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1. Introduction 
Brucellosis is a bacterial zoonotic disease of worldwide 
importance and of major public health and economic 
significance, caused by gram-negative facultative 
intracellular organisms of the genus Brucella (1,2). The 
recognized Brucella species are named according to their 
host preferences, such as B. abortus (which infects cattle), 
B. melitensis (which infects sheep and goats), B. suis (which 
infects pigs), and B. ovis (which infects sheep) (3,4). 
Brucellosis is an endemic disease in many developing 
countries, especially in the Mediterranean, the Middle East, 
and the Indian subcontinent, and it causes considerable 
economic loss in livestock production (5–7). Bovine 
brucellosis is usually caused by B. abortus and occasionally 
by Brucella melitensis where cattle are kept together with 
infected sheep or goats (8). In Africa, brucellosis is more 
widespread in cattle (9). Brucellosis in cattle is characterized 
primarily by abortion late in pregnancy, frequently followed 
by fetal membrane retention, endometritis, metritis, 
stillbirth, and calf loss in animals and huge economic losses 
to dairy farmers (10–13).

Abnormal biochemical markers of uteroplacental 
pathology in dairy cows are scarce in the literature. Elevated 
levels of serum enzyme activities are reliable indicators of 

pathological changes in different tissues due to the release 
of intracellular enzymes from the injured tissue. Similarly, 
shifts in albumin and/or globulin concentrations, and 
their evaluation by serum protein electrophoresis, are 
considered valuable diagnostic tools in domestic animals. 
Hence, evaluations of serum enzymes activities and 
protein fractions in combination with other clinical and 
laboratory data are helpful in understanding the disease 
process and in making a diagnosis. The purpose of this 
study was to evaluate potential changes in some serum 
enzymes activities and protein fractions in cows’ sera 
serologically positive for brucellosis, which may help in 
understanding the pathophysiology of the adverse effects 
associated with Brucella infection in dairy cows. 

2. Materials and methods
2.1. Animals and sample collection
A total of 1100 mature female dairy cows (Holstein-Friesian 
breed, none vaccinated against brucellosis, 3–5 years age) 
from private farms (Elbehira Governorate, Egypt) were 
used. All animal-related procedures were carried out in 
accordance with the Animal Ethics Committee of the 
Faculty of Veterinary Medicine, Kafrelsheikh University. 
Blood samples were collected from the jugular vein. 

Abstract: The aim of this study was to evaluate potential changes in serum enzyme activities and protein fractions in Brucella-infected 
cows. A total of 1100 serum samples of dairy cows were screened for Brucella infection using the Rose Bengal test (RBT). Serum samples 
reacting positively to the RBT were subjected to indirect enzyme-linked immunosorbent assay for confirmation. Thirty serum samples 
from serologically positive cows and 30 from negative (healthy) cows were analyzed for alanine aminotransferase (ALT), aspartate 
aminotransferase (AST), creatine kinase (CK), lactate dehydrogenase (LDH), alkaline phosphatase (ALP), and gamma-glutamyl 
transferase (GGT) activities and total protein (TP) concentrations and serum protein electrophoresis. Serum ALT, AST, CK, and LDH 
activities were increased in serologically positive cows and significantly higher than those measured in healthy cows. However, there 
were no significant differences in ALP and GGT activities. TP and γ-globulin concentrations were increased in serologically positive 
cows and significantly higher than those of healthy cows, but there were no significant differences in albumin or α1-, α2-, and β-globulin 
concentrations. Hence, Brucella infection has a detrimental effect on dairy cows’ health and is accompanied with elevated serum ALT, 
AST, CK, and LDH activities and increased TP concentrations due to the increase in γ-globulin concentrations only.

Key words: Cows, Brucella infection, serum enzymes activities, protein fractions

Received: 09.04.2015              Accepted/Published Online: 26.05.2015              Printed: 28.08.2015

Research Article



481

ElAZAB / Turk J Vet Anim Sci

Approximately 5 mL of blood was taken from each cow 
into glass tubes without anticoagulant. After clotting the 
blood samples, serum was harvested by centrifugation at 
3500 rpm for 15 min and stored at –80 °C until analysis.
2.2. Serological tests
The Rose Bengal test (RBT) was conducted as described 
previously (14) and was used to screen sera for anti-
Brucella antibodies. Only serum samples reacting 
positively to the RBT were tested using a commercial 
indirect enzyme-linked immunosorbent assay (ELISA) 
kit for confirmation. The commercial indirect ELISA kit 
was BRUCELISA (Veterinary Laboratories Agency, UK). 
Procedures of indirect ELISA were performed and the 
results were interpreted according to the instructions of 
the manufacturer.
2.3. Serum biochemical analyses
Serum activities of alanine aminotransferase (ALT), 
aspartate aminotransferase (AST), creatine kinase (CK), 
lactate dehydrogenase (LDH), alkaline phosphatase 
(ALP), and gamma-glutamyl transferase (GGT) were 
determined by colorimetric method using commercially 
available kits (BioMérieux, France and Spinreact, Spain). 
Serum concentrations of total protein were determined 
by the biuret reaction using an automatic analyzer (Cobas 
8000, Roche, Germany). 
2.4. Serum protein electrophoresis 
Serum protein fractions were electrophoresed by using 
a semiautomated agarose gel electrophoresis system 
(Helena Laboratories, Helena Biosciences, UK) according 
to the procedure described by the manufacturer. Serum 
protein fractions were electrophoresed for 28 min at 

450 V. Fixation was done by using an automated system, 
followed by staining the gel in Coomassie Brilliant 
Blue for 10 min and then drying at 37 °C. Scanning was 
performed on a densitometer (Helena Biosciences) after 
gel destaining and drying. Electrophoretic curves plus 
related quantitative specific protein concentrations for each 
sample were displayed using computer software (Phoresis, 
Helena Biosciences). Percentages for each fraction were 
determined by this software, and absolute values (g/dL) for 
each fraction were obtained by multiplying the percentage 
by the total protein concentration. Albumin/globulin (A/G) 
ratios were calculated by dividing albumin concentrations 
by the sum of globulin concentrations individually.
2.5. Statistical analysis
Data of each study group were expressed as means ± SD. 
Data analyses were done using SPSS 17.01 for Windows 
(SPSS Inc., USA). Repeated measurement of ANOVA was 
also carried out to determine the difference among the 
serum parameters. P < 0.05 was considered as statistically 
significant.

3. Results
The data referring to serum ALT, AST, CK, LDH, ALP, and 
GGT activities are presented in Table 1. Mean values of 
serum ALT, AST, CK, and LDH activities were increased 
and were significantly higher in cows serologically positive 
for brucellosis than those of healthy cows (Table 1; P 
< 0.05). However, there were no significant differences 
between mean values of ALP and GGT activities in cows 
serologically positive for brucellosis and those of healthy 
cows (Table 1; P > 0.05).

Table 1. Serum enzyme activities in dairy cows infected with Brucella.

Parameters
Groups of cows

Brucellosis-positive
(n = 30)

Brucellosis-negative (healthy)
(n = 30)

ALT (U/L) 25.45 ± 4.31* 19.40 ± 0.30

AST (U/L) 64.70 ± 1.84* 45.05 ± 3.04

CK (U/L) 137.50 ± 23.33* 62.50 ± 2.12

LDH (U/L) 1631.00 ± 2.83* 1595.00 ± 22.63

ALP (U/L) 121.75 ± 43.63 135.60 ± 1.56

GGT (U/L) 22.33 ± 2.10 25.33 ± 1.15

All data are expressed as mean ± standard deviation.
*Values obtained from cows serologically positive for brucellosis are significantly different from 
those of healthy cows, P < 0.05.
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Mean values of serum total protein concentrations in 
cows serologically positive for brucellosis were increased 
and significantly higher than those of healthy cows (Table 
2; P < 0.05). Serum proteins were separated by using 
agarose gel electrophoresis and 5 fractions (albumin, 
α1, α2, β, and γ) were identified in all serum samples. 
Absolute values (g/dL) for each fraction were determined 
by multiplying the percentages of each fraction by the 
total protein concentrations. Absolute concentrations of 
γ-globulins were increased in cows serologically positive 
for brucellosis and significantly higher than those of 
healthy cows (Table 2; P < 0.05). However, there were no 
significant differences between mean values of absolute 
concentrations of albumin and α1-, α2-, and β-globulins 
in cows serologically positive for brucellosis and those 
of healthy cows (Table 2; P > 0.05). Moreover, cows 
serologically positive for brucellosis had lower A/G ratios 
when compared to healthy cows (Table 2; P < 0.05).

4. Discussion 
Brucellosis, a contagious disease of domestic animals, 
is considered one of the most serious public health 
problems, especially in developing countries (15). 
Brucellosis is a chronic bacterial disease of domestic 
animals and provokes placentitis, abortion, retention of 
the placenta, and metritis, with devastating economic 
effects on livestock production (16,17). Serum biochemical 
references of uteroplacental pathology in dairy cows are 
scanty. Measurement and evaluation of such parameters 
may be helpful in elucidating the pathophysiology of the 
adverse effects associated with brucellosis in dairy cows. 

The current study was designed to investigate changes 
that may occur in serum enzyme activities and different 
protein fractions in dairy cows infected with Brucella. 

Serum enzyme activities are markers or indicators 
of pathologic processes and not specific diseases. The 
results of the present study showed that serum ALT and 
AST activities in dairy cows positive for brucellosis were 
increased and significantly higher than those of healthy 
cows. In the present study, the increased activity of AST and 
ALT in dairy cows positive for brucellosis was observed, as 
indicated by Nath et al. (18) in cows and by El-Boshy et al. 
(19) in camels infected with Brucella. The serum activity 
of the aminotransferases, AST and ALT, are measured to 
detect hepatocellular injury. ALT is an important liver-
specific enzyme in small animals but offers no specificity 
for detection of liver injury in large animals (20). Liver 
ALT activity is very low in cattle. Increases in serum ALT 
activity in these species are likely the result of muscle injury 
(21). AST is a common marker of hepatocyte damage, but 
muscle damage also increases AST activities in cattle (22). 
In cattle, AST activity should be interpreted in conjunction 
with tissue-specific enzymes such as CK (muscle-specific 
enzyme) and GGT (liver-specific enzyme) to determine 
the source of the tissue damage (23).

CK is a leakage enzyme and is considered a muscle-
specific enzyme in domestic animals (22). The results of 
the present study revealed that serum CK activities in 
dairy cows positive for brucellosis were increased and 
significantly higher than those of healthy cows. Injury to 
organs and tissues containing smooth muscle may cause 
increased serum CK activities, but to a lesser extent than 

Table 2. Serum total protein concentration, protein fractions, and albumin/globulin (A/G) ratio 
in dairy cows infected with Brucella.

Parameters
Groups of cows

Brucellosis-positive
(n = 30)

Brucellosis-negative
(n = 30)

Total protein (g/dL) 8.61 ± 0.50* 7.71 ± 0.30

Albumin (g/dL) 3.23 ± 0.18 3.26 ± 0.10

α1-globulin (g/dL) 0.28 ± 0.01 0.28 ± 0.01

α2-globulin (g/dL) 0.94 ± 0.06 0.92 ± 0.04

β-globulin (g/dL) 0.95 ± 0.10 1.06 ± 0.01

γ-globulin (g/dL) 3.22 ± 0.34* 2.18 ± 0.27

A/G ratio 0.60 ± 0.03* 0.73 ± 0.01

All data are expressed as mean ± standard deviation.
*Values obtained from cows serologically positive for brucellosis are significantly different from 
those of healthy cows, P < 0.05.
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with striated muscle damage. It was reported that uterine 
tissue contains high CK and AST activities, with CK being 
20-fold higher than AST, and cows with endometritis have 
elevated CK and AST activities in serum (24). CK and AST 
activities in serum of buffalo cows with endometritis could 
be a valuable aid for the determination of uterine tissue 
atrophy and degeneration (25).

LDH, similar to AST, is found in many types of cells 
and should not be considered liver-specific. Serum LDH 
activities were also increased in dairy cows positive for 
brucellosis and were significantly higher than those of 
healthy cows. Increased LDH activity may result from 
hemolysis, muscle damage, or hepatocellular injury 
(21). Lactate dehydrogenase activity provides additional 
information that may help explain activities of more 
tissue-specific enzymes (i.e. CK). Dutta and Dugwekar 
(26) reported that an increase in LDH activities could be 
a useful indicator of the presence of uterine and placental 
pathology. 

The current investigation also showed no statistically 
significant differences between mean values of ALP and 
GGT activities in cows positive for brucellosis and healthy 
cows. ALP is a membrane-bound glycoprotein mainly 
found in various animal tissues and used as a biochemical 
marker to diagnose osteoporosis and hepatobiliary 
disorders as well as fatty liver disease (27–29). Similarly, 
GGT, a membrane-bound enzyme, is found primarily 
in cells with high rates of secretion or absorption, and 
significant GGT activity is present in the liver, kidneys, 
pancreas, and intestine. GGT activity is relatively high 
in the livers of cows. Remarkable elevations in serum 
GGT activity are observed primarily in diseases of the 
hepatobiliary system associated with cholestasis in cows 
(23). Increased GGT activity is generally considered to 
have better diagnostic sensitivity than ALP for detecting 
cholestasis or other biliary disorders in cattle (30). 

Regarding the result of protein analyses, mean values 
of total protein and γ-globulin concentrations in cows 
serologically positive for brucellosis were increased and 
significantly higher than those of healthy cows. However, 
there were no significant differences between mean values 
of albumin and α1-, α2-, and β-globulin concentrations 

in cows positive for brucellosis and healthy cows. 
Furthermore, cows serologically positive for brucellosis 
had lower A/G ratios when compared with healthy cows. 
The result of the present study is partly in agreement with 
previous reports that documented an increase of serum 
globulin level in Brucella-affected cows (18), ewes (31), and 
camels (19), whereas Nath et al. (18) reported a significant 
decrease in albumin concentrations and nonsignificant 
changes in total protein and A/G ratio between the 
brucellosis-affected and healthy cows. However, Hamada 
et al. (31) found a nonsignificant difference in albumin 
and total protein between brucellosis-affected and healthy 
ewes. El-Boshy et al. (19) reported a significant decrease in 
serum albumin between brucellosis-affected and healthy 
camels. 

Serum protein measurement constitutes a vital 
component of laboratory diagnostic evaluations in animals. 
Increased total protein concentration can result from 
increased concentrations of albumin, globulin, or both. In 
the present study, the higher globulin concentrations led to 
higher total serum proteins and lower A/G ratio. Elevation 
of γ-globulin concentration is common during chronic 
inflammatory diseases. Chronic or subacute bacterial 
infections can cause increases in globulin fractions, 
particularly the γ-globulins resulting from production of 
different immunoglobulins by plasma cells in response to 
chronic antigenic stimulation (32).

In conclusion, the present study provides helpful 
clinicopathological findings in dairy cows serologically 
positive for brucellosis. Brucella infection in dairy cows 
is associated with harmful effects on animal health 
leading to a disturbance in some vital organs functions. 
Consequently, serum ALT, AST, CK, and LDH activities 
tend to increase in the sera. The increased serum activities 
of these enzymes could be related to a retained placenta 
or pathological changes of the uterine wall (chronic 
endometritis) commonly associated with Brucella infection 
in dairy cows. Furthermore, serologically positive cows had 
higher total protein and globulin concentrations as well as 
lower A/G ratios. The increased globulin concentrations 
(particularly γ-globulins) are most likely due to chronic 
antigenic stimulation caused by the organism.
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