RESEARCH AND DEVELOPMENT

Reduction of Antibiotic Use in Livestock;
Identifying Targets and Potential Alternatives

Antibiotic reduction in livestock production is both a
societal and scientific demand in 2018. The present
study aimed to test the hypothesis that a specific
strain of Bacillus subtilis (PB6) has the potential to
reduce therapeutic antibiotic use in commercial
poultry farming. The present hypothesis was based
on a body of scientific research showing the
microbiome-modulating effects of this specific
Bacillus strain. Over a period of 27 weeks in 2017, a
commercial poultry integrator applied the active
microbial in cases of wet litter or first symptoms of
digestive disorders. At the same time, vaccination
for ORT (Ornithobacterium rhinotrachea/e) was
introduced. No further change in housing, husbandry,
genetics or management conditions were applied.
Compared to the three previous years (2016, 2015,
2014), o numerical decrease in the number of
applications of beta-lactams (-13%) and asignificant
decrease in colistin treatments (-44%) and the
grouped other antibiotics (-51%) was observed.
The frequency of diseases requiring treatments
decreased in the trial period compared to the

previous year. The decrease was significant for
enteritis  (-38%), colibacillosis (-34%) and ORT
(-38%).

In conclusion, this trial confirms the hypothesis that
addition of a B. subtilis PB6 active microbial has a
direct effect on antibiotic usage.

Introduction

There is a fast-growing societal (Lipsitch et al., 2002) and
scientific (Mukerji et al., 2017) pressure to reduce antibiotic
usage in livestock. In the European Union, antibiotic growth
promoters have been banned since 2006, so this pressure
now addresses the therapeutic antibiotics. There are
many feed materials, feed additives, husbandry systems
and breeds promising the potential to reduce the need to
treat with antibiotics. Therapeutic antibiotics are, however,
used in livestock under veterinary control and usually
with clear indications why they are applied, e.g. when
increased mortality or wet litter is observed in broilers.
Consequently, the challenge when reducing therapeutic
antibiotics is to not reduce animal welfare or farm profits or
both.

Feed is certainly crucial for good animal health. Perfect
veterinarian care, housing of livestock, the most suitable
genetics, and best-practice-husbandry will still result
in poor animal health and welfare when the feed is not
sufficient to the animal’s needs. The three main reasons why
feed might affect the need to treat with antibiotics are the
following:

1) Feed can be a primary cause of disease, for example if
potential pathogens such as Salmonella spp. are introduced
via the feed or if mycotoxins are present in the feed, leading
to illness.

2) Feed can predispose animals to disease, for example
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when it is deficient in nutrients needed to support the immune
system (Dalloul et al., 2002).

3) Feed also has the potential to prevent disease or modulate
the effects of very common diseases, such as coccidiosis, in
poultry. A healthy, balanced microbiome can even support
health not directly linked to feed, for example by making
vaccinations more effective (zhang et al., 2016).

The present field study aimed at the third point, trying to
prevent disease rather than using antibiotics to cure it on
occurrence.

The inhibiting effects of Bacillus subtilis PB6 on Clostridium
spp. in vivo have been previously documented (Teo and Tan,
2007; Abdelqader et al., 2013). Theoretically, an application
of this B. subtilis therefore has the potential to make
flocks healthier, requiring less therapeutic treatments. It
is, however, challenging to test this hypothesis in scientific
studies as artificial challenges such as high-protein diets or
the usage of old litter do not accurately represent production
conditions of poultry. Furthermore, even under severe
challenges, not every flock will need antibiotic treatment and
a high number of repetitions would be needed to achieve
measurable results. Therefore, the present study aimed at
recording a very large dataset under normal production
conditions for turkey. Turkeys were chosen because they
require regular antibiotic treatments to maintain their health
and welfare. Any effect on antibiotic usage should therefore
be more pronounced in turkeys compared to broilers or
layers.

The main hypothesis of this work was that a slight
modulation of the intestinal microbiota by feeding B. subtilis
PB6, decreases the need to treat with antibiotics while
maintaining animal health at least at the same level.
Secondary, the effect was expected to be greatest for those
antibiotics primarily aimed at treating intestinal disorders
such as enteritis or colibacillosis.

Materials and Methods

The trial period started in December 2016, in cooperation
with a commercial turkey integrator in Western Europe.
Bacillus subtilis PB6 (CLOSTAT®, Kemin Europa NV, Herentals,
Belgium) was applied across all flocks from hatch till
slaughter age via the drinking water (3x108/L) in instances
where wet litter or other indications of beginning intestinal
health problems were observed. The decision to try
and manage good intestinal health without applying
an antibiotic was left at the discretion of the respective
technical responsible. Historic data of the three previous
years (where no B. subtilis PB6 was used) were used as a
reference.

Data were collated in Microsoft Excel following the previously
used standard. Data collected included weather data, the
weekly average of the incidence of enteritis, respiratory
disease, colibacillosis, ORT (Ornithobacterium rhinotracheale)
and other diseases, grouped at a severity level requiring
treatment. For recording the antibiotic treatments, two
groups of antibiotics were logged separately (all beta-
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lactams and colistin) and all other antibiotic treatments
were logged as one group (including tylosine, doxycycline,
fluorquinolones and trimethoprim). For the antibiotics, the
weekly number of treatments was recorded (n=1 equals
one farm requiring treatment independent of the number of
houses treated). In the trial period, the number of B. subtilis
PB6 treatments was added to the recorded parameters. A
vaccination programme for ORT was introduced.

Results

Bacillus subtilis PB6 Application

The applications of the active microbial did not follow a marked
seasonalpatternwithbigfluctuations betweenweeks (Figurel),
as intestinal disorders are most pronounced in months with
cold weather and high rainfall. Over the entire observation
period there was only one week (26) in which it was not used
in at least two cases.
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Figure 1: Number of Bacillus subtilis PB6 applications per week

Effects on Antibiotic Usage

Figures 2 and 3 show the number of beta-lactam and colistin
treatments respectively, per week, for the first 27 weeks of
eachyear, respectively. The effect of B. subtilis application on
the usage of beta-lactams was not statistically significant
(p< 0.05); there was a numerical decrease of 13% when the
usage of beta-lactams in 2017 was compared to the usage
in 2016 (Figure 2). For the same reference period, the usage
of colistin was significantly (p-value 0.004) decreased
by 44% (Figure 3). This did not appear to lead to a shift
towards other antibiotics as the use of tylosin, doxycycline,
fluoroquinolones and trimethoprim reduced by 51% over the
reference period as well.
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Figure 2: Number of beta-lactam treatments by weeks
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Figure 3: Number of colistin treatments by weeks

Effect on Disease Incidence
During the trial period, the disease incidence requiring
treatment was recorded on a weekly basis. The incidence
of enteritis reduced by 38%, colibacillosis by 34% and ORT
by 38%. There was a slight increase in diseases recorded
under the category “others” (Figure 4).
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Figure 4: Prevalence of diseases over the observation period
(ORT = Ornithobacterium rhinotracheale)

Discussion

The aim of this study was to test the hypothesis that a specific
strain of Bacillus subtilis (PB6) has the potential to reduce
therapeutic antibiotic use in commercial poultry farming.
Literature on B. subtilis PB6 has shown a reducing effect of on
Clostridium spp. and E. coli,and an improvement in beneficial
Lactobacilli and Bifidobacterium spp. This presumed health-
promoting effect had previously not been proven in a
controlled trial under field conditions.

Based on the recorded data in the current paper, the
proposed hypothesis could be confirmed, as the treatment
with B. subtilis indeed resulted in a reduction in antibiotic
usage. The changes in antibiotics were observed over the
entire trial period (first 27 weeks of 2017, compared with
the same period in 2016). A more detailed analysis of
the individual antibiotic treatments used during the trial
confirmed the secondary hypothesis, that the reduction
in antibiotic treatments was more pronounced for the
antibiotics or groups of antibiotics primarily aimed at
treatment of intestinal disorders.

While abiotic and management factors could not be
controlled in the trial, they were recorded. The weather in
the region was slightly warmer in 2017 than in 2016, but
not compared to 2015 and 2014. The housing remained
unchanged for all farms managed in this field trial. The
difference in antibiotic use was therefore not linked to
any changes in the abiotic factors. Management and
animals also remained unchanged in the two reference
periods. The integrator has kept the same breed of turkey
and management system in the two years compared.
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Additionally, the three main technical people did not change
over the trial and reference period, making their decisions a
constant factor.

For this field trial, the primary hypothesis was that a
targeted application of B. subtilis PB6 can indeed reduce
the need to treat with antibiotics. The reduction in antibiotic
treatments did not lead to a decreased animal health and
welfare, but by contrast to an improvement. The additional
vaccination against ORT further improved turkey health and
welfare in the trial period.

The least reduction could be observed for the treatment
with beta-lactams. The modest effect on beta-lactams can
be explained by their typical application. They are used to
treat a range of pathogens, including respiratory complaints;
therefore, an intestinal health approach cannot be expected
to affect their usage to the same extend.

The effect on the antibiotics recorded under the label
“other antibiotics” was significantly (p-value 0.002) reduced.
Applications of tylosin, doxycycline, fluoroquinolones, TMPs
reduced by 51% over the reference period. As antibiotic
reduction/replacement was the original aim of the field trial,
the reduction of these molecules alone would bring sufficient
return over investments to justify the application of an active
microbial.

Colistin usage is, of course, closely linked to the frequency of
colibacillosis. As colistin is typically used for intestinal disorders,
E. coli infections for example, a greater reduction could be
observed in colistin usage, compared to the effect on beta-
lactams. From an animal health point of view, it is important
not to have a corresponding increase in morbidity and impair
welfare while reducing antibiotics. Despite the decrease in
colistin use, colibacillosis incidence decreased by 34%.

It is worth observing that the ORT (Ornithobacterium
rhinotracheale) vaccination was only partially successful
in managing ORT (decrease by 38%); it was insufficient to
completely eliminate the need to treat from all flocks.

While literature differs from 50%-80% on the share
of antibiotics used for intestinal disorders, there is good
agreement that it is the largest single indication for antibiotic
use in poultry. A replacement of some antibiotics by the
preventive use of a specific antibiotic (e.g. colistin) could be
considered successful if the incidence of enteritis remains
unchanged. By contrast, in this field study, enteritis was
observed to be decreased by 38%. This could be a direct result
of the decreased use of antibiotics in the study, as enteritis
can be both the cause of antibiotic treatment, and equally the
result of one. Every antibiotic application always comes with
a risk on intestinal disorders, which in turn may require further
antibiotic treatments. This is due to the unselective effect of
antibiotics, reducing not exclusively pathogens, but pathogens
and potentially beneficial parts of the microbiome alike.

Overall, the trial presented here clearly indicated that
it is possible to use an active microbial (B. subtilis PB6) to
reduce therapeutic antibiotic use in turkey. To achieve further
reductions in the need to treat with antibiotics, additional
measures need to be taken. One option is to use the animal’s
own resources by modulating the immune response by
feeding the animal (1,3)-beta-glucans (Cheng et al., 2015).

This study showed a clear effect for turkeys kept under
European conditions. To confirm the effect for piglets or
broilers, and to further the anticipated secondary hypothesis
on better effects for some groups of antibiotics in commercial
animal husbandry, further studies are needed.

Conclusions

In conclusion, both the primary hypothesis of antibiotic
reduction by application of B. subtilis PB6, and the secondary
hypothesis of the effect being more pronounced with
antibiotics aimed at intestinal disorders, could be proven
in the current trial.
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