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Abstract. Diarrhea of newborn calves is a globally common disease that
causes significant damage to livestock. Economic losses from diarrhea in
young cattle are directly related to the cost of long-term treatment of
animals and their mortality, as well as the projected decrease in
productivity, which negatively affects the efficiency of maintaining the
entire herd. Currently, it is an established fact that diarrhea of newborn
calves has a polyethological nature, which has an interaction in
pathogenesis between the calf's body, enteropathogens and the technology
of keeping animals. For the treatment of calves with diarrhea caused by
enteropathogenic Escherichia coli, many methods and schemes using
various antibiotics have been proposed. The need for fast and efficient
treatment for acute diarrhea of calves in many cases leads to an empirical
selection of the drug without taking into account the spectrum of its
activity. This approach leads to the appearance and rapid spread of
antibiotic resistant strains of microorganisms and as a result reduces the
effectiveness of veterinary measures. The article presents the results of a
study of the effect of a new complex drug containing stabilized silver
particles, an immunostimulator and an antioxidant on the body of calves
with diarrhea, as an alternative to the antibiotics. Studies were conducted
on calves of the first week of life with a diagnosis of diarrhea, with
enteropathogenic Escherichia coli confirmation.

1 Introduction
A necessary condition for the successful development of both dairy and beef cattle breeding
is the production and rearing of healthy calves, since the quality of health in the first period
of ontogenesis directly affects further development, adaptation to adverse environmental
factors and the realization of the genetic potential of productivity. Diarrhea in newborn
calves is one of the globally common diseases that cause significant damage to cattle
breeding. The economic damage caused by this pathology consists of the cost of medicines
for treatment, the death of animals and the loss of potential productivity [1]. In dairy calves,
the risk of developing diarrhea varies over time, with a higher total risk of diarrhea
occurring during the first two months of life. The maximum risk occurs during the second
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week of life [2.3]. However, mortality is higher during the first week after birth [3].
Diarrhea caused by E. coli is the main cause of morbidity and mortality in young animals
[4].
In recent years, many methods and schemes using various drugs, both domestic and
imported, have been proposed for the prevention and treatment of diarrhea in newborn
calves. At the same time, there are very few affordable, cheap, environmentally friendly
drugs for effective treatment of this pathology [5]. The widespread use of antibiotics has
revealed a number of their negative properties. First, the emergence and rapid spread of
antibiotic-resistant strains of microorganisms [4], which encourages investment in the
development of new antibacterial drugs and recommendations for the selective use of such
drugs. In addition to the appearance of resistant strains, the use of antibiotics acts on the
macroorganism negatively affecting the digestive system and secretions, reduces nonspecific resistance and can lead to the development of dysbacteriosis.
According to [5] 88 out of 150 animals with diarrhea tested positive for Escherichia
coli. Among them 54 samples had a mixed infection with other bacterial and / or parasitic
agents. There are several pathotypes of diarrhea Escherichia coli, including
enteropathogenic Escherichia coli (EPEC), Shiga-toxin-producing Escherichia coli
(STEC), enterotoxigenic Escherichia coli (ETEC) and necrotoxigenic Escherichia coli
(NTEC). Studies have shown that 48 (54.5%) isolates are multidrug-resistant to antibiotics.
The percentage of resistance to tetracycline, streptomycin, ampicillin and trimethoprimsulfamethoxazole was 79.5. 67.0. 54.5 and 43.0. respectively. Ceftazidim (14.8%),
amoxicillin-clavulanic acid (13.6%) and aztreonam (11.3%) showed the lowest resistance,
and none of the isolates were resistant to imipenem [6].
The prevalence of E. coli-related diarrhea in calves was 85.04%, where 35.01% were
caused by enterotoxigenic strains Escherichia coli. The highest antimicrobial resistance was
observed for tetracycline (63.21%) and ampicillin (48.11%), while the most active
antibiotics were chloramphenicol, gentamicin (96.33%) and imipenem (99.06%). Multidrug
resistance was detected in 69.81% of isolates by enterotoxigenic Escherichia coli strains
from diarrheal calves. The higher prevalence of genes eaeA and hlyA, carring isolates of
enterotoxigenic strains Escherichia coli, may pose a serious zoonotic threat, and the
increased prevalence of multidrug resistance in E. coli may require strict selection of an
appropriate antimicrobial agent in the treatment of diarrhea in calves [7.8].
Based on the results of an antibioticogram of the selected strains of seven serogroups, it
was found that most E. coli serotypes show multidrug resistance to four antimicrobial
agents; neomycin, gentamicin, streptomycin and amikacin. Enrofloxacin, florfenicol,
amoxicillin-clavulanic acid and ampicillin-sulbactam are the most effective antimicrobials
against isolated strains STEC and ETEC E. сoli [9].
In the study a total of 379 E. coli strains were isolated from calves with diarrhea. All E.
coli isolates were tested for their sensitivity to 15 antimicrobial agents using the KirbyBauer method. Isolates showed the highest levels of resistance to ampicillin (64.9%), as
well as streptomycin (59.4%), tetracycline (53.8%), sulfamethoxazole / trimethoprim
(50.9%), chloramphenicol (45.6%), kanamycin (44.1%) and enrofloxacin (42.0%). E. coli
isolates showed lower resistance to ceftazidime (15.0%) and polymyxin (12.6%) [10].
Shiga-toxigenic E. coli O157: H7 - this is a type of Shiga toxin E. coli, which can cause
diseases in humans and animals. In studies [11], the sensitivity test of isolates showed that
all isolated cultures are highly resistant to erythromycin (100%) and cephalotin (96.87%).
Less resistance to tetracycline, trimethoprim-sulfamethoxazole and chloramphenicol at
different percentages (31.25%), (12.5%) and (9.37%), respectively, and all isolates showed
high sensitivity to gentamicin (100%), enrofloxacin (100%). The emergence of multidrugresistant microbes is facilitated by drug and / or antibiotic resistance, which is acquired by
microbes for their survival and reproduction in inconvenient conditions. Multidrug-resistant
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bacterial infections lead to a significant increase in mortality, morbidity, and the cost of
long-term treatment. Therefore, the development, modification, or search for antimicrobial
compounds with bactericidal potential against multidrug-resistant bacteria is a priority area
of research [12].
The above-mentioned numerous evidence of antibiotic resistance and the resulting
decrease in treatment effectiveness stimulate the search for alternative therapies. Plant
metabolites can be an alternative method of control. In the study [13], Cerrado plant
extracts were selected and characterized, demonstrating inhibitory effects against
Escherichia coli and Staphylococcus spp. from cattle.
Bacterial probiotic drugs play an important role in restoring normal intestinal
microbiocenosis [14]. It was found that to stimulate the recovery of liver function in toxic
dyspepsia in newborn calves, it is advisable to introduce an additive containing
phospholipids [15].
Many studies conducted by both Russian and foreign scientists have shown that silver
nanoparticles have unique physical, chemical, and biomedical properties, which led to their
use in human and veterinary medicine, and sanitation. The main property is high
bactericidal activity due to bacterial inactivation and growth inhibition [16.17], spreading to
more than 600 species of bacteria, viruses and fungi [18].
An in vitro study of the antibacterial activity of silver nanoparticles obtained by the
modified Tollens process revealed high antibacterial activity even at very low
concentrations of several units mg/l. These concentrations are comparable to those of ionic
silver, showing the same antibacterial effect. However, such low concentrations of silver
nanoparticles do not show acute cytotoxicity to mammalian cells - this occurs at silver
concentrations above 60 mg / l, while the cytotoxic level of ionic silver is much lower
(approximately 1 mg / l) [19].
The inhibitory effect of silver is probably the sum of the various mechanisms of action.
A number of studies suggest that silver ions react with SH-groups of microbial proteins
[20]. The presence of silver and sulfur elements in electron-dense granules and cytoplasm
detected by x-ray microanalysis suggests an antibacterial mechanism of silver: DNA loses
its ability to replicate, and the protein becomes inactivated after Ag ( + ) treatment. more
minor morphological changes in S. aureus compared to E. coli recommended the S. aureus
protection system from the inhibitory action of Ag (+) ions[22].
The study [23] was aimed at evaluating the antibacterial effectiveness of biosynthesis of
silver nanoparticles using natural honey against bacteria isolated from calves with diarrhea.
Most of the bacteria isolated from calves have been identified as E. coli, Salmonella spp,
and S. aureus. All of these bacteria were sensitive to ciprofloxacin, gentamicin, and
chloramphenicol, but were resistant to penicillin, ampicillin, and amoxicillin. The
antibacterial effects of silver nanoparticles on multidrug-resistant bacteria had similar or
superior effects of ciprofloxacin and chloramphenicol.
Silver nanoparticles treated with a phosphate buffer, as well as carbon-coated
nanoparticles, were toxic to all bacterial strains, with the exception of Ag-resistant E. coli,
at concentrations between 64.0-1024.0 micrograms / ml. Ag-resistant E. coli died only
when using silver nanoparticles not treated with a phosphate buffer or its supernatant, both
of which contained formaldehyde [24]. Thus, it becomes obvious that the search for
medicines that contain silver for the treatment of diseases in calves with an established
infectious pathogen is promising.
The aim of the research was to study the therapeutic properties of a new complex drug
based on silver and its effect on the body of calves with diarrhea.
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2 Materials and Methods
A study of the therapeutic effectiveness of a drug based on stabilized silver particles, in
combination with an immunostimulator and an antioxidant, was conducted on 24 calves of
the first week of life with a diagnosis of diarrhea. The calves were divided into two groups
based on the principle of analogues. During the study of morphological and biochemical
parameters of blood, the data obtained were compared with those of clinically healthy
calves (n=12).
Diarrhea in newborn calves was diagnosed comprehensively taking into account
epizootic data, clinical animal studies, morphological and biochemical blood tests, and
bacteriological studies of samples from sick calves with the release of enteropathogenic E.
сoli.
Calves were assigned a half-starved diet, skipping the next two drinks of colostrum and
replacing them with saline solution. Next feeding portions of milk were reduced by 40%,
filling the volume with saline solution 15 minutes before feeding. The drug based on
stabilized silver particles was administered to animals of the first group at a dose of 1.5
ml/kg of body weight for three to five days. In the treatment of calves from the second
group, an antibiotic from the group of third-generation fluoroquinolones was used in
accordance with the instructions.
The animals were monitored, noting their clinical condition and clinical course. The
criteria for evaluating the effectiveness of therapy for calves with diarrhea were clinical,
biochemical, and morphological blood parameters, the duration of treatment, and the time
of recovery. Morphological studies were carried out using the veterinary hematological
analyzer Mindray BC-2800Vet, biochemical - using an automatic photometric Analyzer
CHEM WELL 2910V (C) (Combi).

3 Results
According to the data presented in table 1. it can be concluded that the use of a silver-based
drug provides a high therapeutic effect and a short treatment period, in comparison with an
antibiotic used in the farm for the treatment of calves with diarrhea.
Table 1. Results of the study of comparative medical effectiveness of therapy in calves with
diarrhea.

Indicator

Group №1

Group №2

Number of animals in the group

12

12

Course of treatment, days

4.91±0.7

5.91±0.8

Calves recovered (%)

12 (100)

11 (91.6)

Calves died (%)

1 ( 8 .3 )

Average daily weight gain, g
Recovery time, days

567.2±12.6*

5 2 2 .4 ± 1 8 .2

6.2±0.7

7.4±0.5

Note: * - р<0.05

The therapeutic effectiveness of treatment of calves using a silver-based drug was
100%, and in the group where the "standard" antibiotic was used – 91.6%. At the same
time, the course of treatment in the first group was 4.91 days, in the second group – 5.91
days. As a result of the therapy, the improvement of the general condition and the
disappearance of clinical and diagnostic manifestations of the disease were registered in the
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first group after 6.2 days, the second – after 7.4 days. The high effectiveness of the studied
drug is also confirmed by the indicators of animal productivity. During the 30-day followup period, the average daily growth of animals in the first group was 7.9% higher than that
of calves in the second group.
The results of the conducted morphological researches of blood of sick calves showed
that before treatment due to dehydration we found a significant increase in the number of
red blood cells in comparison with the control group of animals (table 2). The use of the
studied drugs contributed to the normalization of the red blood cells number in calves of the
first and second groups. Before treatment, calves with diarrhea showed a decrease in the
hemoglobin content in the blood to 94.8 g/l. Determination of this indicator 15 days after
treatment indicated an increase in the level of hemoglobin in animals of the first group by
17.8%, in calves of the second group-by 10.7%.
Table 2. Hematological indicators of calves (n=10).

Indicator
12

RBC, 10 /l

Hemoglobin, g/l

WBC, 109/l

Group

Before treatment

15 days after treatment

1

8.42±0.38*

7.71±0.25

2

8.38±0.25*

8.03±0.38

Control

7.23±0.32

7.45±0.38

1

95.20±3.22*

112.20±3.28

2

94.51±2.35*

104.62±2.31

Control

113.12±3.02

113.56±3.02

1

10.68±0.85*

7.61±0.87

2

10.53±0.28*

8.33±0.58

Control

7.46±0.25

7.54±0.24

Note: * - р<0.05 the difference is statistically significant between given and the control group

The study of the content of white blood cells in the peripheral blood of calves allowed
us to state leukocytosis in sick animals, confirming the development of an inflammatory
process in the gastrointestinal tract. The level of white blood cells in the blood of calves of
the first and second groups was significantly higher than the same indicator in clinically
healthy calves by 43.2 and 41.1%, respectively. 15 days after treatment, the number of
white blood cells in the first group decreased to 7.61∙109/l, in the second -to 8.33∙109/ l,
respectively.
The leukogram of sick animals is characterized by changes in cellular composition
against the background of functional digestive disorders, accumulation of a significant
amount of ammonia and residual nitrogen, which cause the development of alimentary
toxicosis. In addition, toxicosis of the body of calves occurs due to the absorption of toxins
that are released in large quantities by enteropathogenic bacteria (table 3).
The number of basophils in all calves was within the limits of the physiological norm.
However, before treatment, the number of basophils in calves with diarrhea was on average
significantly higher in comparison with healthy animals by 2.5-3 times. The number of
eosinophils in the blood all the days of the study was within the refractive values. Before
the treatment, an increase in immature and rod-shaped neutrophils was observed in sick
calves. The significant excess of the number of immature neutrophils in sick animals was
2.6-3 times, and the number of rod-shaped neutrophils was 1.4 times.
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Table 3. Leukocyte formula in calves, % (n=10).
Indicator
Basophils 0-2

Eosinophils 5-8

immature 0-1

rod-nuclear 2-5
segmentonuclear
20-35
Lymphocytes
40-60
Monocytes 2-7

Group
1
2
Control
1
2
Control
1
2
Control
1
2
Control
1
2
Control
1
2
Control
1
2
Control

Before treatment
0.5±0.02*
0.6±0.01*
0.2±0.04
7.1±0.42
6.9±0.35
6.5±0.38
Neutrophils:
0.8±0.03*
0.9±0.02*
0.3±0.06
5.2±0.38*
5.1±0.72*
3.7±0.62
31.0±2.25
31.4±2.31
31.7±2.35
46.2±3.42*
45.8±3.25*
53.1±4.46
9.2±1.24*
9.3±1.32*
4.5±1.28

15 days after treatment
0.3±0.05*
0.4±0.04*
0.3±0.08
6.8±0.24
6.6±0.26
6.4±0.36
0.5±0.07
0.5±0.06
0.2±0.04
3.8±0.42
3.7±0.68
3.6±0.52
33.3±2.33
34.6±2.65
32.5±2.17
50.4±3.62
49.5±4.12
52.7±3.52
4.9±1.18
5.2±1.14
4.1±1.34

Note: * - р<0.05 the difference is statistically significant between given and the control group.

An increase in the level of neutrophils in this case can characterize the development of
acute bacterial infection, when the production of neutrophils increases significantly,
immature forms of neutrophils enter the bloodstream, resulting in an increase in the number
of immature and rod-shaped neutrophils. This shift of the leukocyte formula to the left
indicates the activity of the bone marrow response to infection. The number of
segmentonuclear neutrophils in the blood of clinically healthy and sick calves was normal
throughout the study period. In percentage terms, a significant decrease in the number of
lymphocytes in calves with diarrhea by 13-13.7% and an excess of the reference values for
the percentage of monocytes in sick animals in comparison with control animals by 31.432.8% was registered within the limits of physiological values. A decrease in the level of
lymphocytes and an increase in the percentage of monocytes characterizes the development
of acute bacterial infection in calves with diarrhea.
In the biochemical profile of sick calves, a significant decrease in total protein, reserve
alkalinity and glucose, and an increase in the concentration of total calcium and inorganic
phosphorus was found in comparison with clinically healthy animals. The decrease in the
total protein content in sick animals is probably associated with a shift in the acid-base
balance to the acidic side, the formation of under-oxidized metabolic products that violate
the metabolic function of the liver, which is manifested in a violation of protein synthesis,
including plasma proteins. Differences in indicators between sick and healthy calves were
noted not only in the content of total protein, but in the quantitative composition of its
fractions. Violation of protein synthesis in the liver of sick calves leads to a violation of the
normal ratio of protein fractions in the blood serum. Thus, before treatment, the albumin
content was significantly lower than the values in control animals by 30.8%, and globulins,
respectively, were higher than α by 21.2%, β - by 5.1%, and γ-by 9.4% (table 4).
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Table 4. Biochemical parameters of blood serum in calves (n=10).
Indicator
Crude protein, g/l

Albumins g/l

α-globulins, g/l

β- globulins, g/l

γ- globulins, g/l

Reserve
alkalinity, %
СО2
Glucose, mmol / l

Total
calcium,
mmol / l
Inorganic
phosphorus,
mmol / l

Group
1
2
Control
1
2
Control
1
2
Control
1
2
Control
1
2
Control
1
2
Control
1
2
Control
1
2
Control
1
2
Control

Before treatment
62.40±2.08*
63.50±2.12*
70.20±1.64
25.30±2.27*
26.20±2.00*
37.20±1.34
12.50±1.42*
12.70±1.33*
10.40±0.65
11.50±0.75
11.00±0.88
10.70±1.17
13.10±0.56*
13.60±0.79*
12.20±0.25
36.50±3.10*
34.30±3.50*
51.00±2.60
2.72±0.34*
3.02±0.42*
5.14±0.26
4.70±0.36*
4.50±0.27*
3.12±0.22
2.21±0.27*
2.30±0.23*
1.25±0.25

15 days after treatment
71.00±1.10
69.90±1.22
71.10±1.64
37.40±0.78
36.90±0.86
37.50±2.15
10.50±0.24
10.30±0.35
10.60±0.45
10.70±0.67
10.50±0.65
10.60±1.25
12.40±0.53
12.20±1.03
12.00±0.43
50.40±2.20
47.80±2.10
50.80±2.15
5.06±0.18
5.00±0.23
5.08±0.32
3.05±0.19
3.19±0.34
3.09±0.24
1.21±0.18
1.34±0.16
1.12±0.20

Note: * - р<0.05 the difference is statistically significant between given and the control group

Reserve alkalinity in sick calves before treatment was reduced by 44.1%, which may
also indicate a shift in the alkaline balance towards acidosis against the background of
changes in the H2O balance and electrolytes. The glucose level in animals of the first and
second groups before treatment was at the level of 2.72±0.34 and 3.02±0.42 mmol/l with
the value of this indicator in the control group of 5.14±0.26 mmol / l, which reflects a
violation of gluconeogenesis in the sick animals body. The development of diarrhea leads
to significant violations of water-salt metabolism in the body of animals. The amount of
total calcium in the blood serum of calves with diarrhea before treatment in the first and
second groups was significantly higher than the control indicators and was 4.7 and 4.5
mmol/l, decreasing to 3.19±0.34 and 3.09±0.24 mmol/l, respectively, 15 days after
treatment. The amount of inorganic phosphorus also exceeded the norm in sick calves by
almost 1.8 times, reducing to unreliable differences with the values of the control group by
the 15th day after treatment.

4 Discussion
Maintaining the characteristics of the herd at the proper level is achieved by preventing and
controlling diarrhoea in newborns. Evaluation of methods of keeping herds and farms,
correct diagnostics of pathogens and analysis of the quality and consumption of colostrum
are the most important steps to solve this problem, which causes great damage to dairy
farming. Choosing the right prevention/treatment program is also critical to success [1].
When detecting specific pathogens, the use of antimicrobial drugs is a mandatory
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component of the complex of measures in the treatment of calf diarrhea. The effectiveness
of antibiotics in many cases is reduced due to the increasing resistance of microorganisms
to drugs resulting from the selective effect of antimicrobial drugs on various structures of
the microbial cell.
As an alternative, the effectiveness of a drug based on stabilized silver particles in
combination with an immunostimulator and an antioxidant was studied in complex
treatment regimens for calf diarrhea.
The use of the drug at a dose of 1.5 ml/kg of body weight for three to five days provides
a high therapeutic effect and can be used to treat gastrointestinal diseases of calves
complicated by infection in the first days of life. Application the drug provides
normalization of morphological and biochemical parameters of blood of sick calves.

5 Conclusions
The use of a drug based on stabilized silver particles, in combination with an
immunostimulator and an antioxidant, reduces the recovery time of calves with diarrhea,
increases the safety of animals. The pronounced clinical effect of the drug causes relatively
higher productivity indicators of calves by average daily weight gain.
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