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EVALUATION OF AN OIL EMULSIFIED VACCINE AGAINST BOVINE COLIBACILLOSIS USING
SEMI-PURIFIED K99-F41 ADHESINS*

AVALIAGAO DE UMA VACINA OLEOSA CONTRA A COLIHACILOSE BOVINA UTILIZANDO OS ANTIGENOS K99-
F41 SEM/PURIFICADOS
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SUMMARY

The K99 and F41fimhrial antigens were extracted from Escherichia coli B41 strain by heating,
and semi-purified by precipitation with ammonium sulfate and treatment with sodium
desoxicolate (DOC). The semi-purified antigens K99 and F4l were used to prepare an oil
emulsified vaccine against bovine colibacillosis. The vaccine was made up containing in each
dose 1,500, 750 or 380 HU (Haemagglutinating Units). The test of the vaccine efficiency was
measured by gel immunodiffusion and ELISA test. Challenge of calves from vaccinated and
control cows was carried out with the virulent Escherichia coli B4Il. Our findings suggested
that 750 HU vaccine, induces better production ofanti-K99-F41 antibodies in vaccinated cows,
and the transference of these antibodies to calves through the colostrum, gave full protection
to challenge. Furthermore no adverse effects were observed in any of the vaccinated cows.

UNITERMS: Escherichia coli', Bovidae; Vaccines

INTRODUCTION

Among the bacterial diarrheal diseases which affect young
calves, neonatal colibacillosis is undoubtedly the most im-
portant, leading to considerable economic losses due to high
morbidity and mortality19.

The mechanism of enteropathogenicity of these bovine
colibacilli is based on two main virulence factors: a) produc-
tion of athermostable (STa) enterotoxin and b) production of
proteic fimbrial antigens called adhesins, of colonization
factors (CFs), of adherence antigens, etc., wich enable the
bacteria to adhere to specific receptors of the gut epithelial
cells. As a consequencc of the adherence, these CFs render
enterotoxigenic Escherichia coli (ETEC) to colonize the
small intestine reaching 109-1()12 viable ETEC cells/gram of
stools and increasing therefore at the gut level the amount of
STa enterotoxin production. This enterotoxin, although be-
ing low MW (< 2.0(H) d) and thermostable, activates the
guanilate cyclase system which leads to an increase in cyclic
3MP, and this complex mechanism causes loss of electro-
ytes from the gut cells towards intestinal lumem and provok-
ng severe osmotic diarrhea3pb.

Nevertheless, clinical observations reported that usually calves
A'hich had been suckled by immunized cows were protected
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against the disease15. Conversely, colostrum-deprived calves
often developed diarrheic symptoms caused by ETEC. Fur-
ther studies on the Kco antigen described by ORSKOV etal.12
(1975), and later named K99 demonstrated that this protec-
tion was due to antibodies against the K99 antigen present in
the colostrum due to natural infection or vaccination116.

Former vaccines against bovine colibacillosis had been
bacterins observed to fail in many cases28-1L Since the K99
antigen is plasmid encoded, it was soon reported that the
prolonged store of the vaccinal strains could lead to the loss
of plasmid and no further production of the K99 CF. It is
important to note that STa induces no protection since it is not
immunogenic.

Presently, mainly in developed countries, puridied K99
vaccines produced by recombinant DNA techniques are
widely used19. However, in developing countries, these
vaccines are available but cost is very high and most farmers
cannot afford the current prices. This is the present situation
in Brazil where K99+ strains have been used as bacterins
against bovine colibacillosis. There are several disadvan-
tages with regard to this policy such as: 1) need of controlling
each batch of vaccine as to the presence and amount of K99
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antigen; 2) since whole bacterial cells are used in the prepa-
ration of the bacterin, adverse effects of endotoxin may occur,
including abortion by the vaccinatcd cows; 3) because of the
presence of antibodies against O, H, K, besides K99 antigens,
the use of serum agglutination to evaluate the potency of a
batch of vaccine is not very reliable since anti-O antibodies
may interfere with the evaluation and it is well known that
they are not protectivelr.

Besides the K99 antigen, some ETEC strains also carry the
F4110antigen previously described as part of the K99 CF. It
has been reported that immunization of the cow with only the
K99 antigen does not fully protect calves against infection by
ETEC strains harbouring K99+F41+ alone.

Based upon these data the present study had the following
objectives:

1- Production of an oil emulsified vaccine containing semi-
purified K99-F41 antigens.

2- Standardization of the doses of vaccines to be inoculated
into pregnant cows.

3- Standardization and use of an enzymatic immunoassay
(EIJSA) for the detection of anti-K99-F41 antibodies in
bovine sera.

4- Test of vaccine efficiency through the measurement of se-
rological conversion of vaccinated cows and challenge of
their calves with virulent K99+F41+ strain.

MATERIAL AND METHODS

Bacterial strain - Enterotoxigenic Escherichia coli (ETEC)
strain B41 (kindly supplied by MOON9 1981, NADC, Ames,
lowa, USA), serogroup 0101 :K99+F41+, producing STa
enterotoxin was used as a reference strain for this study.

Mannose-resistant micro hemagglutination (MRMH) test
- This test was carried out with cell-free K99-F41 semi
purified antigens on 96-well microplates as previously de-
scribed by PARRY; PORTER14(1978). One percent of horse
and guinea pig red blood cells (RBC) (1%) in phosphate
buffered saline (PBS) containing 1% D-mannose, was used
for the determination of the hemagglutinating units of K99
and F41 antigens. One hemagglutinating unit (HU) was
defined as the reciprocal of the highest dilution of K99 and
F41 antigens which were still able to hemagglutinate horse
and guinea pig RBC, respectivelly.

Semipurification of K99-F41 antigens - B4) strain was
grown in batches of 5 liters of Minca medium4 in a
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microfermentor (New Brunswick Scientific Co.Inc. USA) at
37°C for 18 h with vigorous aeration (15 psi). The extraction
and semipurification of K99-F41lantigens were carried out as
previously described by us2l. Briefly, B4l aerated cultures
were centrifuged at 10,000 rpm for 20 minutes at 4HC.
Sedimented bacterial cells were resuspended in PBS, con-
taining IM NaCl. This suspension was heated at 60°C for 30
minutes with intermittent shaking, as reported by STIRM et
al.18(1967). The suspension was centrifuged under the same
conditions and to the supernatant was added (NH4) 2S04 at
60% saturation. The mixture was centrifuged and the precipi-
tate resuspended with 0.06M PBS, pH 7.2, followed by
exhaustive dialysis against the same buffer.

The dialysate was then ".reated during 72h with 0.05M PBS,
pH 7.2, containing 0.5% sodium desoxicolate (DOC). After-
wards the sample was centrifuged and the DOC-soluble
material was dialyzed again using the same PBS in order to
eliminate the DOC substance. The amount of semi-purified
K99 and F41 antigens was thereafter measured by the number
of HU, using horse and guinea pig RBC in the MRMH test for
K99 and F41 antigens, respectively.

Sodium Dodecyl Sulphate - Polyacrilamide gel electro-
phoresis (SDS-PAGE) m This test was carried out in 0.1 % SDS
as described by LAEMMLI7 (1970) using 12% acrylamide.
Volumes of 20p.1 of the semi-purified K99-F41 antigens (2mg
protein/ml) were applied to the gel. The gel was stained with
Coomassie blue and the molecular weights (MW) of the semi-
purified K99 and F41 antigens were determined by using as
standards the low MW kit (Pharmacia).

Antisera preparation - For this purpose adult albino rabbits
were used. Aliquots of 1 ml semi-purified K99 and F41
antigens (I0Opg/ml/animal) emulsified in equal volumes of
Freund’s complete adjuvant (Difco Lab) were injected subcu-
taneously. An equal booster was given 3 weeks later and the
animals were bled after a further 2 week period. The obtained
serum was distributed in 3ml aliquots and stored at -20°C
until use.

Vaccine preparation - The aqueous phase (Preparation A),
of the vaccine was made up of 98% K99 and F41 semi-
purified antigens in adequate amounts so that each dose (4ml)
of the final vaccine contained one of the following concentra-
tion of K99 and F41: 1,500 HU, 750 HU or 380 HU. To
complete this phase, merthiolate solution was added (2%).
The oily phase (Preparation B) had the following composi-
tion: mineral oil 82.3%, Arlacel 16.3% and Tween 80 1.4%.
In order to prepare the final emulsified vaccine, 40% prepa-
ration A was carefully emulsified in 60% preparation B (V/
V). The homogenicity of the emulsion was checked by phase-
contrast microscopy and stability in water.
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Immunization of pregnant cows - This experiment was
carried out in the National Center of Beef Cattle (EMBRAPA,
city of Campo Grande, MS, Brazil).

Eighty-nine cows about 7-months pregnant were used. Fifty-
four (Lot.54) were vaccinated with 2doses of 1,500 HU, 8 and
2 weeks before delivery. The 12 cows (Lot. 12) were divided
into 4 groups (A, B, C and D) of 3 animals each. Group A was
vaccinated with 2 doses containing 1,500 HU; Group B with
2 doses of 750 HU; and group C with 2 doses of 380 HU.
Pregnant cows ofthe group D and the remaining 23 cows (Lot.
23) were not vaccinated (negative controls).

All animais were vaccinated in the neck by subcutaneous
route and sera from pregnant cows were collected at the times
of vaccinations and at delivery. Blood samples were also
collected from calves 2 days after suckling of colostrum. All
collccted sera were stored in small vials (2m) at -20°C until
use.

Serological tests - Sera from vaccinated and unvaccinatcd
cows and their respective calves were examined by gel
immunodiffusion (GID) and ELISA tests. The GID was
carried out according to OUCHTERLONY 13 (1958). Holes
were punched out in the gel (Noble Agar 1%) in a standard-
ized pattern. Twenty microliters of two-fold dilutions (1:2-
1:64) of each serum were dropped into the peripheral well
whereas the same amount of semi-purified K99-F41 antigens
was applied to the central hole. The slides were incubated into
a wet chamber at room temperature for 24h, washed with
saline, dried and stained with Coomassie blue.

The ELISA test was carried out in 96-fiat bottom well
microplates (Hemobag). The method recommended by
VOLLER el al.20 (1976) was adapted. Semi-purified K99-
F41 antigen (2pg/ml) was immobilized in each well, the
plates being incubatcd at 37°C for 1h. PBS, pH 7.2 containing
0.05% Tween 20 (PBS/T) containing 1% BSA was added to
the wells, to block free bounds still available, and the plates
were incubated at 37HC for Ih. Between any phase of the
reaction the wells of microplates were washed 3 times for 2
minutes with PBS/T. This procedure was repeated in all tests
during the phases of antigen addition, sera and conjugate.

Block titration of sera and conjugate showed that the better
dilutions were 1:1,500 and 1:10,000 respectively and the
reactions could be read visually. Because the amount of sera
to be examined, all were examined at 1:1,500 dilution and the
results expressed in relation to the positive and negative
control present in each microplate.

Challenge - The calves from groups A, B and C which had
suckled the colostrum were inoculated by oral route with 200
ml Escherichia coli B41 (K99+F41+STa+) containing 109

CFU/mI. Calves from group D were deprived suckling the
colostrum and challenged just after birth, being maintained
there after with artificial colostrum. Blood collection was
performed 18h after birth. Stools were collected from all
calves and after culturing on MacConkey medium, 5 lac+
colonies were subcultured and examined for the detection of
ETEC (K99+F41+4STa+) strains from each plate.

RESULTS

The growth of Escherichia coli strain B41in Minca medium,
under aeration, was assayed by the MRMH test using horse
and guinea pig RBC for titration of K99 and F4l antigens
respectively. Titres in these tests were 1/512 for horse (K99)
and 1/256 for guinea pig (F41) RBC, whose data were consid-
ered appropriate for use in the semi-purification of the CFs
K99 and F41.

Upon taking into consideration the initial volume of crude
K99-F41 antigens, the specific activity, and the MRMH
titres, the yield of the semi-purification procedure used was
66% (data not shown). Also, it was verified in the PAGE-SDS
that the dialysate of the DOC soluble fraction showed only
two proteic bands whose relative mobilities were near 18,000
and 30,000 daltons, suggesting that they corresponded to K99
and F41 respectively. This DOC-soluble preparation when
evaluated by the GID test showed specific precipitation lines
only with K99-F41 antisera. No reaction was observed with
anti-K88 and anti-F42 immune sera.

Sera collected from pregnant cows (Lot. 54 and Lot. 23) and
respective calves were examined by GID test, using scmi-
purified K99-F41 antigens, and sera diluted from 1:2to 1:64
(Fig. 1). Sera from cows of Lot. 54 before first vaccine
inoculation, sera from cow controls (Lot. 23) and respectives
calves did not present positive reaction in GID lest (data not
shown).

All sera, as mentioned above, and sera of Lot. 12, were
assayed by the ELISA test using a single dilution (1:1,500).
Those which showed an intense yellow color as compared to
the positive control, were considered positive. The negative
control was used in the ELISA testat 1:20 dilution. Those sera
which showed less yellowish color, than the negative control
serum up to the 1:20 dilution, were considered negative for
K99 and F41 antibodies as tested by ELISA (Fig. 2). A
comparison of GID and ELISA tests is shown in Fig. 3,
demonstrating that the ELISA performed better than GID for
the detection of K99-F4I antibodies in the evaluation of our
vaccine against bovine colibacillosis.

As to the correlation of vaccine does given in HU our findings
suggest that 750 HU induced better production of anti-K99-
F41 antibodies in vaccinated cows and the respective trans-
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TABLE 1

Results obtained in the agar gel immunodiffusion (GID) test
and ELISA test, with sera of pregnant cows from groups A,
B and C vaccinated with 1,500 HU, 750 HU and 380 HU
respectively, and their calves which suckled the colostrum
and were challenged with B41 virulent strains 48h after birth.
Cows from group D were not vaccinated and their calves were
challenged 18h after birth, and afterwards maintained with
artificial colostrum. Campo Grande-MS, Brazil, 1991.

ference of these antibodies to calves through the colostrum,
as is shown in Tab. 1 With regard to group D it is important
to note that 2 out of 3 calves bom, died as a consequence of
acute diarrhea (Tab. 1). Neither the cows of this group nor the
respective calves showed positive reaction for K99-F41
antibodies either by GID or ELISA tests. On the other hand,
calves from Lots A, B and C were fully protected to challenge
even in case of the calf born from 2277 (group A) which did
not show antibody transference through colostrum. Also, this

SERA COLLECTION cow did not_answerto the vaccine injection by the production
of humoral immune response as detected by GID and ELISA
GROUPS GID test ELISA test tests.
Ne IS8 Ondd g calvesd 19 2 3rd calves DISCUSSION
2147¢ O O 0 16 -k : : : STIRM et al.18(1967) described methods for the extraction of
A 2277 0 0 0 0 - - - 'KSS antigen. When used in the present study for the extrac-
2279 0 0 4 64 - + + tion of K99 and F4 lantigens, these procedures showed avery ¢
good yield. KORHONEN et al.6 (1980) reported that treat-
0488f 0 64 32 16 + + + ment of such preparations with sodium desoxicolate (DOC)
B 0577 0 16 64 64 + + + precipitated some lipids and lipoproteins which render the
1118 0 64 64 64 + + + final performance of the process very efficient and allow the
recovery of66% of K99 and F41antigens present in the crude
1117R O 0 64 64 -+ + extract. Thus, the production of a semi-purified K99-F41
o 1393 0 0 ©64 64 - + + vaccine becomes feasible. In other words, starting from 5
3106 O 4 0 0 - - - litresof MincaMedium inoculated with strain B41 (K99+F41+),
300,000 HU of K99 and F41 were obtained, which corre-
1162h 0 0 0 M . - M sponded to 200 doses of vaccine, containing 1,500 HU.
D 1337 O 0 0 M - - M Taking into consideration that 750 HU was the ideal dilution,
3009 O 0 0 0 - - 400 doses of this vaccine could be obtained, with better
performance (Tab. 1). Finally, a vaccine made with 380 HU,
a Sera collected before the Is dose of vaccine. though showing a dose-response of 21.1% of serological
Sera collected before the 2nd dose of vaccine. conversion it was observed to fully protect calves of the
Sera collected just after delivery challenge with B4l respective cows against the challenge and 2 out of 3 calves
strain performed within high after birth. reflected that antibody transference through colostrum did
Sera collected from the respectives calves. occur, as detected by GID and ELISA tests. Inconclusion, we
Group A: vaccinated with doses of 1,500 HU K99-F41 might have 800 doses of vaccines from 5 litres of culture in
antigens. Minca medium whose preparation is easy and very cheap.
1 Group B: vaccinatcd with doses of 750 HU K99-F41
antigens. Sixteen sera from the 63 calves bom from vaccinated cows
p Group C: vaccinated with doses of 380 HU K99-F41 (1,500 HU) could not be tested since the sera were lost mainly
antigens. due to contamination and/or broken vials during mailing.
h Group D: negative controls - unvaccinated cows. Also taking into consideration 3 calves born group A (1,500
' Negative reaction in the agar gel immunodiffusion (GID) HU) among the 50 remaining calves, 33 (66%) showed
test. serological conversion transmitted through colostrum. Even
J  Reciprocal of the last dilutions of sera which still gave a  considering that the GID tests is of limited sensitivity, it was
precipitation line in the GID test. noticed that 5 cows (data not shown) with a negative serologi-

k Negative reaction in ELISA assay when the sera tested cal conversion after vaccination were able to transfer antibod-
gave reaction equal or weaker than 1:20 dilution used for ies to their calves.
the negative control serum.

1 Positive reaction in ELISA assay, when the serum under As to the results of ELISA as compared with the GID test we
tested shown yellowish color equal to or intenser than the observed overall that from 259 sera obtained from calves and
1:1,500 dilution used for the positive control serum. from the pregnant cows in the 2nd and 3rd collections 101

M Deaths of challenged calves. (38.99%) were positive in the latter test, whereas in the
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Results of the agar gel immunodiffusion (GID) test with sera of pregnant cows vaccinated with 1,50() HU and their respective calves, sera
were two fold diluted from 1:2 to 1:64. Positive results were obtained only with sera from cows bled in 2ndand 3rd collection as well as
from calves which suckled the colostrum.

Results of serological conversion as assayed by ELISA test using sera diluted 1:1,500. (a) Sera collected before the Is’ dose of vaccine
(1,500 HU of K99 and F41antigens), (b) Sera collected before the 2"ddose of vaccine ( 1,5(X) HU of K99 and F41 antigens), (c) Sera collected
at delivrance time, (d) Sera collected from calves after suckling the colostrum.
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FIGURE 3

Comparison between the results obtained in the G1D and ELISA tests with regard to the three collections of blood from vaccinated cows
and their respective calves. It can be noticed the ELISA was more efficient than GID test as to the detection of K99 and E4l antibodies

is concerned.

ELISA, 135 (52.73%) positive reactions were obtained x2 =
8.37 (p<0.01). Furthermore we must consider that on the
average, the sera dilutions in the ELISA test, were 70 times
higher than those used in the GID. Finally, as is shown in Tab.
1, none of the vaccinated cows calves was susceptible to
heavy challenge with virulent B4l strain (K99+F41+). At this
point we may consider that we have achieved an efficient and
easy-to-standardize vaccine which is relatively cheap and
with methods available to measure “in vitro”, at least par-
tially, its potency, specificity and serological conversion
without interference of other antigens such as O, K and H
which are not measured in our GID and ELISA tests.

On the order hand, it is important to call attention to the fact
that none of the unvaccinated cows and their calves demon-
strated the presence of K99 and F41 antibodies in their sera.
Thus 2 out of 3 calves from Group D (control) died of acute
diarrhea caused by challenge with B41 virulent strain, sug-
gesting that vaccination with K99 and F41 antigens is strongly
advisable for prophylaxis of bovine colibacillosis. There is no
explanation for one of the calves from group D not dying due
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to diarrhea. One may assume that there were small amounts of
antibodies present in the cows colostrum transfcred to its calf
and not detected by GID and ELISA tests. We cannot exclude,
though there is no evidence to this concern, that our vaccine
may also have induced some cell-mediated immunity, which
by some mechanism not yet studied, might have interfered
with the adhesion or enteropathogenicity of the B41 virulent
strain.

Our finding also demonstrated that the vaccine made with
semi-purified K99 and F41 antigens did not provoke any
adverse reactions in the pregnant cow i.e no abortions, no
noticeable general effects such as fever, malaise and so on,
proving also to behave well as an easily prepared immunogen
in homogeneous lots, efficient against bovine neonatal pas-
sive immunoprophylaxis.
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RESUMO

Os aniigcnos K99-F41 foram extraidos da amostra de Escherichia coli B41 por aquecimento e semi-purificados pela
precipitagdo com sulfato de amdnio e tratamento com desoxicolato de sddio (DOC). Os antigenos semi-purificados foram
utilizados na produgédo de uma vacinaoleosa contraacolibacilose bovina. Foram preparadas vacinas contendo em cada dose
1.500 HU (Unidades Hemaglutinantes), 750 HU e 380 HU. A eficiéncia da vacina foi avaliada através do ensaio de
imunodifusdo dupla, ensaio imunoen/.imético (ELISA) e por um desafio, em que a amostra de Escherichia coli virulenta
foi inoculada nos bezerros nascidos de vacas vacinadas e ndo vacinadas. Observamos que a vacina contendo 750 HU foi
aque melhor induziu a producdo de anticorpos nas vacas vacinadas, e que estes mostrarain-sc protetores, uma vez que 0s
bezerros nascidos dt vacas vacinadas e que mamaram o colostro, nada sofreram no desafio. N&do se verificou nenhum efeito

colateral nas vacas vacinadas.

UNITERMOS: Escherichiose; Bovinos; Vacinas; Escherichia coli.
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