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Abstract
The development of diarrheal syndrome in calves is a serious problem and caus-

es great economic losses for cattle breeding. There are infectious and non-infectious 
causes. The prevention of such conditions is based on the correct colonization of the 
symbiotic microflora of the gastrointestinal tract in calves during the neonatal peri-
od. Another important factor is the use of probiotic bacteria to regulate metabolism 
and microbiome. The purpose research was to find out determine evaluate the rate 
of elimination of bacteria of the genus Bacillus subtilis from the body of dairy cattle 
calves, as well as the effect of probiotics on diarrhea and changes in the microbiome. 
For this purpose, changes in the consistency and bacterial diversity of faeces were 
evaluated in animals before and after the use of a probiotic strain of B. subtilis bacte-
ria. The results of the study show the restoration of gastrointestinal tract function in 
calves with signs of diarrhea. During the study, a change in the microbial community 
was observed under the influence of B. subtilis bacteria. The study showed that before 
the use of probiotics in crops on nutrient media, fungi of the genus Candida tropica-
lis were detected in calves of the experimental and control groups, however, after the 
use of probiotics in calves of the experimental group, these fungi were not detected 
already on the first day after completion course. The study supported the hypothesis 
that probiotic bacteria B. subtilis participate in restoring the function of the gastroin-
testinal tract in calves with diarrhea and affect the microbial community.
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ВЛИЯНИЕ ПРОБИОТИЧЕСКОГО ШТАММА                                                                                              
BACILLUS SUBTILIS НА ЖЕЛУДОЧНО-КИШЕЧНЫЙ 

ТРАКТ ТЕЛЯТ С ДИАРЕЙНЫМ СИНДРОМОМ

И.Б. Грибченко, А.В. Корель, А. Саеди, В.Д. Бец

Аннотация
Развитие диарейного синдрома у телят является серьезной проблемой и при-

носит большие экономические потери для животноводства. Причины бывают 
инфекционного и не инфекционного характера. В основе профилактики таких 
состояний лежит корректное подселение симбиотической микрофлоры желу-
дочно-кишечного тракта у телят в неонатальный период. Еще одним важным 
фактором является применение пробиотических бактерий с целью регуляции 
метаболизма и микробиома. В данном исследовании мы оценивали скорость 
элиминации бактерий рода Bacillus subtilis из организма телят молочного ско-
та, а также влияние пробиотиков на диарею и изменение микробиома. С этой 
целью у животных оценивали изменение консистенции и бактериальное раз-
нообразие фекалий до и после применения пробиотического штамма бактерий 
Bacillus subtilis. По результатам исследований мы наблюдали восстановление 
функции желудочно-кишечного тракта у телят с признаками диареи.  В ходе 
исследования наблюдалось изменение микробного сообщества под влиянием 
бактерий Bacillus subtilis. Мы увидели, что до применения пробиотика в посе-
вах на питательных средах у телят опытной и контрольной групп детектирова-
лись грибы рода Candida tropicalis, однако после применения препарата у телят 
опытной группы, этих грибов не обнаруживалось уже на 1 сутки после отмены 
препарата. Также, после применения пробиотика в фекалиях телят опытной 
группы перестали детектироваться бактерии группы KESC (Klebsiella spp., Ene-
terobacter spp., Serratia spp., Citrobacter spp.). Пробиотические бактерии Bacillus 
subtilis принимают участие в восстановлении функции желудочно-кишечного 
тракта у телят с диареей и влияют на микробное сообщество. 
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Introduction
Diarrheal syndrome of calves is one of the leading causes of economic loss 

in livestock production across the world. The mortality rate of weaned calves 
caused by diarrhea ranged from 32 to 57% in the United States, Korea, Norway, 
Russia, and other nations [6]. Although the percentage has recently fallen, but 
newborn calves are still at risk for diarrhea in their first few weeks of life. This 
is due to the fact that calves are born without immunological protection. Their 
immunity is formed in the first twelve hours due to colostral antibodies obtained 
from colostrum. After that, their intestinal barrier becomes barely passable for 
antibodies [19].

Non-infectious causes of diarrhea include calving hygiene, calf placement 
(crowding, straw underlay hygiene), and colostrum feeding hygiene [19; 22].

Immune factors include providing and feeding colostrum in the early hours 
of life, mother cow vaccination, feeding technology, greedy milk intake, worn 
pacifier rubber, non-compliance with restrictions on fermented milk products 
and low-quality whole milk substitute [4; 22].

Biological factors are also fundamental. The most common pathogens that 
cause diarrhea in calves are viruses from the genus Rotavirus and Coronaviri-
dae, protozoa from the genus Cryptosporidium spp., and the bacterium Esche-
richia coli [22]. Bacteria attach to the intestinal wall and produce toxins. This 
damages the mucosal membrane, resulting in the loss of water and electrolytes 
in the feces. Dehydration and intoxication ensue as a result [6; 19; 22]. 

The detection of pathogens and the administration of pro and prebiotic 
preparations for both prevention and treatment are essential factors in mon-
itoring the status of the gastrointestinal tract in calves [3, 30]. Probiotics 
have a positive effect due to competition with pathogenic microflora for the 
possibility of adhesion on intestinal epithelial cells, and probiotic strains in 
the process of life can release active agent that inhibit the growth of patho-
gens and, participating in metabolism, contribute to the growth of normal 
flora [7; 11; 29].

A number of studies show that certain probiotic strains have immunomod-
ulatory properties by modifying the immune response of T-helper cells (Th1 
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and Th2) and thereby enhancing host immune function [1; 24]. For example, 
an increase in the expression of cytokines IL-4 and IL-10 was shown when pro-
biotic strains of microorganisms were taken in a mouse model, as well as a de-
crease in the expression of TNF-α, IL-6 and IL-17A, by some probiotics. These 
findings are consistent with previous studies and demonstrate that modulating 
cytokine secretion has a protective and anti-inflammatory effect on mice intes-
tinal tissues and cells [17]. 

The integrity of the intestinal mucosa was assessed in addition to expres-
sions; according to the findings of the experiment, groups of mice which 
received probiotics with feed had an elongation of the intestinal villi and vari-
ations in the depth of the crypts [9; 17].

B. subtilis are allochthonous bacteria that enter the gastrointestinal tract of 
mammals by accidental intake. These bacteria travel through the gastrointesti-
nal tract and provide a probiotic impact on the host [17].

Rumen fermentation in ruminants has been shown to vastly improve when 
probiotics are applied in combination with B. subtilis, since this genus of bacte-
ria can produce a wide range of enzymes that promote digestion and absorption 
in the gastrointestinal tract [8]. Also, B. subtilis recycles urea and back them 
into the rumen, increases amino acid and peptide absorption, protein synthesis, 
and the amount of proteins reaching the gut [27].

The use of B. subtilis in other animal and bird species is also described. In 
the works, the growth-stimulating, immunomodulatory and protective proper-
ties of the strain were evaluated. This shows the effect of B. subtilis on the reg-
ulation of intestinal microflora in chickens [16; 18; 28], rabbits [10], pigs [14; 
21; 26], calves [24; 27], and dogs [2; 12; 27].

B. subtilis are demonstrate action against some pathogenic and opportu-
nistic microorganisms in addition to immunomodulatory characteristics. They 
may produce a variety of metabolites that are stable across a wide pH and tem-
perature range. They secrete amylases, glucanases, cellulases, pectinases, and 
pullulanases. Bacteria of B. subtilis are active against Klebsiella pneumoniae, 
Escherichia coli, Staphylococcus aureus etc. [5; 25].

With the developing issue of resistance to antibiotics in pathogenic micro-
flora, the potential for using probiotics as a therapeutic for intestinal inflam-
mation are obvious [20]. B. subtilis is considered a safe probiotic and has long 
been used in dairy and beef cattle as a dietary supplement [27]. The impact of 
B. subtilis on diarrhea in Siberian dairy cattle calves was investigated in this 
study. In addition, the rate of elimination of probiotic strains from intestinal 
tract of calves were evaluated.
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Materials and methods
Formation of experimental groups
Two groups of animals were selected for the experiment: Holstein calves 

of different sexes, 30 days of age. Calves of this age are housed in loose group 
cages for 5-6 heads on wooden floors with straw bedding. The cage is equipped 
with a feeder filled with pre-starter feed and finely chopped hay. Also, in the 
cage there is a bucket of water. Feeding of calves with combined milk from 
cows from is carried out 2 times, 5 liters per day. 

Evaluation of the consistency of feces on a point scale
To determine the degree of diarrhea, a scoring of fecal consistency is used. 

Such an estimate was first mentioned by Larson et al [15]. It is based on fluidity, 
where 1 is considered normal, 2 is soft, 3 is liquid, and 4 is watery Kertz and 
Chester-Jones described this system in a review. Such a system is important for 
the presentation of experimental data in calves [13; 23].

Collection of samples
Collection of samples is 3-4 hours after feeding during daytime. Feces were 

collected from the rectum using sterile probes and placed in sterile test tubes 
without culture media (Nuova Aptaca, Regione Monforte, Canelli, Italy). They 
were then placed in an ice-packed container and delivered to the laboratory. The 
samples were then stored at -20°C.

Suspension preparation
A kanamycin-resistant laboratory strain of B. subtilis Bs20 was used to pre-

pare the spore suspension. The inoculum was obtained by growing the strain 
on agarized potato media with kanamycin (Kraspharma, Krasnoyarsk, Russia) 
in a thermostat at 37 0С for 24 hours. A daily culture was inoculated into 1000 
ml mattresses containing 200 ml of agarized potato media without kanamycin. 
Cultivation was carried out in a thermostat at 37 °С for 96-100 hours until the 
spores were completely precipitation. Biomass was collected by washing with 
0.85% saline (Gematek, Tver, Russia) into a sterile container. The titer of spores 
was determined by seeding 100 µl of the corresponding tenfold dilution onto 
agarized potato medium with kanamycin.

Culturing in nutritional media
Samples in an amount of 1g were titrated with a 1х phosphate buffer (PBS, 

pH 7.4, Sigma-Aldrich, St. Louis, Missouri, USA). Then, the titer of spores was 
determined by culturing 100 µl of the matching tenfold dilution onto agarized 
potato media with kanamycin. Petri dishes were placed in a thermostat at 37 0С 
for 24 hours, following which colonies were counted and colony-forming units 
in the initial sample were calculated. 
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To study the species diversity of microbial cultures, colonies were re-cul-
tured from inoculations of samples of 0 and 14 days on CHROMagar Orien-
tation media (Chromagar, Paris, France). After subculture, petri dishes were 
incubated under aerobic conditions at 37°C for 24 hours.

Scheme of the experiment
The work was carried out from September to November. The experiment 

involved calves of Holstein breed, of different sexes, 30 days of age. Animals 
showed signs of diarrhea of varying severity (apathy, loss of appetite, diarrhea 
3nd score - liquid feces, 4nd score - watery feces). An assessment was made of 
the effect of the drugs of B. subtilis Bs20 bacteria on the development of diarrhea 
in calves in the conditions of the economy of the Novosibirsk region, Russia.

The experimental group consisted of 5 calves of 30 days of age, which were 
given the drug in the form of a white suspension every day, in the morning with 
milk. The drug was used for 12 days. The control group of 5 calves 30 days of 
age, where the drug was not used (Fig.1).

During the collection of anamnesis, it was discovered that improper milk 
drinking and possibly single feeding of not fresh milk facilitated in the devel-
opment of diarrhea.

Figure 1. Experiment scheme
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Statistical data processing
All data are presented as mean ± standard deviation. Statistical data processing 

was performed using IBM SPSS Statistics (version 23). Non-parametric statistical 
processing methods were used to analyze data with non-normal distribution. The 
effect of the day was determined using a non-parametric analogue of one-way anal-
ysis of variance - the Kruskal-Wallis test. Comparison of two groups of data with 
non-normal distribution was performed using the Mann-Whitney U test.

Results
It is well known that probiotics, such as the bacterium B. subtilis, interact with 

the normal flora of the intestines and can actively take part in metabolic processes 
[3]. We noticed a significant difference in the fecal consistency scores between 
the experimental and control groups on the third day following the termination 
of the spore suspension (Z=2.041; p=0.041). The consistency in the experimental 
group approached the norm (1 point), whereas it stayed at 2-3 points in the control 
group, which indicates the presence of a mild form of diarrhea. The consistency 
of the feces in the experimental group recovered to its normal on the 14th day 
following the discontinuation of the bacterial suspension, and it significantly dif-
fered from that of the calves in the control group (Z=2.887; p=0.004). It can be 
concluded that the bacteria B. subtilis affect the metabolism and the development 
of diarrhea. In addition, we observed a regular decrease in the titer of B. subtilis 
spores in the feces of calves from the experimental group. The spore titers signifi-
cantly differed on the 1st day after the exclusion of the drug from the spore titer 
on the 3rd day (Z=2.611; p=0.009), as well as from the spore titer on the 14th day 
(Z=2.694; p=0.007). Since these bacteria are allochthonous microflora and do not 
persist in the intestinal for an extended period, this impact is normal (Fig. 2b) [8].

The presence of B. subtilis bacteria in the feces was confirmed by inocula-
tion on potato agar with kanamycin. So, before the start of the experiment on 
the petri dishes, we do not observe the growth of colonies of B. subtilis bacteria. 
However, on the 1st day following the exclusion of the spore suspension, the 
maximum number of cells of the tested strain in 1 g of feces is observed, which 
corresponds to (1.66 +/- 0.5) x106 CFU/g. On the 3rd day after the exclusion 
of the spore suspension of B. subtilis, a decrease in the number of bacteria by 
2 orders of magnitude (3.86 +/- 0.6) x104 CFU/g was noted. And the test bac-
terial spore was no longer found in the feces of any calves except one on the 
14th day following the exclusion of the spore suspension (Fig. 3). In the fecal 
samples of animals of the control group, which spore suspension was not added 
to their diet, B. subtilis bacteria were not detected throughout the experiment.
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Figure 2. a) Change in the consistency of feces on a point scale, where 1 is normal,            
2 is soft feces, 3 is liquid, 4 is watery (n=10). b) Change in the titer of spores                              
of bacteria of B. subtilis in the feces of calves before feeding with probiotics                                                                                                                            

and on days 1, 3, 14 after exclusion of the spore suspension (n=5). 

Figure 3. Fecal bacterial cultures from the experimental groups,                                             
on potato agar with kanamycin.
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During the experiment, we investigated the microbial diversity in the faeces of 
the experimental group of animals. As a result, when bacteria were cultivated on the 
CHROMagar Orientation nutrient medium, we observed the presence of Candida 
spp. in the samples before the experiment. At the same time, in the samples on the 
1st, 3rd and 14th days after the application of the bacterial suspension, the growth 
of Candida spp. was not observed. This may indicate the presence of fungicidal 
activity of B. subtilis bacteria. Some articles describe such activities [25]. Genome 
sequencing showed that fungi were identified as Candida tropicalis (Tab.1). 

Table 1.
Sequencing of the 18S rRNA gene sequence of the fungus of the genus                            

Candida sp. isolated from faeces of calves
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It can also be seen those bacteria of the KESC group (Klebsiella spp., En-
terobacter spp., Serratia spp., Citrobacter spp.) are not detected on the 14th 
day (Fig. 4). These data allow us to draw a conclusion about the influence of B. 
subtilis bacteria on the intestinal microflora.

Figure 4. Change in the species diversity of microorganism cultures                                         
in fecal samples of the experimental group (a) before the experiment and (b)                                                                                                                                              

on the 14th day after the exclusion of the spore suspension. Transferring                                   
to CHROMagar Orientation medium.

Discussion
In this study, we found the effect of a probiotic strain of B. subtilis on intes-

tinal metabolism in calves. In calves in the first few months of life, disorders 
of the gastrointestinal tract very often occur. Such diseases are associated with 
metabolic disorders and infection. Probiotics are able to produce substances 
necessary for the body. So, we observe that when using a probiotic, diarrhea dis-
appears in calves. It is also important to change the microflora. We observe the 
disappearance of the opportunistic fungus Candida tropicalis from the feces of 
calves after the use of a probiotic. This indicates the presence of antifungal ac-
tivity of the strain. At the same time, it is obvious that with the rapid removal of 
probiotics from the gastrointestinal tract, the effect of their use can be reduced. 

Conclusions
Probiotic drugs are used to prevent and treat diseases of the gastrointestinal 

tract in animals. This is primarily due to their activity against many opportunis-
tic and pathogenic microorganisms. Mechanisms of action of bacteria Bacillus 
spp. have been studied for a long time, it is believed that these allochthonous mi-
croorganisms enter the gastrointestinal tract of animals by chance, with soil and 
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plants. In the gastrointestinal tract, they interact with normal flora, participate in 
metabolism, release active compounds that can suppress the growth of pathogenic 
microflora. According to our observations, in ruminants, on average, the probiotic 
strain B. subtilis persists in the intestine for about two weeks, provided that high 
titers of bacteria are supplied daily with food. From this, it becomes clear that B. 
subtilis must be constantly added to the feed in order to obtain the effect of the 
use of a probiotic. Though the fact that B. subtilis is a spore bacterium, there is a 
possibility that some of them die during the passage of aggressive environments of 
the body. Therefore, the task of delivering a probiotic to the intestines is significant 
for an enhanced and lasting effect. Since we observed a change in the microbiome 
composition, there is a need to further study the strain for activity against fungi 
and some pathogenic organisms. this will pave the way for the development of 
antibacterial drugs based on probiotics. Probiotics may take a leading role in the 
treatment of intestinal diseases in animals.
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