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Persistence of Clostridium botulinum Type B on a Cattle
Farm After an Outbreak of Botulism
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On farms involved in botulism outbreaks, cycles of Clostridium botulinum have
occurred. The cycles were initiated by feeding brewers' grains contaminated with
proteolytic C. botulinum type B to the cows. Spreading of manure containing
feces of these cows increased the contamination of the pastures. In grass silages
prepared with wilted grass from these pastures the number of C. botulinum type
B organisms increased, and toxin type B was produced. Feeding cows with the
contaminated silage fodder completed the cycle. Besides contamination ofhuman
foodstuffs (milk and meat), further contamination of the environment occurred.
It was demonstrated that fowl may be important vectors in spreading C. botu-
linum.

In 1976 and 1977 outbreaks of botulism fol-
lowed by the death of many animals occurred
on about thirty dairy farms in The Netherlands.
The disease was caused by feeding the animals
brewers' grains (malt). Proteolytic Clostridium
botulinum type B cells as well as botulinum
toxin type B were found to be present in the
brewers' grain (1). Toxin type B was detected in
only 4.5% of the sera of the animals affected (4).
In the feces of the cows large numbers of C.
botulinum type B organisms (105 to 107/g) were
detected (8). Also, after termination of feeding
the contaminated fodder, C. botulinum was pres-
ent in the feces for more than 8 weeks. Conse-
quently, the environment ofthe farms, especially
the grass pastures, was probably contaminated
by manure containing C. botulinum. Whether
cows would be reinfected would be determined
by the persistence of such contamination and
the possibility that C. botulinum multiplied in
this environment.
From results of Notermans et al. (9) it has

become clear that proteolytic strains of C.
botulinum are able to produce toxin with grass
as a substrate. In grass silages prepared with
wilted grass, circumstances are favorable for
multiplication of C. botulinum. However, until
now only a few reports describe botulism caused
by grass silage (3, 5).

In the present investigation the persistence of
C. botulinum on cattle farms affected by botu-
lism was studied; also, the significance of grass
silages prepared with wilted grass in the multi-
plication of C. botulinum was investigated under
natural conditions.

MATERIALS AND METHODS
History of botulism on the farm investigated.

On 4 June 1977 a severe outbreak of botulism occurred

on the dairy farm. The outbreak was caused by feeding
the cows a supplement of brewers' grain containing C.
botulinum type B as well as botulinum toxin type B.
Immediately after recognition of the disease, the feed-
ing with brewers' grain was stopped. The morbidity
among the cows was 74%, and the mortality amounted
to 42%. Toxin type B was detected in two serum
samples of cows before death. In the feces of affected
cows high numbers of C. botulinum organisms were
detected (ca. 105/g). To replenish the herd, new cows
were purchased from local markets 1 month after the
outbreak.
Cows. On the investigated farm 52 dairy cows were

present. In the wintertime (October to May) they were
housed in a free stable with cubicles. In the summer-
time they were outside on the pastures. During the
housing period the cows were fed with grass silage (ca.
15 to 20 kg of fodder per animal daily) and concen-
trates. Occasionally, they were fed with maize silage.
The maize crop used for preparing the silage was
obtained from elsewhere. Starting in October 1978, at
regular intervals, feces of 10 cows were sampled ran-
domly. From these samples the presence of C. botu-
linum was determined quantitatively.

In April 1979 and April 1980 sera from 10 cows
selected randomly were screened for antibodies
against botulinum toxin type B by the serum neutral-
ization test.

Besides this study, feces of cattle from four other
farms with a comparable history of botulism were
sampled and investigated for the presence of C. botu-
linum. Feces was sampled in January 1979 and Janu-
ary 1980.
Grass pastures. The grass pastures were situated

around the farm and had an area of about 200,000 M2.
The pastures were surrounded by ditches and a small
lake. As a consequence, waterfowl were often foraging
on the pastures. The pastures were fertilized during
the winter and the early spring with manure from the
cows as well as with chemical nitrogen fertilizer. Start-
ing in August 1977 soil samples were obtained ran-
domly from the pastures, and the number of C. botu-
linum organisms present was deterniined. Further-
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more, the feces of fowl (predominantly coots) foraging
in the pastures were sampled, and the presence of C.
botulinum was investigated. These feces were gath-
ered in the neighboring pastures.

Grass silages. On the cattle farm investigated,
grass silages were prepared with wilted grass from the
pastures and covered with plastic sheets. The stability
of this type of silage results from its low oxygen
content, a low water activity (a.), and partially from
lactic acid fermentation (11). During the housing pe-
riod of the winter of 1978 to 1979, cows were fed with
four different grass silages. One silage (no. 1) was
prepared in 1977 before the outbreak of botulism and
was not fed in the winter period of 1977 to 1978. The
other three silages (no. 2, 3, and 4) were prepared in
1978, 1 year after the outbreak. During the housing
period of the winter of 1979 to 1980 cows were fed with
two grass silages (no. 5 and 6). These silages were
prepared in the spring of 1979 under not ideal weather
conditions (high humidity), resulting in an average a.
higher than that of the silage prepared in the spring of
1978 (see below).
The grass silages were sampled at the time of feed-

ing. Samples were taken by using a depth corer (ver-
tical stab samples) or by hand (center and edge sam-
ples from the open side). From these samples the pH
and a. were determined. Furthermore, the presence
of C. botulinum and botulinum toxin was investigated
quantitatively.

aw. The a. was determined at 200C by using the a.
measurement device with a dew point hygrometer
described by Northolt et al. (7). The accuracy of the
measurement was +0.005.
pH. The pH of the samples of grass silage was

determined by mixing 100 g of grass with 200 ml of
distilled water. After shaking for 1 h the pH of the
mixture was determined.

Detection of C. botulinunL In grass silage samples
the presence of C. botulinum was determined by
macerating 100 g of silage is a Waring blender. Serial
10-fold dilutions of macerate were made, and 1 ml of
each dilution was transferred into each of two tubes
containing 30 ml of freshly prepared fortified egg meat
medium (150 g of egg meat [Difco Laboratories, De-
troit, Mich.], 10 g of glucose, and 10 g of ammonium
sulfate per liter, sterilized at 120°C for 15 min). One
tube of the pair was heated at 70°C for 20 min. The
heated and the unheated tubes were incubated anaer-
obically at 300C. After 5 days of incubation, the culture
fluids were examined for botulinum toxin.

For the quantitative assessment of C. botulinum in
feces, 50 g of feces of each cow were shaken with 450
ml of physiological saline solution. Serial 10-fold dilu-
tions of the mixtures were made, and 1 ml of each
dilution was transferred into each of four tubes con-
taining fortified egg meat medium. Before incubation
two tubes of the four were heated at 700C for 20 min.
To detect C. botulinum in the soil samples of the

pastures, 25-g portions of 20 soil samples obtained
randomly from the pastures were mixed and homoge-
nized. Serial 10-fold dilutions of the mixtures were
made, and 1 ml of each dilution was transferred into
each of 5 tubes containing fortified egg meat medium.
Before incubation all tubes were heated at 700C for 20
min.
The presence of C. botulinum in the other samples

(concentrates, maize silage, feces of cows, and feces of
birds) was determined by transferring 0.5 g of each
sample into each of two tubes containing fortified egg
meat medium. One tube of the pair was heated at
700C for 20 min.

After incubation of the tubes at 300C for 5 days the
culture fluids were examined for the presence of
botulinum toxins.

Toxicity. To determine botulinum toxins in culture
fluids, 2-ml portions were diluted with 6 ml of sterile
0.05 M phosphate buffer (pH 6.0) containing 2 g of
gelatin (Difco), 1 mg of streptomycin, and 106 U of
penicillin per liter. Activation of the diluted samples
was performed by adding trypsin (Sigma type III;
Sigma Chemical Co., St. Louis, Mo.) at a final concen-
tration of 0.2 mg/ml and incubating at 370C for 30
min. Samples of 2 ml of the diluted and trypsinized
fluids were mixed with 0.5 ml of antibotulinum serum
(Institut Pasteur, Paris) of types homologous to the
toxin expected. Two mice (18 to 20 g) were injected
intraperitoneally with 0.5 ml of each preparation and
observed for 4 days.
To determine botulinum toxins in grass silage, sam-

ples of 200 g were mixed with 200 ml of sterile 0.05 M
phosphate buffer (pH 6.5) containing 2 g of gelatin, 1
mg of streptomycin, and 106 U of penicillin per liter.
After rotary shaking at 250 rpm for 2 h the fluid was
treated with trypsin as described above. The amount
of toxin present was determined by injecting two mice
with twofold dilutions. The type of toxin present was
determined as described for culture fluids.
Serum neutralization test. The serum neutrali-

zation test was carried out as described by Ohishi et
al. (10). Type B-L toxin, purified by the methods of
Kozaki et al. (6), was diluted with 0.05 M phosphate
buffer (pH 6.0) containing 0.2% gelatin. The toxin was
activated by trypsin as described above. The reaction
was terminated by adding soybean trypsin inhibitor
(Sigma) at a final concentration of 0.4 mg/ml. In the
tests 1 ml of the toxin dilution containing 20 intraper-
itoneal mouse 50% lethal doses (LD50) of toxin was
mixed with 1 ml of serum. After incubation at 370C
for 30 min, 0.5 ml of the mixture was injected intra-
peritoneally into two mice. The mice were observed
for up to 5 days.

RESULTS
pH and a. of grass silages and the pres-

ence of C. botulinum and botulinum toxin
in grass silages. All grass silages fed to the
cows since October 1978 were investigated. In
the silage prepared in 1977 before the outbreak
of botulism, C. botulinum and its toxin were not
detected (Table 1). In the three silages prepared
in 1978 (no. 2, 3, and 4) C. botulinum type B was
present; however, toxin was not found in these
silages. In the silages prepared in 1979 C. botu-
linum was detected in 6 of the 8 samples inves-
tigated. Toxin type B was demonstrated in 4 of
the 8 samples. In two samples (edge samples no.
11 and 15) C. botulinum was present in 0.0001 g.
In sample no. 16 C. botulinum could not be
detected, although 20 intraperitoneal mouse
LD5o of toxin type B was present.
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The a. of the silage prepared in 1979 were
higher than those of the silages prepared in 1978.
Edge samples showed the highest a. values.
Presence of C. botulinum in other fodder.

A total of 30 samples of maize silage were inves-
tigated for the presence of C. botulinum. C.
botulinum was not detected in these samples.
Also, in 25 samples of concentrates C. botulinum
was not detected.
Excretion of C. botulinum by cows:clini-

cal aspects. From the results it could be con-
cluded that C. botulinum was accurately detect-

able only if the inoculated fortified egg meat
media were heat shocked before incubation.
Therefore, the most probable numbers were de-
termined from heated samples (2). The average
most probable numbers per gram of feces of the
10 cows investigated are presented in Fig. 1. In
this figure the identities of the silages fed to the
cows are also indicated. There was a correlation
between the level of contamination of the feces
and the level of contamination of the grass si-
lages. When silage fodder not contaminated with
C. botulinum (silage no. 1) was fed to the cows,

TABLE 1. pH and a, ofgrass silages and occurrence of C. botulinum and botulinum toxin

Grass Yr of Sample C. botulinum (type) in: Type (and
silage prepara- Place of sampling no. pH a, 0.0001 amount')
no. tion 0.1 g 0.01 g 0.001 g g of toxin

lb 1977 Vertical stab 1 NIC NI _d - - -

Verticalstab 2 NI NI - - - - -

2 1978 Vertical stab 3 5.77 0.93 + (B) - - - -
Center 4 6.35 0.94 +(B) +(B)

3 1978 Vertical stab 5 6.26 0.94
Edge 6 5.40 0.98 +(B) +(B)

4 1978 Vertical stab 7 5.30 0.96 + (B)
Verticalstab 8 NI NI + (B) + (B) - _ _

5 1979 Vertical stab 9 6.58 0.98
Vertical stab 10 6.33 0.97 + (B)
Edge 11 5.95 0.98 + (B) + (B) + (B) + (B) B (17)
Edge 12 6.02 0.98 + (B)

6 1979 Vertical stab 13 5.82 0.97 + (B) + (B) - - B (2)
Vertical stab 14 5.85 0.97
Edge 15 5.60 0.99 + (B) + (B) + (B) + (B) B (15)
Edge 16 6.00 0.99 - - - - B (20)

aAmount of toxin expressed as intraperitoneal mouse LD5o per gram.
b Grass silage no. 1 was prepared before the outbreak of botulism.
' NI, Not investigated.
d _, C. botulinum or toxin not detected.
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FIG. 1. Excretion of C. botulinum type B by cows on a cattle farm affected by botulism in June 1977.
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C. botulinum organisms were present in the
feces only in low numbers. Also, in summertime,
when the cows were not fed any silage foder, the
contamination of the feces was low.
The average number of C. botulinum orga-

nisms present in the feces during the housing
period of the winter of 1978 to 1979 was about
1001g. In the housing period of 1979 to 1980 the
contamination was higher and amounted to
about 600/g.
No clinical symptoms of botulism were ob-

served among the cows during the investigation.
Also, no reduction of the normal milk yield was
observed. In the sera of the cows no antibodies
against botulinum toxin type B were detected.
Feces samples obtained from cows of four

other farms affected by botulism in 1977 also
contained C. botulinum. From each farm 20
samples were investigated; C. botulinum type B
was demonstrated in 60 to 100% of the 0.5-g
samples.
Presence of C. botulinum in the grass

pastures and in feces of birds. The numbers
of C. botulinum type B organisms present in the
soil samples increased significantly after the out-
break of botulism (Table 2). Immediately after
the onset of the disease C. botulinum type B was
not detected. In 1980, 2.5 years later, more than
100 cells of C. botulinum were present per g of
soil.

Feces of fowl foraging in these pastures were
also contaminated with C. botulinum type B
(Table 3). In 19 of 25 samples this bacterium
could be demonstrated. Besides C. botulinum
type B, type C was detected six times, and type
D was detected once.

TABLE 2. Numbers of C. botulinum type B
organisms present in soil samples obtained from

pastures
Most probable 95% confidence

Date of sampling number per g lyits
of soil

1 August 1977 <0.2 <0.1-1.0
15 March 1978 2.7 1.3-6.8
7 May 1979 17 7-48
1 March 1980 130 50-390

TABLE 3. Presence of C. botulinum in feces of birds
foraging on grass pastures

No. of C.

No. of botu-
Date of sampling No. of sam- positive linum

pe -samples type:
B C D

15 March 1978 5 4 4 2
7 May 1979 10 9 7 1 1
1 March 1980 10 8 8 3

DISCUSSION
On dairy farms involved in botulism out-

breaks, cycles of C. botulinum type B have oc-
curred. In Fig. 2 the links of the cycles are
presented schematically; the outbreaks of botu-
lism are initiated by supplementary feeding of
brewers' grain contaminated with C. botulinum
type B. From the results of Notermans et al. (8)
it was clear that during digestion of this fodder
no decrease in the number of bacteria occurred.
As a consequence, feces became contaminated
with C. botulinum type B. Spreading of manure
increased the contamination of the pastures.
Therefore, it is not surprising that C. botulinum
type B was present in grass silages prepared with
grass from these contaminated pastures. It was
demonstrated that in such grass silages the num-
ber of C. botulinum type B organisms increased,
and that botulinum toxin type B was produced.
Grass silages therefore form a link in the cycle
of C. botulinum in which multiplication occurs,
thus increasing the level of contamination on
the farm. Feeding cows with the contaminated
silate fodder completes the cycle.
Growth of C. botulinum in grass is deter-

mined, among other factors, by pH and a. (9).
In grass silages prepared with wilted grass the
lactic acid fernentation is delayed. Therefore,
the pH decreases only slightly during storage.
The a,, which is the most important stabilizing
factor, is not uniform throughout a silo. Espe-
cially at the edges ofthe silo, the a. may increase
due to transport of moisture caused by changes
in temperature, thus allowing outgrowth of C.
botulinum. Growth of C. botulinum in grass
silages steadily increases the contamination of
the farm.
During this investigation no clinical symptoms

of botulism were observed among the cows. The

brewers' grain

cows

faeces ~~~contamination of
faeces

milk and meat

envi ronmental
grass pastures |- . contamination

by birds etc.

grass silages

FIG. 2. Schematic presentation of the cycle of C.
botulinum type B on a cattle farn involved in a
botulism outbreak caused by brewers'grain (malt).
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lethal oral dose for cows of crude toxin type B
was estimated at 5.6 x 107 intraperitoneal mouse
LD50, whereas 6.4 x 106 intraperitoneal mouse
LD50 sufficed to produce clinical signs of botu-
lism (5). In this investigation such a dose would
be obtained only if the cows were fed for a
number ofdays with silage fodder from the edges
of a silo. However, the laboratory experiments
ofNotermans et al. (9) showed that C. botulinum
type B with grass as substrate may produce
enough toxin to kill a cow that had consumed of
10 to 100 g of the contamnated grass. The fact
that no circulating antibodies were detected in
the serum of the cows suggests that the cows in
these investigations were not exposed to large
amounts of toxin. It also suggests that in all
probability no intestinal production (in vivo pro-
duction) of toxin had occurred.
The contamination of the feces of the cows is

clearly caused by feeding contaminated silage
fodder. In summertime when no silage fodder
was fed the contamination of the feces was low.
As a consequence of the contamination of the
feces, milk produced by the animals may become
contaminated with C. botulinum. If cows from
such a fann are slaughtered it may also be
expected that meat would be contaminated,
since bacteria present on carcasses are mostly of
fecal origin.

Besides contamination of human foodstuffs a
contamination of the environment can also oc-
cur. Fowl, especially, are vectors capable of
spreading C. botulinum over wide areas. In this
way other grass pastures could become contam-
inated with C. botulinum, possibly resulting in
cycles of C. botulinum on other farms without a
previous history of botulism.
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