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DEVELOPMENT OF A SELECTIVE-DIFFERENTIAL 
NUTRIENT MEDIUM FOR THE ISOLATION 
OF BORDETELLA BRONCHISEPTICA
Th e diagnosis of infectious diseases is crucial for monitoring animal welfare and ensuring sustainable epizootic health 
in diff erent regions. Th is study aimed to experimentally validate the development of a selective-diff erential nutrient 
medium for isolating Bordetella bronchiseptica and to assess its eff ectiveness. Methods. Th e Bordetella bronchiseptica 
ATCC 4617 strain was used in the study. Th e temperature, pH, nutrient base, selective components, and diff erential 
markers were optimized stepwise. Th e test was performed on 69 clinical samples (47 PCR-positive and 22 PCR-nega-
tive). We conducted a comparison of isolation frequencies using Fisher’s exact test and McNemar’s test. Results. Th e 
optimal cultivation parameters for Bordetella bronchiseptica were determined to be 36.0 ± 0.5 °C and pH 7.1 ± 0.1. 
A nutrient medium was developed based on the results of the stepwise optimization of the nutrient base and selec-
tive and diff erential components (g/L of distilled water): enzymatic peptone — 20.0 ; yeast extract — 5.0 ; casein — 
5.0; urea — 5.0 ; 2,3,5-triphenyltetrazolium chloride (TTC) — 0.01 ; cephalexin — 0.003; bromothymol blue — 0.02; 
agar — 15.0. Th e developed medium provided an isolation frequency of 72.3%, exceeding Regan-Lowe (61.7%) and 
charcoal-blood agar (CBA) (51.1%). A statistically signifi cant advantage over CBA was found (p < 0.05). Conclusions. 
Th e proposed medium increases the eff ectiveness of culture-based diagnostics and enables the initial phenotypic evalu-
ation of isolates during primary cultivation.
Keywords: Bordetella bronchiseptica, selective medium, diff erential medium, bacteriological diagnosis.
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Diseases of various genesis cause signifi cant eco-
nomic losses to the livestock industry and pet 
owners worldwide (Fong, 2017; Rahman et al., 
2020; Paliy et al., 2023).

Bordetella bronchiseptica bacteria are an im-
portant etiological agent of respiratory diseases 
in animals. Th ey cause infectious tracheobron-
chitis in dogs and atrophic rhinitis in pigs. Th ey 
are also a component of polyetiological respi-
ratory complexes (Zhang et al., 2021; Ma et al., 
2022; Kennedy et al., 2024). Th e pathogen is de-
tected in 25—65% of animals with clinical signs 
of respiratory syndrome, depending on the spe-
cies, epizootic situation, and diagnostic method 
(Yi et al., 2024). Th is microorganism can persist 
for long periods in animal populations and can 
form asymptomatic carriers, complicating the 
control of the infectious diseases it causes (Gujju 
et al., 2021; Baddhai & Das, 2023).

Despite the introduction of molecular meth-
ods, particularly PCR, bacteriological culture 
isolation is still necessary for laboratory confi r-
mation of the disease (Kaul et al., 2025; Wong et 
al., 2026). Isolating a viable pathogen enables one 
to test its sensitivity to antibacterial drugs and 
evaluate the phenotypic properties of isolates (de 
Jong et al., 2023). However, the sensitivity of the 
culture method is oft en 30—60% at most, due to 
the infl uence of concomitant microfl ora, previ-
ous antibiotic therapy, and the peculiarities of 
the material transportation (Ma et al., 2021).

Due to the biological characteristics of B. 
bronchiseptica, such as stable urease activity 
and the ability to vary phenotypic properties, 
enhancing culture media is crucial for improv-
ing the eff ectiveness of bacteriological diagnosis 
(Pérez-Ortega et al., 2023).

Standard nutrient media used for primary 
isolation of Bordetella include Bordet-Gengou, 
Regan-Lowe, and charcoal-blood agar (Zhang 
et al., 2021). Th ese media provide selectivity, but 
they do not enable simultaneous assessment of 
key phenotypic characteristics of isolates. Prima-
ry biochemical identifi cation requires additional 

tests, prolonging the duration of laboratory di-
agnosis.

Th us, it is important to create a selective-dif-
ferential nutrient medium that eff ectively iso-
lates B. bronchiseptica and allows for primary 
phenotypic assessment during cultivation.

In modern microbiology, the optimization 
of nutrient media increasingly relies on ratio-
nal modeling of composition and the use of al-
gorithmic approaches and machine learning to 
select optimal concentrations of nutrients and 
selective components (Vondrová et al., 2026). 
Th ese strategies increase the effi  ciency of isolat-
ing fastidious microorganisms, reduce the infl u-
ence of accompanying microfl ora, and shorten 
the time required for laboratory diagnostics.

When organizing and carrying out measures 
to prevent and combat infectious diseases, it is 
crucial to test microorganisms’ resistance to 
antibacterial agents (Kadlec & Schwarz, 2018; 
Paliy, 2018).

Th is study aimed to develop a selective-diff er-
ential nutrient medium for isolating B. bronchi-
septica by optimizing physicochemical param-
eters, nutrient base composition, and selective 
and diff erential components.

Materials and Methods. Th e B. bronchisepti-
ca ATCC 4617 reference strain (American Type 
Culture Collection, USA) was used in the study. 
All experiments were conducted in three inde-
pendent series using freshly prepared media.

Th e microorganisms were incubated at tem-
peratures ranging from 25 to 40 °C in 1.0 °C in-
crements and at pH values ranging from 6.0 to 
8.0 in 0.1 increments. We evaluated the time of 
visible growth, average colony diameter, inten-
sity of indicator staining, and severity of urease 
and proteolytic reactions.

To optimize the nutrient base, the eff ects of 
diff erent concentrations of enzymatic peptone 
(10—50 g/L) and yeast extract (1 —10 g/L) were 
studied. Growth intensity, the typical morphol-
ogy of the colonies, the clarity of the diff eren-
tial reactions, and the transparency of the me-
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dium background were considered. Th e optimal 
concentrations were determined by balancing 
growth with the expression of indicator traits.

Th e following antibacterial agents were stud-
ied as selective components at concentrations of 
0.001—0.01 g/L: cefalexin, ampicillin, nalidixic 
acid, vancomycin, polymyxin B, amphotericin 
B, and nystatin. Evaluation criteria included 
suppression of concomitant microfl ora, preser-
vation of B. bronchiseptica growth, colony mor-
phology, and the absence of growth retardation 
for more than 24 hours. Representatives of typi-
cal respiratory microfl ora (E. coli, Proteus spp., 
Staphylococcus spp., and Enterococcus spp.) were 
used to test selectivity.

We studied diff erential and indicator compo-
nents, such as urea, at concentrations ranging 
from 1.0 to 20.0 g/L. We assessed the intensity 
of the reaction on a four-point scale. We stud-
ied 2,3,5-triphenyl tetrazolium chloride (TTC) 
at concentrations ranging from 0.005 to 0.05 g/L 
and assessed colony contrast. We used protein 
substrates (casein, azocasein, and gelatin) to de-
termine proteolytic activity and assess hydrolysis 
zones aft er 24 to 48 hours.

Bromothymol blue (0.02 g/L) was included as 
a pH indicator to detect urease-mediated alkali-
zation. Color change was evaluated aft er 18, 24, 
and 48 h of incubation.

Aft er optimization, the medium was tested on 
69 clinical samples, 47 of which were PCR-posi-
tive and 22 — PCR-negative. Th e study material 
was obtained from dogs with clinical signs of re-
spiratory disease. Th e samples consisted of nasal 
swabs and tracheal secretions collected under 
sterile conditions before antibiotic treatment. 
Samples were transported to the laboratory 
under refrigerated conditions and processed 
within 24 hours.

A parallel bacteriological study was conduct-
ed using the developed medium, the Regan-
Lowe medium, and charcoal-blood agar with 
cephalexin. Polymerase chain reaction (PCR) 
was used as the reference method.

Phage titer amplifi cation assay (PTAA) was 
performed to assess the increase in bacterio-
phage titer following incubation with the test 
samples. Th e assay was conducted according to 
standard protocols with quantitative evaluation 
of phage proliferation.

Th e study was conducted in accordance with 
ISO/IEC 17025 (2017) requirements for quality 
assurance in laboratory testing (International 
Organization for Standardization, 2017).

We performed frequency comparisons using 
Fisher’s exact test and McNemar’s test. Odds 
ratios (OR) and their 95% confi dence intervals 
were calculated. We assessed diagnostic effi  cacy 
by determining sensitivity, specifi city, and pre-
dictive values, Youden’s index, and the area un-
der the ROC curve (AUC). Confi dence intervals 
for proportions were calculated using Wilson’s 
method. Th e level of statistical signifi cance was 
set at p < 0.05. Data processing was performed 
using IBM SPSS Statistics v.26.0, R v.4.3.1, and 
MedCalc v.20.2.

Results. At the preliminary stage, we estab-
lished that B. bronchiseptica growth intensity 
depends on the cultivation temperature regime 
(Table 1).

At 25—30 °C, growth was slow: the fi rst 
colonies appeared aft er 48—72 hours, their 
average diameter was 0.5—0.8 mm, and the 
intensity of redox staining was low.

In the range of 34—37 °C, typical colonies 
formed aft er 24—36 hours. Th e most intense 

Table 1. Eff ect of incubation temperature 
on the growth of B. bronchiseptica

Tempera-
ture, °C

Time until 
visible growth, h

Colony 
diameter, mm

Redox indicator 
intensity

25 72 0.5 ± 0.1 Weak
30 48—72 0.8 ± 0.1 Weak
34 36 1.2 ± 0.2 Moderate
36 24—36 1.8 ± 0.2 Intense
38 36—48 1.0 ± 0.2 Reduced
40 > 48 < 1.0 Weak
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growth and maximum average colony diameter 
(1.8±0.2 mm) were observed at 36.0 ± 0.5 °C.

An increase in temperature to 38—40 °C was 
accompanied by a decrease in colony size and in 
the intensity of the indicator coloration.

At pH < 6.5, growth inhibition and a weak 
urease reaction were observed (Table 2).

Stable culture growth was observed in the 
pH range of 6.7—7.5. Maximum growth in-
tensity, pronounced urease reaction, and high 
contrast of the indicator color were established 
at pH 7.1 ± 0.1.

An increase in peptone concentration from 10 
to 20 g/L and yeast extract from 1 to 5 g/L was 
accompanied by an increase in growth intensity 
and average colony diameter (Table 3).

Optimal results were obtained at a peptone 
concentration of 20 g/L and a yeast extract con-
centration of 5 g/L: typical, rounded colonies 
with a diameter of 1.5—2.0 mm formed aft er 
24—48 hours.

A further increase in the concentration of nu-
trients did not improve growth and was accom-
panied by the appearance of background turbid-
ity in the medium.

Th ese fi ndings indicate that the selected 
concentrations of peptone and yeast extract 
provide an optimal balance between intensive 
bacterial growth and preservation of typical 
colony morphology, which was critical for the 
formation of the nutrient base of the developed 
medium.

Concentrations of selective additives < 0.002 g/L 
did not ensure complete suppression of the ac-
companying microfl ora (Table 4).

Th e optimal concentration of cephalexin was 
determined to be 0.003 g/L. Th is concentration 
completely inhibited the growth of Escherichia 
coli, Proteus spp., Staphylococcus spp., and En-
terococcus spp. while maintaining the growth of 
B. bronchiseptica.

An increase in concentration above 0.006—
0.008 g/L led to a decrease in colony size and 
prolongation of the latent growth phase.

Table 2. Eff ect of medium pH on the growth 
and urease activity of B. bronchiseptica

Medium 
pH

Growth 
intensity 

Urease 
activity

Indicator 
color contrast 

6.3 Weak Weak Low
6.7 Moderate Moderate Moderate
7.1 Intense Intense High
7.5 Moderate Intense Reduced
7.8 Weak Moderate Low

Table 3. Eff ect of nutrient base concentration 
on colony morphology of B. bronchiseptica

Peptone, 
g/L

Yeast 
extract, g/L

Colony 
diameter, mm

Growth
characteristics

10 1 0.8 ± 0.2 Weak
15 3 1.2 ± 0.2 Moderate
20 5 1.8 ± 0.3 Optimal
25 7 1.9 ± 0.3 Background 

turbidity

Table 4. Selective activity of cephalexin 
against accompanying microfl ora

Cephalexin 
concentration,

g/L
Growth 

of B. bronchiseptica
Growth of 

accompanying 
microfl ora

0.001 Preserved Present
0.002 Preserved Partially inhibited
0.003 Preserved Absent
0.006 Reduced Absent
0.008 Inhibited Absent

Table 5. Diff erential and indicator properties 
of the optimized medium

Component Concent ra-
tion, g/L

Diagnostic 
eff ect

Time until 
manifes ta tion, h

Urea 5.0 Positive 
urease 

reaction

18—24

TTC (2,3,5-tri-
phenyl tetra zo-
lium chloride)

0.01 Redox co-
lo ration of 
colonies

~24

Casein 5.0 Zones of 
pro teolysis

24—48
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Urea at a concentration of 5.0 g/L produced 
a distinct urease reaction within 18—24 hours 
(Table 5). We detected urease-mediated alkaliza-
tion by observing a color change in bromothy-
mol blue, which turned from green to blue. Th e 
extent of alkalization depended on the colony 
density, resulting in a localized or diff use color 
change of the medium.

Lower concentrations slowed down the reac-
tion, while concentrations above 10.0 g/L inhib-
ited culture growth. Th e addition of 2,3,5-triphe-
nyl tetrazolium chloride at a concentration of 
0.01 g/L provided contrasting staining of colo-
nies and visualization of metabolic activity.

Casein at a concentration of 5 g/L ensured 
the formation of proteolysis zones aft er 24—48 
hours of incubation. 

Th ese results demonstrate that the selected 
diff erential components enable clear detection 
of key metabolic activities of B. bronchiseptica, 
including urease, redox, and proteolytic activity, 
which supports their use for preliminary 
phenotypic characterization during primary 
cultivation.

Aft er incubation and evaluation of redox ac-
tivity, plates were fl ooded with 5 mL of 5.0% HCl 
for 1—2 min to precipitate non-hydrolyzed ca-
sein. Th e acid was decanted, plates were rinsed 
with distilled water, and zones of proteolysis 
were recorded. 

Based on the results of the step-by-step opti-
mization of the physicochemical parameters, the 
nutrient base, and the selective and diff erential 
components, the fi nal composition of the me-
dium was as follows (g/L of distilled water):

■ enzymatic peptone — 20.0 
■ yeast extract — 5.0 
■ casein — 5.0 
■ urea — 5.0 
■ 2,3,5-triphenyl tetrazolium chloride (TTC) — 

0.01 
■ cephalexin — 0.003 
■ bromothymol blue — 0.02 
■ agar — 15.0.

Th e basal medium (peptone, yeast extract, ca-
sein, agar, bromothymol blue) was sterilized at 
121 °C for 15 min. Aft er cooling to 50—55 °C, 
sterile membrane-fi ltered (0.22 μm) solutions of 
urea, 2,3,5-triphenyltetrazolium chloride (TTC), 
and cephalexin were aseptically added. Th e fi nal 
pH was adjusted to 7.1 ± 0.1.

A total of 69 clinical samples were included 
in the study during testing, of which 47 were 
PCR-positive, and 22 were PCR-negative. All 22 
of the PCR-negative samples were negative in 
culture testing (false positive [FP] = 0). A com-
parative assessment was performed using PCR, 
a phage titer amplifi cation assay (PTAA), and 
culture methods.

Using the developed selective-diff erential me-
dium, Bordetella bronchiseptica was isolated in 
34 of the 47 PCR-positive samples (72.3%; 95% 
confi dence interval [CI] 58.0—83.2%). Isola-
tion was obtained on Regan—Lowe medium in 
29 cases (61.7%; 95% CI 47.0—74.6%) and on 
charcoal-blood agar in 24 cases (51.1%; 95% CI 
36.8—65.4%) (Table 6, Fig. 1).

To assess the strength of the association be-
tween the medium type and the probability of 
pathogen isolation, the odds ratio (OR) was cal-

Table 6. Comparative evaluation 
of laboratory confi rmation methods 
for bordetellosis and isolation effi  ciency of 
B. bronchiseptica (n = 47 PCR-positive samples)

Method / Medium
Number 

of positive 
samples

Fre-
quency, 

%

p-value 
(Fisher’s exact 

test vs. developed 
medium)

PCR 47 100.0 —
Phage titer amplifi -
cation assay (PTAA)

41 87.2 —

Developed selective-
diff erential medium

34 72.3 —

Regan—Lowe (Hi-
Media)

29 61.7 0.44

Charcoal-blood agar 
with cephalexin

24 51.1 0.038*

* p < 0.05
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culated. Compared to the Regan-Lowe medium, 
the OR was 1.62 (95% CI 0.68—3.87). Com-
pared to blood-coal agar, the OR was 2.51 (95% 
CI 1.06—5.90) (Fig. 2)

A comparative analysis revealed that the de-
veloped medium outperformed charcoal-blood 
agar by a statistically signifi cant margin (Fisher’s 
exact test: p = 0.038; McNemar’s test: p = 0.002). 
However, the diff erence between the developed 
medium and the Regan—Lowe medium was not 
statistically signifi cant (Fisher’s exact test: p = 
0.44; McNemar’s test: p = 0.47).

Table 7 presents the diagnostic eff ectiveness of 
using nutrient media.

Th e sensitivity of the developed medium was 
72.3%. Th e sensitivity of Regan-Lowe medium 
was 61.7%, and the sensitivity of charcoal-blood 
agar was 51.1%. Th e specifi city of all media was 
100% (FP = 0).

Th e Youden index was 0.723 for the developed 
medium, 0.617 for Regan-Lowe, and 0.511 for 
charcoal-blood agar.

Th e area under the ROC curve (AUC) was 
0.86 for the developed medium, 0.81 for the 
Regan-Lowe medium, and 0.76 for the charcoal-
blood agar medium (Fig. 3).

According to the results of the exact McNe-
mar’s test (Table 8), the diff erence between the 
developed medium and Regan-Lowe medium 
was not statistically signifi cant (p = 0.063). Com-
parison with charcoal -blood agar showed a sta-
tistically signifi cant diff erence (p = 0.002).
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medium

Regan-

Lowe

CVA +

cephalexin

0

vs CVA
with cephalexin

vs Regan-Lowe
medium

1 2 3 4 5 6
Odds ratio (95% Cl)

Fig. 1. Isolation frequency of B. bronchiseptica depend-
ing on the type of culture medium (95% CI)

Fig. 2. Forest plot showing odds ratios with 95% confi -
dence intervals for isolation of B. bronchiseptica

Table 7. Diagnostic performance of culture media (n = 69: 47 PCR-positive and 22 PCR-negative samples)

Parameter Developed medium Regan—Lowe Charcoal-blood agar

TP / FN / TN / FP 34 / 13 / 22 / 0 29 / 18 / 22 / 0 24 / 23 / 22 / 0
Sensitivity, % (95% CI) 72.3 (58.0—83.2) 61.7 (47.0—74.6) 51.1 (36.8—65.4)
Specifi city, % (95% CI) 100 (84.6—100) 100 (84.6—100) 100 (84.6—100)

PPV, % 100 100 100
NPV, % 62.9 55.0 48.9

Youden index (J) 0.723 0.617 0.511
AUC 0.86 0.81 0.76
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Discussion. Due to the widespread distri-
bution of disease pathogens, specialists must 
be able to diagnose and control epizootics in a 
timely and eff ective manner (Paliy et al., 2018; 
Zavgorodnii et al., 2021).

Isolating and identifying the pathogen is es-
sential in this context. Th e cultivation of Bor-
detella species is typically performed using 
Bordet-Gengou or Regan-Lowe media, which 
are considered the standard methods for the 
primary isolation of the pathogen (Zhang et al., 
2021). Clinical and experimental studies have 
highlighted similar limitations of traditional 
Bordetella isolation techniques, noting that the 
variability in results oft en depends on the cul-
tivation method and the type of sample used 
(Cole et al., 2024; Abbasi Bahonar et al., 2025). 
According to the literature, the sensitivity of the 
culture method in studying respiratory samples 
from animals is typically 30—60% (Yi et al., 2024; 
Ma et al., 2021). Th is is consistent with our data 
(51.1% and 61.7%). Furthermore, studies have 
demonstrated that the adaptive mechanisms of 
B. bronchiseptica encompass protein phosphory-
lation, alterations in the expression of virulence 
factors, and structural modifi cations to signal-
ing systems. Th ese mechanisms may infl uence 
the cultural characteristics of isolates (Dupré et 
al., 2021; Luu et al., 2021; Jang et al., 2024). Th e 
potential for microorganisms to form biofi lms 
must also be considered (Kolchyk et al., 2022; 
Mugni et al., 2025). It has been suggested that 
transitioning to a biofi lm lifestyle enables persis-
tent colonization of the mammalian respiratory 
tract (Cattelan et al., 2016).

Case studies of human infections, particularly 
in immunocompromised individuals, emphasize 
the zoonotic potential of B. bronchiseptica and 
the importance of precise laboratory diagnosis 
(Szymczak et al., 2020; Banerjee et al., 2026).

Th e developed selective-diff erential medium 
increased isolation frequency by 72.3%, indicat-
ing the eff ectiveness of combining an optimized 
nutrient base with rationally selected selective-

diff erential components. Th e increase in effi  cien-
cy was therefore above 10% compared to tradi-
tional media, and this can signifi cantly aff ect the 
laboratory confi rmation of infection in routine 
diagnostics. Th is statistically signifi cant advan-
tage over charcoal-blood agar confi rms the feasi-
bility of a comprehensive approach to designing 
nutrient media (Yi et al., 2024).

Th e resulting increase in isolation frequency 
demonstrates the eff ectiveness of individual in-
gredients and the importance of their balanced 
combination. Growth characteristics of mem-
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Fig. 3. Receiver operating characteristic curves de mon-
strating the diagnostic performance of the evaluated 
culture media

Table 8. Pairwise 
comparison of diagnostic performance 
(McNemar Exact Test, n = 47 PCR-positive)

Comparison ΔSensitivity, 
% ΔAUC p (McNemar)

Developed vs 
Regan—Lowe +10.6 +0.05 0.063

Developed vs Char-
coal-blood agar +21.2 +0.10 0.002*

* p < 0.05 
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bers of the genus Bordetella vary with the com-
position of the nutrient base, the concentration 
of nitrogen sources, and the presence of growth 
factors (Zhang et al., 2021; Baddhai & Das, 2023). 
Additionally, variability in lipid structure and 
modifi cation of cell wall components can infl u-
ence the host’s immune response and the clinical 
progression of the infection (Gestal et al., 2022; 
Kameyama et al., 2022). Even minor changes in 
the component relationship can aff ect the rate of 
colony formation and morphological features.

A key biological feature of B. bronchiseptica is 
its ability to form biofi lms and adapt metaboli-
cally to the respiratory tract environment, po-
tentially reducing the eff ectiveness of traditional 
cultivation methods (Ma et al., 2021; Yi et al., 
2024). Furthermore, changes in lipopolysac-
charide structure and lipid A modifi cation have 
been shown to infl uence the pathogen’s persis-
tence and its interaction with the host’s immune 
system (Perez-Ortega et al., 2021; Lee & Joo, 
2023). Integrating diff erential markers into the 
medium enables the visualization of metabolic 
activity, even during slow cell growth.

In the context of integrated laboratory diag-
nostics, the cultural method retains its signifi -
cance; in fact, it plays an additional role in con-
fi rming and phenotypically characterizing the 
pathogen. However, recent studies show that 
combining PCR with bacteriological isolation 
provides the most complete characterization of 
the infectious process, particularly in cases of 
co-infection and subclinical courses (Kaul et al., 
2025; Wong et al., 2026). Improved cultivation 
effi  ciency closes the gap between the analytical 
sensitivity of molecular methods and the practi-
cal value of obtaining a live culture.

One possible way to improve effi  ciency is to 
combine a urease indicator, tetrazolium redox 
marker, and protein substrate. B. bronchiseptica 
is characterized by stable urease activity, which 
is used as a species marker (Zhang et al., 2021; 
Baddhai & Das, 2023). Including 2,3,5-triphe-
nyl tetrazolium chloride enables the metabolic 

activity of cells to be visualized by reducing tet-
razolium to formazan (Chen et al., 2020; John-
son et al., 2021). Th is is particularly important 
when working with clinical material, as some of 
the population may be under stress (Gujju et al., 
2021). Adding protein substrates enables the si-
multaneous evaluation of the proteolytic activity 
associated with the virulence of Bordetella prop-
erties (Ma et al., 2021; Zhang et al., 2021).

Th e practical value of the developed medium 
lies in its suitability for routine use in veteri-
nary laboratories, without complex or expen-
sive equipment. Th is is particularly important 
for regional laboratories and epizootic moni-
toring systems.

Th e technological simplicity of preparing the 
proposed medium is noteworthy. Th e compo-
nents used are readily available and do not re-
quire specialized equipment for preparation, 
ensuring reproducibility in laboratories with 
varying levels of equipment. Unlike some com-
mercial selective systems, adapting the proposed 
composition to local conditions does not signifi -
cantly increase the cost of research, which is an 
important factor for veterinary practice.

Despite the widespread adoption of molecu-
lar methods, the isolation of cultures remains 
necessary for assessing the antibiotic sensitivity 
and biological properties of isolates (de Jong et 
al., 2023; Yi et al., 2024). Th e growing preva-
lence of multidrug-resistant B. bronchiseptica 
strains in veterinary practice underscores the 
importance of obtaining a viable culture of the 
pathogen (Rodríguez & Berliner, 2023). Th e re-
sults of global genomic analysis confi rm an in-
crease in the frequency of isolates with acquired 
resistance genes, demonstrating the spread of 
resistance determinants among diff erent Bor-
detella species (Wang et al., 2020; Tang et al., 
2026). Although PCR is characterized by high 
analytical sensitivity, it does not allow for the 
assessment of bacterial viability and phenotypic 
characteristics (Kaul et al., 2025; Wong et al., 
2026). MALDI-TOF is also widely used in mod-
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ern diagnostics, but it requires a pure culture to 
be obtained beforehand. In this context, improv-
ing selective media aligns with current trends in 
microbiological diagnostics involving the ratio-
nal modelling of composition and experimental 
validation using clinical samples (Vondrová et 
al., 2026). Alongside classical PCR approaches, 
alternative detection and identifi cation methods 
are being actively developed to complement cul-
tural diagnostics (Petrović Fabijan et al., 2021; 
Zarbock et al., 2025).

Th e results obtained are consistent with the 
current trend of transitioning from classical se-
lective media to functionally oriented composi-
tions that combine isolation and primary diff er-
entiation. Several studies emphasize that, while 
traditional media provide satisfactory selectivity, 
they are not optimized for the rapid phenotypic 
evaluation of isolates, thereby prolonging the lab-
oratory diagnostic cycle (Vondrová et al., 2026). 
Th e proposed approach reduces the need for ad-
ditional tests at the primary cultivation stage.

From an epizootic perspective, an increase 
in the frequency of B. bronchiseptica isolation is 
important for monitoring the circulation of the 
pathogen in pig and dog populations. However, 
the presence of asymptomatic carriage and co-in-
fections in respiratory complexes can hinder the 
timely detection of infection (Zhang et al., 2021; 
Yi et al., 2024). Detecting asymptomatic carriage 
and isolated cases of subclinical forms in diff er-
ent animal species confi rms the complexity of 
epizootic control (Woods et al., 2020; Munn et al., 
2025). Under such conditions, even a 10—15% 
increase in the sensitivity of the culture method 
can be of signifi cant practical importance for ear-
ly diagnosis and preventive measures.

From a methodological point of view, the de-
velopment of a selective-diff erential medium 
highlights the importance of taking a system-
atic approach to optimizing the physicochemi-
cal parameters of cultivation. Th e step-by-step 
selection of the concentrations of the nutrient, 
selective, and indicator components enabled a 

balance to be achieved between suppressing the 
accompanying microfl ora and preserving the 
growth potential of B. bronchiseptica. Th is ap-
proach aligns with the current principles of the 
rational design of culture systems, a fi eld that is 
gaining traction in medical and veterinary mi-
crobiology (Vondrová et al., 2026).

Th e scientifi c novelty of the study lies in its 
combination of selective and diff erential ap-
proaches within a single B. bronchiseptica culture 
system. Unlike classical media, which primarily 
focus on suppressing accompanying microfl ora, 
the proposed medium enables the simultaneous 
evaluation of isolates’ functional properties at the 
primary growth stage. Th is approach enhances 
the diagnostic capabilities of the bacteriological 
method without extending its duration. 

Th erefore, the study’s results confi rm the fea-
sibility of integrating selective and diff erential 
mechanisms within a single culture system to 
improve the eff ectiveness of the bacteriological 
diagnosis of B. bronchiseptica.

Th ese results are important for diagnosing 
bordetellosis and improving the cultivation of 
other fastidious respiratory pathogens. Th e prin-
ciple of combining selectivity and functional dif-
ferentiation can be applied to the development 
of culture systems for microorganisms exhibit-
ing similar biological properties. Th is comple-
ments the system of biological safety, protection, 
and control of global threats in the context of 
implementing One Health Strategy 2076 (2019) 
(Igreja et al., 2025).

However, the results of the study should be 
interpreted bearing in mind certain limitations. 
Th ese include the relatively small number of 
clinical specimens and the lack of interlabora-
tory validation. Further studies should therefore 
focus on increasing the sample size and assessing 
the medium’s reproducibility in routine labora-
tory practice.

Conclusions. During the study, a selective-
diff erential nutrient medium for the isolation 
of Bordetella bronchiseptica was developed and 
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substantiated through the stepwise optimization 
of the physicochemical parameters, nutrient 
base, and selective and diff erential components.

Optimal cultivation conditions were estab-
lished (36.0 ± 0.5 °C; pH 7.1 ± 0.1), and the con-
centrations of the key ingredients were deter-
mined (20 g/L peptone, 5 g/L yeast extract, and 
0.003 g/L cephalexin), ensuring the intensive 
growth of the pathogen and the eff ective suppres-
sion of the accompanying microfl ora. Inclusion 
of urea, 2,3,5-triphenyl tetrazolium chloride, and 
protein substrates enabled initial assessment of 
urease, redox, and proteolytic activity in the iso-
lates, eliminating the need for additional tests.

Clinical testing demonstrated an increase in 
isolation frequency to 72.3%, providing a statis-
tically signifi cant advantage over charcoal-blood 
agar. Th ese results suggest the potential for using 
the developed medium in the practical diagnosis 
of Bordetella infections.

Further research. Further research will focus 
on multicenter validation of the developed selec-
tive-diff erential nutrient medium, as well as on as-
sessment of its reproducibility, stability, and diag-
nostic eff ectiveness in routine laboratory practice.
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РОЗРОБКА СЕЛЕКТИВНО-ДИФЕРЕНЦІЙНОГО ПОЖИВНОГО 
СЕРЕДОВИЩА ДЛЯ ВИДІЛЕННЯ BORDETELLA BRONCHISEPTICA
Діагностика інфекційних захворювань займає провідне місце у контролі благополуччя тваринництва та під-
тримання стійкого епізоотичного благополуччя територій. Метою роботи було експериментально обґрун-
тувати розробку селективно-диференційного поживного середовища для виділення Bordetella bronchiseptica 
та оцінити його ефективність. Методи. Застосовували штам Bordetella bronchiseptica ATCC 4617. Проведено 
поетапну оптимізацію температури, рН, поживної основи, селективних компонентів та диференційних мар-
керів. Апробацію здійснено на 69 клінічних зразках (47 ПЛР-позитивних, 22 ПЛР-негативних). Порівняння 
частот ізоляції проводили за допомогою точного критерію Фішера та тесту Мак-Немара. Результати. Вста-
новлено оптимальні параметри культивування (36,0±0,5 °C; pH 7,1±0,1) Bordetella bronchiseptica. За резуль-
татами поетапної оптимізації поживної основи, селективних та диференційних компонентів розроблено 
поживне середовище (на 1 л дистильованої води): ферментативний пептон — 20,0 г; екстракт дріжджів — 
5,0 г; казеїн — 5,0 г; сечовина — 5,0 г; 2,3,5-трифенілтетразолій хлорид — 0,01 г; цефалексин — 0,003 г; бром-
тимоловий синій — 0,02 г; агар — 15,0 г. Розроблене середовище забезпечило частоту виділення 72,3%, що 
перевищувало показники Regan-Lowe (61,7%) та КВА (51,1%). Виявлено статистично значущу перевагу над 
КВА (p < 0,05). Висновки. Запропоноване середовище підвищує ефективність культуральної діагностики та 
дозволяє проводити первинну фенотипову оцінку ізолятів на етапі первинного культивування.
Ключові слова: Bordetella bronchiseptica, селективне середовище, диференційне середовище, бактеріологічна 
діагностика.


