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Abstract. Global environmental changes have caused transformations in the biology of microorganisms, especially among 
campylobacter, which are currently associated with food toxic infections. The means of influence of these bacteria on 
susceptible organisms, namely toxins, have not been finally clarified. The purpose of this study was to investigate the 
genetic conditionality of toxin formation in isolates of Campylobacter jejuni and determination of the degree of inhibition 
of the body’s protective reactions by toxic fractions of Campylobacter protein compounds. The methodology of this study 
was based on the polymerase chain reaction using primers to indicate the nucleotide sequences of the Campylobacter 
jejuni genome that encode the synthesis of toxins. Samples from 4 Campylobacter isolates were examined for the 
content of protein fractions according to the Lowry assay. The analysis of the electropherogram of the results of DNA 
amplification in a comparative aspect with the data of standard samples allowed establishing the presence of genome 
elements that indicate the potential ability to produce toxins in Campylobacter jejuni isolates sampled from the material 
under study. Toxic fractions separated from the supernatant of Campylobacter jejuni broth culture are represented by 
protein-carbohydrate substances. The obtained peak toxigenic fractions of the dialysate of the bacterial culture sediment 
contained protein within 9.5-17 μg/ml. In the dialysate of the broth culture supernatant, where 5 groups of toxigenic 
fractions were distinguished, their protein content ranged within 10-85 μg/ml. By reproducing the opsono-phagocytic 
reaction involving toxigenic fractions of Campylobacter jejuni, a sufficiently pronounced immunosuppressive effect of 
these complexes on the body of warm-blooded animals was established with an opsonic index of 2.6 ± 0.03. The obtained 
results allow clarifying the connection between toxin formation in Campylobacter jejuni and their immunosuppressive 
effect on the body of warm-blooded animals and humans, which in the future will positively affect the improvement of 
measures for the prevention and treatment of animals with this pathology
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Introduction
Campylobacteriosis is the most common foodborne bacte-
rial zoonosis in the world, caused by Campylobacter fetus, 
jejuni, and coli. EU countries carry out annual monitoring 
of the spread of campylobacter among animals and poultry. 
This infectious pathology is caused by Campylobacter fetus 
and jejuni. During infection, campylobacter act in many 
ways, namely through toxins. As a food toxic infection, 
campylobacteriosis is registered in many regions of the 
world [1; 2].

The national medical associations of the countries of 
the world, as well as the World Health Organization (WHO), 
emphasize the special role of Campylobacter in the aetiology 
of food toxic infections and attribute them to a single se-
ries of classical enteropathogenic genera of bacteria, such 
as Salmonella, Shigella, and Yersinia [3; 4]. This is caused 
by the extraordinary geographical distribution of Campylo-
bacter, high rates of morbidity and intensive circulation of 
the pathogen among animals and certain social groups of 
the population [5; 6]. Separate studies indicate a high de-
gree of carriage of campylobacteriosis in cattle, pigs, dogs, 
and poultry against the background of a significant spread 
of campylobacterial diarrhoea in humans [6; 7]. The most 
pathogenic are Campylobacter of the fetus and jejuni subspe-
cies, as well as the coli species [8; 9].

Campylobacter is included in group No. 2, which 
combines aerobic (microaerophilic, motile, spiral) and 
gram-negative bacteria [10]. The genus Campylobacter in-
cludes 15 species of bacteria: fetus, hyointestinales, jejuni, 
cinaedi, coli, concisus, cryaerophila, fennelie, lari, mucosalis, 
nitrofigillis, sputorum, upsaliens, as well as Weilonella curva 
and Weilonella succinogenes species added to this genus. In 
turn, some species combine subspecies and biovars. Thus, 
the fetus species unites the fetus and venerealis subspecies, 
the jejuni species – jejuni and doylei subspecies, the sputorum 
species – sputorum, bubulus, and fecalis biovars [11].

Campylobacter bacteria are divided into catalase- 
positive (C. fetus with subspecies: spp. venerialis, spp. fetus; 
C. Jejuni with subspecies: spp. jejuni, spp. doyli; C. coli; C. lari;
C. hyointestinalis) and catalase-negative (C. sputorum with
two biovars: sputorum and bubulus, C. mucosalis) [5]. Some
species that previously belonged to the genus Campylo-
bacter are now separated into a new genus. Thus, C. pilo-
ridis, associated with gastric ulcer disease, is separated into
an independent genus of Helicobacter. The range of micro-
bial species that are candidates for inclusion in this taxon
is also constantly increasing [10; 12]. The antigenic compo-
sition of Campylobacter is quite complex and contains H-, 
O-, and K-antigens [13].

Important surface antigens are lipopolysaccharide 
and acid-soluble protein fraction. These antigens play a 
leading role during serotyping of C. hepaticus and C. jejuni 
and serodiagnosis of campylobacteriosis. The question of 
the existence of a “universal” Campylobacter antigen, i.e., 
such an antigen, the antibodies to which can be detected 
in the serum of all patients in sufficiently high titres, stays 
open. But all Campylobacter serotypes have a common pro-
tein antigen with a molecular weight of about 62 kDa. This 
protein fraction is optimal for identification of campylo-
bacteriosis during serological diagnosis [14]. 

Antigenic differences between bacteria of different 
serotypes relate to the carbohydrate composition of the 

internal lipopolysaccharide of Campylobacter [15]. The chem-
ical composition of lipopolysaccharide of Campylobacter je-
juni is similar to analogous antigens of other enterobacte-
ria. Apart from the similarity of the chemical structure, the 
existence of a significant immunological affinity between 
lipopolysaccharides of Campylobacter and other pathogens 
of intestinal infections – Salmonella, Yersinia, Brucella, Shi-
gella [16] has been proven.

Campylobacter is endowed with a powerful list of viru-
lence factors that cause intoxication of the body and predeter-
mine the development of pathological processes with distinct 
clinical manifestations [17]. The issue of Campylobacter 
toxin production is of important practical and theoretical 
importance [18].

Like all Gram-negative bacteria, Campylobacter 
contains endotoxins. It is known that the endotoxin of 
Gram-negative bacteria is a lipopolysaccharide of the cell 
wall [15]. Even though, in experiments, the thermostable 
endotoxin of Campylobacter can cause haemorrhagic and 
necrotic changes in the skin at the places of introduction of 
the bacterial suspension and even the death of animals, its 
role in the pathogenesis of campylobacter enteritis is not 
considered leading [19].

The ability of various species of Campylobacter to 
produce a thermolabile enterotoxin, which has antigenic 
affinity with cholerogen and enterotoxin of E. coli, is gen-
erally recognized [18]. Bacterial toxins can cause an inflam-
matory reaction of the skin, spleen hyperaemia, necrosis 
of lymphoid elements, and in blood vessels – thrombosis 
and intravascular coagulation, collapse, and haemoglobin 
enrichment of their walls [20]. 

In addition to endotoxins and enterotoxins, 
Campylobacter synthesizes cytotoxins. A considerable num-
ber of such compounds were found among highly cyto-
pathogenic “chicken” strains (44.1%), which determined the 
leading role of chickens as a potential source of pathogens 
of campylobacteriosis [7; 21]. 

The susceptibility of the macroorganism to campy-
lobacteriosis causes immunological disorders, including 
various immunodeficiency states [22]. Although the study 
of the issue of toxin formation among microorganisms is 
quite popular, the specific features of toxin formation in 
Campylobacter depending on the virulence of the pathogen, 
the nature of the manifestation of the toxic effect of these 
objects in vivo are still unclear, which forms the relevance 
of this area of research.

The purpose of this study was to identify the de-
gree of inhibition of the body’s defence reactions by toxic 
fractions of Campylobacter protein compounds and to in-
vestigate the genetic conditionality of toxin formation in 
Campylobacter jejuni isolates.

Materials and Methods
The study was conducted at the State Research Institute of 
Laboratory Diagnostics and Veterinary-Sanitary Examina-
tion (Kyiv) during 2021-2022 per ISO 10272-1:2017 (Micro-
biology of the food chain – Horizontal method of detection 
and counting of Campylobacter spp. – Part 1: Detection 
method) [23]. 

From 2,120 samples of faeces and droppings, 
caecum (caecal processes) with contents from cattle, pigs, 
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and poultry, obtained from farms of various forms of own-
ership in Ukraine during 2021, 448 isolates – pathogens of 
zoonoses and commensal microorganisms – were isolated 
and identified, which is 21.1% of the total number of sam-
ples. 33 isolates of Campylobacter jejuni were typed according 
to general biological properties. According to the source of 
isolation: from poultry – 26, cattle – 5, pigs – 2, from which 
4 isolates of Campylobacter jejuni were selected for work.

During the study, certified nutrient media and selec-
tive additives (horse blood serum) were used. Antibiotic sus-
ceptibility of isolates was investigated using the disk diffusion 
method, according to EUCAST recommendations [24].

The sample preparation sequence for obtaining DNA 
from campylobacter field isolates included several steps. 
100 μl of a 48-hour broth culture of bacteria washed with 
buffered physiological solution (BPS) was placed in micro-
centrifuge tubes (Eppendorf type) with a capacity of 1.5 cm3. 
Then 300 μl of lysis buffer containing 6M guanidine thio-
cyanate was added to each sample and mixed with a vor-
tex. The test tubes with the mixture were heated at 65°C for 
5 minutes and re-mixed using a vortex. The sample mate-
rial was precipitated by centrifugation at 5 x 103 rpm for 
5 seconds. Subsequently, 30 μl of silica gel was added to 
each sample. The mixture was vortexed for 10-15 seconds 
and left at rest at room temperature for 2 min until the 
sorbent turned into sediment. The samples were then re-
mixed and settled for 5 minutes.

To separate the sorbent fractions with the material 
under study and solvents, the test tubes were centrifuged 
at 5,000 rpm for 30 seconds. Each sample was washed first 
with 300 μl of lysis solution, and then twice with 500 μl. 
The mixture consisted of 70% ethanol, 100 mM NaCl, and 
10 mM Tris-HCl (pH 8.0). The supernatant was removed. 
The precipitated substance was dried for 5-7 minutes un-
der a thermostat at 65°C. Subsequently, 50 μl of TE buffer 
(pH 8.0) was added to each Eppendorf for DNA elution and 
placed in a thermostat at 65°C for 5-6 min. During elution, 
the samples were vortexed every minute. The substance was 
again precipitated by centrifugation at 12,000 rpm for 
2 minutes. The supernatant containing the DNA obtained 
for further research was collected in pre-prepared test tubes.

Before setting up the polymerase chain reaction 
(PCR), two reaction mixtures were prepared – “upper” and 
“lower”. The “lower” reaction mixture contained 2.5 μl of 
primer and nucleotides, mixed on a vortex, with a final con-
centration of each primer of 25 rMol/sample. The primers 
used in the study were manufactured by Wizard® (USA). 
5 μl of each obtained mixture of the corresponding sample 
was placed in 0.5 cm3 microtubes, followed by the appli-
cation of 10 μl of wax melted at 95°C to the surface until 
the entire surface was completely covered. The composi-
tion of the “upper” reaction mixture included, considering 
controls, 10.0 μl of 5% PCR buffer, 3.0 μl of 50 mM MgSO4, 
6.0 μl of H2O, 1.0 μl of Taq polymerase. In test tubes with 
the “lower” reaction mixture, the surface of the wax layer 
was covered with 10 μl of the “upper” reaction mixture 
and, according to the sample labelling, 10 μl of experimen-
tal or control DNA and two drops of petroleum jelly were 
applied. Mixtures of DNA of somatic cells of agricultural 
animals (cattle, pigs, sheep) and DNA of Escherichia coli 
and Salmonella typhimurium were used as negative control 

during amplification. The polymerase chain reaction was 
performed according to the program using the thermal cycler 
“Tertsik” in the active control mode.

Determination of the nature of the toxic component 
of Campylobacter jejuni isolates was based on the establish-
ment of its biochemical nature. To obtain the exotoxin, the 
protein fractions of the culture liquid of Campylobacter, 
grown for 48 h at 42°C in Preston’s broth, were extracted. 
After precipitation of bacterial cells by centrifugation at 
3,000 rpm for 30 minutes, the supernatant obtained from 
the samples was transferred to clean test tubes. Protein 
fractions of each sample were isolated by adding up to 60% 
saturation of dry ammonium sulphate salt to each of the test 
tubes with simultaneous pH control. Denatured proteins of 
the samples were obtained as a result of settling the mix-
tures for 12 h at 4°C, centrifuged at 3,000 rpm for 30 min and 
dissolved in 3 M ammonium sulphate in a ratio of 1:3.

The quantitative content of the isolated proteins 
was investigated using the Lowry protein assay [25]. Sam-
ples from each of the 4 isolates of Campylobacter included 
5 samples: culture fluid, supernatant after protein precipi-
tation of culture fluid (4.14 mg/ml), supernatant dialysate 
(1.015 mg/ml), sediment (0.397 mg/ml), and sediment dial-
ysate (0.23 mg/ml). The constituents of the sediment and 
supernatant were detected using ion exchange chromatog-
raphy on TSK gels.

Ion exchange chromatography of the sample (e.g., 
sediment) was performed on a column (2 × 35 cm) Frac-
togel DEAE-650-s “Merck” (Germany), equilibrated with 
0.01 M Tris-HCl buffer (pH 7.0). The sample (20 ml, 50 mg 
of protein) was applied to the column, eluted with a linear 
gradient of NaCl (0-1 M, 150 ml each) at 24 ml/h. Substances 
identical to the fractions of the obtained peaks were tested for 
toxic activity. The harmful effect of Campylobacter jejuni toxin 
on the body was studied by determining the opsonic index.

Under sterile conditions, a mixture of 0.1 ml of rabbit 
blood and 0.1 ml of 2% sodium citrate solution was intro-
duced into centrifuge tubes. The test tubes were labelled 
according to the campylobacter isolate under study, and 
0.1 ml of 2 billion suspensions of the washed agar culture 
of Campylobacter jejuni bacteria were added to the ci-
trated rabbit blood in a certain test tube. In another test 
tube with similar components, 0.1 ml of a certain fraction 
of toxin-containing substances obtained from the super-
natant of Campylobacter jejuni broth culture was added. 
The reagent tubes were kept for 30 minutes in a thermo-
stat at 37°C, then centrifuged at 3,000 rpm and the super-
natant with white blood cells was selected with a pipette. 
Smears were prepared from the leukocyte-containing sub-
stance and stained according to the Romanowsky-Giemsa 
method [4] to count phagocytic bacteria in toxin-containing 
and toxin-free fractions.

Ion exchange chromatography of the sample (su-
pernatant) was performed using a column (3.0  ×  40 cm) 
Fractogel DEAE-650-m “Merck” (Germany), equilibrated 
with 0.01 M Tris-HCl buffer (pH 7.0). The sample (10 ml, 
40 mg of protein) was applied to the column and eluted us-
ing a linear NaCl gradient (0-1 M, 150 ml each) at 30 ml/h. 
Substances identical to the fractions of the obtained peaks 
were tested for toxic activity. Statistical analysis was per-
formed according to the program R: A Language [26]. 
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Results and Discussion
All 33 typed field isolates of Campylobacter compared 
to the reference strain Campylobacter jejuni ATCC 33291 
demonstrated similar biochemical properties – they 

produced oxidase, catalase, and urease, decomposed hip-
purate, and showed growth at +37°C and +42°C (Table 1). 
This is consistent with the results of studies by E. Lucio, 
I. Sakaridis, and L. García-Sánchez [5; 6; 10].

Table 1. Differential features of pathogenic isolates of Campylobacter jejuni

Isolate Origin Oxidase Catalase Urease Growth 
at +25°C

Growth 
at +37°C

Growth 
at +42°C

Hippurate 
Na Cephalothin

C. jejuni No. 1 Broiler chicken + + – – + + + sensitive

C. jejuni No. 2 Broiler chicken + + – – + + + sensitive

C. jejuni No. 3 Broiler chicken + + – – + + + sensitive

C. jejuni No. 4 Broiler chicken + + – – + + + sensitive

C. jejuni
ATCC 33291 Reference strain + + – – + + + sensitive

Careful verification of the basic cultural, morpho-
logical, and biochemical properties of field isolates is 
extremely necessary since these data are essential when 
working with experimental material. They confirm the work 
with a pure bacterial culture.

Under unfavourable conditions, Campylobacter spe-
cies are transformed from the classic mobile spiral form 
into a ball-shaped one. Therewith, they stay workable, but 
transition into an uncultivated state. The use of media with 
elements of animal blood during the study helped speed up 
the adaptation time of the isolates to artificial cultivation 
conditions. In the presence of organic iron compounds in the 
nutrient medium, the cell membranes of the bacterial wall 
become more resistant to the previously mentioned stresses.

As the experience of many scientists proves [1], the 
use of PCR testing in the search for agents and products of 
their metabolism is more effective compared to cultural 
methods, especially if it concerns Campylobacter spp. To iden-
tify the toxin-synthesizing ability in a comparative aspect, the 
order of the DNA nucleotide sequences of each of the 4 se-
lected isolates of Campylobacter jejuni was analysed. To iden-
tify specific oligonucleotide primers, data on DNA sequences 
of campylobacter were used according to the MLST principle. 
They are registered in the international GenBank database 
and implemented using Pub MLST [27] and Genome Profiler 
software. The search resulted in primers with the following 
nucleotide sequences: F (ATGAAAAAATATTTAGTTTTTGCA) 
and R (ATTTTATTATTTGTAGCAGCG) (Table 2).

Table 2. Temperature regimes of the amplifier for PCR reproduction using forward and reverse primers

Primers F: ATGAAAAATATTTAGTTTTTGCA R: ATTTTATTATTTGTAGCAGCG

Stage Mode Number of cycles

1 t 95°C – 5 min 1

2
t 94°C – 1 min
t 56°C – 1 min
t 72°C – 2 min

–
4
–

3
t 94°C – 30 s
t 55°C – 30 s
t 72°C – 30 s

–
28
–

4 t 75°C – 5 min 1

5 t 10°C 1

Such a nucleotide sequence corresponds to one of 
the genes (cdtA), as a result of which the synthesis of the 
so-called cytolethal stretching toxin takes place [22]. This 
gene is included in the triad of genes (cdtA, cdtB, and cdtC) 
necessary for the synthesis of an active ternary holotoxin, 
which causes full cellular toxicity.

Genomic features of field isolates using the primer 
responsible for the synthesis of the toxic protein fraction of 
Campylobacter jejuni were examined for the presence of po-
tential genes in each isolate and the reference strain [14].

The specific feature of the PCR reproduction in 
this case concerned the installation of Eppendorfs and the 
program launch, starting with recording of the “hot star” 
conditions in the thermal cycler (temperature +93°C). The 
study and analysis of compounds obtained as a result of 

amplification began after separating a section of DNA in 
1.5% agarose gel. An indispensable condition for using agar 
gel is its enrichment with a solution of ethidium bromide at 
25 µL per plate with a thickness of 6 mm. 

At the stage when the reaction mixture for PCR already 
contained glycerol, and for marker staining it contained xy-
lenecyanol, the samples under study were introduced directly 
into the wells. In the electrophoretic chamber, the gel strips 
were placed in wells towards the anode. 10.0 µl of amplified 
samples were placed in the central wells, and 3 µl of marker 
was placed in the extreme wells.  After the dye (xylenecyanol) 
covered about half the length of the gel, electrophoresis was 
performed in a voltage gradient of 10 V/cm. The calculation of 
the results of DNA amplification on electropherograms using 
a transilluminator in ultraviolet light is presented in Figure 1.
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Figure 1. Results of electrophoresis of amplification of toxicity genes in the DNA of Campylobacter jejuni isolates

Comparative analysis of the electropherogram of 
DNA amplification with the data of standard samples as 
a result of three repetitions helped establish the presence 
of genome elements (P < 0.01) that indicate the potential 
ability to produce toxins in Campylobacter jejuni isolates 
sampled from the material under study (lanes 1 to 4). The 
fifth lane coincided with the sample of the reference strain 
Campylobacter jejuni ATCC 33291. Empty tracks 6, 7, 8, and 
9 belong to samples containing control samples (without 
the presence of Сampylobacter and somatic cell cultures 
in poultry).

Therefore, the gene of interest (cdtA) was identified 
as specific for Campylobacter jejuni. It was present in all 
100% of isolates (four isolates) and was not detected in the 
control negative samples. These are samples with epithelial 

cells and samples containing cultures of Escherichia coli 
and Salmonella typhimurium, which is quite natural.

Since, according to statistics, among the three 
most common intestinal infections associated with the 
presence of toxin-producing bacteria (Shigella sonnei, 
Campylobacter spp., Salmonella spp.), Сampylobacter is ahead 
of salmonella; some scientists point to the need to investi-
gate toxin production by Campylobacter [4]. Campylobacter 
came under the close attention of specialists because they 
are included in the top-5 group of pathogens of intestinal 
zoonoses, which can spread through animal faeces [5]. 

The study of the nature of the toxic products of the 
sediment and the supernatant of the broth culture of se-
lected Campylobacter strains is presented in Figure 2 and 
3, respectively.

Figure 2. Distribution of protein fractions of the precipitate of Campylobacter jejuni isolate No. 1 
(ion exchange chromatography)
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Figure 3. Distribution of protein fractions of the supernatant of Campylobacter jejuni isolate No. 1 
(ion exchange chromatography)
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The two peak values of the protein components of 
the sediment coincide with the 59th and 70th fractions.

The results of studies of the supernatant of a 
Campylobacter jejuni isolate with potential toxic properties 
allowed identifying 5 protein fractions, which constitute a 

considerable advantage over other substances of this class. 
These are fractions No. 73, 80, 91, 100, and 105. Data on the 
quantitative and qualitative biochemical composition of sam-
ples of elements of the supernatant of Campylobacter isolates, 
which were subject to verification, are presented in Table 3. 

Table 3. Protein content in sediment and supernatant fractions of Campylobacter jejuni No. 1 (M ± m, n = 6, P < 0.01)

Sample Protein content, µg/ml

Sediment (dialysed) 238

Fraction 59 17

Fraction 70 9.5

Supernatant (dialysed) 242.5

Fraction 73 24.5

Fraction 80 85

Fraction 91 55

Fraction 100 20

Fraction 105 10

The secretion of a protein substance by Campylo-
bacter is activated due to the contact of the bacteria with 
the host cells. These are the so-called Cia proteins, which 
are necessary for activation of chemotaxis and mass inva-
sion of intestinal epithelial cells by Campylobacter jejuni 
bacteria. This is consistent with literature data on the sys-
tem that implements the synthesis of Cia proteins and is 
in the flagellar apparatus of these microorganisms. It is as-
sociated with the activation of the diguanylate cyclase en-
zyme [15]. Intensification of the activity of the latter helps 
alter the biological state of the Campylobacter culture. 
There is a transition from the swarming phase to the phase 
with the development of morphologically stem-like cells. 
This phase involves the removal of flagella from bacterial 
cells and symbolizes the beginning of cell division [13].

Apart from enzyme proteins, a crucial factor in the 
pathogenic effect on the body in Campylobacter jejuni is 
cytolethal distension toxin (CdtA, CdtB, CdtC). It causes 
apoptosis of host cells, which is accompanied by a sim-
ilar phenomenon-elongation of affected cells [22]. The 
use of isolated toxic fractions of protein compounds of 
Campylobacter jejuni isolates in the suspension of the leu-
kocyte fraction of rabbit blood led to the occurrence of a 
similar effect – apoptosis with cell elongation. This can ex-
plain the principle of the immunosuppressive effect of cy-
toletal stretching toxin on the activity of white blood cells 
that lose their phagocytic function.

The degree of such changes can be estimated by 
the result of an opsonophagocytic reaction. The number of 
bacterial cells captured by phagocytes (phagocytic num-
ber) for n = 6 in the sample with sediment of Campylobacter 
jejuni bacterial culture (isolate No. 1) was 530 ± 12 microbial 
cells per 100 leukocytes, which is equal to 5.3 ± 0.12.

In the presence of the supernatant of the Campylobacter 
jejuni bacterial culture (isolate No. 1), the phagocytic number 
in the sample for n = 6 did not exceed 202 ± 4 microbial cells 
per 100 leukocytes, which is equal to 2.0 ± 0.04.

The analysis of the obtained data indicates that 
outside the body, rabbit blood leukocytes treated with the 
protein fraction of the dialysed sediment of Campylobacter 

jejuni No. 1 with a protein content of 238 μg/ml showed little 
functional activity. Their ability to absorb Campylobacter 
jejuni bacterial cells by phagocytosis was over 2.6 times 
less than that of leukocytes treated with the supernatant 
of the same isolate with a protein content of 242.5 μg/ml. 
This indicates a high cytotoxic effect of protein compounds 
of the dialysed supernatant, which consists of 5 fractions.

Such a difference in the immunosuppressive action 
of protein fractions of Campylobacter jejuni bacterial cultures 
of different origins was confirmed by the calculation of the 
opsonic index (Io) based on the quantitative indicators of 
phagocytic numbers of the 1st and 2nd groups of the experi-
ment. It was as follows: Io = (5.3 ± 0.12)/(2.0 ± 0.04) = 2.6 ± 0.03.

Thus, the obtained quantitative characteristics of the 
interaction of various components of the bacterial culture 
of Campylobacter jejuni with a suspension of rabbit blood 
leukocytes indicate the manifestation of the cytotoxic effect 
of the Campylobacter supernatant, which contains toxigenic 
protein fractions. Since such an effect is observed when in-
teracting with immunocompetent cells, the toxic compounds 
obtained in the experiment can be qualified as factors with 
an immunosuppressive cellular effect. The obtained results 
are fully consistent with the data of other scientists [14; 19], 
which confirm the acquisition of plasmids in the genome by 
Campylobacter, which cause the synthesis of protein com-
pounds with pronounced cytotoxic properties.

Conclusions
As a result of the study of 33 isolates of Campylobacter 
jejuni from poultry (faeces and caecal processes of the in-
testine), 4 cultures were selected to establish the presence 
of the cdtA gene. Only these cultures were similar in bio-
chemical properties to the reference strain Campylobacter 
jejuni ATCC 33291.

A positive result was obtained for the PCR study 
to detect the cdtA gene in 4 isolates of Campylobacter 
jejuni in a comparative aspect, along with samples of so-
matic cells and cultures of Escherichia coli and Salmonella 
typhimurium. The presence of this gene confirms the presence 
of toxin-forming ability in Campylobacter.



40

Immunosuppressive activity of Campylobacter jejuni isolates...

Ukrainian Journal of Veterinary Sciences. 2022. Vol. 13, No. 3

The effect of Campylobacter jejuni waste products 
on the body of warm-blooded animals was studied by de-
tecting changes in the phagocytic activity of rabbit blood 
leukocytes due to their susceptibility to the protein frac-
tion of the dialysed supernatant and the dialysed cam-
pylobacter sediment (isolate No. 1). The cytotoxic ac-
tivity of the dialysed supernatant with a protein content of 
242.5 μg/ml exceeded the intensity of inhibition of the 
phagocytic function of blood cells treated with the 

dialysed sediment of the same broth culture with its 
content of 238 μg/ml. 

The calculated level of potential blocking of the op-
sono-phagocytic reaction by Campylobacter jejuni culture 
exchange products corresponded to the opsonic index 
value of 2.6 ± 0.03. For the successful treatment and pre-
vention of infections caused by Campylobacter jejuni, it is 
necessary to constantly monitor the presence of toxin-pro-
ducing strains in sensitive organisms.
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Анотація. Глобальні зміни довкілля викликали трансформації в біології мікроорганізмів, зокрема й серед 
кампілобактерій, котрі асоціюються нині з харчовими токсикоінфекціями. Інструменти впливу цих бактерій на 
сприйнятливі організми, зокрема токсини, остаточно не з’ясовані. Метою дослідження стало вивчення генетичної 
обумовленості токсиноутворення в ізолятів Campylobacter jejuni та визначення ступеня пригнічення захисних 
реакцій організму токсичними фракціями білкових сполук кампілобактерій. Основою методології досліджень була 
полімеразна ланцюгова реакція з використанням праймерів для індикації нуклеотидних послідовностей геному 
Campylobacter jejuni, що кодують синтез токсинів. Зразки проб від 4-х ізолятів кампілобактеру досліджували на 
вміст білкових фракцій за методом Лоурі. Аналіз електрофореграми результатів ампліфікування ДНК в порівняльному 
аспекті з даними стандартних зразків дозволив встановити наявність елементів геному, які вказують на 
потенційну здатність до токсиноутворення у виділених з досліджуваного матеріалу ізолятів Campylobacter jejuni. 
Токсичні фракції, відокремлені з супернатанту бульйонної культури Campylobacter jejuni, представлені речовинами 
протеїново-вуглеводної природи. Отримані пікові токсигенні фракції діалізату осаду бактерійної культури 
містили в собі білок у межах 9,5–17 мкг/мл. У діалізаті супернатанту бульйонної культури, де було визначено 5 груп 
токсигенних фракцій, уміст в них білка коливався в межах від 10 до 85 мкг/мл. За відтворення опсоно-фагоцитарної 
реакції із залученням токсигенних фракцій Campylobacter jejuni встановлено достатньо виражену імуносупресивну 
дію цих комплексів на організм теплокровних тварин при опсонічному індексі 2,6 ± 0,03. Отримані результати 
дають змогу з’ясувати зв›язок між токсиноутворенням у Campylobacter jejuni та їх імуносупресивною дією на 
організм теплокровних тварин і людини, що в перспективі позитивно впливатиме на удосконалення заходів щодо 
профілактики та лікування тварин за цієї патології

Ключові слова: ізоляти кампілобактерій, ампліфікація ДНК, білкова фракція, опсоно-фагоцитарна реакція


