed) belonging to the << Três Barras >) 
Farm, municipality of Pitangueiras, SP, Brazil. The ani- 
mals were divided into eight groups submitted to the follo- 
wing treatments : group I (n = 29) consisted of unvaccina- 
ted cows whose calves did not receive a probiotic and 
was used as control. Group II (n = 10) consisted of vacci- 
nated cows whose calves did not receive a probiotic. 
Groups III, IV and V (n = 10 each) consisted of vaccina- 
ted cows whose calves received a probiotic for 5, 15 and 
30 days, respectively. Groups VI, VII and VIII (n = 10 
each) consisted of unvaccinated cows whose calves 
received a probiotic for 5, 15 and 30 days, respectively. 

Clinical observation 

All passively immunized, probiotic-treated and control 
calves were examined clinically throughout the experi- 
ment for the occurrence of diarrhea and for weight gain. 
Fecal swabs were obtained from the animals with diar- 
rhea and submitted to bacteriologic examination, and 
affected animals were treated immediately. 
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Isolation and biochemical identification 

Fecal samples were inoculated into MacConkey agar and 
incubated at 37-72” for 24 hours. Typical Escherichia coli 
colonies were identified by the following tests : lactose 
fermentation, indole production, methyl red and Voges & 
Proskauer reactions, citrate utilization, urease formation, 
and H,S production. Readings were taken after 24 hours 
of incubation at 37 OC. 

Detection of K99 and Al4 

Anti-K99 and anti-Al4 sera were prepared by immunizing 
rabbits against purified pilus Al4 and against strain 
K12 : K99’ cultured at 37 OC, as described by Edwards 
and Ewing (8). The anti-K12 : K99 serum was absorbed 
with a homologous strain cultured at 18 “C. The Ekheri- 
chia coli strains employed for the detection of K99 and 
Al4 were cultured on Minca agar at 37 OC for 18 ,hours 
and examined by the agglutination test on a slide by the 
technique of Avila et a/. (5). 

Detection of Sa enterotoxin 

The Escherichia coli strains were cultured in brain-heart 
infusion broth (BHI) on a waterbath under shaking at 150- 
200 rpm, at 370 for 18 hours and then centrifuged. Evans 
Blue (2 %) was added to the supernatant of each strain 
and 0.1 ml of the mixture was inoculated by the intragas- 
trie route into 3 mice aged 3 to 4 days. Another mouse of 
the same age was similarly inoculated with 0.1 ml BHI 
broth and Evans Blue and maintained as a control accor- 
ding to the technique of Dean et a/. (7). 

Serology 
Blood samples were collected from each cow before vac- 
cination or placebo administration and on the day of par- 
turition, when a colostrum sample was also obtained for 
the determination of the presence of anti-K99 and anti- 
Al4 antibodies. Antibody titers were determined by the 
agglutination technique using antigens purified by the 
method of Acres (1). The titer is reported as the recipro- 
cal of the highest serum dilution that showed agglutina- 
tion. 

The Escherichia coli strains were identified serologically 
using OK antisera produced in rabbits by repeated injec- 
tions of live cultures against the following Escherichia Co/i 
strains : Myers 483 (09 : K35 : K99), Myers 490 
(0101 : K30 : K99), Myers 505 (0101 : K28 : K99), Myers 
524 (08 : K85 : K99), Myers 559 (09 : K25 : K99), and 
Myers Wi-1 (020 : K ? : K99). Strains were identified by 
the,agglutination test on a slide according to the method 
of Avila et a/.(5). 
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Statistical analysis 
~ The experiment was carried out using a fully randomized 

design with controls for each treatment group. The effects 
of the various treatments were evaluated by analysis of 
variante for the quantitative characteristics (weight gain), 
and by the Chi-square test for the qualitative characteris- 
tic (diarrhea) (2). 

RESULTS 

Table l shows the number of animals (CO~S and calves) 
in each group and the respective numbers of isolations of 
Escherichia Co/i carrying or not the Sta enterotoxin. 

Table II lists the agglutinating antibody titers against anti- 
~ gens K99 and Al4 present in the serum and colostrum of 

the cows in each group. Of the 99 pregnant CO~S, 28 pre- 
sented agglutinating titers for pili K99 and Al4 in serum 
before the application of the first dose of vaccine or pla- 
cebo. These titers ranged from 2 to 4. 

The number and percentage of calves with diarrhea in 
each group are listed in Table III. 

TABLE~ 
Number of calves born and strains of Echerichiu coli K99+ Sta+ 

or A14+ Sta- isolated from the feces of calves with diarrhea 
in each group 

Gro+s 
Number Number Nà. of &. caii strains, 

” ” of cows of calves 
bon3 K99* St& : Al 4* Sta- 

II 
29 29 15 05 

Iii :: 
IV. 

: 1: 

,+ & ;, 
02;, - 

v 
10 

01 ; 01 
,, VI 10 03 

VII 10 ,lO ” : (IF+ El: 
Vl,ll 10 10 ,’ 03 -’ 

Table IV shows the mean weight data for the calves in 
each group at birth and at 30 days of age, as well as the 
mean weight gains. 

TABLE II 

Titers of agglutinating antibodies against K99 and Al4 present in the serum and colostrum of the cows from each group 

“mars ,111 ? +kMr@sr Serum Mers againet Al4 
Grerups ,.‘$& 

Ss&m tjters against KS9 

befare ‘parturition befoie’ ’ parturition 
: in culdstrum 

immunltation : immuni?ation KS9 A’l4 

:i 
~...A&j ,, *o-2 ; 

4Eio 
o-4 

1‘0 Q-2 4tE!O 8oq;460 : 
‘O-4 

80-640 
Ill w Or2 20-160 0% 80440 40-l 60 80-640 : 
IV 40-160 

: 
40-320 40-l 60 80-l 280 

W 
40-160 80-320 80-160 ,,, 80-640 

0, 0 ,, 
VII 

0:; 
of2 002 O-4 

o-4 
& 

VIII ID 0’ _ 0 o-2 

* No titers. 

TABLE III 
Number and percentage of calves with diarrhea caused by 

TABLE IV 
Mean weights of the calves in each group at birth and 

at 30 days of age and respective weight gains 

Escheri& coli in each group 

ww;mber Gases of calves with dirrhea 
Gruups of ealves 

barri Number % 

‘t 
Il 

s ‘_;, :; ;;;: 20 ,A&9 
03 3a.o 

Ill 
__ 1; 

‘, (KS 30.33 
IV 

02. ,, 
20.0 

VI 
_, II ,. 10 .20.û 

$0 
:- Q-J iii 

40.0 : 
VI] 30.0 ,, vtl, :; “L. ““‘qO 

03 30.0 

Numbw Mean weight (kg) Mean weight 
Groups of w age Ww4 gain 

dves 01 day 30 deys 4W 

29 38.8 
II 

32.3 
10 27.7 3Ei.t _ 10.4 b7 

111 29.6 42.4 12:3c 
IV :o 28.7 43.7 : 15.Od 

:‘ $ 2 
29.3 : 43,8 143 d 
32.3 g.0 9.7 b 

VU 
:D 

29.1 41.6 12*5 C 
,VIII 30-7‘ 41.2 : .l.@$ ,c. 

1. Equal letters in the column not indicate significant difference (p > 0,Oi). 
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The percentage, number and serotypes of Escherichia 
Co/i isolated from the feces of calves with diarrhea in 
each group are listed in Table V. 

TABLE V 
Percentage, number and serotypes of E. coli isolated from the 

feces of calves with diarrhea in each group 

1 ,&.,,. 68.9 :I ‘OS 08 : K85 :, K99 

i w 
08 : K25 ; K99 
xJ8 : K35 i KQQ 

DISCUSSION 

On the basis of the results of the agglutination test on a 
slide against the two adherence antigens (Table 1), it cari 
be seen that of the Escherichia Co/i strains isolated from 
calves with diarrhea, 31 (31.3 %) produced pilus K99, 
and 9 (9.1 %) produced pilus A14. The Dean test showed 
that all K99+ strains were Sta+, whereas the A14+ strains 
were Sta-. 

Table II presents the values of the agglutinating antibody 
titers against antigens K99 and Al4 present in the serum 
and colostrum of all CO~S. Agglutinating titers ranging 
from 2 to 4 were detected in the serum of 24 cows before 
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immunization or placebo for both pili. The antibody titers 
present in the blood sera of control cows and of unvacci- 
nated cows whose calves received a probiotic presented 
incipient elevation in colostrum. No animal presented an 
agglutinating titer for the two antigens before immuniza- 
tion in group IV. Group II animals did not present antibo- 
dies against pilus Al4 before vaccination. No animal in 
group VI presented an agglutinating titer in serum or 
colostrum against the two adherence antigens before the 
application of the first dose of placebo or at the time of 
parturition. Significant increases were detected in the 
serum titers of the cows after vaccination. These 
increases were also observed in antibody titers in the 
colostrum of vaccinated cows and especially against anti- 
gen Al 4. These facts agree with data reported by Avila et 
a/. (3) with respect to postvaccinal antibody transfer from 
serum to colostrum and from colostrum to the calves. 

The largest percentage of calves with diarrhea was 
68.9% and occurred in group I whose cows were not vac- 
cinated and whose calves did not receive a probiotic. Sta- 
tistical analysis by the Chi-square test showed significant 
differences (p < 0.05) between this group (control) and 
the treated groups (Table Ill). 

Analysis of variante showed significant differences 
(p < 0.01) between treatments with respect to weight gain 
(Table IV). The least significant difference was 2.7 kg and 
the treatments that proved to be most efficient were those 
for groups IV and V, whose cows were vaccinated and 
whose calves received a probiotic for 15 and 30 days, 
respectively. Group III tihose cows were vaccinated and 
whose calves received a probiotic for 5 days and groups 
VII and VIII whose calves received a probiotic for 15 and 
30 days, respectively, showed equivalent efficiency, 
although they were not as good as groups IV and V 
whose cows were vaccinated and whose calves received 
a probiotic for 15 and 30 days, respectively. Group II 
whose cows were vaccinated and whose calves received 
no probiotic, and group VI whose cows were not vaccina- 
ted and whose calves received a probiotic for 5 days 
were not as efficient as the previous groups. 

Three serotypes bearing the K99 pilus were isolated and 
belonged to serogroups 08, 09 and 0101 (Table V). The 
serotypes bearing pilus Al4 were not classified. In ani- 
mals that received a probiotic and that presented diar- 
rhea, the presence of Escherichia coli in the feces was 
predominant and isolation of Lacfobacillus was difficult. 
However, in the animals without diarrhea, the presence of 
Lactobacillus seemed to predominate in feces, facilitating 
the isolation of this bacterium. This observation has also 
been reported by Savage (10) and Tournut et a/. (13). 
These facts seem to confirm the function of the probiotic 
reported by Tournut et a/. (13), i.e., preventing intestinal 
colonization by enterotoxigenic Escherichia coli (4). 
However, more specific studies are needed, also inclu- 
ding other animal species. 
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Un total de 99 vacas preiiadas se dividio en ocho grupos, sometidos a 
Los siguientes tratamientos : grupo 1 (n = 29) vacas no vacunadas 
cuyos terneros no recibieron probiotico y fueron utilizados como 
controles ; grupo II (n = 10) vacas vacunadas cuyos terneros no reci- 
bieron probiotico ; grupos III, IV y V (n = 10 en cada caso) vacas 
vacunadas cuyos terneros recibieron probiotico durante 5, 15 y 
30 dias respectivamente ; grupos VI, VII y VIII (n = 10 en cada caso) 
vacas no vacunadas cuyos terneros recihieron probiotico durante 5, 
15 y 30 dias respectivamente. Cada animal en 10s grupos vacunados 
recibio dos dosis subcutaneas de 5,O ml de vacuna conteniendo cilios 
de K99 y de Al4 de Escherichia coli. El probiotico conteniendo Lucto- 
bacillus ocidophilus a dosis de 2.0 x 10’ células vivas en 250 ml de 
leche se administra via oral. Todos 10s animales se siguieron clinica y 
bacteriologicamente, determinandose 10s titulos de anticuerpos anti 
K99 y anti Al4 en suero y calostro. El peso promedio de 10s terneros 
se obtuvo a1 nacimiento y a 10s 30 dias de edad. Los resultados 
demuestran que una combinacion de la vacuna con el probiotico 
administrada durante 15 y 30 dias es el tratamiento mas eficaz para 
el control de la diarrea. 

Palabras clave : Bovino - Ternero Diarrea - Escherickia coli Probioti- 
CO - Vacuna - Control des enfermedades Brasil. 
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