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A b s t r a c t  
 

Currently, there is a wide distribution of natural foci of ixodid tick-borne borreliosis (ITB, 

Lyme disease) in Europe, Asia, Australia and America, as well as high infection rate of people and 

animals. Studies have shown that this new natural focal infection occupies a leading position in terms 

of morbidity and socio-economic damage. Many pathogenic microorganisms, including Borrelia 

burgdorferi, which cause disease in humans and animals, persist in certain natural foci. Ticks feed on 

different animals at different stages of development. The size of the tick population mainly depends 

on the number of adult reservoir hosts. The research, for the first time, revealed in ITB infection 

reservoir hosts with diagnostically significant titers of antibodies to В. burgdorferi the blood serum 

biochemical parameters which indicate the pathological effect of the pathogen on the body of wild 

animals, the development of multiple organ failure and harm to their health. The aim was to study the 

natural foci of ixodid tick-borne borreliosis and to obtain new data on the epizootology of the disease, 

including an assessment of the effect of parasitism of ixodid ticks infected with B. burgdorferi on the 

blood chemical composition of reservoir hosts, the mountain hare and moose. Blood serum from adult 

males of mountain hare (n = 11) was used, including 5 samples that had diagnostically significant titers 

of antibodies to B. burgdorferi in the indirect immunofluorescence assay (IDIF) (1:40 and 1:80), and 

6 samples that did not have diagnostically significant titers of antibodies to B. burgdorferi (control). We 

also studied blood serum from moose (n = 114) of different sex and age groups (animals aged 6-7 

months and adults), including 24 samples with diagnostically significant titers of antibodies to B. 

burgdorferi and 90 samples from clinically healthy animals (Kirov region), including individuals whose 

sera in the IDIF did not have diagnostically significant titers of antibodies to B. burgdorferi. Animals 

were hunted during scientific shooting during the autumn hunting seasons of 2005-2020. Blood samples 

for laboratory studies were taken from the jugular vein immediately after the animal was shot. Anti-

borreliosis antibodies in blood serum was detected in IDIF test using B. afzelii corpuscular antigen 

(strain Ip-21) and fluorescein isothiocyanate (FITC) labeled luminescent immune serum against glob-

ulins of various animal species (rabbit, dog, bull, pig, chicken). Biochemical studies of blood serum 

were performed using a semi-automatic analyzer Biochem SA (High Technology Inc., USA) with a set 

of reagents (Eco-Service, Russia) to measure the concentration of aspartate aminotransferase (AST), 

alanine aminotransferase (ALT), alkaline phosphatase, lactate dehydrogenase (LDH), alpha-amylase, 

total protein, albumin, total bilirubin, direct bilirubin, creatinine and cholesterol. It was found that the 

animals with diagnostically significant titers of antibodies to B. burgdorferi had statistically significant 

(p < 0.05) differences in the activity of AST, ALT, alkaline phosphatase, the content of total protein, 

total and direct bilirubin, creatinine. Thus, in a hare with diagnostically significant titers of antibodies 

to B. burgdorferi, AST activity was 342.2 % higher compared to animals without titers. An increase in 

AST activity in moose was noted, by 35.0 % in young females, by 35.3 % in young males, by 31.2 % 

in adult females, and by 24.0 % in adult males. ALT activity in hare with diagnostic titers to B. burgdor-

feri was 32.8 % higher compared to the control. An increase in ALT activity was also found in moose, 
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by 53.8% in young females, by 90.4 % in young males, by 188.6 % in adult females, and by 173.9 % 

in adult males. In hare, the value of the de Ritis coefficient testified to the predominance of the heart 

pathology, and in moose, on the contrary, to liver damage. An increase (p < 0.05) in the activity of 

alkaline phosphatase during borreliosis in adult moose was noted, by 132.5 % in females and by 

206.3 % in males, and a decrease in the enzyme activity in young females. In hare, an increase in the 

content of total bilirubin by 42.4 % was revealed, in young female moose by 86.1 %, in young males 

by 121.9 %, in adult females by 118.8 %, in adult males by 70.4 %. In addition, the content of direct 

bilirubin increased in male moose, by 59.1 % in young and by 102.8 % in adults. The amount of total 

protein in all groups of animals with diagnostically significant antibody titers to B. burgdorferi increased: 

in hare by 123.6 %, in young female moose by 24.3 %, in young males by 53.5 %, in adult females by 

76.7 %, in adult males by 19.9%. In hares with diagnostic titers of antibodies to B. burgdorferi, the 

renal failure led to a 40.7 % increase for creatinine, the end product of metabolism. Univariate analysis 

(ANOVA) allowed us to establish a significant effect of B. burgdorferi on the increase in serum con-

centrations of aspartate aminotransferase, alanine aminotransferase, alkaline phosphatase, total protein, 

total and direct bilirubin, and creatinine. The data obtained indicate multiple organ failure in reservoir 

hosts under borreliosis and pathological effects of B. burgdorferi on animals. 
 

Keywords: Borrelia burgdorferi, ixodid ticks, reservoir hosts, Alces alces, Lepus timidus, blood 

biochemistry, blood serum 
 

Ixodid tick-borne borreliosis (ITB, Lyme disease) is a relatively new group 

of naturally focal vector-borne infectious diseases. The pathogen was discovered 

in 1982 [1]. ITB is a typical spirochetosis with the clinical and pathogenetic fea-

tures of this group of infectious diseases. The ability of spirochetes to persist for a 

long time in the body of humans and animals leads to the formation of a chronic 

process that occurs with systemic damage to organs [2, 3]. 

The pathogen enters the body with the saliva of the tick. Its primary ac-

cumulation occurs in the basal and papillary layers of the epidermis, which is 

accompanied by vascular changes and manifests itself as erythema migrans, which 

sometimes serves as the only marker of the acute period of the disease [3]. Skin 

lesions (pathognomonic signs of the disease in humans) in sick animals are ob-

served only in isolated cases due to the presence of fur and skin pigmentation. 

As Borrelia accumulate, they spread hematogenously and lymphogenously 

from the primary focus throughout the body, entering internal organs and other 

areas of the skin (secondary erythema). Generalization of the infection is clinically 

accompanied by symptoms of general intoxication and damage to various organs 

(brain and spinal cord with involvement of the meninges, liver, kidneys, heart, 

spleen, muscles, joints, lymph nodes in the inflammatory process) [3]. 

Currently, for the countries of Europe, Asia, Australia and America, the 

relevance of ITB is determined by the wide distribution of natural foci, as well as 

the high infection rate of people and animals. Studies have shown that this new 

natural focal infection occupies a leading place in terms of morbidity and socio-

economic damage [2-4]. 

To date, no specific prevention measures have been developed for the 

disease, and in nature, ixodid ticks have practically no natural enemies. As a result, 

only the human factor remains the main regulator of the numbers of these arthro-

pods [5)]. On the territory of the Russian Federation, a decrease in the area of 

acaricidal treatments is the main reason for the epidemiological problems with 

tick-borne infections [6]. In addition, the expansion of borreliosis foci is caused 

by the reduction of arable land, the abandonment of intensive agriculture, and the 

increase in suburban construction and landscaping of urban areas. There is a mo-

saic growth of forests and the formation of a favorable environment for ixodid 

ticks and their hosts [7-10]. 

Many pathogenic microorganisms, including Borrelia burgdorferi, which 

cause diseases in humans and animals, persist in the body of reservoir hosts. This 

reservoir function is closely related to the association between the animal species 

and the pathogen, which must remain viable without interfering with the survival 
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of the host. The specificity of arthropod vectors for different animal species is also 

important in the transmission of the pathogen and is of particular importance for 

the development of a predictive model of disease risk. 

At different stages of development, ticks feed on different types of animals. 

Tick-borne pathogens are transmitted to susceptible organisms from small to me-

dium-sized mammals and birds (mainly by nymphs and larvae), while tick popu-

lation size is primarily dependent on the number of adult reservoir hosts. Medium-

sized mammals such as the mountain hare (Lepus timidus, Linnaeus 1758), and 

large ungulates such as moose (Alces alces, Linnaeus 1758), white-tailed deer (Do-
coileus virginianus Zimmermann, 1780), cattle (Bos taurus taurus Linnaeus, 1758) 

and horses (Equus caballus Linnaeus, 1758), serve as feeders for all stages of tick 

development. Large ungulates are the primary food source for adults and are not 

capable of pathogen accumulation but are nonetheless important for pathogen 

transmission because they provide food for large numbers of adult females, con-

tributing to increased tick numbers [11]. Large wild and domestic animals are 

considered incompetent reservoirs, meaning ticks that feed on them can infect 

each other when feeding together [12]. In addition, incompetent reservoirs serve 

as a supporting reservoir for all stages of mite development. Reducing the popu-

lation of incompetent reservoirs can reduce potential transmission, the prevalence 

of Borrelia, and the risk of disease in humans. 

Incompetent reservoirs determine the increase in tick numbers in the area 

where they live, and if competent hosts also have high numbers, the risk of disease 

in humans increases significantly. Studies have shown that in areas inhabited by 

European roe deer (Capreolus capreolus Linnaeus, 1758) and cattle, Ixodes ticks 

are found in greater numbers [11, 13-15] and the number of reported cases of 

borreliosis is higher [16]. In general, for a correct and complete interpretation of 

the epizootology of any anthropozoonotic disease, the causative agent, vector and 

reservoir hosts should be considered as environmental system. Humans are always 

incidental hosts, and their risk of infection is based on the presence of competent 

and incompetent reservoir hosts [17, 18]. 

Biochemical blood parameters are widely used to assess the condition of 

the body of mammals, determine the presence of parasites [19], and can also 

indicate the state of the feed supply [20]. L.B. Keith et al. [21] and I.M. Keith et 

al. [22] studied parasites of the American hare (Lepus americanus Erxleben, 1777) 

in North America. V. Haukisalmi et al. [23, 24] studied parasites of voles in north-

ern Finland at different stages of the population cycle. Their results suggest that 

parasites do not have any obvious effect on population cycles. 

Borrelia persistence has been confirmed in some vertebrate species. Bac-

teremia is subject to changes that depend on the health of the host and the viability 

of the pathogen [18]. According to D.C. Duffy et al. [25] and T. Boulinier et al. 

[26], if a large number of infected ticks parasitize reservoir hosts, the reproductive 

dynamics of host populations may be disrupted. 

At present, the pathological effect of Borrelia on the human body and 

some species of domestic animals has been well studied, but it has not been 

established whether B. burgdorferi has any effect on the body and on the popu-

lation of hosts and reservoir hosts of ixodid ticks as a whole. In the literature 

available to us, we have not found data regarding the effect of B. burgdorferi on 

competent and incompetent reservoir hosts, including on biochemical blood pa-

rameters. 

In this work, for the first time, biochemical parameters of blood serum 

were established in reservoir hosts with ITB, which have diagnostically significant 

titers of antibodies to B. burgdorferi that indicate the pathological influence of the 

pathogen on the body of wild animals, the development of multiple organ failure 
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and harm to health. 

Our goal was to study the natural foci of ixodid tick-borne borreliosis and 

obtain new data on the epizootology of the disease, including assessing the effect 

of parasitism of ixodid ticks infected with Borrelia burgdorferi on the blood chem-

ical composition of the reservoir hosts, the mountain hare and moose. 

Materials and methods. Blood serum from adult male white hare (n = 11) 

was used, including 5 samples that in the indirect immunofluorescence assay 

(IDIF) had diagnostically significant titers of antibodies to B. burgdorferi (1:40 and 

1:80), and 6 samples that did not have diagnostically significant antibody titers to 

B. burgdorferi (control). We also examined blood serum from moose (n = 114) of 

various sex and age groups (young animals aged 6-7 months and adults), including 

24 samples with diagnostically significant antibody titers to B. burgdorferi, and 90 

samples from clinically healthy animals in the Kirov Province, including individ-

uals whose blood serum did not have diagnostically significant antibody titers to 

B. burgdorferi in the IDIF test. 

The animals were caught by shooting during the autumn hunting seasons 

of 2005-2020, the white hare in the Kotelnichsky District of the Kirov Province 

with the center in the village of Sloboda (5839′58′′N, 5043′42′′E), the moose on 

the territory of the scientific and experimental hunting farm (Zhitkov All-Russian 

Institute of Hunting and Fur Farming), located in the Slobodsky District of the 

Kirov Province with its center in the village Rogovoe (5833′04′′N, 5043′42′′E). All 

animals were wild and moved freely, feeding on local vegetation. 

Immediately after shooting the animal, blood for laboratory studies was 

sampled from the jugular vein (venae jugularis) into UNIVAC vacuum tubes (Ei-

liton LLC, Russia) with a coagulation activator (4 ml each) and centrifuged (a 

Liston C 2204 centrifuge, Liston LLC, Russia) for 20 min at 1500 rpm. 

Anti-borreliosis antibodies in blood serum were detected in the indirect 

immunofluorescence assay (IDIF) using the corpuscular antigen of B. afzelii 

(strain Ip-21) and luminescent immune serum labeled with fluorescein isothiocy-

anate (FITC) against globulins of various animal species (rabbit, dog, bovine, pig, 

chicken). IDIF test was performed according to the recommendations of E.I. Ko-

renberg et al. [27]. The results were recorded using a luminescent microscope 

LUMAM (JSC LOMO, Russia; an immersion lens). Titers of specific antibodies 

at a dilution of 1:40 or higher were considered diagnostically significant [28, 29]. 

Biochemical studies of blood serum (a semi-automatic Biochem SA ana-

lyzer, High Technology, Inc., USA) were carried out with a set of reagents (Eco-

Service, Russia) for quatification of aspartate aminotransferase (AST), alanine 

aminotransferase (ALT), alkaline phosphatase, lactate dehydrogenase ( LDH), al-

pha-amylase, total protein, albumin, total bilirubin, direct bilirubin, creatinine and 

cholesterol. 

Statistical analysis was performed using Microsoft Excel Office 2019 and 

Statgraphics 19-X64 software by generally accepted methods [30]. Mean values 

(M), standard deviations (±SD), medians (Me), percentiles (25% and 75%) were 

calculated. To compare parameters between groups, the nonparametric Wilcoxon-

Mann-Whitney test (U) was used. Relationships between traits were assessed using 

Spearman rank correlation. To assess the effect of B. burgdorferi on blood bio-

chemical parameters, one-way analysis of variance (ANOVA) was used. The in-

fluence of the factor was considered statistically significant at p < 0.05. 

Results. Biochemical parameters of blood serum of clinically healthy wild 

animals and individuals with diagnostically significant titers of antibodies to B. burg-

dorferi (1:40 and 1:80) are given in Tables 1-3. 
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1. Blood biochemical parameters of adult male mountain hare (Lepus timidus Linnaeus, 
1758) with diagnostic values of antibodies to Borrelia burgdorferi and animals with 
the antibody titers below the cutoff titer values (Kirov Province, Kotelnichsky Dis-

trict, 2005-2020) 

Parameter 
Animals with diagnostic antibody 

titers (n = 5) 

Animals without diagnostic 

antibody titers (n = 6) 
Aspartate aminotransferase, U/l:   

 min-max 44.2-115.9 15.6-25.8 

 M±SD 85.5±31.09 21.8±4.20 

 Ме 99.3* 22.4 

 25 %-75 % 61.2-106.8 19.3-25.2 

Alanine aminotransferase, U/l:   

 min-max 61.2-91.2 39.4-69.8 

 M±SD 77.5±12.96 56.9±11.02 

 Ме 78.1* 58.7 

 25 %-75 % 68.0-88.9 51.5-63.7 

Lactate dehydrogenase, U/l:   

 min-max 697.0-1242.5 620.1-902.1 

 M±SD 889.9±210.40 753.5±112.1 

 Ме 821.6 740.5 

 25 %-75 % 786.3-902.1 670.3-838.2 

-Amylase, U/l:   

 min-max 138.5-294.1 163.9-261.5 

 M±SD 212.7±68.21 228.4±35.69 

 Ме 237.5 236.6 

 25 %-75 % 145.0-248.5 219.6-252.4 

Total protein, g/l:   

 min-max 96.1-162.7 58.3-76.7 

 M±SD 131.5±28.66 64.1±7.17 

 Ме 136.9* 61.2 

 25 %-75 % 108.3-153.8 59.3-66.7 

Albumen, g/l:   

 min-max 63.2-88.5 56.2-86.9 

 M±SD 77.6±9.70 70.7±11.27 

 Ме 79.3 69.7 

 25 %-75 % 73.6-83.4 63.6-77.8 

Total bilirubin, mmol/l:   

 min-max 3.3-7.8 1.6-3.6 

 M±SD 5.0±1.85 2.8±0.66 

 Ме 4.2* 3.0 

 25 %-75 % 3.7-6.0 2.7-3.2 

Direct bilirubin, mmol/l:   

 min-max 0.1-2.5 0.2-1.0 

 M±SD 1.1±0.87 0.7±0.34 

 Ме 1.0 0.8 

 25 %-75 % 0.8-1.1 0.5-1.0 

Creatinine, mmol/l:   

 min-max 100.2-144.6 72.2-124.3 

 M±SD 124.8±16.5 96.0±18.70 

 Ме 129.1* 91.8 

 25 %-75 % 119.2-131.1 86.3-106.7 

Cholesterol, mmol/l:   

 min-max 0.1-0.3 0.1-0.4 

 M±SD 0.3±0.09 0.2±0.09 

 Ме 0.3 0.2 

 25 %-75 % 0.2-0.3 0.2-0.3 

* Differences between the groups are statistically significant at p < 0.05. 

 

We identified a strong correlation between some biochemical parameters 

in animals with diagnostically significant titers of antibodies to B. burgdorferi. In 

mountain hare, there were correlations between AST activity and the total bilirubin 

content (r = 1, p = 0.00), total protein and direct bilirubin (r = 1, p = 0.00). In 

young female moose correlations were between AST and ALT (r = 1, p = 0.00), 

AST and total protein (r = 1, p = 0.00), total and direct bilirubin (r = 1, p = 0.00); 

in young male moose between total protein and creatinine (r = 0.89; p = 0.02). 

Unlike control animals, in young female moose with diagnostically significant ti-

ters of antibodies to B. burgdorferi, a strong positive correlation (r = 1; p = 0.00) 

ocurred between the activity of alkaline phosphatase and the total protein content, 
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while a strong negative correlation (r = 1; p = 0.00) occurred between AST activity 

and total bilirubin, AST and direct bilirubin, AST and creatinine. 

2. Blood biochemical parameters of young moose (Alces alces Linnaeus, 1758) with 
diagnostic values of antibodies to Borrelia burgdorferi and animals with the antibody 
titers below the cutoff titer values (Kirov Province, Kotelnichsky District, 2005-2020) 

Parameter 

Femails  Mails  

with diagnostic antibody 

titers (n = 3) 

clinically healthy 

(n = 20) 

with diagnostic antibody 

titers (n = 7) 

clinically healthy 

(n = 20) 
Aspartate aminotransferase, U/l:    

 min-max 197.5-240.4 117.5-219.1 166.7-349.4 120.2-207.5 

 M±SD 216.0±22.07 161.2±28.30 238.7±76.33 160.0±30.92 

 Ме 210.1* 155.6 209.3* 154.7 

 25 %-75 % 203.8-225.2 146.9-178.9 189.5-283.1 131.6-193.5 

Alanine aminotransferase, U/l:    

 min-max 78.0-112.4 47.2-72.0 70.8-173.1 48.0-71.2 

 M±SD 95.2±17.17 60.8±6.42 116.7±37.08 58.7±6.74 

 Ме 95.1* 61.9 108.8* 57.2 

 25 %-75 % 86.6-103.8 56.8-63.9 90.3-141.7 54.8-64.7 

Alkaline phosphatase, U/l:    

 min-max 176.2-221.6 165.2-296.0 153.8-470.8 169.2-270.8 

 M±SD 199.1±22.70 230.4±40.8 289.2±111.48 222.2±31.14 

 Ме 199.4 232.0 261.8 219.1 

 25 %-75 % 187.8-210.5 197.7-269.2 210.0-359.1 200.9-253.8 

Total protein, g/l:    

 min-max 68.1-84.3 46.5-83.0 72.0-178.6 45.5-86.1 

 M±SD 76.5±8.13 61.6±9.91 121.4±41.03 66.4±13.53 

 Ме 77.1* 62.0 108.3* 70.5 

 25 %-75 % 72.6-80.7 53.7-67.0 90.6-154.7 53.2-77.8 

Albumen, g/l:     

 min-max 34.6-53.1 33.0-49.1 34.6-54.6 32.2-53.3 

 M±SD 44.7±9.37 40.9±4.48 46.5±8.22 42.9±6.94 

 Ме 46.5 41.8 49.2 42.9 

 25 %-75 % 40.5-49.8 38.2-43.7 40.8-52.7 36.0-50.0 

Total bilirubin, mmol/l:    

 min-max 13.1-25.6 5.6-10.9 9.9-25.5 5,6-10,1 

 M±SD 17.9±6.77 7.9±1.54 18.1±5.29 8,4±1,11 

 Ме 14.9* 8.0 18.7* 8,4 

 25 %-75 % 14.0-20.3 6.3-9.1 15.1-21.2 7,6-9,3 

Direct bilirubin, mmol/l:    

 min-max 2.1-3.5 1.4-3.7 2.1-5.7 0.9-3.8 

 M±SD 2.9±0.70 2.6±0.60 3.7±1.33 2.4±0.9 

 Ме 3.2 2.6 3.8* 2.4 

 25 %-75 % 2.6-3.3 2.3-3.1 2.5-4.5 1.8-2.8 

Creatinine, mmol/l:    

 min-max 149.7-209.6 117.7-180.7 110.5-215.6 109.3-180.4 

 M±SD 185.2±31.47 152.8±20.3 156.0±43.51 149.1±23.78 

 Ме 196.4 155.1 132.4 142.9 

 25 %-75 % 173.0-203.0 139.8-169.5 124.8-192.0 133.3-173.0 

* Differences between the groups are statistically significant at p < 0.05. 

 

In moose with diagnostically significant antibody titers, a strong correla-

tion (r = 1; p = 0.00) was idetnitied between adult and young females, young 

females and adult males, adult females and males for alkaline phosphatase; be-

tween young and adult females, young females and adult males for total protein; 

and between young and adult females, young females and adult males for total 

bilirubin. 

The one-way analysis (ANOVA) estimates the effect of B. burgdorferi on 

blood biochemical parameters of reservoir hosts. In the mountain hare, there was 

a statistically significant effect of B. burgdorferi on increasing the activity of AST 

(p = 0.00; 73.67% influence rate), ALT (p = 0.01; 47.44% influence rate), total 

protein content (p = 0.00; 77.77% influence rate), total bilirubin (p = 0.02; 44.1% 

influence rate), and creatinine (p = 0.02; 44.44% influence rate). In young female 

moose, B. burgdorferi had a significant effect on increasing the activity of AST 

(p = 0.00; 32.59% influence rate), ALT (p = 0.00; 69.17% influence rate), on 

total protein (p = 0.02; 22.48% influence rate), total bilirubin (p = 0.00; 65.57% 
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influence rate), creatinine (p = 0.02; 21.85% influence rate); in young male moose 

on an increase in the activity of AST (p = 0.00; 37.65% influence rate), ALT 

(p = 0.00, 65.64% influence rate), on total protein (p = 0.00; 53.57% influence 

rate), total bilirubin (p = 0.00; 71.7% influence rate), direct bilirubin (p = 0.00; 

24.88% influence rate). In adult female moose, B. burgdorferi infection caused an 

increase in activity of AST (p = 0.02, 20.34% influence rate), ALT (p = 0.00, 

62.49% influence rate), alkaline phosphatase (p = 0.00, 77.89% influence rate), in 

total protein (p = 0.00, 64.26% influence rate), total bilirubin (p = 0.00, 67.61% 

influence rate); in adult male moose an increase in activity of AST (p = 0.01, 

14.19% influence rate), ALT (p = 0.00, influence rate 52.72%), alkaline phospha-

tase (p = 0.00, 67.83% influence rate), in total protein content (p = 0.00, 30.77% 

influence rate), total bilirubin (p = 0.00, 55.65% influence rate), direct bilirubin 

(p = 0.00, 46.12% influence rate). 

3. Blood biochemical parameters of adult moose (Alces alces Linnaeus, 1758) with 
diagnostic values of antibodies to Borrelia burgdorferi and animals with the antibody 
titers below the cutoff titer values (Kirov Province, Kotelnichsky District, 2005-
2020) 

Parameter 

Femails Mails 

with diagnostic antibody 

titers (n = 4) 

clinically healthy 

(n = 20) 

with diagnostic antibody 

titers (n = 10) 

clinically 

healthy (n = 30) 
Aspartate aminotransferase, U/l:    

 min-max 301.6-326.9 157.1-341.6 198.6-452.3 162.3-342.5 

 M±SD 317.3±11.43 253.8±52.38 301.2±74.05 250.9±47.52 

 Ме 320.2* 244.1 301.6* 243.3 

 25 %-75 % 312.3-325.2 219.6-296.0 247.4-338.2 208.4-299.4 

Alanine aminotransferase, U/l:    

 min-max 56.9-223.4 29.4-55.4 58.8-299.8 30.4-53.2 

 M±SD 133.9±71.36 43.6±7.35 141.5±80.23 41.9±6.33 

 Ме 127.5* 44.2 111.2* 40.6 

 25 %-75 % 91.0-170.4 39.1-49.7 89.2-153.5 38.3-46.9 

Alkaline phosphatase, U/l:    

 min-max 109.1-195.2 49.0-89.1 124.5-438.1 46.6-88.3 

 M±SD 156.3±37.1 69.3±12.62 226.2±96.12 69.9±11.31 

 Ме 160.5* 69.0 215.6* 70.4 

 25 %-75 % 137.7-179.2 57.5-79.3 152.7-251.3 61.4-79.2 

Total protein, g/l:    

 min-max 62.2-104.5 45.4-70.1 63.2-94.1 59.4-79.4 

 M±SD 92.7±20.36 57.4±7.48 79.8±13.34 68.1±4.93 

 Ме 102.0* 57.8 82.4* 68.7 

 25 %-75 % 91.5-103.2 52.4-62.0 66.7-92.1 63.4-71.4 

Albumen, g/l:    

 min-max 39.8-69.9 30.9-53.8 34.9-59.6 33.4-53.2 

 M±SD 49.8±13.61 43.7±5.62 44.5±7.58 42.3±5.65 

 Ме 44.8 44.9 44.3 41.5 

 25 %-75 % 42.8-51.8 40.2-46.5 39.9-46.8 38.8-46.6 

Total bilirubin, mmol/l:    

 min-max 9.8-24.7 6.7-10.7 10.1-26.5 6.5-11.5 

 M±SD 17.9±6.30 8.6±1.02 16.3±5.2 9.1±1.43 

 Ме 18.6* 8.5 15.6* 9.2 

 25 %-75 % 15.1-21.5 8.1-9.3 12.3-18.8 8.3-10.1 

Direct bilirubin, mmol/l:    

 min-max 2.1-3.9 1.6-3.7 2.3-10.7 1.3-4.0 

 M±SD 3.1±0.77 2.6±0.55 6.0±2.90 2.7±0.79 

 Ме 3.2 2.7 5.7* 2.8 

 25 %-75 % 2.7-3.6 2.2-2.9 3.5-8.2 2.1-3.3 

Creatinine, mmol/l:    

 min-max 144.12-202.3 156.4-225.7 135.4-229.6 126.3-223.2 

 M±SD 174.96±25.94 183.93±18.59 183.98±33.98 182.1±23.66 

 Ме 176.71 185.7 169.5 181.2 

 25 %-75 % 159.16-192.51 169.6-195.35 162.75-219.27 167.5-200.1 

* Differences between the groups are statistically significant at p < 0.05. 

 

It should be noted that the entire territory of the Kirov Province in 

landscape and climate terms is favorable for the reproduction and maintenance of 

the population of ixodid ticks and their reservoir hosts [31]. 
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Currently, the epidemiological situation regarding ITB in the Kirov Prov-

ince remains unfavorable and the incidence exceeds the average for the Russian 

Federation. Thus, in 2020, this figure was 2.2 times higher than the Russian aver-

age (2.85 cases of the disease per 100 thousand population) and amounted to 6.29 

cases per 100 thousand population. The highest incidence was registered in the 

Uninsky District (53.79 cases per 100 thousand population). The childhood mor-

bidity rate was 2.7 times higher than the average for Russia (1.75 cases per 100 

thousand population) and amounted to 4.71 cases per 100 thousand child popu-

lation. Borreliosis has been registered in Kirov and 19 districts. In 2020, the virol-

ogy laboratory of the Center for Hygiene and Epidemiology in the Kirov Region 

examined 1,815 ticks, 1,673 from people and 142 from environmental objects. 

Among ticks from people, 42.4% were positive for borreliosis (46.8% in 2018). Of 

ticks from environmental objects, 43.7% were positive for borreliosis (71.8%i in 

2018, 49.2% in 2019) [32]. 

Our earlier serological and bacteriological studies [33-36] found out that 

the borrelia IDIF positive animals (mountain hare, fox Vulpes vulpes Linnaeus, 

1758, elk, raccoon dog Nyctereutes procyonoides Gray, 1834, black grouse Lyrurus 

tetrix Linnaeus, 1758, capercaillie (Tetrao urogallus Linnaeus, 1758) and  animals 

from internal organs of which borrelia were isolated on the BSK-H medium 

(badger Meles meles Linnaeus, 1758, wild boar Sus scrofa Linnaeus, 1758) serve as 

feeders for ixodid ticks and the reservoir hosts, distributors and accumulators of 

borreliosis pathogens (Fig. 1). 
 

 

Fig. 1. Results of a study of blood serum of some animals for borreliosis in the reaction of indirect 
immunofluorescence: a — positive samples, b — studied samples [34, 36]. 

 

The high infestation of the mountain hare (Fig. 2) is explained by the 

greater likelihood of its contact with ticks due to high activity during the spring 

rutting period, abundant multi-layered fur, and sizes corresponding to the layer of 

high concentration of ticks on vegetation. 

We believe that the number of white hare will make it possible to predict 

the epizootic situation regarding ITB, since even its slight fluctuations can affect 

the number and infection of tick vectors by increasing the likelihood of Borrelia 

horizontal transmission. A decrease in the number of reservoir hosts, on the con-

trary, will lead to a reduction in the population of the vector and, as a conse-

quence, the pathogen. Similar data on the dynamics of parasitic systems in natural 

foci of ITB are given by Yu.V. Kovalevsky et al. [37]. 

H.E. Lyubeznova et al. [31] analyzed the dependence of tick infection 

with Borrelia on the number of rodents, white hare and fox. When comparing the 

number of mouse-like rodents and the infection of ticks with Borrelia, an average 

correlation was revealed (r = 0.4, p < 0.05) with a shift after 1 year. With an 

increase in the population of the white hare (r = 0.8, p < 0.01) and fox (r = 0.72, 

p < 0.01) in the second and third years, an increase in tick infection occurred. 
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Human borreliosis is char-

acterized by polymorphism of clinical 

signs and the predominance of chro-

nic forms [38-40]; for animals, it is a 

latent form. This makes it difficult to 

make a diagnosis. 

Currently, borreliosis in dogs 

is the most studied. Clinical signs 

are reported in 5-20% of cases [41]. 

An acute disease begins after several 

months, and sometimes years, of a 

prosperous period. Borreliosis sugns 

are fever, lameness, sore muscles and 

joints, migratory arthritis, enlarge-

ment and swelling of the lymph 

nodes. Most often, one joint is af-

fected, usually from the side of the tick bite [42]. Neurological disorders, diseases 

of the heart, liver, kidneys, bladder and eyes are recorded somewhat less frequently 

in the acute period [43]. However, nephritis is a lethal form of borreliosis in dogs 

and develops in them at the age of 3 years and older [44]. According to N.S. Pus-

tovit [45], symptoms of renal failure and pathology of the urinary tract were de-

tected in 21% of seropositive dogs. 

In cattle, borreliosis is also asymptomatic. The dominant clinical signs are 

lameness and joint swelling, and less commonly, erythematous skin rash, fever, 

laminitis, abortion, weight loss, and decreased productivity [46-48]. The birth of 

calves with severe internal organ pathologies in infected cows has been reported 

[48]. In cows, the presence of B. burgdorferi has been proven in joint fluid, blood, 

urine, feces and milk [47, 49]. 

Biochemical research methods provide significant assistance in assessing 

the effect of a pathogen on the body [50]. Thus, in everyday practice, when diag-

nosing liver diseases, generally accepted biochemical tests for bilirubin content, 

aminotransferase activity, and alkaline phosphatase are used. Traditionally, these 

tests are combined to diagnose clinical and biochemical syndromes (cytolysis, 

cholestasis, etc.) [50]. 

We found that animals in whose blood sera diagnostically significant titers 

of antibodies to B. burgdorferi (1:40 and 1:80) were detected by IDIF had statisti-

cally significant differences (p < 0.05) in the activity of AST, ALT, alkaline phos-

phatase, the content of total protein, total bilirubin, direct bilirubin and creatinine 

from the control group. 

Cytolysis syndrome (violation of the integrity of hepatocytes) is caused by 

impaired permeability of cell membranes, disintegration of membrane structures, 

necrosis of hepatocytes with the release of enzymes into the plasma, which entails 

an increase in the activity of AST and ALT. In this case, increased amounts of 

both fractions of bilirubin are determined in the blood serum [50]. In the mountain 

hare with diagnostically significant antibody titers to B. burgdorferi, AST activity 

was 342.2% higher compared to animals without antibody titers. An increase in 

enzyme concentration was also noted in moose, by 35.0% in young females, by 

35.3% in young males, by 31.2% in adult females, and by 24.0% in adult males. 

ALT activity in the mountain hare with diagnostic titers to B. burgdorferi was 

higher by 32.8% compared to animals without titers. An increase in ALT activity 

was also found in moose, by 53.8% in young females, by 90.4% in young males, 

by 188.6% in adult females, and by 173.9% in adult males. 

 

Fig. 2. Hungry (1) and feeding (2) ixodid ticks on a 

mountain hare (Lepus timidus, Linnaeus 1758). Photo by 

I.A. Domsky. 
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ALT is a predominant marker of liver disease. Since ALT is localized in 

the cytoplasm, and AST is localized in the mitochondria, the AST index increases 

to a lesser extent in liver diseases. In addition, a significant increase in AST activity 

indicates severe damage to hepatocytes and serves as one of the early markers of 

disorders in the heart muscle [50]. 

In clinical practice, the de Ritis coefficient (ratio of AST to ALT) is used 

for the differential diagnosis of liver and myocardial diseases. Since ALT activity 

predominantly increases in liver diseases, this coefficient decreases. In cardiac pa-

thology, on the contrary, an increase in AST activity predominates and the de 

Ritis coefficient increases [50]. In a mountain hare with diagnostically significant 

titers of antibodies to B. burgdorferi, the de Ritis coefficient was 1.25, in animals 

without them it was 0.38, which indicated heart pathology. In moose, the opposite 

results were obtained. In young females, the de Ritis coefficient was 2.20, in young 

males 1.92, in adult females 2.50, in adult males 2.71. In animals from the control 

group, these values were respectively 2.51, 2.70, 5.52, and 5.99. Thereof, our data 

indicated liver damage in this reservoir host species. 

Cholestasis syndrome is caused by both a violation of the biliary function 

of hepatocytes and damage to the bile canaliculi (intrahepatic cholestasis), and a 

disorder of the outflow of bile through the hepatic and common bile ducts due to 

their obstruction (extrahepatic cholestasis). Both forms are characterized by in-

creased activity of alkaline phosphatase and some other excretory enzymes, hy-

percholesterolemia, and hyperbilirubinemia [50]. We revealed a statistically signif-

icant (p < 0.05) increase in alkaline phosphatase activity in adult moose, by 

132.51% in females and by 206.32% in males. The increase may be due to cho-

lestasis of any etiology and localization (hepatitis, cirrhosis when intrahepatic, 

obstructive jaundice when extrahepatic). Cholestasis is doubtful under normal al-

kaline phosphatase level [50]. A decrease in the activity of this enzyme was also 

revealed in young females that might be associated with some slowdown in growth 

rate and a decrease in osteoblastic activity under infection and possible lack of 

energy. T. Soveri et al. [51] note that parasites influence blood parameters of the 

mountain hare. Thus, Trichostrongylus retortaeformis causes a decrease in alkaline 

phosphatase activity. 

The nature of pigment metabolism disorders is assessed based on the re-

sults of a study of serum bilirubin. With parenchymal (hepatic) jaundice in patients 

with hepatitis, cirrhosis and other liver diseases, hepatocytes are damaged and 

bilirubin conversion is impaired. We detected an increase in the content of total 

bilirubin in all groups of animals with diagnostically significant titers of antibodies 

to B. burgdorferi. In the white hare, the indicator increased by 42.42%, in young 

female moose by 86.12%, in young males by 121.91%, in adult females by 

118.77%, in adult males by 70, 44%. In addition, in young male moose the amount 

of direct bilirubin was increased by 59.09%, in adults by 102.85%. 

Note that disruption of the uptake of free bilirubin by the liver cell and its 

binding to glucuronic acid causes an increase in the amount of free (indirect) 

bilirubin in the blood. The release of bilirubin glucuronide (direct bilirubin) from 

the liver cell into the bile capillaries, caused by inflammation, destruction, necrosis 

and a decrease in the permeability of hepatocyte membranes, leads to regurgitation 

of bile back into the sinusoids and into the general bloodstream and, accordingly, 

to an increase in the content of bound (direct) bilirubin in the blood. Disorder of 

hepatocyte function is accompanied by a loss of the ability of the liver cell to 

capture and metabolize urobilinogen absorbed in the intestine, which enters the 

general bloodstream in large quantities and is excreted in the urine. As a conse-

quence, with parenchymal jaundice, the blood content of both free (indirect) and 

bound (direct) bilirubin increase [50]. 
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Determination of total protein in blood serum is used to diagnose liver, 

kidney, and cancer diseases. Increased protein content is recorded during the de-

velopment of acute and chronic infectious diseases and autoimmune pathologies. 

In our study, an increase in the total protein content was recorded in all 

groups of studied animals that had diagnostically significant titers of antibodies to 

B. burgdorferi, in the mountain hare by 123.6%, in young female moose by 24.3%, 

in young males by 53.5%, in adult females by 76.7%, in adult males by 19.9%. 

Literature data on the content of total protein in the blood serum of animals 

infected with B. burgdorferi are contradictory. N.S. Pustovit [45] notes that total 

blood protein increases in infected animals. O.A. Laktyushina [52] found its de-

crease in dogs with borreliosis. 

The renal failure leads to an increase in the content of the final product 

of metabolism — creatinine. We observed an increase in this indicator by 40.7% 

in hares with diagnostically significant antibody titers to B. burgdorferi. According 

to T. Soveri et al. [51] who studied the blood biochemical parameters of the moun-

tain hare, in clinically healthy animals the total protein was 54.0±5.40 mmol g/l, 

creatinine 92.0±12.90 mmol/l. These figures are consistent with our data. T. Soveri 

et al. [51] also found that high host animal densities facilitate parasite transmission, 

and poor feed supply may reduce host resistance to various diseases. 

According to V.I. Starostina et al. [53], in people with borreliosis, the 

content of total protein and AST activity in the blood increase. N.N. Vorobyova 

et al. [54, 55] found that 31.1% of people infected with Borrelia have a moderate 

enlargement of the liver, which is accompanied by an increase in the activity of 

ALT, AST, alkaline phosphatase, and hyperbilirubinemia in the blood serum. 

M.V. Savelyeva et al. (56) also report an increase in the activity of ALT and AST 

in 52.9% of people with ITB. According to D.V. Dmitrenko (57), liver pathology 

in borreliosis manifests itself as anicteric hepatitis which is clinically inconspicuous 

(minor dyspeptic disorders, moderate increase in liver size). It is detected in pa-

tients most often during a biochemical blood test as a moderate increase in the 

number of transaminases (usually ALT) and/or hyperbilirubinemia which indicates 

cytolysis syndrome. The results of biochemical studies showed in 50% of sick dogs 

an increased blood AST content which ranged from 44 up to 87.0 IU/l. ALT was 

elevated in 30% of cases and ranged from 75.0 to 112.0 IU/l; 30% of dogs showed 

an increase in creatinine levels from 153.2 to 212.0 mmol/l [49]. 

P.V. Aksenova [58], studying the blood of free-living bison, found anti-
bodies to B. burgdorferi in 16.4% of samples. In Belovezhskaya Pushcha, from 20.0 
to 30.0% of bison were seropositive for B. burgdorferi. However, the clinical signs 
of the disease have not been established. The results of our research are also con-
firmed by the data of N.S. Pustovit [45] who notes that in infected animals the 
levels of AST, ALT, alkaline phosphatase, creatinine, total protein, and bilirubin 
increase. 

Thus, indirect immunofluorescence assay identified diagnostically signifi-

cant titers of antibodies to Borrelia burgdorferi (1:40 and 1:80) in blood serum of 

white hare and moose, considered as reservoir hosts of B. burgdorferi. Infected 

amimals statistically significantly differ (p < 0.05) from control animals in blood 

aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phos-

phatase activity and in total protein, total and direct bilirubin, and creatinine lev-

els. In animals with diagnostically significant titers of antibodies to B. burgdorferi, 
some blood parameters correlate, that is, in mountain hare, AST activity with total 

bilirubin, total protein with direct bilirubin; in young female moose, AST activity 

with ALT activity, AST activity with total protein, total bilirubin with direct biliru-

bin; in young male moose, total protein with creatinine. Unlike control animals, in 

young female moose with diagnostically significant antibody titers to B. burgdorferi, 
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blood alkaline phosphatase activity and total protein correlate positively while cor-

relations between AST activity and total bilirubin, direct bilirubin, and creatinine 

are negative. In moose with diagnostically significant antibody titers, there are 

strong correlations for alkaline phosphatase activity between adult and young fe-

male, young females and adult males, adult females and males, for total protein 

level — between young and adult females, young females and adult males, for total 

bilirubin — between young and adult females, young females and adult males. 

One-way ANOVA analysis revealed a significant effect of B. burgdorferi on in-

creasing biochemical blood parameters, including the AST, ALT, alkaline phos-

phatase, total protein, total and direct bilirubin, and creatinine concentrations Our 

data indicate pathology of the cardiovascular system, kidneys and liver in the 

mountain hare and, mainly, liver pathology in moose under borreliosis. An in-

crease in the concentration of total protein with normal albumin levels in reservoir 

hosts occurs due to an increase in globulin fractions which indicates acute and/or 

chronic infection. A significant change in the blood biochemical parameters in 

reservoir hosts with diagnostically significant titers of antibodies to B. burgdorferi 
indicates its pathological effect on animals, multiple organ failure and irreparable 

harm to health. 

 
R E F E R E N C E S  

 
1. Burgdorfer W., Barbour A.G., Hayes S.F., Benach J.L., Grunwaldt E., Davis J.P. Lyme disease — 

a tick-borne spirochetosis? Science, 1982, 216(4552): 1317-1319 (doi: 10.1126/science.704373). 
2. Wasiluk A., Zalewska-Szajda B., Waszkiewicz N., Kępka A., Szajda D.S., Wojewódzka-Żeleźnia-

kowicz M., Ładny J.R., Pancewicz S., Zwierz Z.W., Zwierz K. Lyme disease: etiology, pathogenesis, 

clinical courses, diagnostics and treatment. Progress in Health Sciences, 2011, 1(2): 179-186. 
3. Nau R., Christen H.J., Eiffert H. Lyme disease — current state of knowledge. Deutsches Ärzteblatt 

International, 2009, 106(5): 72-81 (doi: 10.3238/arztebl.2009.0072). 

4. Carriveau A., Poole H., Thomas A. Lyme disease. Nursing Clinics of North America, 2019, 54(2): 

261-275 (doi: 10.1016/j.cnur.2019.02.003). 
5. Palomar A.M., Portillo A., Santibáñez P., Mazuelas D., Roncero L., Gutiérrez Ó., Oteo J.A. 

Presence of Borrelia turdi and Borrelia valaisiana (Spirochaetales: Spirochaetaceae) in ticks re-
moved from birds in the North of Spain, 2009-2011. Journal of Medical Entomology, 2017, 54(1): 
243-246 (doi: 10.1093/jme/tjw158). 

6. Ogurtsov A.A. Optimizatsiya еpidemiologicheskogo nadzora i profilakticheskikh meropriyatiy v so-
chetannykh ochagakh kleshchevogo еntsefalita i iksodovogo kleshchevogo borrelioza. Avtoreferat kan-
didatskoy dissertatsii [Optimization of epidemiological surveillance and preventive measures in 
combined foci of tick-borne encephalitis and ixodic tick-borne borreliosis. PhD Thesis]. Tyumen’. 
2004 (in Russ.). 

7. Beckmann S., Freund R., Pehl H., Rodgers A., Venegas T. Rodent species as possible reservoirs 
of Borrelia burgdorferi in a prairie ecosystem. Ticks and Tick-borne Diseases, 2019, 10(5): 1162-
1167 (doi: 10.1016/j.ttbdis.2019.06.011). 

8. Gern L. Life cycle of Borrelia burgdorferi sensu lato and transmission to humans. Current Problems 
in Dermatology, 2009, 37: 18-30 (doi: 10.1159/000213068).  

9. Tarageľova V.R., Mahríkova L., Selyemova D., Vaclav R., Derdakova M. Natural foci of Borrelia 
lusitaniae in a mountain region of Central Europe. Ticks and Tick-borne Diseases, 2016, 7(2): 
350-356 (doi: 10.1016/j.ttbdis.2015.12.006). 

10. Obert A.S., Drozdov V.N., Rudakova S.A. Iksodovye kleshchevye borreliozy: nozogeograficheskie i 
mediko-еkologicheskie aspekty [Ixodid tick-borne borreliosis: nosogeographical, medical and eco-

logical aspects]. Novosibirsk, 2001 (in Russ.). 
11. Robertson J.N., Gray J.S., Stewart P. Tick bite and Lyme borreliosis risk at a recreational site in 

England. European Journal of Epidemiology, 2000, 16(7): 647-652 (doi: 10.1023/a:1007615109273). 
12. Ogden N.H., Tsao J.I. Biodiversity and Lyme disease: dilution or amplification? Epidemics, 2009, 

1(3): 196-206 (doi: 10.1016/j.epidem.2009.06.002). 

13. Gray J.S., Kahl O., Janetzki C., Stein J. Studies on the ecology of Lyme disease in a deer forest 
in County Galway, Ireland. Journal of Medical Entomology, 1992, 29(6): 915-920 (doi: 
10.1093/jmedent/29.6.915). 

14. Jensen P.M., Frandsen F. Temporal risk assessment for Lyme borreliosis in Denmark. Scandina-
vian Journal of Infectious Diseases, 2000, 32(5): 539-544 (doi: 10.1080/003655400458848). 

15. Tälleklint L., Jaenson T.G. Increasing geographical distribution and density of Ixodes ricinus (Ac-

ari: Ixodidae) in central and northern Sweden. Journal of Medical Entomology, 1998, 35(4): 521-

526 (doi: 10.1093/jmedent/35.4.521). 



 

769 

16. Zeman P., Januška J. Epizootiologic background of dissimilar distribution of human cases of 

Lyme borreliosis and tick-borne encephalitis in a joint endemic area. Comparative Immunology, 
Microbiology and Infectious Disease, 1999, 22(4): 247-260 (doi: 10.1016/S0147-9571(99)00015-6). 

17. Balashov Y.S. Significance of ixodid tick (Parasitiformes, Ixodidae) population structure for mainte-

nance of natural foci of infection. Biological Bulletin, 2010, 37: 677-683. 

18. Sala V., De Faveri E. Epidemiology of Lyme disease in domestic and wild animals. The Open 
Dermatology Journal, 2016, 10: 15-26. 

19. Kie J.G., White M., Drawe D.L. Condition parameters of white-tailed deer in Texas. The Journal 

of Wildlife Management, 1983, 47(3): 583-594 (doi: 10.2307/3808596). 

20. Jacobson H.A., Kirkpatrick R.L., Mcginnes B.S. Disease and physiologic characteristics of two 

cottontail populations in Virginia. Washington, 1978. 

21. Keith L.B., Cary J.R., Yuill T.M., Keith I.M. Prevalence of helminths in a cyclic snowshoe hare 

population. Journal of Wildlife Diseases, 1985, 21(3): 233-253 (doi: 10.7589/0090-3558-21.3.233).  

22. Keith I.M., Keith L.B., Cary J.R. Parasitism in a declining population of snowshoe hares. Journal 

of Wildlife Diseases, 1986, 22(3): 349-363 (doi: 10.7589/0090-3558-22.3.349). 

23. Haukisalmi V., Henttonen H., Tenora F. Population dynamics of common and rare helminths in 

cyclic vole populations. Journal of Animal Ecology, 1988, 57(3): 807-825 (doi: 10.2307/5094). 

24. Haukisalmi V., Henttonen H. The impact of climatic factors and host density on the long-term 

population dynamics of vole helminthes. Oecologia, 1990, 83: 309-315 (doi: 10.1007/BF00317553). 

25. Duffy D.C., Campbell S.R. Ambient air temperature as a predictor of activity of adult Ixodes 
scapularis (Acari: Ixodidae). Journal of Medical Entomology, 1994, 31(1): 178-180 (doi: 

10.1093/jmedent/31.1.178). 

26. Boulinier T., Danchin E. Population trends in Kittiwake Rissa tridactyla colonies in relation to 

tick infestation. Ibis, 1996, 138(2): 326-334 (doi: 10.1111/j.1474-919X.1996.tb04345.x). 

27. Korenberg Е.I., Nasonova V.A. Metodicheskie ukazaniya po еpidemiologii, diagnostike, klinike i 

profilaktike bolezni Layma [Guidelines for the epidemiology, diagnosis, clinical picture and pre-

vention of Lyme disease]. Moscow, 1991 (in Russ.). 

28. Instruktsiya po primeneniyu al’bumina bych’ego ili baran’ego mechennogo rodaminom sukhogo [Instructions 

for the use of dry bovine or sheep rhodamine-labeled albumin]. Moscow, 2003 (in Russ.). 

29. Timofeeva E.V., Drakina S.A., Orlova S.V. Meditsinskie novosti, 2012, 12: 9-13 (in Russ.). 

30. Ivanter Е.V., Korosov A.V. Еlementarnaya biometriya: uchebnoe posobie [Elementary biometrics: 

tutorial]. Petrozavodsk, 2005 (in Russ.). 

31. Lyubeznova O.N., Bondarenko A.L., Oparina L.V., Lambrinaki E.V. Dal’nevostochnyy zhurnal 

infektsionnoy patologii, 2012, 20(20): 34-37 (in Russ.). 

32. O sostoyanii sanitarno-еpidemiologicheskogo blagopoluchiya naseleniya v Kirovskoy oblasti v 2020 

godu: Gosudarstvennyy doklad – Upravlenie Federal’noy sluzhby po nadzoru v sfere zashchity prav 

potrebiteley i blagopoluchiya cheloveka po Kirovskoy oblasti [On the state of sanitary and epidemi-

ological well-being of the population in the Kirov region in 2020: State report — Office of the 

Federal Service for supervision of consumer rights protection and human welfare in the Kirov 

Region]. Kirov, 2021 (in Russ.). 

33. Perevozchikova M.A., Zhuravlev D.M., Domskiy I.A. Materialy Mezhdunarodnoy nauchno-prak-

ticheskoy konferentsii «Sovremennye problemy prirodopol’zovaniya, okhotovedeniya i zverovodstva» 

[Proc. Int. Conf. «Modern problems of environmental management, hunting and fur farming»]. 

Kirov, 2007: 335 (in Russ.). 

34. Perevozchikova M.A., Domskiy I.A. Veterinarnaya patologiya, 2009, 1(28): 20-24 (in Russ.). 

35. Koshurnikova M.A., Domskiy I.A. Lyme disease in suburban regions. Beitrage zur Jagd-und Wild-

forschung, 2013, 38: 349-353. 

36. Koshurnikova M.A., Berezina Yu.A., Domsky I.A. Regularities of Lyme disease foci formation 

and their monitoring. Proc. Int. Conf. Beijing, 2019: 120-124. 

37. Kovalevskiy Yu.V., Korenberg Е.I., Gorelova N.B. Parazitologiya, 2004, 38(2): 105-121 (in Russ.). 

38. Bratton R.L., Whiteside J.W., Hovan M.J., Engle R.L., Edwards F.D. Diagnosis and treatment 

of Lyme disease. Mayo Clinic Proceedings, 2008, 83(5): 566-571 (doi: 10.4065/83.5.566). 

39. Wright W.F., Riedel D.J., Talwani R., Gilliam B.L. Diagnosis and management of Lyme disease. 

American Family Physician, 2012, 85(11): 1086-1093. 

40. Logigian E.L., Kaplan R.F., Steere A.S. Chronic neurologic manifestations of Lyme disease. New 

England Journal of Medicine, 1990, 323(11): 1438-1444 (doi: 10.1056/NEJM199011223232102). 

41. Magnarelli L.A., Flavell R.A., Padula S.J., Anderson J.F. Serologic diagnosis of canine and equine 

borreliosis: use of recombinant antigens in enzyme-linked immunosorbent assays. Journal of Clin-

ical Microbiology, 1997, 35(1): 169-173 (doi: 10.1128/jcm.35.1.169-173.1997). 

42. Straubinger R.K. PCR-based quantification of Borrelia burgdorferi in canine tissues over a 500-

day postinfection period. Journal of Clinical Microbiology, 2000, 38(6): 2191-2199 (doi: 

10.1128/JCM.38.6.2191-2199.2000). 

43. Appel M.J., Allan S., Jacobson R.H. Experimental Lyme disease in dogs produces arthritis and persis-

tent infection. Journal of Infectious Diseases, 1993, 167(3): 651-654 (doi: 10.1093/infdis/167.3.651). 

44. Shulyak B.F. Rukovodstvo po bakterial’nym infektsiyam sobak. Tom 1. Grampolozhitel’nye bakterii, 



770 

mollikuty i spirokhety [A guide to bacterial infections in dogs. Volume 1. Gram-positive bacteria, 
mollicutes and spirochetes]. Moscow, 2003 (in Russ.).  

45. Pustovit N.S. Iksodovye kleshchevye borreliozy (bolezn’ Layma) u sobak. Avtoreferat kandidatskoy dis-
sertatsii [Ixodid tick-borne borreliosis (Lyme disease) in dogs. PhD Thesis]. Moscow, 2003 (in Russ.). 

46. Burgess E.C. Borrelia burgdorferi infection in Wisconsin horses and cows. Annals of the New York 
Academy of Sciences, 1988, 539: 235-243 (doi: 10.1111/j.1749-6632.1988.tb31857.x). 

47. Bushmich S.L., Post J.E. Lyme borreliosis in dairy cattle Proc. V Int. Conf. on Lyme Borreliosis. 
Arlington, 1992. 

48. Parker J.L., White K.K. Lyme borreliosis in cattle and horses: a review of the literature. Cornell 
Vet., 1992, 82(3): 253-274. 

49. Burgess E.C., Wachal M.D., Cleven T.D. Borrelia burgdorferi infection in dairy cows, rodents, and 
birds from four Wisconsin dairy farms. Veterinary Microbiology, 1993, 35(1-2): 61-77 (doi: 
10.1016/0378-1135(93)90116-o). 

50. Davydova A.V. Klinicheskaya interpretatsiya biokhimicheskogo analiza krovi pri zabolevaniyakh pecheni 
[Clinical interpretation of biochemical blood tests for liver diseases]. Irkutsk, 2013 (in Russ.). 

51. Soveri T., Aamio M., Sankari S., Haukisalmi V. Blood chemistry and endoparasites of the moun-
tain hare (Lepus timidus L.) in high and low density population. Journal of Wildlife Diseases, 1992, 

28(2): 242-249 (doi: 10.7589/0090-3558-28.2.242). 
52. Laktyushina O.A. Veterinarnaya patologiya, 2013, 4(46): 40-45 (in Russ.). 
53. Starostina V.I., Khunafina D.Kh., Burganova A.N., Shaykhullina L.R., Galieva A.T., Sultanov 

R.S., Syrtlanova G.R., Kutluguzhina F.G., Berdnikova L.F., Rakhmatullina L.G. Sistemnyy klesh-
chevoy borrelioz [Systemic tick-borne borreliosis]. Ufa, 2012 (in Russ.). 

54. Vorob’eva N.N. Klinika, lechenie i profilaktika iksodovykh kleshchevykh borreliozov [Clinic, treatment 

and prevention of ixodid tick-borne borreliosis]. Perm’, 1998 (in Russ.). 

55. Vorob’eva N.N., Sumlivaya O.N., Okishev M.A., Nebolsina A.P. Permskiy meditsinskiy zhurnal, 

2016, 33(4): 6-11 (in Russ.). 

56. Savel’eva M.V., Krasnova E.I., Khokhlova N.I., Filimonova E.S., Provorova V.V., Rar V.A., 

Tikunova N.V. Zhurnal infektologii, 2018, 10(2): 68-75 (in Russ.). 

57. Dmitrenko D.V. Vestnik Novosibirskogo gosudarstvennogo universiteta. Seriya: biologiya, klinich-

eskaya meditsina, 2006, 4(1): 65-75 (in Russ.). 

58. Aksenova P.V. Veterinarnaya patologiya, 2015, 1(51): 28-39 (in Russ.). 


