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Abstract: Types C and D strains of Clostridium botulinum are commonly related to avian and mammalian
botulism. Although there are numerous vaccine recommendations, little research has been conducted to
indicate the real effectiveness of vaccine timing or the ideal immunization protocol for young beef calves.
Four commercially available vaccines, two bivalent (Clostridium botulinum types C and D; vaccines 1 and 2)
and two polyvalent (all Clostridium spp. including Clostridium botulinum types C and D; vaccines 3 and 4),
that are currently used in Brazilian herds, were tested in order to verify the maternal immune response. One
hundred cows, divided into four vaccinated groups and one unvaccinated group, were given a two-dose
subcutaneous immunization, at day zero, followed by a second dose given at 42 days post-vaccination,
which corresponded to 40 days before birth. Serum samples (n = 75) were collected only from healthy
neonatal calves at 0, 7, 45 and 90 days post-calving (DPC) and subjected to indirect ELISA using the purified
C and D holotoxins as capture antigens. The serological profile showed that all vaccines were able to
induce a satisfactory neonatal immune response to both holotoxins at 7 DPC. However, at 45 and 90 DPC, a
significant reduction (p < 0.05) was observed in the antibody level against C and D holotoxins in all tested
vaccines. Neonatal immunization in calves is compromised by significant levels of maternal antibodies
so that the necessity of planning a calf vaccination program involves assessment of disease risks at the
production site. Finally, our findings represent the first demonstration of maternal immunity transferred to
neonatal beef calves, including immunity levels after vaccination against Clostridium botulinum toxoids C
and D.
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Bovine botulism in Brazil presents great
economic and sanitary importance due to high
mortality. Intoxication is caused by the ingestion of
toxin C or D produced by Clostridium botulinum.
In fact, the most common form of botulism in beef
cattle is provoked by food or water poisoning, an
important problem for sanitary programs (1-3).
Probably, no area of beef calf management is filled
with more questions than the development of an
effective vaccine program. Antibodies from cows,
transferred by colostrum, activate and regulate the
innate responses present in calves to fight infection
and/or help protect from intoxications (4).

In the last few years, there has been an
increase in bovine vaccine production for
botulism and other clostridial diseases due to
the significant damage and economic losses
reported by meat producers in tropical countries
(2, 3, 5, 6). The market for botulism vaccines
reaches approximately 45 million doses per
year, and Brazil represents a potential customer
due to its significant commercial livestock
production. However, missing information about
neonatal passive immunity and the absence
of calf vaccination programs is an obstacle for
epidemiological studies in extensive breeding
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areas among tropical countries. For this purpose,
four commercial products (two bivalent types
– C and D – and two polyvalent vaccines) were
evaluated to provide maternal immunity in
newborn beef calves in this study.
The maternal immune response was tested
serologically by an indirect ELISA for total IgG
production against C and D holotoxins. The
two bivalent (C and D, vaccines 1 and 2) and
two polyvalent (against all clostridial infections
and also containing the two toxoids, C and D)
botulism vaccines were purchased from retail
stores before their expiration dates and in adequate
preservation conditions. One hundred pregnant,
multiparous, healthy adult Nelore cows in good
general condition were clinically supervised
during the entire experiment. Pathological
symptoms, especially local reactions, were
recorded. Cows were distributed into four groups
that received vaccines (1, 2, 3 and 4) and one that
was not vaccinated. Vaccination was performed
subcutaneously with one dose at day zero and a
second dose at 42 days post-vaccination (DPV),
corresponding to 40 days before the parturition.
The manufacturer’s instructions were followed.
Healthy nursing calves (n = 75) of both genders
were individually identified, separated into the
four groups (corresponding to their mothers
vaccination schedules), and kept under the same
conditions as their dams. Blood samples were
collected by jugular venipuncture into serum
separator tubes on day 0 and at 7, 45, 90 days
post-calving (DPC). Following clot formation at
room temperature, sample tubes were centrifuged
at 2500 x g for 15 minutes, and individual serum
aliquots were prepared and stored at –20°C.
C. botulinum toxins (types C and D) used
as capture antigen in “in house” ELISA were
obtained from pure cultures at the Laboratory
of Clostridioses at UNESP, Araçatuba, SP, Brazil.
After conventional culture in cooked meat
medium (CMM), the antigen was concentrated
and purified as previously described (5). Total
protein concentrations (6.7 mg/mL for holotoxin
C and 4.4 mg/mL for holotoxin D) were
determined with the Pierce BCA® protein assay kit
(Bio-Rad, USA). Serum samples were submitted,
individually and in duplicate, to indirect ELISA
for detection of anti-immunoglobulin isotype
G against C. botulinum toxins types C and D
(7). Maxisorp® microtitration plates (Nunc,
USA) were coated with 100 ng/well of purified
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holotoxin in 100 µL carbonate buffer (0.05 M, pH
9.6) at 4°C overnight. After five washings with
PBS-Tween (0.1%) buffer, non-specific binding
sites were blocked with 200 µL carbonate buffer
containing 15% skim milk. Five washings were
followed by the addition in triplicate of 100 µL/
well of bovine sera diluted to 1:200 for holotoxin
type C and to 1:400 for holotoxin type D, and
samples were incubated for two hours at 37°C in a
humidified chamber. The optimal serum dilution
was determined beforehand by serial dilutions.
For background controls no serum was added.
After a further washing step, 200 µL of
peroxidase-labeled rabbit anti-bovine IgG
antibody (1:20,000) (Sigma-Aldrich Corp., USA)
diluted in PBS-Tween (0.1%) was added to the
corresponding wells, and plates were kept for two
hours at 37°C. Enzymatic activity was shown by
addition of 200 µL/well orthophenylene-diamine
substrate (0.4 mg/mL) in citrate buffer (0.05 M,
pH 5) containing 0.06% hydrogen peroxidase.
Absorbance values were immediately read at 492
nm in a microplate reader (Thermo Labsystems,
USA). Results are expressed as the optical density
(OD) above background controls.
For the evaluation and comparison of maternal
immune response against C. botulinum C and D
toxin types in neonatal calves, respective values
were transformed in log (x+1) and submitted to
repeated measures analysis of variance. Means
were compared by Tukey’s test, and differences
were considered to be significant when p < 0.05.
Statistical analysis was carried out using SAS®
software (8).
The mean values of ODs calculated from
neonatal calf sera are illustrated in Figure 1. The
maternal immune responses against holotoxins
C and D produced by C. botulinum type C at
7 DPC were higher and similar in all studied
groups (p > 0.05). However, at 45 DPC, the
immune responses corresponding to bivalent
and polyvalent vaccines (vaccines 1 and 4) were
significantly superior to those corresponding to
the two other products (vaccines 3 and 2) for
type C holotoxin. All vaccinated animals showed
a significant decrease in immune response at 45
DPC (Figure 1 – A and B). The neonatal passive
response to holotoxin D was considerably higher
than to holotoxin C at 45 DPC, as displayed in
Figure 1 – B. However, at 90 DPC, the neonatal
passive responses among all vaccinated animals
showed no differences.
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Figure 1. Neonatal passive immune response from beef calves obtained from vaccinated pregnant cows
against Clostridium botulinum toxoids C and D with four commercial vaccines (vaccines 1, 2, 3, and 4),
measured by indirect ELISA using (A) holotoxins C and (B) D as capture antigens. Standard deviations
were below 5% of mean values of four independent measurements and are shown in the figure. Highest
antibody levels are shown by arrow.
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Development of vaccines for botulism and
other clostridial diseases has been an active area
of research. Antibodies from cows, transferred
by colostrum, activate and regulate the innate
responses present in calves. This passive
immunity is a double-edged sword for young
calves: protection from disease on one side,
and interference with calf ’s ability to develop
immunity to vaccine antigen on the other (4).
Newborn calves are immunologically naive
at birth. They have had no chance to enhance
adaptive immunity by “experience” because of the
protective environment in the womb, which also
limits the activation of phagocytes and their entry
into the tissues. So, antibody is a critical component
of colostrum and provides an immediate source
of antibody for agammaglobulinemic calves.
Numerous studies report the efficacy of neonatal
vaccination in dairy calves, including virus and
bacterial antigens; however, none of them has
demonstrated the neonatal immune response of
beef calves until now (9).
With respect to the passive neonatal immune
response directed against holotoxins types C
and D in this trial, vaccine 1(C) showed more
efficiency than vaccine 2(D) at 7 and 45 DPC
than at any other time. In addition, after 45 days
after vaccination, the neonatal immune response
was considered lower and probably inadequate
for holotoxin C, but was better for type D. Despite
many reports using the mouse protection assay,
IgG titers from indirect ELISA performed in
this study were sufficient to analyze the neonatal
immune response during post-calving periods
(10).
In fact, different immunization protocols
have been evaluated by previous studies, and
most of them demonstrated that maternal
antibody, or antibody acquired by the calf from
absorption of colostral antibody during the
first 24 to 48 hours after birth, has a profound
suppressive effect on active immunization of
most vaccines (6, 11). However, the period
during which the colostral-acquired antibody
interferes with active immunization depends
on the amount of colostrum absorbed. Studies
conducted to evaluate the efficiency of infectious
bovine rhinotracheitis, bovine viral diarrhea,
parainfluenza and respiratory syncytial virus
vaccines, have demonstrated that 30 days
following primary vaccination of beef calves (at
28 days of age), mean antibody levels to all viruses
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had declined (11). This means that maternal
antibodies have an important interference on
active neonatal immunity at early stages of calf
life. The reason for better immune response to
holotoxin D than to holotoxin C is not completely
understood. Biochemical properties, antigen
concentration and adjuvant may explain this
difference, but these points were not addressed
in this study. One reasonable explanation for
the increased titer in unvaccinated group at days
7 and 45 is the field challenge. In spite of this,
bovine sera have a tendency to react with matrix
of immunoplates (6).
Multistrain Clostridium spp. bacterin-toxoids
are a frequent part of vaccination programs of
heifers. In spite of many studies that indicate local
reactions following vaccination as a negative point
to North American meat producers, in this study
no reactions were observed (11). In addition,
maternal antibody interference significantly
inhibited Clostridia spp. antibody responses (1214). Based on the present findings, at least regarding
Clostridium botulinum, active immunization is
recommended until 45 DPC, due to the high
level of neonatal immune response acquired by
colostrum from vaccinated dams. Finally, the
success of a vaccination programs depends on
management, adequate timing of vaccination and
the proper use of the commercial product.
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