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Changes in the biochemical parameters of blood in cows in the latent course of leptospirosis have been studied by the results 
of the reaction of microagglutination (RMA). The dynamics of biochemical blood parameters is manifested by hyperproteinemia, 
dysproteinemia, hemolytic anemia, hyperbilirubinemia, intra- and extrahepatic cholestasis, hyperfermentemia, mineral metabol-
ism disorders, in particular hypocalcemia, hypophosphatemia, indicating the development of hepatopathy which should be classi-
fied as hepatocholangitis. It was determined that the pathological process is manifested in all animals for the titer of antibodies to 
one or another Leptospira serovar. Significant changes from the side of the hepatobiliary system in infested cows for the antibody 
titer kabura equaling 1:100, polonica 1:200, ballum 1:100, szvajzak 1:100–1:200, bratislava 1:800 and in animals for the titers 
kabura of 1:100–1:200; polonium 1:100; szvajzak 1:100–1:200; ballum 1:100; bratislava 1:100–1:200. At leptospirosis caused by 
bratislava and ballum serovars, a disorder of the functional state of the hepatobiliary system, characterized by an increase in the 
level of total protein, bilirubin, AST, GGTP and ALP activity was diagnosed as the urea, calcium and phosphorus levels in blood 
decreased. In the case of the latent course of the disease caused by kabura, polonica, szvajzak, ballumand bratislava serovars, a 
probably higher concentration of bilirubin, activity of aminotransferases (AST and ALAT), GGTP and ALP was determined in 
comparison to clinically healthy animals. In cows, in the presence of antibody titers kabura 1:100, polonica 1:200, ballum 1:100, 
szvajzak 1:100–1:200; bratislava 1:800, in 22.2% of cases, we recorded increase in the total protein against the background of 
dysproteinemia in 50.0–88.9% of animals, and increase in bilirubin in 78.6%, and increase in the activity of blood serum enzymes 
(AST, ALAT, GGTP, ALP), and also hypocalcemia and hypophosphatemia in 33.3–100.0%. The conducted studies indicate that 
in latent leptospirosis in cows, in addition to etiotropic therapy, one should include in the protocol the pharmacological correction 
preparations, which would contribute to the restoration of the functional state of the hepatobiliary system.  

Keywords: hepatocholangitis; serovars of Leptospira; enzymes; reaction of microagglutination; hepatopathy; lactating cows.  

Introduction  
 

Leptospirosis is a worldwide zoonosis, with a wide range of hosts, 
including humans and animals, caused by Leptospira pathogenic spiro-
chetes (Correia et al., 2018; Daud et al., 2018; Jaeger et al., 2018; Zaran-
tonelli et al., 2018), which has a large number of serovars, similarity of 
which is essential for effective diagnosis (Arent et al., 2012; Mughini-
Gras et al., 2013). The disease is common in most regions of the world, 
particularly in Latin America (Correia et al., 2018; Guedes et al., 2019), 
Oceania (Subharat et al., 2012; Dreyfus et al., 2018; Reichel et al., 2018), 
Southeast Asia (Chadsuthi et al., 2018; Shrestha et al., 2018).  

The disease manifests in many species of animals: in cattle, buffalo, 
sheep, goats, deer, dogs, rodents, horses, and swine (Shiokawa et al., 2019). 
Leptospirosis has long been associated with occupational proximity to 
animals (rats and cattle) (Le Turnier & Epelboin, 2018). In cattle, Lep-
tospira causes an acute course in calves and a chronic course in cows, 
resulting in abortions (Libonati et al., 2018; Pinna et al., 2018; Rocha 
et al., 2018). It is transferred with urine of infected animals or water con-
taminated with the bacteria (Allan et al., 2018, Chadsuthi et al., 2018; 
Ferrer de Morais et al., 2018).  

The distribution of leptospirosis in northeastern Brazil among cattle, 
sheep and goats was 50.5%, 40.5% and 34.6%, respectively. It should 
be noted that in cattle the commonest were associations of hardjo and 
wolffi serovars and in goats and sheep – icterohaemorrhagiae associations 
(Campos et al., 2017). In the New Zealand region, the dominant serovar 

was hardjo, which was common among deer, cattle and sheep, respec-
tively 42%, 53% and 54%. Instead, the pomona serovar was detected in 
7%, 5% and 0% respectively (Subharat et al., 2012). In the Caribbean 
region, the most numerous serovar found among cattle was mancarso, 
bratislava serovar among sheep, and hardjo among goats, 18%, 10.4%, 
3.8% and 1.9% respectively (Shiokawa et al., 2019).  

Currently, more than 250 serovars are known, based on the diffe-
rences in the carbohydrate component of the bacterial lipopolysaccha-
ride. Different serovars are adapted to certain wild and domestic species 
of animals that serve as their reservoir hosts. It is known that certain 
species of animals are vulnerable to certain serovars (Ayral et al., 2014; 
Tagliabue et al., 2016; Pratt et al., 2017) of leptospirosis infection. In cows 
of the Brazilian Amazon, the commonest serovar is sejro (Guedes et al., 
2019). Signs of leptospirosis in humans are nonspecific at the initial 
stages: influenza-like syndrome, cough, thrombocytopenia, increased 
CPR (Le Turnier & Epelboin, 2018). In humans in Nepal, the disease 
manifested as anorexia, rapid fatigue, hyperthermia, severe sweating 
and pain in the area of the spine. It should be noted that the disease 
manifested in men who kept goats (Shrestha et al., 2018).  

The immune response to leptospirosis is serovar-specific. Since 26 
antigen-dependent serovars are known, an animal can be infected with 
leptospirosis 26 times (Ko et al., 2009; Picardeau, 2017). The distributi-
on of seropositivity of leptospirosis among bovine animals ranges from 
13% (Rajala et al., 2017) to 81.7% (Daud et al., 2018). Due to the com-
plex dynamic epidemiology of the disease in livestock, control regard-
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ing its diagnosis is controversial, especially in cattle in tropical climates 
(Martins & Lilenbaum, 2017). In Ukraine, the dominant serovars of 
Leptospira in cattle are kabura (12.4%), polonica (9.5%), tarassovi 
(5.1%) and bratislava (4.9%) (Ukhovskyi et al., 2018). There are publi-
cations about hematological changes in animals with clinical manifesta-
tion of the disease. At the same time, we did not find out what changes 
occur in the biochemical parameters of blood in animals with different 
antibody titres (RMA) in available literature sources. Therefore, the 
purpose of the work was to study the biochemical parameters of blood 
in cows at sensitivity to different serotypes of Leptospira.  
 
Materials and methods  
 

The object of research were lactating cows of 3–7 years of age of 
black-spotted breed, which were divided into several groups: the first – 
clinically healthy (n = 10); the second – in animals of this group antibo-
dies were detected in the serogroups of Leptospira: bratislava 1:100–
1:200, ballum 1:100–1:200 (n = 12); the third – cows, in which, by the 
reaction of microagglutination (RMA), antibodies to the following 
serologic groups of Leptospira were found: kabura 1:100–1:200, polo-
nica 1:100, szvajzak 1:100–1:200, ballum 1:100–1:200, bratislava 1:100–
1:200 (n = 14); the fourth – cows, in which antibodies to the following 
serologic groups of Leptospira were found: kabura 1:100, polonica 
1:200, ballum 1:100, szvajzak 1:100–1:200, bratislava 1:800 (n = 9). 
Biochemical monitoring of blood of cows was carried out using the 
Global Scientific reagents on the Stat Fax 1904+ device. Blood from 
cows was taken in test tubes in the morning before milking. After allow-
ing it to settle (4–6 h), the blood was centrifuged at 3000 rpm and blood 
serum was taken into test tubes. In the blood serum, we determined the 
total protein content (biuret reaction), urea (urease method), creatinine 
(modified Jaffe reaction); aminotransferase activity (AST and ALAT) – 
kinetic method; alkaline phosphatase (ALP) – by the reaction of sodium 
hydrolysis of n-nitrophenyl phosphate; the content of calcium (with arse-
nazo reagent) and phosphorus (by the method of UV – detection of the 
phosphomolybdate complex) (reagents from Global Scientific Company). 
The activity of gamma-glutamyl transpeptidase (GGTP) was determined 
using the Szasz method (SPE reagents of Reagent, Dnipro, Ukraine).  

In addition, for the determining dysproteinemia, we used coagulati-
on tests – mercury-chloride sublimate (Greenstead) and formalin tests.  

The statistical analysis of the obtained results was carried out using 
the Statistica 10 program (StatSoft Inc., USA, 2011). The probability of 
the difference between the selections was determined using ANOVA, 
considered significant at P < 0.05.  
 
Results  
 

In cows of all three experimental groups, there were no significant 
changes in the general condition. However, some had dullness and stiff-
ness of the hair. Body temperature, respiratory frequency were within the 
limits of physiological fluctuations. At biochemical blood test, the follow-
ing was determined. Content of total protein, which is one the indicators of 
functional condition of the liver, was within the physiological norm in all 
the cows of the experimental groups (second-fourth) (Table 1), but some 
of the cows of the second-fourth groups were observed to have hyperpro-
teinemia. Most animals with hyperproteinemia were found in the third 
group (42.9%), fewer in the fourth (22.2%) and the second (16.7%). Ob-
viously, hyperproteinemia develops by activation of the immunological 
process, increase in the formation of immunoglobulins and pathological 
proteins – paraproteins. In addition, some of the cows of the second to 
fourth groups were observed to have hypoproteinemia. Most animals with 
low values of total protein (<72 g/L) were found in the fourth and third 
groups, equaling 22.2% and 21.4%, respectively, due to the disorder in the 
protein-synthesizing function of the liver protein-synthesizing.  

It should be noted that in a significant proportion of the cows, dy-
sproteinemia was observed – a disorder in the ratio between albumins 
and globulins (Table 2). The largest number of cows for which the 
Greenstead test was positive was observed in the fourth (88.9%) and 
third (85.7%) groups. The largest number of cows with positive forma-
line test was in the third group (78.6%), and the least in the fourth 

(50%). In cows of the third group, its value was evaluated in "+" and 
"++", while in the fourth group it was evaluated in "+++" and "++++" 
(that is, sharply positive). At leptospirosis, the urea-forming function of 
hepatocytes decreases. According to conducted studies, the urea content 
in the blood serum was at a the lower level of the norm (3.5 μmol/L) on 
average for the groups (Table 2). The analysis of the obtained parame-
ters in the groups showed that in a significant number of cows, the urea 
content was reduced. The low values of this component of the remain-
ing nitrogen (RN) were found in 33.3% of cows from the second group, 
50.0% of the third and 44.4% of the fourth experimental groups.  

Table 1  
Biochemical parameters of blood in cows  
of the black-spotted breed with latent course of leptospirosis (x ± SD)  

Group of animals Total  
protein, g/L 

Urea,  
μmol/L 

Creatinine, 
μmol/L 

The first: clinically healthy (n = 10) 75.7 ± 1.65 4.4 ± 0.38   98.2 ± 2.97 
The second experimental:  
bratislava, ballum (n = 12) 77.7 ± 2.26 3.8 ± 0.31 107.9 ± 2.49 

The third experimental:  
kabura, polonica, szvajzak,  
ballum, bratislava (n = 14)  

79.8 ± 2.67 3.8 ± 0.47 101.4 ± 3.44 

The fourth experimental: kabura, polo-
nica, ballum, szvajzak, bratislava (n = 9)  79.0 ± 3.00 3.9 ± 0.35 105.6 ± 2.85 

Table 2  
Parameters of colloidal-sedimentary reactions in cows  
of black-and-white breed with latent course of leptospirosis (x ± SD)  

Group of animals Greenstead test Formaline test 
The first: clinically healthy (n = 10)  1.72 ± 0.030 – 
The second experimental:  
bratislava, ballum (n = 12)         1.36 ± 0.050*** + – +++ 

The third experimental:  
kabura, polonica, szvajzak,  
ballum, bratislava (n = 14)  

       1.31± 0.068*** + – +++ 

The fourth experimental: kabura, polo-
nica, ballum, szvajzak, bratislava (n = 9)         1.31± 0.076*** ++ – ++++ 

Note: *** – P < 0.001 compared to clinically healthy.  

Another indicator of RN – creatinine, which is a marker of the fil-
tration function of the kidneys, in all infected cows was normal. That is, 
changes from the side of the filtration function of the kidneys in animals 
of all three groups were not detected.  

At leptospirosis, the cows suffer disorder of the pigmentary functi-
on of hepatocytes, indicator of which is the content of bilirubin in blood 
serum. According to our studies, the level of total bilirubin in cows in 
experimental groups was heightened (Table 3). In the cows of the se-
cond experimental group, the content of bile pigment was 8.6 ± 
1.19 μmol/L on average, which is three times higher than in the clinical-
ly healthy (P < 0.05). A similar trend was also observed in animals of 
the third experimental group. The total bilirubin level in them was 8.2 ± 
0.77 μmol/L on average. Hyperbilirubinemia (> 6.0 μmol/L) in these 
groups was determined in 75.0% and 78.6% of animals.  

Table 3  
Parameters of the activity of enzymes in cows of black-spotted breed 
with latent course of leptospirosis (X ± SD)  

Group of animals Total bilirubin, 
μmol/L 

AST,  
IU/L 

ALAT,  
IU/L 

The first, clinically healthy (n = 10)  4.3 ± 0.26 51.0 ± 3.65 23.5 ± 1.34 
The second experimental:  
bratislava, ballum (n = 12)  8.6 ± 1.19*** 98.2 ± 9.20** 27.5 ± 1.80 

The third experimental:  
kabura, polonica, szvajzak,  
ballum, bratislava (n = 14)  

8.2 ± 0.77*** 86.1 ± 4.30** 27.2 ± 1.17 

The fourth experimental:   
kabura, polonica, ballum,  
szvajzak, bratislava (n = 9)  

6.4 ± 0.74** 86.9 ± 4.77** 30.0 ± 1.73*** 

Note: ** – P < 0.01; *** – P < 0.001 compared to clinically healthy (x ± SD).  

In cows of the fourth group, the total bilirubin content was 6.4 ± 
0.74 μmol/L on average. Increased values of bile pigment were found in 
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77.8% of infected cows. A total of 22.2% of animals showed very low 
total bilirubin values (0.34–0.41 μmol/L). Consequently, hyperbilirubin-
emia is associated with increased erythrocyte hemolysis, excessive for-
mation of total bilirubin, which is a rather toxic product, which prima-
rily affects the cellular structure of hepatocytes. This is confirmed by 
indications for liver enzymes, in particular, aminotransferases (AST and 
ALAT). The activity of AST was heightened in all infected cows. In par-
ticular, its value in animals of the second group was 98.2 ± 9.20 IU/L, 
which is 1.9 times more than in the clinically healthy (P < 0.01).  

In the third and fourth groups, we also observed the hyperenzym-
emia AST, equaling 86.1 ± 4.30 and 86.9 ± 4.77 IU/L. It should be 
noted that increased values of AST were found in all infected cows. 
Unlike AST, the activity of another aminotransferase – ALAT has a dif-
ferent tendency. In the infected cows of the second and third groups, the 
values of enzyme activity did not differ from the values of clinically 
healthy (P < 0.05; Table 3). Only in the fourth group of cows, the activity 
of ALAT was higher compared to the clinically healthy. According to 
the analysis of the obtained parameters, increased activity of ALAT was 
determined in 16.7% of animals of the second, 14.3% in the third and 
33.3% in the fourth group. Damage to the liver manifested by the de-
velopment of intra- and extrahepatic cholestasis, to which the GGTP 
and ALP enzymes rapidly react (Table 4). In particular, GGTP is loca-
ted in the “surface towards Bile canaliculus” that is membranes of hepa-
tocytes and in bile duct cells. Its activity in hepatopathy increases earlier 
than AST, ALAT, and ALP.  

Table 4  
The activity of cholestatic enzymes (GGTP and ALP) in cows  
of black-spotted breed  with latent course of leptospirosis (x ± SD)  

Group of animals GGTP, µkat/L ALP, IU/L 
The first: clinically healthy (n = 10)  0.41 ± 0.043 41.2 ± 2.89 
The second experimental:  
bratislava, ballum (n = 12)      1.15 ± 0.116***   61.7 ± 4.76** 

The third experimental: kabura, polonica,  
szvajzak, ballum, bratislava (n = 14)      1.12 ± 0.133***   77.8 ± 9.14** 

The fourth experimental: kabura,  
polonica, ballum, szvajzak, bratislava (n = 9)    1.01 ± 0.153**   63.1 ± 4.51** 

Note: ** – P < 0.01; *** – P < 0.001 compared to clinically healthy.  

The GGTP activity in cows in the second group was on average 
1.15 ± 0.116 μkat/L, i.e. 2.8 times higher compared to the clinically 
healthy (P < 0.001). Similar values of the enzyme were noted in the 
other groups (Table 4). Hyperenzymemia of GGTP (> 0.6 μkat/L) was 
determined in 91.7%, 78.6% and 77.8% of cows, respectively, of the 
second – fourth groups.  

Cows of all experimental groups (second-fourth) had also on aver-
age increased activity of ALP, an enzyme which is located on the cell 
membrane and takes part in the transport of phosphorus. The activity of 
ALP is most often increased due to damage to hepatocytes and disorder 
of excretion of bile. Its activity, according to the results, in the infected 
cows was increased for the groups on average compared to clinically 
healthy (P < 0.05; Table 4). Hyperenzymemia of ALP was found in 
33.3%, 57.1% and 55.6% of animals in the second – the fourth groups, 
respectively.  

Therefore, increased activity of aminotransferases (AST and ALAT), 
gamma-glutamyltranspeptidase (GGTP), and alkaline phosphatase indi-
cates the development of hepatopathy. In cows of all experimental 
groups (the second-fourth), we observed disorder of mineral metabol-
ism. This applies, in particular, to calcium and phosphorus. The content 
of calcium in blood of cows of the second group tended to decrease, 
compared to the first, and on average equaled 2.26 ± 0.103 mmol/L (P < 
0.1; Table 5). A similar tendency was found in other groups (Table 5). 
Hypocalcemia (below 2.5 mmol/L) was observed in 66.7%, 78.6% and 
44.4% of cows in the second – fourth groups.  

Hypocalcemia is a consequence of the deficiency of vitamin D and 
its metabolites, in particular, 25-hydroxycholecalciferol (synthesized in 
hepatocytes) at hepatopathy. The content of another macro-element, 
phosphorus, in the groups was also on average below the minimum 
norm (1.45 mmol/L) (Table 5). Hypophosphatemia was determined in 
66.7%, 64.3% and 66.7% of cows of the second – fourth groups, re-

spectively. Reduced values of this macroelement in cows indicates the 
pathology of the liver in cows and indicate disorder in the processes of 
regulation of the acid–base homeostasis, carbohydrates, lipids and pro-
teins in the body.  

Table 5  
Biochemical parameters of blood in cows  
of black-spotted breed with latent course of leptospirosis (x ± SD)  

Group of animals Са, mmol/L Р, mmol/L 
The first: clinically healthy (n = 10)  2.57 ± 0.136 1.68 ± 0.176 
The second experimental: bratislava, ballum (n = 12)  2.26 ± 0.103 1.40 ± 0.154 
The third experimental: kabura, polonica, szvajzak, 
ballum, bratislava (n = 14)  2.34 ± 0.050 1.33 ± 0.093 

The fourth experimental: kabura, polonica, ballum, 
szvajzak, bratislava (n = 9)  2.45 ± 0.115 1.31 ± 0.078 

 
Discussion  
 

Leptospirosis is a quite dangerous natural-focal disease of animals 
and humans, which manifests in fever, icteritiousness of mucous mem-
branes, hemoglobinuria, necrosis of the skin and mucous membranes 
(Ellis, 1990). During vital activity, Leptospira secrete aggressive sub-
stances and fibrinolysin, hyaluronidase, hemolysins, leucitinase, cytopa-
thogenic factors, thermolabile and thermostable toxic substances. Lep-
tospira have a tendency towards adhesion on the capillary endothelium 
and erythrocytes. Their influence leads to the development of capillary 
toxicosis, and in the future to universal hemorrhagic syndrome and the 
formation of degenerative and necrotic changes in many organs (Mino-
va et al., 2009). According to the literature, at leptospirosis, disorders 
occurred in the functional state of the hepatobiliary and renal systems of 
horses (Holovakha, 2000), and pet animals (Kerr, 2005). In animals of 
other species, particularly cattle, this issue has not been sufficiently 
described (Sunder et al., 2017).  

Since leptospirosis is quite severe disease, in clinical manifestations 
of which the prediction is always cautious, the objective of the study 
was changes in the biochemical parameters of blood in cows with lep-
tospirosis according to the results of the reaction of microagglutination 
(RMA) (Olivera et al., 2018). In cows, antibodies to different serological 
groups were detected leptospirosis: bratislava 1:100, 1:200; ballum 
1:100–1:200 (second experimental group); kabura 1:100–1:200; polonica 
1:100; szvajzak 1:100–1:200; ballum 1:100; bratislava 1:100–1:200 
(third experimental group); kabura 1:100; polonia 1:200; ballum 1:100; 
szvajzak 1:100–1:200; bratislava 1:800 (fourth experimental group).  

It was determiined that in cows suffering leptospirosis, which was 
determined by RMA, changes in the blood manifest by hyperproteine-
mia as a result of increased biosynthesis of globulins in cellular ele-
ments of the system of mononuclear phagocytes during hepatopathy 
(Petrenko, 2015). Some animals, mostly in the fourth group, were ob-
served to have hypoproteinemia, which indicates to disorder in the func-
tion of protein synthesis of hepatocytes. Its disorder was also indicated 
by dysproteinemia (disorder in the ratio between albumins and globu-
lins), which was determined by coagulation tests – Greenstead and 
formaline tests. The largest number of cows with dysproteinemia was in 
the fourth and third groups. The final product of the cellular metabolism 
is ammonia (NH3), which is a quite toxic product and is formed by the 
deamination of aminoacids, the destruction of purine and pyrimidine 
nucleotides. It is neutralized in periportal hepatocytes, becoming urea. 
The content of urea in the blood reflects the balance between the rate of 
its synthesis in hepatocytes and excretion through the kidneys with the 
urine. According to the researches, the level of urea in the blood in 50% 
of cows of the third and 44% of cows in the fourth experimental groups 
was reduced, indicating disorder of the urea-forming function of the 
liver. In infected cows with leptospirosis, anemia appears, which should 
be classified as hemolytic (enhanced destruction of erythrocytes). As a 
result of intensified hemolysis, the intensive formation of bilirubin out 
of hemoglobin occurs in the cells of the reticuloendothelial system. In-
stead, hepatocytes cannot conjugate large amounts of bilirubin, which 
leads to the accumulation of free pigment in blood and cells. The total 
bilirubin content was increased in 75.0%, 78.6% and 77.8% of cows, 
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respectively. However, the ictericity of mucous membranes in infected 
cows was not observed, which indicates the large compensatory capaci-
ties of hepatocytes to conjugate bilirubin. Determination of the activity 
of enzymes in blood serum is of great importance in laboratory diagnos-
tics of liver pathology. Enzymes are synthesized by hepatocytes and 
cells of the epithelium of bile ducts. They are divided into several 
groups, the main ones being an indicatory and excretory. Determination 
of indicatory enzymes is used in clinical practice for differential diagno-
sis of liver diseases and assessment of the degree of damage to the liver 
and the disorder of its functions. Diagnostic information is obtained by 
increasing the activity of indicator enzymes and their localization in 
hepatocytes. Alanine aminotransferase (ALAT) is found in the cytop-
lasm of hepatocytes, so increase in its activity indicates damage to the 
cytoplasmic membranes of the liver cells.  

The highest activity of ALAT in cows of the fourth group (they 
were observed to have antibodies to serovars of kabura 1:100, polonica 
1:200, ballum 1:100, szvajzak 1:100–1:200, bratislava 1:800), which 
indicates the damage to the cytoplasmic structures of hepatocytes.  

Another asparagine aminotransferase (AST) is a mitochondrial-
cytoplasmic enzyme, and most of it is found in hepatocyte mitochon-
dria. The liver of large cattle cointained the largest amount of AST.  

It has been established that AST activity in cows suffering leptospi-
rosis was increased. In particular, its activity in the second experimental 
group (by RMA – antibody titer – bratislava 1:100–1:200, ballum 
1:100–1:200) was 1.93 times more compared to clinically healthy.  

In the cows of the third experiment (serovars kabura 1:100–1:200, 
polonica 1:100, szvajzak 1:100–1:200, ballum 1:100–1:200, bratislava 
1:100–1:200) and the fourth experimental groups (serovars kabura 
1:100, polonica 1:200, ballum 1:100, szvajzak 1:100–1:200, bratislava 
1:800) had an AST activity higher by 1.7 times compared to clinically 
healthy. Consequently, AST hyperenzymemia indicates severe damage 
to the energy potential of hepatocytes.  

The lesion of the liver is accompanied by the development of 
cholestasis, to which the excretory enzymes (gamma-glutamyl trans-
peptidase (GGTP) and alkaline phosphatase (ALP)) react. These en-
zymes are membrane-binding and are located predominantly in the mem-
branes near the biliary pole of hepatocytes (in the cell cytoplasm) or in 
the cells of the bile ducts. Therefore, increase in their activity in the 
blood occurs due to many diseases of the liver. And  their hyperfermen-
temia does not always indicate cholestasis. Therefore, scientists are 
inclined to think that these excretory enzymes should be considered 
reactive rather than cholestatic. The activity of GGTP was on average 
increased in animals of all the three experimental groups. However, the 
largest number of animals with hyperenzymemia of GGTP (91.7%) 
was found in the second group (serovars bratislava 1:100–1:200, ballum 
1:100–1:200). The cows of this group had the highest values of the pig-
ment – total bilirubin, which is a marker for the development of cholesta-
sis syndrome. It should be noted that similar results of GGTP indicators 
were noted in cows of the third and fourth groups. Consequently, the 
increased activity of GGTP in cows under the latent course of leptospi-
rosis indicates a prolonged pathological process in hepatocytes.  

Unlike GGTP, alkaline phosphatase (ALP) is present in large quan-
tities in the wall of the bile ducts and the determination of its total 
amount is a marker of the state of the biliary system. Therefore, chole-
stasis, as a cause of an increase in the activity of ALP in blood serum, 
develops at obstruction of the bile ducts, with disorders in the transport 
of bile at the level of small bile ducts. The increase in ALP activity also 
occurs when the liver is damaged due to its release of ALP from hepa-
tocytes. The activity of the enzyme ALP, according to the results, was 
the highest in cows of the third group (88.8% more than in clinically 
healthy). Values of ALP activity increased in cows during the latent 
course of the disease in the second group (according to RMA, serovars 
bratislava 1:100–1:200, ballum 1:100–1:200) and in cows of the fourth 
group (serovars kabura 1:100, polonica 1:200, ballum 1:100, szvajzak 
1:100–1:200, bratislava 1:800).  

The obtained biochemical results give grounds to assert that over 
latent course of leptospirosis the cows had manifestations of hepatopa-
thy which should be classified as hepatocholangitis with the phenomena 
of intra- and extrahepatic cholestasis.  

In cows during the latent course of leptospirosis, changes were also 
observed from the side of macroelement metabolism. This applies pri-
marily to calcium and phosphorus. In cows of all experimental groups 
(second–fourth), hypocalcemia manifested. It was found in 66.7%, 
85.7%, and 44.4% respectively.  

Low levels of total calcium in the blood are associated with the me-
tabolism of cholecalciferol, which in the intestine stimulates the synthe-
sis of calcium-binding protein, which results in the binding of calcium 
that was introduced with fodder. Since cholecalciferol which is intro-
duced with fodder is inactive, in the parenchymatous organs, in particu-
lar in hepatocytes in the mitochondrial apparatus, it transforms into 25-
hydroxyvitamin [25(OH)D3]. And at liver damage, this metabolite is 
synthesized less and, accordingly, this intermediate product in insuffici-
ent amount transforms in 25(OH)2D3 or 24.25(OH)2D3; 1.25(OH)2D3 in 
the kidneys. As a result, calcium of binding protein for binding calcium 
in the intestine forms insufficiently. In addition to hypocalcemia, in cows 
with leptospirosis, hypophosphatemia (phosphorus content was less 
than 1.45 mmol/L) appears. It was found in 66.7%, 64.3% and 66.7% of 
cows of the second–fourth group, due to a decrease in the metabolite of 
cholecalciferol 1.25(OH)2D3, which contributes to the absorption of 
phosphates from the intestines (Ellis, 2010).  
 
Conclusions  
 

Our research has shown that in cows of the black-spotted breed suf-
fering leptospirosis, determined by the reaction of microagglutination 
(RMA), significant changes in the biochemical parameters of blood 
occurs, which indicates the development of hepatopathy. This process 
manifests in virtually all animals at the titer of antibodies to one or 
another serovar of Leptospira. In particular, cows at the titer of antibo-
dies bratislava 1:100–1:200, ballum 1:100–1:200 were observed to 
have hyperproteinemia in 16.7% of animals, reduction of urea (33.3%), 
hyperbilirubinemia (75.0%), AST hyperenzymemia (100%), GGTP 
(91.7%), ALP (33.3%), hypocalcemia, and hypophosphatemia in 66.7% of 
animals.  

In animals, at the antibody titers of kabura 1:100–1:200, polonica 
1:100, szvajzak 1:100–1:200, ballum 1:100–1:200, bratislava 1:100–1:200, 
there was observed hyperproteinemia in 42.9%, dysproteinemia (accor-
ding to the results of the Greenstead and formalin test, respectively, in 
85.7% and 50.0%), decrease in urea (50.0%), hyperbilirubinemia 
(75.0%), hyperenzymemia of AST (100%), ALAT (14.3%), GGTP 
(78.6%), ALP (57.1%), hypocalcemia (78.6%), hypophosphatemia in 
64.3% of animals.  

In cows for the antibody titers kabura 1:100, polonica 1:200, bal-
lum 1:100, szvajzak 1:100–1:200; bratislava 1:800, there was observed 
hyperproteinemia in 22.2%, dysproteinemia (according to Greenstead 
and formalin test respectively, in 88.9% and 50.0%, the latter in animals 
of this group was positive to sharply positive), urea decrease (44.4%), 
hyperbilirubinemia (78.6%), AST (100%), ALAT (33.3%), GGTP 
(77.8%), ALP (55.6%), hypocalcemia (44.4%), and hypophosphatemia 
(66.7%). The conducted studies indicate that, in addition to anisotropic 
therapy, when detecting leptospirosis in cows (by RMA), drugs should 
be prescribed that would contribute also to the restoration of the func-
tional state of the hepatobiliary system.  
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