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Functional and metabolic activity of neutrophils  
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ABSTRACT
Introduction. Brucellosis remains one of the most common highly dangerous zoonotic infections. Resistance to the pathogenic microorganisms of the genus 
Brucella depends on the appropriate cell-mediated immunity, which includes the activation of the bactericidal mechanisms of phagocytes. Despite the repeatedly 
proven role of neutrophils in the fight against many bacterial pathogens, the functions of these immunocompetent cells in the setting of brucellosis have long 
remained unstudied.
Objective. The study aimed to examine the functional and metabolic activity of neutrophils in young cattle sensitized with a non-agglutinogenic strain of Brucella.
Materials and methods. The functional and metabolic state of neutrophils in young cattle immunized against brucellosis with a vaccine produced from the 
non-agglutinogenic RB-51 strain of Brucella abortus was assessed on days 7, 14, 21, 28, 35 after immunization using nitroblue tetrazolium (NBT) test, as well as 
based on the level of the enzymatic activity of myeloperoxidase and the content of non-enzymatic cationic proteins. The measurements were made photometrically 
in the spontaneous and stimulated variants of the test, with subsequent calculation of stimulation coefficients. Disintegrated and corpuscular antigens prepared 
from Brucella vaccine strains with different antigen structures were used as reaction stimulants.
Results. It was found that the functional and metabolic status of neutrophils in young cattle immunized with the non-agglutinogenic strain of Brucella is char-
acterized by increased neutrophil activity in the NBT test on days 7 and 35 of the experiment, by the absence of significant changes in the enzymatic activity of 
myeloperoxidase and a decrease in the content of non-enzymatic cationic proteins on days 7–14 after vaccination.
Conclusion. The most pronounced increase in stimulation coefficients was observed when using disintegrated Brucella antigens as a reaction stimulant.  
The highest stimulation coefficients were registered on day 28 after vaccination during the assessment of the oxygen-dependent metabolism of neutrophils with 
the NBT test and on day 14 during the assessment of the oxygen-independent metabolism.
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Функционально-метаболическая активность  
нейтрофилов у молодняка крупного рогатого скота, 
сенсибилизированного неагглютиногенным  
штаммом бруцелл
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РЕЗЮМЕ
Введение. Бруцеллез остается одной из наиболее распространенных инфекций в группе особо опасных зоонозов. Устойчивость к патогенным микро-
организмам рода Brucella зависит от полноценного клеточно-опосредованного иммунитета, включающего в себя активацию бактерицидных механизмов 
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changes in the organs and systems, which are detec ted 
with conventional test methods. Scientific literature de-
scribes the specific features of neutrophil system func-
tioning revealed by  tests in laboratory and other ani-
mals [19, 20, 21].

Cell-mediated immunity to brucellosis in food produc-
ing animals is an issue of particular scientific interest to-
day. In vitro tests for cellular response to stimulation with 
Brucella antigens prepared at the Omsk Agrarian Scienti-
fic Center can be considered an informative and objective 
approach to analyzing the immunological restructuring 
of the body at the early post-vaccination stages, which is 
very important when evaluating the effectiveness of im-
munobiological products.

The study aimed to examine the functional and meta-
bolic activity of neutrophils in young cattle sensitized with 
a non-agglutinogenic strain of Brucella.

MATERIALS AND METHODS
The work was performed at the Department of Veteri-

nary Medicine of the Omsk Agrarian Scientific Center.
The test material was heparinized bovine peripheral 

blood. Sampling was carried out before vaccination and 
on days 7, 14, 21, 28, 35 after vaccination.

Bacterial strains. The antigens were prepared using 
the  following Brucella strains from the bioresource col-
lection of the Department of Veterinary Medicine of the 

INTRODUCTION
Despite the scientifically based system of brucellosis 

control measures in place in animal farming, bovine bru-
cellosis remains endemic in most territories of the Russian 
Federation and poses a risk to livestock farms [1, 2].

One of the main components of the said system is now 
specific prevention [3, 4, 5, 6] mainly aimed at the repro-
duction of asymptomatic or latent infection in farm an-
imals in combination with non-sterile immunity turning 
into post-infection sterile one [7, 8, 9].

The resistance of a macroorganism to the pathogenic 
microorganisms of the genus Brucella at the first stages 
of infectious process development depends on the activ-
ity of cellular protection factors, namely the activation of 
the bactericidal mechanisms of phagocytes [10, 11, 12]. 
Polymorphonuclear neutrophils are the  main phago-
cytic cells responsible for protection against brucellosis. 
The functional and metabolic status of neutrophils deter-
mines the severity of the inflammatory reaction that deve-
lops in response to the entry of infectious pathogens into 
the body [13, 14, 15]. The bactericidal properties of neutro-
phils are provided by hydrolytic enzymes, cationic proteins 
and reactive oxygen species [16, 17, 18].

The examination of the enzymatic and non-enzymatic 
systems of neutrophils makes it possible to detect chan-
ges in the body at the early stages of infectious process 
development, prior to the occurrence of more profound 

фагоцитов. Несмотря на неоднократно доказанную роль нейтрофилов в борьбе со многими бактериальными патогенами, функции этих иммунокомпе-
тентных клеток при бруцеллезе оставались неизученными в течение продолжительного времени. 
Цель исследования. Изучение функционально-метаболической активности нейтрофилов у молодняка крупного рогатого скота, сенсибилизированного 
неагглютиногенным штаммом бруцелл. 
Материалы и методы. У молодняка крупного рогатого скота, иммунизированного против бруцеллеза вакциной из неагглютиногенного штамма Brucella 
abortus RB-51, оценивали функционально-метаболическое состояние нейтрофилов на 7, 14, 21, 28, 35-е сут после иммунизации в тесте с нитросиним 
тетразолием, а также по уровню ферментной активности миелопероксидазы и содержанию неферментных катионных белков. Измерения показателей 
проводили фотометрическим способом в спонтанном и стимулированном вариантах постановки с последующим расчетом коэффициентов стимуля-
ции. В качестве стимуляторов реакции применяли дезинтеграты бруцелл и корпускулярные антигены, изготовленные из вакцинных штаммов бруцелл 
с разной антигенной структурой. 
Результаты. Было установлено, что при иммунизации молодняка крупного рогатого скота неагглютиногенным штаммом бруцелл функционально-
метаболический статус нейтрофилов характеризуется усилением активности нейтрофилов в тесте с нитросиним тетразолием на 7-е и 35-е сут исследо-
вания, отсутствием выраженных изменений в показателях ферментной активности миелопероксидазы, а также снижением количества неферментных 
катионных белков на 7–14-е сут после вакцинации. 
Заключение. Наиболее выраженное увеличение коэффициентов стимуляции отмечается при применении в качестве стимулятора реакции дезинте-
гратов бруцелл. При оценке кислородзависимого метаболизма нейтрофилов в тесте с нитросиним тетразолием максимальные значения коэффициентов 
стимуляции отмечали на 28-е сут после вакцинации, при оценке кислороднезависимого метаболизма – на 14-е сут.
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different time points after the sensitization of the animals 
with the non-agglutinogenic strain of Brucella.

It was found that after an  increase by day  7 from 
the start of the experiment, the spontaneous tetrazolium 
activity of neutrophils showed a slight downward trend 
and reached a minimum by day 28, then it increased again, 
but did not reach a significant difference as compared with 
the baseline values.

When the corpuscular (СS, CR) and disintegrated (DS, DR) 
antigens were added to the phagocyte cell suspension, 
the  increased generation of  oxygen radicals in  neutro-
phil granulocytes was also observed by day 7; then it re-
turned to the initial level (that before the administration 
of the vaccine) on days 14–28 from the start of the exper-
iment depending on the antigen used. It should be noted 
that on day 35, there was again an increase in the induced 
NBT activity. In particular, a statistically significant 2.1-fold 
(p < 0.05) and 1.9-fold (p < 0.05) increase was registered 
after stimulation with the CS and DS antigens, respectively, 
as compared with the relevant values before vaccination.

From day 14 after vaccination, an increase in the NBT 
stimulation coefficient was observed when using the cor-
puscular CS, CR and disintegrated DS antigens as inducers, 
whereas the stimulating effect of the DR antigen was ob-
served starting from day 21. It should also be noted that 
the stimulation coefficient reached its maximum values on 
day 28 from the start of the experiment, especially when 
the phagocytes interacted with the disintegrated DS and 
DR antigens (the coefficient increased 1.6- and 2.3-fold, 
respectively, as compared with the values before sensiti-
zation with Brucella). Subsequently, a decrease in the NBT 
stimulation coefficients was observed; however, the coef-
ficient remained at the same level when the CS antigen 
was used (Table 1).

The data from the tests confirmed our previous find-
ings. In particular, the  highest stimulation coefficients 
in the tests for the tetrazolium activity of neutrophils in 
guinea pigs immunized with a non-agglutinogenic strain 
of Brucella had been observed on day 28 after immuniza-
tion [26].

The spontaneous and stimulated enzymatic activity 
of  myeloperoxidase, which also characterizes the  oxy-
gen-production ability of neutrophils, did not show any 
statistically significant changes during the dynamic tests. 
The stimulation coefficients reached their maximum val-
ues on day 21 from the start of the experiment, except 
when the disintegrated DS antigen was added to the blood 
samples (Table 2).

Neutrophil cationic proteins are another indicator, 
which, unlike the previous two, characterizes the anaer-
obic metabolism of phagocytes. The dynamic tests re-
vealed certain specific features of its changes that were 
not observed during the tests for the tetrazolium and en-
zymatic activity of  neutrophils. In  particular, the  spon-
taneous activity of antimicrobial peptides (2.15 ± 0.48) 
at the beginning of the experiment) reached a minimum 
(1.03 ± 0.03) on day 14 after the sensitization of the an-
imals with Brucella and then, after a short-term slight 
increase (up to 1.23 ± 0.19) on day 28, decreased again 
(to 1.07 ± 0.11) on day 35.

When the blood samples were treated with the cor-
puscular antigen prepared from the S-strain, the activity 
of cationic proteins decreased 1.3-fold (p < 0.05) by day 14 
from the start of the experiment, then 1.78-fold (p < 0.05) 

Omsk Agrarian Scientific Center: Brucella abortus 16/4 in 
the  stable R-form and Brucella abortus 19 in the S-form.

Young animals were immunized with bovine brucellosis 
vaccine based on the non-agglutinogenic RB-51 strain of 
B. abortus (the USA).

Animals. The experiment was carried out in 4–5-month-
old Red Steppe heifers (n = 50). The animals were loose 
housed and received a balanced diet.

The antigens were prepared at the scientific laboratory 
using the modified methods of N. P. Ivanov [22].

CS is a corpuscular antigen prepared from B. abortus 
19 strain.

CR is a corpuscular antigen prepared from B. abortus 
16/4 strain.

DS is a disintegrated antigen prepared from B. abortus 
19 strain by ultrasonic disintegration.

DR is a disintegrated antigen prepared from B. abortus 
16/4 strain by ultrasonic disintegration.

The functional and metabolic state of neutrophils was 
assessed with nitroblue tetrazolium  (NBT) test using 
a modified method [23], as well as based on the content 
of catio nic proteins and myeloperoxidase using a modi-
fied method described by N. M. Khitrik [24]. The measure-
ments were made photometrically in the spontaneous 
(without antigen treatment) and stimulated (with anti-
gen treatment) variants of the test. The test results were 
read using a Fluorofot STD-Less-486-M multichannel im-
munochemistry analyzer (Russia) and expressed in rel-
ative optical density units, with subsequent calculation 
of the stimulation coefficient according to the following 
formula:

Stimulation coefficient = 

value for stimulated 
sample

value for spontaneous 
sample

 .

The disintegrated (DR and DS) and corpuscular (CR and CS) 
Brucella antigens were used as reaction stimulants.

The mathematical processing of the obtained numerical 
data was carried out using the standard methods of vari-
ation statistics involving the determination of arithmetic 
mean (M) values and the calculation of arithmetic mean 
errors (m). Student’s t-test was used to assess the signifi-
cance of differences (p). We also applied the normalized 
deviation method involving automatic determination 
with a special computer software [25] using the following 
formula: 

t = 
M2 – M1

Sd1

,

where t is the normalized deviation;
 M is the mean for the test (M2) and control (M1)
 groups;
 Sd is the standard deviation for the control group.

RESULTS AND DISCUSSION
The study was conducted on a brucellosis-free com-

mercial farm where bovine brucellosis vaccine based on 
the non-agglutinogenic B. abortus RB-51 strain is used on 
a regular basis.

The initial stage of the study included the assessment of 
the functional and metabolic state of neutrophils with NBT 
test, tests for the enzymatic activity of myeloperoxidase 
and non-enzymatic cationic protein content carried out at 
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The stimulation coefficient dynamics in the tests for 
non-enzymatic cationic proteins of neutrophils in young 
cattle confirmed our previous findings from the experi-
ment in guinea pigs immunized with a non-agglutinogen-
ic strain of Brucella, during which the most pronounced 
activity of non-enzymatic cationic proteins of neutrophils 
was observed on day 14 after the administration of the im-
munobiological [27].

At the next stage of the study, a special computer soft-
ware was applied to statistically process the stimulation 
coefficients of the NBT test, myeloperoxidase and cationic 
proteins, using the normalized deviation method to deter-
mine the degree of their transformation as compared with 
the mean values at different time points of the experiment. 
When the deviation from the mean exceeded +1.0 sigma, 
the difference was considered statistically significant, which 
was indicative of a pronounced speci fic sensitization of neu-
trophils to Brucella. The results are presented in Table 4.

The  data show that in the  NBT test, a  pronounced 
specific sensitization was registered on days 14–35 from 
the start of the experiment when using the corpuscular 

on day 28 and 1.67-fold (p < 0.05) on day 35 as compared 
with the  baseline values. When the  antigen prepared 
from Brucella R-strain was used, a significant decrease in 
the oxy gen-independent metabolism of neutrophils was 
registered from day  21 after the  administration of the 
non-agglutinogenic Brucella strain to young cattle.

When the disintegrated DS- and DR-antigens were used, 
a decrease in the activity of neutrophil cationic proteins 
was observed at a later time point. In particular, the anti-
microbial activity of  phagocytes decreased 1.73-fold 
(p < 0.05) and 2.24-fold (p < 0.05) on day 28 from the start 
of the experiment and 2.46-fold (p < 0.05) and 3.4-fold 
(p < 0.05) on day 35, respectively, as compared with the 
initial values.

On day 14 after the sensitization of the animals with 
Brucella, the stimulation coefficient reached its maximum 
value, with the most pronounced 1.54-fold (p < 0.05) and 
1.68-fold (p < 0.05) increase, as compared with the baseline 
values, having been observed when using the disintegra-
ted DS and DR antigens, respectively. At the subsequent 
time points of the study, the coefficient decreased ( Table 3).
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Table 1 
Stimulation coefficient dynamics in tests for tetrazolium activity of neutrophil granulocytes  
in young cattle at different time points after vaccination, M ± m

Antigen
Days after vaccination

Before vaccination 7 14 21 28 35

CS 0.63 ± 0.17 0.65 ± 0.02 1.00 ± 0.28 1.05 ± 0.06 1.00 ± 0.08 1.03 ± 0.24

CR 0.72 ± 0.31 0.75 ± 0.13 0.89 ± 0.10 0.85 ± 0.10 1.04 ± 0.14 0.80 ± 0.11

DS 0.82 ± 0.44 0.71 ± 0.09 0.85 ± 0.22 0.87 ± 0.09 1.33 ± 0.19 0.80 ± 0.16

DR 0.78 ± 0.25 0.70 ± 0.07 0.72 ± 0.14 1.18 ± 0.33 1.80 ± 0.32 0.73 ± 0.13

Table 2 
Stimulation coefficient dynamics in tests for enzymatic activity of myeloperoxidase of neutrophil granulocytes  
in young cattle at different time points after vaccination, M ± m

Antigen
Days after vaccination

Before vaccination 7 14 21 28 35

CS 0.87 ± 0.13 0.99 ± 0.02 0.99 ± 0.01 1.02 ± 0.01 0.99 ± 0.01 1.00 ± 0.01

CR 1.00 ± 0.02 0.99 ± 0.02 0.97 ± 0.01 1.03 ± 0.01 0.95 ± 0.01 0.97 ± 0.01

DS 1.01 ± 0.03 1.00 ± 0.01 1.00 ± 0.004 0.98 ± 0.02 0.85 ± 0.10 0.99 ± 0.01

DR 0.96 ± 0.02 0.98 ± 0.02 0.97 ± 0.01 1.03 ± 0.01 0.94 ± 0.01 0.96 ± 0.01

Table 3 
Stimulation coefficient dynamics in tests for non-enzymatic cationic proteins of neutrophils  
in young cattle at different time points after vaccination, M ± m

Antigen
Days after vaccination

Before vaccination 7 14 21 28 35

CS 0.89 ± 0.18 1.22 ± 0.21 1.30 ± 0.10 1.49 ± 0.31 0.86 ± 0.12 0.96 ± 0.13

CR 1.24 ± 0.14 1.25 ± 0.27 1.80 ± 0.26 1.03 ± 0.03a 1.10 ± 0.26 1.38 ± 0.16

DS 1.43 ± 0.18 1.45 ± 0.35 2.20 ± 0.19a 1.41 ± 0.24 1.40 ± 0.20 1.16 ± 0.19

DR 1.28 ± 0.18 1.31 ± 0.28 2.15 ± 0.11a 1.52 ± 0.29 0.96 ± 0.12 0.74 ± 0.06a

a p < 0.05.
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of neutrophils (NBT test) on day 28 after the inoculation 
of the vaccine strain when using the DR antigen (t = +2.38) 
and during the assessment of anaerobic metabolism (cati-
onic proteins) on day 14 when using the DR and DS anti-
gens (t = +2.42 and +2.76, respectively), which was indi-
cative of a pronounced specific sensitization of neutrophils 
to Brucella.
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