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ABSTRACT

Introduction. When the body resistance-associated compensatory mechanisms are impaired or evolutionarily developed microbiocenoses are changed the quorum
sensing signaling molecules facilitates excessive growth of pathogenic microorganisms. Antibacterial potential of inhibitors of intercellular communication molecule
synthesis is achieved through reducing the microorganism adhesion and, consequently, in vivo and in vitro contamination.

Objective. Study of the dynamics of morphometric and densitometric parameters of biofilms formed by Escherichia coli, Escherichia albertii, Proteus vulgaris isolates
identified in poultry with respiratory and gastrointestinal diseases.

Materials and methods. Dynamics of the biofilms formed by reference strains and isolates recovered from pathological samples from R0SS-308 chickens at the
age of 40-42 weeks (n = 20) were studied. The sample optical densities were determined using Immunochem-2100 photometric analyzer (HTI, USA), wavelength
580 nm (OD,,, ). Morphometric parameters were recorded at > 90.0% reliable frequency in the field of view of H604 Trinocular Unico optical microscope (United
Products & Instruments Inc., USA) and Hitachi TM3030 Plus scanning electron microscope (Hitachi, Japan).

Results. Escherichia coli, Escherichia albertii, and Proteus vulgaris were isolated from pathological samples from the poultry with catarrhal hemorrhagic aero-
sacculitis, hemorrhagic enteritis, fibrinous polyserositis and splenomegaly signs and then identified. Direct correlations (r = 0.91) between morphometric and
densitometric parameters depending on the cultivation time were established. Cells with defective cell walls, spheroplasts, needle-like and giant structures as well
as revertant cells dominated during heterogeneous population dispersion.

Conclusion. General patterns of the heterogeneous microorganism population development are mediated by adhesion, synthesis of exocellular molecules, intensive
cell proliferation and differentiation depending on the cell cycle stage.
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WHomKkauma buonneHok u3onatos Escherichia coli,
Escherichia albertii, Proteus vulgaris,
MAEHTUPULIMPOBAHHBIX NpY 60N1E3HAX OPraHoB
[IbIXaHWA 1 NULLEBAPEHNA NTULL
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PE3IOME
Beepenue. anI CHUXXEHNU KOMNEHCATOPHbIX MEXaHWU3MOB PE3UCTEHTHOCTN OPraHii3ma, U3SMeHeHNI COCTaBa 3BOOLOHHO COXKUBLLUXCA MVIKpO6VIOLleH03OB
I/I36bIT0lIHOMy POCTY NATOreHHbIX MUKPOOPraHN3moB CI'IOC06CTB)I€T penpe3eHTaLma CUTHAbHbIX MONEKYN quorum sensing. AHTI/I66KT€pVIaJ'IbeII7I noteHynan

© Lenchenko E. M., Ponomarev V. V., Sachivkina N. P,, 2025

186 VETERINARY SCIENCE TODAY. 2025; 14 (2): 186—193 | BETEPUHAPUA CETOAHA. 2025; 14 (2): 186—193


https://crossmark.crossref.org/dialog/?doi=10.29326/2304-196X-2025-14-2-186-193&domain=pdf&date_stamp=2025-06-10

ORIGINAL ARTICLES | VETERINARY MICROBIOLOGY OPUTWHATIbHBIE CTATbY | BETEPUHAPHAA MIIKPOBUONOT WA

WHTUOUTOPOB CMHTe3a MONEKYN MEXKNETOUHbIX KOMMYHUKALMIl LOCTUTAeTCA 3a CYET CHUMXeEHUA aare3un MUKPOOPraHU3MOB, a COOTBETCTBEHHO, U CTENeHM
KOHTaMUHaLWu in vivo u in vitro.

Lienb uccnepgoBaHua. V3yuexne ZuHaMuKu u3meHeHUi MopOOMETPUUECKIX U AeHCUTOMETpUYECKIX NoKa3aTeneil GuonneHok u3onatoB Escherichia coli, Esche-
richia albertii, Proteus vulgaris, naeHTM$ULMPOBAHHBIX NPy G0NE3HAX OPraHoB AbIXaHWA 1 NULLEBAPEHNA NTUL.

Marepuanbl u metopbl. ViccnenoBany AMHaMuKy pa3BuUTUA GUONNEHOK pedepeHTHBIX LUTAMMOB U U30M1ATOB, BblAENeHHbIX 13 MaTMaTepuana NTuubl: Kypbl
kpocca ROSS-308 40—42-HenenbHoro Bo3pacta (n = 20). OnTuyeckyio nOTHOCTb MCCeAyeMbiX 06pa3L0B Onpeaensan CnpumeHeHnemM GOTOMETPUYECKOro aHa-
nuzaropa Immunochem-2100 (HTI, CLUA), anvxa BonHbl 580 im (0D, ). MopdomeTpuueckue nokasatenn yunTbiBai npu 4OCTOBEPHOI YACTOTe BCTPEYAEMOCTH
> 90,0% nona 3penua ontuueckoro Mukpockona H604 Trinocular Unico (United Products & Instruments Inc., CLLIA) u ckaHupytoLLero aneKTpoHHoro MuKpockona
Hitachi TM3030 Plus (Hitachi, finonus).

Pe3ynbTatbl. /13 natmatepuana ntuw c npusHakamm KatapanbHo-remMoppariyeckoro apocakKynuTa, reMoppariuyeckoro SHteputa, GubpuHo3Horo nonnceposuTa
11 cnneHomeranum Gbinm BbleneHbl n uaeHTuduUnpoBanbl Escherichia coli, Escherichia albertii, Proteus vulgaris. B 3aBUcMoCTit 0T BpemeH KynbTUBMPOBaHNA
YCTaHOBNEHbI NPAMble KOPPENATUBHble 3aBUCUMOCTI (r = 0,91) Mex Ay MOPOOMETPUUECKIMIN 1 AEHCUTOMETPUYECKUMI NoKa3aTenamu. lpu Aucnepcum rete-
POreHHOI NONYAALMN AOMUHUPYIOT KAETKI C AeQeKTHOI KNETOUHOI CTEHKON, CheponnacTbl, UrofbyaTble v rraHTCKIne CTPYKTYpb, @ TakXKe KNeTKN-peBepTaHTbI.
3akntoueHue. 06LLyie 33KOHOMEPHOCTU ANHAMUKI Pa3BUTIA TeTepOreHHOIl NONYNALMY MUKPOOPraHU3MOB 0NOCpeA0BaHbI afre3ieil, CUHTE30M 3K30LenHo-
NAPHBIX MONEKYN, UHTEHCUBHOI Nponudepauueil n AuddepeHumnaLmein KNeTok B 3aBUCUMOCTI OT CTaUN KNETOYHOTO LMKAA.

KntoueBbie cnoBa: buonneHkm, 6akrepun, rerepomopdusm, AEHCUTOMETPYS, ONTYECKAA MUKPOCKOMUS, CKaHNPYIOLLAA INEKTPOHHAA MIAKPOCKONKA

bnaropapHoctu: AsTopbl 6narogapat POCBUOTEX, benropoackuit dpunuan OIbY «BHUN3K», PYLH 3a npepocTaBneHHble BOIMOXHOCTU ANA NPOBEAEHUA
nccneaoBaTenbekoil paboto.

[ina untnposanua: llenyenko E. M., MoHomapes B. B., Caunskuna H. M. Unaukauwa 6uonnexok usonatos Escherichia coli, Escherichia albertii, Proteus vulgaris,
WAEHTUOULMPOBAHHDIX NPy 60n1e3HAX OPraHoB AblXaHNA 1 NULLEBapeHNa NTUL. BemepuHapus cezo0ns. 2025; 14 (2): 186—193. https://doi.org/10.29326/2304-
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INTRODUCTION

In view of globalization of the spread of new and vari-
ants of known nosological forms characterized by high
epidemiological potential, there is a statistically significant
trend to increase in incidence of the infections caused
by antibiotic-resistant bacteria of the order Enterobacte-
rales [1, 2, 3, 4]. Due to their multidrug resistance, these
bacteria are classified to the first category of critical priori-
ty level for research according to the WHO Bacterial Priority
Pathogens List (2024) [5].

Clinical Escherichia coli isolates identified in humans
with septicemia, neonatal meningitis, and urologic disor-
ders are genetically similar and share common virulence
genes with avian pathogenic E. coli (APEC) [6, 7.

High population density in limited areas, keeping
animals of the same species and age in the holding, use
of antibiotics as well as frequent changes in the vaccina-
tion schedule including use of vaccines based on “hot”
and variant strains contribute to the wide spread of in-
fectious diseases [8]. According to the veterinary reports,
colibacillosis is registered everywhere and responsible for
significant economic losses [9, 10]. In poultry with systemic
infection, the dominance of E. coli as an etiological agent
ranges from 50.7 to 100% depending on the disease situ-
ation on commercial poultry farms of various types as
well as family-operated and backyard farms [11, 12]. In-
creasing resistance of APEC to different classes of antibi-
otics, including socially important antibiotics (8-lactams,
colistin, and carbapenems) is a marker of multiple APEC
resistance [13, 14, 15, 16].

E. coli pathogenic properties are accounted for virulence
factors encoded by chromosomal, plasmid genes and chro-

mosome-integrated bacteriophages [17, 18]. When intes-
tinal compensatory mechanisms of mucociliary clearance
and colonization resistance are impaired and microbio-
cenosis quantitative and species composition are changed,
representation of the quorum sensing (QS) signalling mole-
cules contributes to the excessive growth of pathogenic
microorganisms [19]. The therapeutic and disinfecting
effect of QS inhibitors owing to blocking the intercellular
communication molecules synthesis enables reducing
the adhesion of microorganisms and, consequently, level
of contamination in vivo and in vitro [20, 21].

Studies of the etiological factors of respiratory and gas-
trointestinal diseases in poultry are of priority for identifi-
cation of pathogenetical factors of initiation, development
and outcome of the avian infectious pathology characte-
rized by pathogenic enterobacteria excessive growth and
dissemination. Study of the general patterns of multilevel
algorithms for differentiation of heterogeneous popula-
tion including viable uncultivated cells will facilitate op-
timization of the long-term retrospective identification of
ubiquitous bacteria as well as development of methods
for biofilm eradication in the future.

The aim of the work is to study the dynamics of mor-
phometric and densitometric parameters of biofilms
of E. coli, Escherichia albertii, Proteus vulgaris isolates iden-
tified in poultry with respiratory and gastrointestinal
diseases.

MATERIALS AND METHODS

Strains. Isolates recovered in pathological samples
collected from ROSS-308 cross chickens at the age
of 40-42 weeks (n = 20) were used for tests. Reference
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Escherichia coli strain (ATCC 25922) from the Collection
of the Tarasevich State Research Institute for Standardi-
zation and Control of Biological Products (Moscow) was
used as a control [22].

Nutrient media. The following nutrient media were used:
Endo medium, bismuth-sulfite agar (BSA; HiMedia, India),
meat-peptone broth (MPB), meat-peptone agar (MPA),
Hiss medium, Olkenitsky’s medium, Simmons’ citrate agar
(State Research Center for Applied Microbiology, Russia),
Tryptone Bile X-glucuronide agar, Chromocult® coliform
agar (Merck, Germany).

Test system. The following test systems were used: Pa-
per indicator systems for the microorganism identifica-
tion; kit No. 2 for Enterobacteriaceae genus and species
differentiation (Microgen, Russia); Boichemical plate for
enterobacteria identification (Diagnostic Systems, Russia);
ENTERO-Rapid 24, NEFERMtest 24 (Erba Lachema s.r.o.,
Czech Republic).

Postmortem examination. Dead chickens (n = 20)
submitted to the Belgorod Branch of the Federal Centre
for Animal Health for bacteriological examination from
poultry farms located in the Central Black Earth region
of the Russian Federation were subjected to postmortem
examination (necropsy). The tests were performed in ac-
cordance with the Methodical guidelines for pathomor-
phological diagnosis of animal, avian, and fish diseases
in veterinary laboratories: approved by the Veterinary
Department of the Ministry of Agriculture of the Russian
Federation on 11 September 2000, No. 13-7-2/2137 [23].
Postmortem examination was carried using common
methods and taking into account the chicken anatomical
and topographic features [24, 25, 26].

Microbiological tests were carried out in accordance
with the Methodical guidelines for bacteriological diag-
nosis of mixed intestinal infection in young animals caused
by pathogenic enterobacteria, approved by the Veterinary
Department of the Ministry of Agriculture of the Russian
Federation on 11 October 1999, No. 13-7-2/1759; Me-
thodical guidelines for bacteriological diagnosis of animal
colibacillosis (escherichiosis), approved by the Veterinary
Department of the Ministry of Agriculture of the Russian
Federation on 27 July 2000, No. 13-7-2/2117; Methodologi-
cal guidelines for Isolation of bacteria from the animal gas-
trointestinal tract and identification thereof, approved by
the Veterinary Department of the Ministry of Agriculture
of the Russian Federation on 11 May 2004, No. 13-5-02/
1043 [27, 28, 29].

The authors confirm compliance with institutional and
national standards in accordance with the Consensus
Author Guidelines for Animal Use (IAVES, July 23, 2010).
The test protocol was approved by the Ethics Committee
of the RUDN University, Moscow, Russian Federation (Pro-
tocol No. 9a/3 of 8 October 2024).

Small intestine and caecum contents were examined
for microorganism quantification. Test samples weigh-
ing 1.0 g were placed in test tubes and of 0.85% sodium
chloride solution was added to the tubes, 9.0 cm? per
tube. Diagnostically significant dilutions were made,
then 0.1 mL of the test sample was inoculated onto dif-
ferential media.

Test pathological sample (heart with ligated vessels,
lungs, tubular bone, liver with gall bladder, spleen) was
put with a Pasteur pipette to the middle part of a Petri
dish and evenly distributed with a glass spatula. For small

intestine examination, its contents were removed, mucous
membrane was carefully scraped off using a scarifying
cone of a Pasteur pipette and the material was inocu-
lated onto the medium. In order to avoid the swarming
bacteria growth, Endo medium surface was irrigated with
96% ethanol (1-2 cm?) before material inoculation. Micro-
organisms were cultured at (37 = 1) °C for (24 £ 1) hours
and (48 = 1) hours. To isolate pure Proteus spp. cultures,
the materials were inoculated according to Shukevich
method in condensed fluid of freshly slanted MPA and cul-
tivated at (37 £ 1) °C for (24 £ 1) hours. When the growth
was observed, the microorganisms were transferred to
the BSA medium and cultured at (37 + 1) °C for (24 £ 1)
and (48 = 1) hours [24, 27, 28].

For species identification, three species-characte-
ristic colonies of microorganisms were transferred into
tubes with slanted MPA and cultured at (37 = 1) °C for
(24 £ 1) hours. The microorganisms were tested for their
morphological, cultural, and biochemical properties using
common methods [1, 27, 28, 29].

Biofilm tests. For densitometric tests, the test samples
were added to wells of a 96-well plate (Medpolymer OJSC,
Russia) and cultured at (37 £ 1) °C under static aerobic
conditions for 6, 18, 24, 48 hours. After the specified
time, the fluid was removed from the plate wells, and
the sediment was washed with 200 L of phosphate buf-
fer solution (pH 7.2) three times. At each washing stage,
the plate contents were stirred at 2,000 rpm for 10 mi-
nutes using MixMate vortex shaker (Eppendorf, Germa-
ny). The samples were fixed with 96% ethanol for 15 mi-
nutes and dried at (37 £ 1) °C for 20 minutes. Then, 0.5%
crystalline violet solution (HiMedia, India) was added to
the wells and the plates were cultured at (37 + 1) °C for
5 minutes. The well contents were removed, the wells
were washed with 200 uL of phosphate buffer solution
(pH 7.3) three times, and dried. The dye was eluted with
200 pL of 96% ethanol for 30 minutes [30, 31]. The opti-
cal densities of the test samples were determined using
an ImmunoChem-2100 photometric analyzer (HTI, USA)
at a wavelength of 580 nm (OD, ).

For morphometric tests, the preparations were fixed
with ethanol-ether mixture (1:1) for 10 minutes and
stained with an aqueous gentian violet solution (1:2,000)
and Gram stained (BioVitrum, Russia). For scanning elec-
tron microscopy, the preparations were fixed with 25%
glutaraldehyde solution vapours for 8 hours, and then
with 1% osmium tetroxide solution vapours for 4 hours.
The test samples were thickened with ethanol at increas-
ing concentration: 30, 50, 96, 100%. Then, test samples
were exposed to gold ions using a Q150T ES device (Quo-
rum Technologies Ltd., Great Britain). Morphometric pa-
rameters were recorded at significant = 90.0% frequency
in the field of view of the H604 Trinocular Unico optical
microscope (United Products & Instruments Inc., USA)
and Hitachi TM3030 Plus scanning electron microscope
(Hitachi, Japan).

Statistical analysis using the Student’s criterion was
used for the test result processing; the results were con-
sidered reliable at p < 0.05[19].

RESULTS AND DISCUSSION

Postmortem examination. Postmortem examination
of dead ROSS-308 chickens at the age of 40-42 weeks
(n = 20) showed the following: the chicken feathers
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Fig. 1. Postmortem gastrointestinal lesions in poultry:
A —multiple hemorrhages in intestinal mucosa; B — perihepatitis

were dull and ruffled; the dead chickens were emaciated.
Cyanosis of mucous membranes, uneven and extreme
swelling of stomach, small intestine and caecum were
detected. Multiple petechial and striated haemorrhages
were found in the muscles and tracheal, stomach and
intestinal mucosa. Acute congestive hyperemia of car-
diovascular organs was characterized by blood vessel
congestion, edematous fluid accumulation in loose
connective tissue, red blood cell hemolysis. Catarrhal
hemorrhagic aerosacculitis, splenomegaly, hemorrhagic
enteritis and fibrinous polyserositis manifestations were
detected (Fig. 1).

Detection and identification of microorganisms. The
bacteria formed round glossy convex colonies with even
edges, 1.5-2.5 mm in diameter when the test samples
were inoculated onto differential nutrient media intended
for primary identification.

On Endo medium, lactose fermenting microorganisms
formed red colonies, some of which had a characteristic
metallic glitter. The number of colonies grown onto me-
dia inoculated with small intestine and cecum contents
was (1.43 +0.25) x 10° CFU/g; and (4.6 + 0.32) x 10” CFU/g,
respectively. Lactose-non-fermenting microorga-
nisms were isolated from the chicken small intestine
contents together with the specified bacteria; number

of the pinkish colonies colourless in the centre was
(0.85 +0.34) x 10* CFU/g (Fig. 2A).

When test samples were inoculated with Shukevich
method in the condensed fluid of freshly slanted MPA,
microorganism growth was observed. The cultures trans-
ferred from MPA to BSA medium formed dark-green co-
lonies surrounded by zone of inhibition, the number of
colonies was (0.77 + 0.87) x 10% CFU/g (Fig. 2B).

Gram-negative, facultative anaerobic, oxidase-nega-
tive, and catalase-positive E. coli isolates were identified
when pure cultures of the microorganisms isolated from
the pathological samples of all tested chickens (100%)
were tested for their morphological, tinctorial, and bio-
chemical properties. E. coli monocultures were detected
in small intestine content samples from 16 chickens (80%).
E. albertii and P. vulgaris bacteria were detected together
with E. coli in tested small intestine samples from 4 chi-
ckens (20%).

Morphological and densitometric parameters of bio-
films. E. coli, E. albertii, and P. vulgaris isolates cultivated at
(37 £ 1) °Cfor 6, 18, 24, 48 hours under static aerobic con-
ditions showed common patterns for biofilm development
regardless of the isolation origin. The changes in absolute
values of tested sample optical density and the biofilm
formation intensity are given in the Table.

Fig. 2. Microorganism cultures isolated from chicken small intestine contents:

A - Endo medium, cultivation at (37 + 1) °C for 24 hours;
B - BSA cultivation at (37 + 1) °C for (24+ 1) hours
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Densitometric parameters of biofilms

Sample cultivation

Absolute value Biofilm formation

time, hours of optical density intensity
6 (0.102 £ 0.04) — (0.111 + 0.06) >0.1-0.2
18 (0.172 £0.07) - (0.191 + 0.05) >0.1-0.2
24 (0.246 +0.03) - (0.284 + 0.08) >0.2-03
48 (0.348 +0.07) — (0.526 + 0.18) >0.3-0.4

190

Depending on cultivation duration, direct correlations
(r=0.91) were observed between densitometric parameter
intensities and increased frequency of visualized bacterial
coaggregation within the intercellular matrix.

The following stages of biofilm development were
identified at representative > 90.0% field of view of
the microscope: adhesion, fixation, microcolony, growth,
and dispersion. Adsorption and nonspecific adhesion
of microorganisms to the tested substrate surface - glass
owing to conditioning were detected at the initial stages
of development. Moreover, at this stage, cells can either
attach to the substrate surface or detach from it and return
to planktonic phase of growth. Intermolecular interactions
between specific microbial cell wall structures mediate ir-
reversible adhesion and surface attachment. Once micro-

Fig. 3. E. coli biofilm morphology
(MPB medium; cultivation at (37 + 1) °C for 18 hours;
Hitachi TM3030 Plus, Japan)
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organisms were firmly attached to the substrate surface

they promoted adhesion of subsequent cells. Cells exhi-
biting distinct morphologies and sizes but interconnected

within an extracellular matrix were differentiated depend-
ing on the cell cycle stage (Fig. 3).

Clusters (aggregates, conglomerates) formed and
grew owing to the binary division of bacteria during in-
tensive proliferation of the cells synthesizing exocellular
molecules. Rounded fluid-filled structures - canals serv-
ing for the population hydration were detected between
clusters of orderly and at the same time multidirectionally
arranged cells. Extracellular matrix exhibited progressive
thickening correlating with both increased numbers of
attached dividing cells and enhanced synthesis of exo-
polymeric components. The matrix components were
differentiated based on the chemical composition when
the cells were stained with metachromatic aniline dyes
with properties: protein structures stained blue, polysac-
charides stained pink (Fig. 4).

Mature three-dimensional heteromorphic biofilm be-
comes immobilized through QS-mediated intercellular
communication driven by population expansion and ex-
tracellular matrix development. Dispersion of the hete-
romorphic population increased with prolongation of
the cultivation time. Bacteria characteristic for L-transfor-
mation were detected together with the cells typical for
the bacteria species. The following cells dominated: cells
with defective cell walls, spheroplasts, needle-like and gi-
ant structures, as well as cells capable of reverting to their
original phenotypic and metabolic state. The destruction,
partial or complete autolysis of cells losing typical mor-
phofunctional features (uncultivable cells) were accompa-
nied by enhanced light refraction combined with decrease
in the optical density of the biofilm (Fig. 5).

In case of microorganism overgrowth, their patho-
genicity is regulated by transcriptional control of poly-
mer molecule adhesion, invasion, and synthesis [32, 33].
QS molecules are considered as promising targets in
the development of the medicinal products that signifi-
cantly reduce APEC adhesion and inhibit anti-inflamma-
tory cytokine expression [34, 35].

The results of biofilm dynamics studies will be useful
for optimization of methods for microbiological monitor-
ing of critical control points in poultry production, and can
also be used for development of medicinal products and
disinfectants blocking synthesis of intercellular commu-
nication molecules.

Fig. 4. E. coli bloﬁlm morphology (MPB medium, temperature (37 + 1) °C, cultivation period:
A—18 hours, B- 24 hours; Gram staining; oc. 10X, obj. 100%, immersion, H604 Trinocular Unico, USA)
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Fig. 5. Biofilm morphology: A - E. albertii; B - E. coli (MPB medium; cultivation at (37 + 1) °C for 48 hours;
Gram staining; oc. 10X, obj. 100%, immersion, H604 Trinocular Unico, USA)

CONCLUSION

E. coli, E. albertii, and P. vulgaris isolates cultivated at
(37 £1)°Cfor6, 18, 24,48 hours under static aerobic condi-
tions were shown to have common patterns for biofilm for-
mation and growth. Biofilm initiation and growth is multi-
stage process where motile planktonic microorganisms
differentiate into an attached, structured form, with QS
playing a crucial role in intercellular communication. Co-
aggregation of heteromorphic cells of different sizes and
shapes depending on the cell cycle stage is the general
pattern of heterogeneous microorganism population dy-
namics mediated by adhesion, intensive cell proliferation,
and exocellular molecule synthesis. Bacteria characteris-
tic for L-transformation dominated during heteromorphic
population dispersion. Spheroplasts, needle-like and giant
structures as well as cells capable of reverting to their ori-
ginal phenotypic and metabolic state were differentiated
together with the cells typical of the species.
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