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DEVELOPMENT OF A SELECTIVE-DIFFERENTIAL
NUTRIENT MEDIUM FOR THE ISOLATION
OF BORDETELLA BRONCHISEPTICA

The diagnosis of infectious diseases is crucial for monitoring animal welfare and ensuring sustainable epizootic health
in different regions. This study aimed to experimentally validate the development of a selective-differential nutrient
medium for isolating Bordetella bronchiseptica and to assess its effectiveness. Methods. The Bordetella bronchiseptica
ATCC 4617 strain was used in the study. The temperature, pH, nutrient base, selective components, and differential
markers were optimized stepwise. The 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. The
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 differential 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. The developed medium provided an isolation frequency of 72.3%, exceeding Regan-Lowe (61.7%) and
charcoal-blood agar (CBA) (51.1%). A statistically significant advantage over CBA was found (p < 0.05). Conclusions.
The proposed medium increases the effectiveness of culture-based diagnostics and enables the initial phenotypic evalu-
ation of isolates during primary cultivation.
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Diseases of various genesis cause significant 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. They cause infectious tracheobron-
chitis in dogs and atrophic rhinitis in pigs. They
are also a component of polyetiological respi-
ratory complexes (Zhang et al., 2021; Ma et al.,
2022; Kennedy et al., 2024). The 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). This 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 confir-
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 often 30—60% at most, due to
the influence of concomitant microflora, 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 effectiveness 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). These media provide selectivity, but
they do not enable simultaneous assessment of
key phenotypic characteristics of isolates. Prima-
ry biochemical identification requires additional
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tests, prolonging the duration of laboratory di-
agnosis.

Thus, it is important to create a selective-dif-
ferential nutrient medium that effectively 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 (Vondrova et al., 2026).
These strategies increase the efficiency of isolat-
ing fastidious microorganisms, reduce the influ-
ence of accompanying microflora, 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).

This study aimed to develop a selective-difter-
ential nutrient medium for isolating B. bronchi-
septica by optimizing physicochemical param-
eters, nutrient base composition, and selective
and differential components.

Materials and Methods. The 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.

The 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 effects of
different 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 differen-
tial reactions, and the transparency of the me-
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dium background were considered. The optimal
concentrations were determined by balancing
growth with the expression of indicator traits.

The 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 microflora, 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 microflora (E. coli, Proteus spp.,
Staphylococcus spp., and Enterococcus spp.) were
used to test selectivity.

We studied differential 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 after 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 after 18, 24,
and 48 h of incubation.

After optimization, the medium was tested on
69 clinical samples, 47 of which were PCR-posi-
tive and 22 — PCR-negative. The study material
was obtained from dogs with clinical signs of re-
spiratory disease. The 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.
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Phage titer amplification assay (PTAA) was
performed to assess the increase in bacterio-
phage titer following incubation with the test
samples. The assay was conducted according to
standard protocols with quantitative evaluation
of phage proliferation.

The 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% confidence intervals
were calculated. We assessed diagnostic efficacy
by determining sensitivity, specificity, and pre-
dictive values, Youden’s index, and the area un-
der the ROC curve (AUC). Confidence intervals
for proportions were calculated using Wilson’s
method. The level of statistical significance 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 first
colonies appeared after 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 after 24—36 hours. The most intense

Table 1. Effect of incubation temperature
on the growth of B. bronchiseptica

Tempera- Time until Colony Redox indicator
ture, °C | visible growth, h | diameter, mm 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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Table 2. Effect of medium pH on the growth
and urease activity of B. bronchiseptica

Medium Growth Urease Indicator
pH intensity activity 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. Effect of nutrient base concentration
on colony morphology of B. bronchiseptica

Peptone, Yeast Colony Growth
g/L extract, g/L | diameter, mm | 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 microflora
conmutation, | - Grovh ccompansin
> | of B. bronchiseptica MpanyIng
g/L microflora
0.001 Preserved Present
0.002 Preserved Partially inhibited
0.003 Preserved Absent
0.006 Reduced Absent
0.008 Inhibited Absent

Table 5. Differential and indicator properties
of the optimized medium

Component C(?ncentra— Diagnostic Ti_me ur.1til
tion, g/L effect manifestation, h
Urea 5.0 Positive 18—24
urease
reaction
TTC (2,3,5-tri- 0.01 Redox co- ~24
phenyltetrazo- loration of
lium chloride) colonies
Casein 5.0 Zones of 24—48
proteolysis
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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 after
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.

These findings 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 microflora (Table 4).

The optimal concentration of cephalexin was
determined to be 0.003 g/L. This 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.
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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. The
extent of alkalization depended on the colony
density, resulting in a localized or diffuse color
change of the medium.

Lower concentrations slowed down the reac-
tion, while concentrations above 10.0 g/L inhib-
ited culture growth. The 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 after 24—48
hours of incubation.

These results demonstrate that the selected
differential 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.

After incubation and evaluation of redox ac-
tivity, plates were flooded with 5 mL of 5.0% HCI
for 1—2 min to precipitate non-hydrolyzed ca-
sein. The 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 differential
components, the final 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.
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The basal medium (peptone, yeast extract, ca-
sein, agar, bromothymol blue) was sterilized at
121 °C for 15 min. After cooling to 50—55 °C,
sterile membrane-filtered (0.22 pm) solutions of
urea, 2,3,5-triphenyltetrazolium chloride (TTC),
and cephalexin were aseptically added. The final
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 amplification assay (PTAA), and
culture methods.

Using the developed selective-differential me-
dium, Bordetella bronchiseptica was isolated in
34 of the 47 PCR-positive samples (72.3%; 95%
confidence 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 confirmation methods

for bordetellosis and isolation efficiency of

B. bronchiseptica (n = 47 PCR-positive samples)

Number | Fre- | B
Method / Medium | of positive | quency,
N test vs. developed
samples % .
medium)
PCR 47 100.0 —
Phage titer amplifi- 41 87.2 —
cation assay (PTAA)
Developed selective- 34 72.3 —
differential medium
Regan—Lowe (Hi- 29 61.7 0.44
Media)
Charcoal-blood agar 24 51.1 0.038*
with cephalexin
*p < 0.05
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Fig. 1. Isolation frequency of B. bronchiseptica depend-
ing on the type of culture medium (95% CI)
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Fig. 2. Forest plot showing odds ratios with 95% confi-
dence intervals for isolation of B. bronchiseptica

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 significant margin (Fisher’s
exact test: p = 0.038; McNemar’s test: p = 0.002).
However, the difference between the developed
medium and the Regan—Lowe medium was not
statistically significant (Fisher’s exact test: p =
0.44; McNemar's test: p = 0.47).

Table 7 presents the diagnostic effectiveness of
using nutrient media.

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

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

The 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 difference between the
developed medium and Regan-Lowe medium
was not statistically significant (p = 0.063). Com-
parison with charcoal -blood agar showed a sta-
tistically significant difference (p = 0.002).

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
Sensitivity, % (95% CI)
Specificity, % (95% CI)

PPV, %
NPV, %
Youden index (J)
AUC

34/13/22/0
72.3 (58.0—83.2)
100 (84.6—100)
100
62.9
0.723
0.86

29/18/22/0
61.7 (47.0—74.6)
100 (84.6—100)
100
55.0
0.617
0.81

24/23/22/0
51.1 (36.8—65.4)
100 (84.6—100)
100
48.9
0.511
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 effective manner (Paliy et al., 2018;
Zavgorodnii et al., 2021).

Isolating and identifying the pathogen is es-
sential in this context. The 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 often 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). This 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 modifications to signal-
ing systems. These mechanisms may influence
the cultural characteristics of isolates (Dupré et
al., 2021; Luu et al., 2021; Jang et al., 2024). The
potential for microorganisms to form biofilms
must also be considered (Kolchyk et al., 2022;
Mugni et al., 2025). It has been suggested that
transitioning to a biofilm 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).

The developed selective-differential medium
increased isolation frequency by 72.3%, indicat-
ing the effectiveness of combining an optimized
nutrient base with rationally selected selective-

ISSN 1028-0987. Microbiological Journal. 2026. (3)

1.0
08 T
o060
=
Z
[P}
04}
0.2 ,"—— Developed
. medium (AUC = 0.86)
------- Re\;an—Lowe (AUC =0.81)
—— CVA + cephalexin (AUC = 0.76)

0 0.2 0.4 0.6 0.8 1.0
1 - Specificity

Fig. 3. Receiver operating characteristic curves demon-
strating the diagnostic performance of the evaluated
culture media

differential components. The increase in efficien-
cy was therefore above 10% compared to tradi-
tional media, and this can significantly affect the
laboratory confirmation of infection in routine
diagnostics. This statistically significant advan-
tage over charcoal-blood agar confirms the feasi-
bility of a comprehensive approach to designing
nutrient media (Yi et al., 2024).

The resulting increase in isolation frequency
demonstrates the effectiveness of individual in-
gredients and the importance of their balanced
combination. Growth characteristics of mem-

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

Comparison ASens/(i)tivity, AAUC | p (McNemar)
Developed vs +10.6 | +0.05 |  0.063
Regan—Lowe
Developed vs Char-| 15 | 910 | 0.002¢
coal-blood agar
*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
modification of cell wall components can influ-
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 affect the rate of
colony formation and morphological features.

A key biological feature of B. bronchiseptica is
its ability to form biofilms and adapt metaboli-
cally to the respiratory tract environment, po-
tentially reducing the effectiveness of traditional
cultivation methods (Ma et al., 2021; Yi et al,,
2024). Furthermore, changes in lipopolysac-
charide structure and lipid A modification have
been shown to influence the pathogen’s persis-
tence and its interaction with the host’s immune
system (Perez-Ortega et al, 2021; Lee & Joo,
2023). Integrating differential 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-
firming 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
efficiency 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 efficiency 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
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activity of cells to be visualized by reducing tet-
razolium to formazan (Chen et al., 2020; John-
son et al., 2021). This 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).

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

The technological simplicity of preparing the
proposed medium is noteworthy. The 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). The growing preva-
lence of multidrug-resistant B. bronchiseptica
strains in veterinary practice underscores the
importance of obtaining a viable culture of the
pathogen (Rodriguez & Berliner, 2023). The re-
sults of global genomic analysis confirm an in-
crease in the frequency of isolates with acquired
resistance genes, demonstrating the spread of
resistance determinants among different 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 (Vondrova et
al., 2026). Alongside classical PCR approaches,
alternative detection and identification methods
are being actively developed to complement cul-
tural diagnostics (Petrovi¢ Fabijan et al., 2021;
Zarbock et al., 2025).

The 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 difter-
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 (Vondrova et al., 2026).
The 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 difter-
ent animal species confirms 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 significant practical importance for ear-
ly diagnosis and preventive measures.

From a methodological point of view, the de-
velopment of a selective-differential medium
highlights the importance of taking a system-
atic approach to optimizing the physicochemi-
cal parameters of cultivation. The step-by-step
selection of the concentrations of the nutrient,
selective, and indicator components enabled a
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balance to be achieved between suppressing the
accompanying microflora and preserving the
growth potential of B. bronchiseptica. This ap-
proach aligns with the current principles of the
rational design of culture systems, a field that is
gaining traction in medical and veterinary mi-
crobiology (Vondrova et al., 2026).

The scientific novelty of the study lies in its
combination of selective and differential ap-
proaches within a single B. bronchiseptica culture
system. Unlike classical media, which primarily
focus on suppressing accompanying microflora,
the proposed medium enables the simultaneous
evaluation of isolates’ functional properties at the
primary growth stage. This approach enhances
the diagnostic capabilities of the bacteriological
method without extending its duration.

Therefore, the study’s results confirm the fea-
sibility of integrating selective and differential
mechanisms within a single culture system to
improve the effectiveness of the bacteriological
diagnosis of B. bronchiseptica.

These results are important for diagnosing
bordetellosis and improving the cultivation of
other fastidious respiratory pathogens. The 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. This 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.
These 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-
differential 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 differential 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 effective suppres-
sion of the accompanying microflora. 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 significant advantage over charcoal-blood
agar. These 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-differential nutrient medium, as well as on as-
sessment of its reproducibility, stability, and diag-
nostic effectiveness in routine laboratory practice.

REFERENCES

Ethical compliance. All animal handling per-
formed as part of the study was conducted in ac-
cordance with current requirements for the hu-
mane treatment of laboratory animals and was
approved by the local bioethics committee.

Conflict of Interest. The authors declare that
they have no conflict of interest.

Funding. The study was conducted as part
of task 34.00.03.06. F “Research on the role of
Bordetella bronchiseptica in the development of
infectious tracheobronchitis and the develop-
ment of a system for the isolation and selection
of specific bacteriophages for the treatment of
animals,” of the NAAS R&D program 34 System
for the control of biological safety, biological
protection, and global threats to the sustainable
development of animal husbandry (Biological
safety and control of global threats) in the con-
text of the implementation of the OIE-WHO-
FAO One Health Strategy (One Health, biologi-
cal and food safety).

Acknowledgments. The authors would like
to thank the animal owners and veterinary spe-
cialists who provided the biological material
used in this study.

Abbasi Bahonar, A., Hadian, M., Ownagh, A., & Rajabi, S. A. (2025). Genomic detection and phylogenetic analysis
of Bordetella bronchiseptica in dogs blood samples by PCR method in West Azerbaijan Province, Iran. Brazilian

Journal of Microbiology, 57(1), 3.

Badhai, J., & Das, S. K. (2023). Genomic evidence and virulence properties decipher the extra-host origin of Borde-
tella bronchiseptica. Journal of Applied Microbiology, 134(9), 1xad200.

Banerjee, D., Ayaz, E., Hudson, A., Trainor, E., Vijayakumar, B., & Bandara, H. (2026). Chronic productive cough
in an immunosuppressed patient due to biologics: A rare case of Bordetella bronchiseptica pulmonary infection.

Respirology Case Reports, 14(1), e70453.

Cattelan, N., Dubey, P, Arnal, L., Yantorno, O. M., & Deora, R. (2016). Bordetella biofilms: A lifestyle leading to
persistent infections. Pathogens and Disease, 74(1), ftv108.

Chen, Y, Yang, L., Yang, D., Song, J., Wang, C., Sun, E., Gu, C., Chen, H., Tong, Y., Tao, P., & Wu, B. (2020). Specific
integration of temperate phage decreases the pathogenicity of host bacteria. Frontiers in Cellular and Infection

Microbiology, 10, 14.

Cole, M., Simon, A. K., Faulkner, A., Skoff, T., Tondella, M. L., Montero, C., Nye, M. B., & Williams, M. (2024).
Comparison of Bordetella species identification among differing rt-PCR assays in the United States. Microbiology

Spectrum, 12(8), €0078324.

de Jong, A., Morrissey, I., Rose, M., Temmerman, R., Klein, U., Simjee, S., & El Garch, F. (2023). Antimicrobial sus-
ceptibility among respiratory tract pathogens isolated from diseased cattle and pigs from different parts of Europe.

Journal of Applied Microbiology, 134(8), Ixad132.

60

ISSN 1028-0987. Microbiological Journal. 2026. (3)



Development of a Selective-Differential Nutrient Medium for the Isolation of Bordetella bronchiseptica

Dupré, E., Clantin, B, Yuan, Y., Lecher, S., Lesne, E., Antoine, R., Villeret, V., & Jacob-Dubuisson, F. (2021). Struc-
tural insight into the role of the PAS domain for signal transduction in sensor-kinase BvgS. Journal of Bacteriology,
203(9), 00614—20.

Fong, I. W. (2017). Animals and mechanisms of disease transmission. Emerging Zoonoses, 2017, 15—38.

Gestal, M. C., Howard, L. K., Dewan, K. K., & Harvill, E. T. (2022). Bbvac: A live vaccine candidate that provides
long-lasting anamnestic and Th17-mediated immunity against the three classical Bordetella spp. mSphere, 7(1),
e0089221.

Gujju, V. R., Akram, B., Shibib, D. R., McGhee, M. A., & Drevets, D. A. (2021). Bordetella bronchiseptica infections in
patients with HIV/AIDS: A case report and review of the literature. Medicine (Baltimore), 100(51), e28244.

Igreja, R. P, de Macedo, P. M., & Schneider, M. C. (2025). One Health and neglected zoonotic diseases. Pathogens,
14(5), 482.

Jang, J. Y., Oh, M. W,, Na, C., Im, Y. B, Shim, S., Moon, H. J., & Yoo, H. S. (2024). Comparative structural and immu-
nological analysis of outer membrane proteins and dermonecrotic toxin in Bordetella bronchiseptica canine isolate.
Veterinary Immunology and Immunopathology, 272, 110756.

Johnson, R. M., Nash, Z. M., Dedloff, M. R,, Shook, J. C., & Cotter, P. A. (2021). DegP initiates regulated processing
of filamentous hemagglutinin in Bordetella bronchiseptica. mBio, 12(3), e0146521.

Kadlec, K., & Schwarz, S. (2018). Antimicrobial resistance in Bordetella bronchiseptica. Microbiology Spectrum, 6(4),
10.1128/microbiolspec.arba-0024-2017.

Kameyama, H., Fujimoto, Y., Tomioka, Y., Yamamoto, S., Suyama, H., Inoue, H., Takahashi, E., & Ono, E. (2022).
Pathogenicity of Bordetella bronchiseptica isolated from apparently healthy rabbits in guinea pig, rat, and mouse.
Journal of Veterinary Medical Science, 84(4), 574—581.

Kaul, R., Bhagwan, ]., Batra, K., Kumar, P, & Agnihotri, D. (2025). Development of multiplex PCR assay for detection
of canine infectious respiratory disease complex (CIRDC) pathogens in dogs. Frontiers in Cellular and Infection
Microbiology, 15, 1661499.

Kennedy, U., Paterson, M. B. A., Magalhaes, R. S., Callaghan, T., & Clark, N. (2024). A scoping review of the evidence
on prevalence of feline upper respiratory tract infections and associated risk factors. Veterinary Sciences, 11(6), 232.

Kolchyk, O, lllarionova, T., Buzun, A., Paliy, A., & Palii, A. (2022). Influence of probiotic microorganisms on micro-
bial biofilms in feeds. Scientific Horizons, 25(1), 41—50.

Lee, Y. ], & Joo, H. G. (2023). Immunostimulatory activity and safety evaluation of Bordetella bronchiseptica-derived
lipopolysaccharide, a new vaccine adjuvant candidate. Iimmunobiology, 228(5), 152709.

Luu, L. D. W,, Zhong, L., Kaur, S., Raftery, M. J., & Lan, R. (2021). Comparative phosphoproteomics of classical Bor-
detellae elucidates the potential role of serine, threonine and tyrosine phosphorylation in Bordetella biology and
virulence. Frontiers in Cellular and Infection Microbiology, 11, 660280.

Ma, L., Dewan, K. K., Taylor-Mulneix, D. L., Wagner, S. M., Linz, B., Rivera, I, Su, Y., Caulfield, A. D., Blas-Machado,
U.,, & Harvill, E. T. (2021). Pertactin contributes to shedding and transmission of Bordetella bronchiseptica. PLoS
Pathogens, 17(8), e1009735.

Ma, L., Linz, B,, Caulfield, A. D., Dewan, K. K., Rivera, L., & Harvill, E. T. (2022). Natural history and ecology of
interactions between Bordetella species and amoeba. Frontiers in Cellular and Infection Microbiology, 12, 798317.
Mugni, S. L., Ambrosis, N., O Toole, G. A, Sisti, F.,, & Fernandez, J. (2025). Interplay of virulence factors and signaling
molecules: albumin and calcium-mediated biofilm regulation in Bordetella bronchiseptica. Journal of Bacteriology,

207(4), e0044524.

Munn, R. R., MacPherson, Y., Karkaba, A., & McDougall, S. (2025). First identification of Bordetella bronchiseptica
subclinical mastitis in a lactating dairy cow in New Zealand. New Zealand Veterinary Journal, 73(3), 219—224.

Paliy, A. P. (2018). Differential sensitivity of mycobacterium to chlorine disinfectants. Mikrobiolohichnyi Zhurnal,
80(2), 104—116.

Paliy, A., Pavlichenko, O., Kasianenko, S., Kovalenko, L., Stockiy, A., & Stotska, O. (2023). Peculiarities of the course of
demodicosis in domestic animals in a megalopolis in the east of Ukraine. Regulatory Mechanisms in Biosystems, 14(1),

Paliy, A. P,, Sumakova, N. V., Mashkey, A. M., Petrov, R. V., Paliy, A. P, & Ishchenko, K. V. (2018). Contamination of
animal-keeping premises with eggs of parasitic worms. Biosystems Diversity, 26(4), 327—333.

Pérez-Ortega, ]., Van Harten, R. M., Van Boxtel, R., Plisnier, M., Louckx, M., Ingels, D., Haagsman, H. P., & Tommas-
sen, J. (2021). Reduction of endotoxicity in Bordetella bronchiseptica by lipid A engineering: Characterization of
lpxL1 and pagP mutants. Virulence, 12(1), 1452—1468.

ISSN 1028-0987. Microbiological Journal. 2026. (3) 61



D.V. Hadzevych, A.P. Paliy, O.V. Hadzevych

Pérez-Ortega, ., van Harten, R. M., Haagsman, H. P,, & Tommassen, J. (2023). Physiological consequences of in-
activation of lgmB and lpxL1, two genes involved in lipid A synthesis in Bordetella bronchiseptica. Research in
Microbiology, 174(5), 104049.

Petrovic Fabijan, A., Aleksic Sabo, V., Gavric, D., Doffkay, Z., Rakhely, G., & Knezevic, P. (2021). Are Bordetella
bronchiseptica siphoviruses (genus Vojvodinavirus) appropriate for phage therapy—bacterial allies or foes? Viruses,
13(9), 1732.

Rahman, M. T., Sobur, M. A., Islam, M. S, Ievy, S., Hossain, M. J., El Zowalaty, M. E., Rahman, A. T., & Ashour, H.
M. (2020). Zoonotic diseases: Etiology, impact, and control. Microorganisms, 8(9), 1405.

Rodriguez, L., & Berliner, E. A. (2023). Outbreak management of multidrug-resistant Bordetella bronchiseptica in 16
shelter-housed cats. Journal of Feline Medicine and Surgery, 25(2), 1098612X231153051.

Szymczak, M., Grygorcewicz, B., Karczewska-Golec, J., Decewicz, P., Pankowski, J. A., Orszagh-Szturo, H., Bacal, P,
Dotegowska, B., & Golec, P. (2020). Characterization of a unique Bordetella bronchiseptica vB_BbrP_BB8 bacterio-
phage and its application as an antibacterial agent. International Journal of Molecular Sciences, 21(4), 1403.

Tang, B., Hu, X,, Song, Y., Liu, X., Zhao, G., & Yue, M. (2026). Acquired antimicrobial resistance genes in Bordetella
species: A global genomic analysis. Journal of Antimicrobial Chemotherapy, 81(1), dkaf418.

Vondrova, D., Mugni, S. L., Blumenstein, J., Kasiztky, C., Sisti, E,, Fernandez, J., & Kamanova, J. (2026). Architecture
and regulatory functions of c-di-GMP signaling in classical Bordetella species. FEMS Microbiology Reviews, 50,
fuaf065.

Wang, J., Sun, S., Chen, Y., Chen, D,, Sang, L., & Xie, X. (2020). Characterisation of Bordetella bronchiseptica isolated
from rabbits in Fujian, China. Epidemiology and Infection, 148, e237.

Wong, W. S,, Lin, X., Tsang, P. Y. L., Lau, J. Y. N, & Lau, L. T. (2026). Automated highly multiplex detection system
for respiratory pathogens in canines. Frontiers in Veterinary Science, 12, 1722097.

Woods, P.,, Ordemann, K., Stanecki, C., Brown, J., & Uzodi, A. (2020). Bordetella bronchiseptica pneumonia in an
adolescent: Case report and review of the pediatric literature. Clinical Pediatrics, 59(3), 322—328.

Yi, L., Fan, H., Yuan, S., Li, R., Wang, H., Quan, Y., Zhang, H., Wang, Y., & Wang, Y. (2024). Antimicrobial resistance
and biofilm formation of Bordetella bronchiseptica in Central China, with evidence of a rare heteroresistance strain
to gentamicin. Animals (Basel), 14(9), 1301.

Zarbock, C. M., Evbuomwan, E. M., Shenep, M., Dantas, G., & Dumm, R. E. (2025). Molecular methods to diagnose
pertussis: A case of confusion with Bordetella bronchiseptica. ASM Case Reports, 1(6), €00084—24.

Zavgorodnii, A. I., Pozmogova, S. A., Kalashnyk, M. V., Paliy, A. P, Plyuta, L. V,, & Palii, A. P. (2021). Etiological
factors in triggering non-specific allergic reactions to tuberculin in cattle. Regulatory Mechanisms in Biosystems,
12(2), 228—233.

Zhang, Y., Yang, H., Guo, L., Zhao, M., Wang, E,, Song, W., Hua, L., Wang, L., Liang, W,, Tang, X., Peng, Z., & Wu, B.
(2021). Isolation, antimicrobial resistance phenotypes, and virulence genes of Bordetella bronchiseptica from pigs
in China, 2018—2020. Frontiers in Veterinary Science, 8, 672716.

Received 03.03.2026

62 ISSN 1028-0987. Microbiological Journal. 2026. (3)



Development of a Selective-Differential Nutrient Medium for the Isolation of Bordetella bronchiseptica

II.B. Inozesuu!, A.I1. ITaniii!, O.B. Indsesuu’, O.B. [Tasnivenko’,
T.A. Ilacmyxosa’, A.B. Emenvsanos!, M.I. Kenebepoal, T.B. ITasniox?

! HauionanbHuit HayKoBUit 1ieHTp «[HCTUTYT eKCIIepUMEHTA/IBHOI i KITiHIYHOT BETEPMHAPHOT METUIIUHI»,
By Ipuropis Cxosopopu, 83, Xapkis, 61023, Ykpaina

2 IncturyT Mikpo6ionorii i Bipyconorii im. [1.K. 3a6onotrnoro HAH Ykpainu,
By AkazieMika 3ab6onoTHoro, 154, Kuis, 03143, Ykpaina

3 Tep>xaBHuit 6i0TEXHONOTIYHMIT YHIBEpCUTET,
BY/. AT4€BCbKUX, 44, XapKiB, 61002, Ykpaina

PO3POBKA CENTEKTUBHO-JIVMPEPEHIIINHOTO ITOXXMBHOI'O
CEPEIOBUINA VI BUAUIEHHA BORDETELLA BRONCHISEPTICA

JiarHocTtyka iHpeKuiiHIX 3aXBOPIOBAaHb 3alIMa€ IPOBi/jHe MicIle y KOHTPOIi 6/1aromnonyvys TBApUHHUILITBA Ta IIif-
TPUMAHHA CTiJIKOTO eNi300THYHOr0 6/1arononyd4s Teputopiit. MeToro po6oTn 6y1o eKcIiepUMeHTaIbHO O0IPYH-
TYBaTU pO3poOKY CeleKTUBHO-AM(epeHIiTHOr0 HOXKIBHOTO CepeoBIIIa AL BUnineHHs Bordetella bronchiseptica
Ta OLIHWTH Jioro edekTuBHiCTh. MeTogu. 3actocoBysanu mram Bordetella bronchiseptica ATCC 4617. ITpoBeneHo
[OeTAIHy ONTHMIi3allifo TemMmeparypu, pH, Mo)X1BHOI OCHOBH, CeIEKTBHIX KOMIIOHEHTIB Ta AnudepeHLiitHnX Map-
KepiB. Anpobariiio 3xilicHeHo Ha 69 KIiHiuYHNX 3paskax (47 II/IP-nosutnBHUX, 22 ITJIP-HeraTuBHMx). [TopiBHAHHS
YacTOT i30/IA1Ii1 TPOBOAN/IN 32 JOTIOMOrol0 TOYHOro Kputepito dimrepa ta recty Mak-Hemapa. PesynbraTn. Becra-
HOBJICHO ONITMMaJbHi MapaMeTpy KynbTuByBaHH: (36,0+0,5 °C; pH 7,1+0,1) Bordetella bronchiseptica. 3a pesynb-
TaTaMJ) IIOeTanHoOl ONTMMIi3aliil NOXXMBHOI OCHOBH, CEeMEKTUBHUX Ta AMepeHLiIHNX KOMIIOHEHTIB PO3poOIeHo
HOXKVBHe cepefoBuine (Ha 1 T AucTUIbOBaHOI Boin): ¢pepMeHTaTUBHUI TenToH — 20,0 I; eKCTPaKT ApLKIKIB —
5,0 1; kaseln — 5,0 r; ceqoBuHa — 5,0 13 2,3,5-Tpudeninrerpasoniit xmopug — 0,01 1; medanekcuu — 0,003 r; 6pom-
TMosoBuit cuhiit — 0,02 r; arap — 15,0 . Po3po6riene cepegoBuiie 3a6e3ne4nio 4acToTy BUAIEHHS 72,3%, 110
HepeBUIyBajIo MokasHuKN Regan-Lowe (61,7%) Ta KBA (51,1%). BusAB/IeHO CTaTUCTUYHO 3HAYYILY [lepeBary Haj
KBA (p < 0,05). BuCHOBKH. 3aIrpoIIoHOBaHe CepefoBUILIe MiIBUIIYe epeKTUBHICTD KyIbTypaIbHOI [IarHOCTUKY Ta
I03BOJIsIE TIPOBOMUTY MEPBUHHY (DEHOTUIIOBY OLIiHKY 130/IATiB Ha eTalli epPBUHHOTO KY/IbTYBYBaHHA.

Kniouoei cnoea: Bordetella bronchiseptica, cenexmuste cepedosuuse, Oudeperuyiiite cepedosuuse, baxkmepionoziuna
diazHocmuxa.
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