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Abstract
Background and Aim: The study of biofilm-forming ability of Gram-negative microflora has great practical importance 
for assessing the effectiveness of antibiotic therapy and finding new ways to diagnose and inhibit the growth of biofilms. 
This is because poor penetration of antibacterial drugs into the biofilm can lead to the selection of resistant strains and has a 
consequence evident by the occurrence of relapse of infection in animals. This study aimed to evaluate morphological and 
densitometric indicators of biofilm formation as well as adhesive properties of Klebsiella pneumoniae.

Materials and Methods: K. pneumoniae was cultured at 37°C for 2-144 h in vitro. The specimens for optical microscopy 
were prepared by fixation with a 1:1 alcohol-ether mixture for 10 min and stained with a 0.5% solution of gentian violet 
for 2 min, and the optical density index was evaluated at a wavelength of 490 nm. Further, the adhesive properties of the 
microorganisms were determined at a concentration of 1 billion/ml and a suspension of ram erythrocytes at a concentration 
of 100 million/ml when cultured at 37°C for 24 h. Blood smears were prepared and stained with 0.5% gentian violet.

Results: K. pneumonia cultured at 37°С after 24 h on the meat peptone agar formed large, convex, mucous, and white colonies 
(d=3.0-6.0 mm). With the growth in the meat and peptone broth, uniform turbidity of the medium was observed. Analyzing 
the optical density indices (density, D), it was found that K. pneumoniae were good producers of biofilms (D=0.528±0.31). 
Data for indicators of adhesive properties of K. pneumoniae were as follows: Average adhesion index, 4.56±0.14; adhesion 
coefficient, 1.07±0.52; and adhesion index, 4.26±0.07. The studied bacteria had high adhesive activity. A direct correlation 
dependence (R=0.94) of the optical density of biofilms (D≥0.514-0.551) and ААI (4.15±0.28-4.76±0.75) was established.

Conclusion: This study has demonstrated that K. pneumoniae had high adhesive activity, was strong producer of biofilms, 
and the optical density of the sample exceeded the optical density of the control by more than 4 times. 

Keywords: adhesion coefficient, average adhesion index, biofilms, Gram-negative microflora, Klebsiella pneumoniae, 
optical density.

Introduction

Nosocomial infections are common and remain 
a major cause of mortality and morbidity worldwide. 
One of the main causative agents of these infections is 
Klebsiella pneumoniae, a bacterium with a high level 
of antibiotic resistance. Therefore, the investigation 
of these microorganisms and their susceptibility to 
antibiotics is essential [1,2]. Most diseases related to 
animal digestive and respiratory systems are caused 
by K. pneumoniae. These diseases (such as gastritis, 
enteritis, hepatitis, and pneumonia) can be acute, sub-
acute, as well as chronic; hence, they lead to increased 
animal mortality [3]. When the immunity of infected 

animal decreases, the virulence of the pathogen 
increases, which leads to an increase in the effect of 
toxins on the intestinal mucosa, overpowering of local 
defense factors, inflammation, and dysbacteriosis. By 
entering the bloodstream, Klebsiella causes the devel-
opment of septicemia, which can be life-threatening.

Klebsiella is a Gram-negative, non-motile, and 
rod-shaped bacteria. The bacterium has a capsule; it is 
resistant to the environment and action of disinfectants 
as well as many antibiotics, which makes it lethal. It 
has a complex antigenic structure and contains capsu-
lar and somatic antigens and endotoxin; some strains 
can produce exotoxin. These microorganisms can 
cause pneumonia, acute intestinal infections, urogeni-
tal infections, conjunctivitis, meningitis, and sepsis in 
lambs [4]. Klebsiella infections can also develop as a 
secondary infection against the background of infec-
tion by viruses, which can also lead to an increase in 
the number of deaths.

For pathogenic microorganisms to survive in the 
conditions of the biotope, they must acquire certain 
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properties, including the formation of biofilms [5-7]. 
As a result, they subsequently acquire the ability to 
resist the factors of natural forces such as some mac-
roorganisms and antimicrobial agents of various ori-
gins [8]. From this point of view, elucidation of the 
mechanism by which these microorganisms acquire 
the ability to produce biofilms and adhere to animal 
cells is very important.

Hence, this study aimed to evaluate the morpho-
logical and densitometric indicators of K. pneumoniae 
biofilms, and identify its adhesive properties.
Materials and Methods
Ethical approval

This work with the certified strain of K. pneu-
moniae does not require authorization from the Ethics 
Committee.
Strain

The experiments used a certified strain of 
K. pneumoniae from the collection of the state research 
institute for standardization and control of medical 
biological preparations named after L.A. Tarasevich 
(Moscow). This microorganism was isolated from 
rabbits of “Soviet chinchilla” breed. Most products 
made with rabbit fur are from the skins of animals of 
this variety in Russia.
Optical density measurement

The morphology of the biofilms was evaluated 
by culturing the bacteria at 37°C for 2, 4, 6, 24, 48, 
72, and 144 h and specimens for microscopic stud-
ies were prepared from cultures. The specimens for 
optical microscopy were prepared by fixation in a 
1:1 alcohol-ether mixture for 10 min and stained 
with a 0.5% solution of gentian violet, and allowed 
to stay for 2 min [3]. To obtain representative infor-
mation, random sampling of the field of view under 
the microscope (H604T Trinocular Unico, USA) was 
performed.

The optical density of the biofilms was deter-
mined based on the degree of binding of vio-
let crystal at a wavelength of 490 nm, using the 
“Immunochem-2100” microplate photometric ana-
lyzer (HTI, USA). Values were determined in tripli-
cates and classified as follows:
1. Weak biofilm producers (Density of the sam-

ple – Ds): These were samples with an optical 
density <2 times the optical density of the control 
(Density of the control – Dс) (D≤0.197)

2. Moderate biofilm producers: Here, the optical 
density of the sample was 2-4 times more than the 
optical density of the control (D=0.279-0.571)

3. Strong producers of biofilms were samples with 
an optical density that was 4 times more than that 
of the control (D=0.699-1.510) [9,10].

Adhesive property testing
The culture of K. pneumoniae at a concentration 

of 1 billion/ml and a suspension of ram erythrocytes 
at a concentration of 100 million/ml were cultured at 

37°C for 24 h, blood smears were prepared and stained 
with 0.5% solution of gentian violet [11].
Statistical analysis

The experimental data were processed using 
descriptive and inferential statistics. Means and stan-
dard deviations of the optical densities and adhesive 
properties were calculated using Microsoft Excel. 
Difference between means of samples and that of the 
control was determined using the Student’s t-test, and 
statistical significance of the differences was set at 
p≤0.05.
Results and Discussion

The study revealed that microorganism cultures 
of K. pneumoniae at 37°С after 24 h on the meat pep-
tone agar formed large, convex mucous, and white 
colonies, d=3.0-6.0 mm. With the growth in the meat 
and peptone broth, uniform turbidity of the medium 
was observed. K. pneumoniae are facultative anaero-
bic bacteria; the growth of these bacteria was studied 
under aerobic and anaerobic conditions.

Microorganisms of the genus Klebsiella utilized 
glucose, sodium citrate while producing acetylmeth-
ylcarbinol, fermented inositol, and hydrolyzed urea, 
however, it did not form indole and hydrogen sulfide.

The morphology of the biofilms was studied 
in vitro after 2-8 h of cultivation of the microorgan-
isms. Reversible adhesion of vegetative forms of bac-
teria was observed, as well as deformation of the cell 
wall as a result of the attachment of an abiotic sub-
strate coverslip to the surface, as shown in Figure-1a. 
After 10-12 h of cultivation, irreversible adhesion 
was observed on the plate. Under the microscope, 
blue-stained bacterial cells were combined into short 
chains while in some areas, long strands surrounded 
by an intercellular matrix of different color intensities 
were observed.

In addition, after about 24-36 h of cultivation, 
the formation of a monolayer of bacteria with a dif-
fuse layer of bacterial cells was observed (Figure-1b). 
The process of coaggregation ensured the formation 
of microcolonies in individual areas by the formation 
of intercellular bonds. Densely packed cell structures 

Figure-1: Formation of bacterial biofilms of Klebsiella 
pneumoniae: (а) Reversible adhesion of vegetative forms of 
bacteria having a typical shape and size (0.3-0.6×0.6-1.0); 
(b) the formation of a monolayer of bacteria – a diffuse 
layer of bacterial cells; coloring with a gentian violet; 
optical microscopy, 100×.
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of various sizes and shapes connected by an intercel-
lular matrix were identified as well. Moreover, for-
mation of a mature biofilm was observed due to the 
fusion of microcolonies with the subsequent forma-
tion of clusters after 48-72 h of cultivation. Rounded 
pores and tubules containing fluid and surrounded by 
membrane structures were detected on the edges or 
borders  of cluster formation. The mechanical stability 
was ensured by exocellular substances identified on 
the surface of the biofilms in the form of polymer net-
works, consisting mainly of polysaccharides.

Two types of intercellular contacts were 
observed: The first was direct interaction, followed by 
the formation of clusters mediated by the interconnec-
tion matrix. This confirmed the active production of a 
substance filling the intercellular space after adhesion 
to the surface by the bacteria. Then, due to the cells 
attached to the substrate and the intercellular matrix, 
a diffuse layer was formed on the surface of the abi-
otic substrate; the cells were arranged in groups in the 
form of a monolayer united by a common intercellular 
matrix.

After 72-144 h of cultivation, there was the dis-
persion of colonies. In some areas, destructive pro-
cesses of the intercellular matrix, accompanied by the 
separation of cells that retained the ability to adhere 
and form new microcolonies were identified.

Analyzing the optical density indices 
(Density, D), it was found that K. pneumoniae were 
strong producers of biofilms, the optical density of the 
sample (Density of the sample – Ds) exceeded the opti-
cal density of the control (Density of the control – Dс) 
by more than 4 times (D=0.528±0.31).

During optical microscopy of the preparations, 
three following indicators were taken into account: 
1 - Average adhesion index (AAI), which is the aver-
age number of microorganisms attached to the surface 
of a single red blood cell; 2 - adhesion coefficient 
(AC), percentage of red blood cells having bacteria 
on the surface; 3 - microorganism adhesion index (AI) 
known as ratio of AAI and AC (Figure-2).

Indicators of adhesive properties of bac-
teria K. pneumoniae amounted to the follow-
ing: AAI = 4.56±0.14; AC =1.07±0.52; and 
AI = 4.26±0.07. Depending on the AI values, all 

bacteria can be considered: Non-adhesive (AI=1.00-
1.75); low adhesive (AI=1.76-2.49); medium adhe-
sive (AI=2.50-3.99); and highly adhesive (AI ≥4.00) 
categories. The studied bacteria had high adhesive 
activity. A direct correlation dependence (R=0.94) of 
the optical density of biofilms (D≥0.514-0.551) and 
AAI (4.15±0.28-4.76±0.75) were established.

This study found that the identification of the 
pathogenic properties of microorganisms was con-
firmed by adhesive properties. Earlier studies have 
shown that high adhesive potential is one of the key 
factors in the formation of a biofilm architectonics, 
characterized by an increase in optical density, causing 
multiple drug resistance [12-15]. Furthermore, 57.1% 
of K. pneumoniae strains were strong biofilm produc-
ers, as observed by another study [16]. A correlation 
was established between the ability of K. pneumoniae 
from a biofilm and a profile of resistance to antibac-
terial drugs: Resistant strains were assigned to strong 
producers of biofilms (91.07 %) [17].

K. pneumoniae isolates were classified as mul-
tidrug-resistant bacteria. Resistance to colistin, doxy-
cycline, ciprofloxacin, and enrofloxacin ranged from 
18.2 to 90.9%. Genes with an extended spectrum of 
beta-lactamases were detected in 93.4% of isolates 
from nasal swabs, and two genetic virulence factors 
were found in 100.0% of strains [18].

Inhibition of K. pneumoniae biofilm was 
observed when papain was exposed to antibiotic-resis-
tant strains (10.6-56.2%) and increased (21.4-59.0%) 
at a concentration of 100 mg/ml, which indicates the 
potential use of the enzyme in combination with anti-
bacterial drugs [19-21].

The stability of the formation of 
K. pneumoniae biofilms changed on exposure to 
3-methyl-2 (5H)-furanone and 2′-hydroxycinnamic 
acid, inhibiting optical density by 67.38% and 65.06%, 
respectively. The formed biofilms were more suscep-
tible to gentamicin [22-24].
Conclusion

This study provides data on the morphological 
and densitometric indicators of biofilms, as well as 
the adhesive properties of K. pneumonia. We found 
that the microorganisms have high adhesive activity 
and are strong producers of biofilms. The optical den-
sity of the samples exceeded the optical density of 
the control by more than 4 times. A direct correlation 
dependence (r=0.94) of the indicators of the optical 
density of biofilms and the degree of adhesion of the 
bacteria was established. The high adhesive potential 
is one of the key factors in the formation of the biofilm 
architectonics, characterized by an increase in optical 
density, and causing multiple drug resistance.
Authors’ Contributions

EL and DB had the original idea for the study and 
carried out the design. NSh collected the samples. AI 
was responsible for data analysis and data cleaning. 

Figure-2: Adhesion to red blood cells, 30 min, Klebsiella 
pneumoniae. Staining with a gentian violet, optical 
microscopy: (a) 100×; (b) 200×.

a b



Veterinary World, EISSN: 2231-0916 200

Available at www.veterinaryworld.org/Vol.13/January-2020/29.pdf

EL and NSa drafted the manuscript. The final draft 
manuscript was revised by all authors. All authors 
edited, read, and approved the final manuscript.
Acknowledgments

The authors would like to thank the Moscow 
State University of Food Production and Peoples’ 
Friendship University of Russia (RUDN University) 
for providing the facilities to carry out the research 
work. The authors did not receive any funds for this 
study.
Competing Interests

The authors declare that they have no competing 
interests.
Publisher’s Note

Veterinary World remains neutral with regard 
to jurisdictional claims in published institutional 
affiliation.
References
1. Cadavid, Е. and Echeverri, F. (2019) The search for natural 

inhibitors of biofilm formation and the activity of the auto-
inductor C6-AHL in Klebsiella pneumoniae ATCC 13884. 
Biomolecules, 2(9): 12-13.

2. Hayati, M., Indrawati, A., Mayasari, L.P., Istiyaningsih, I. 
and Atikah, N. (2019) Molecular detection of extend-
ed-spectrum β-lactamase-producing Klebsiella pneumoniae 
isolates of chicken origin from East Java, Indonesia. Vet. 
World, 12(4): 578-583.

3. Lenchenko, E.M., Mansurova, E.A. and Motorygin, A.V. 
(2014) Characterization of toxigenicity of enterobacteria 
isolated in gastrointestinal diseases of farm animals. Agric. 
Biol., 2: 94-104.

4. Nawras, K.M., Radi, J., Hamdan, K. and Fouad, Z. 
(2018) Clinical and immunological effects of experimen-
tal infection with Klebsiella pneumoniae in lambs in Iraq. 
Al-Qadisiyah J. Vet. Med. Sci., 1(17): 44-48.

5. Lenchenko, E.M. and Antonova, A.N. (2017) The study of 
biofilms and phenotypic signs of Bacteria. Vet. Med., 5: 
31-35.

6. Sachivkina, N.P., Lenchenko, E.M., Mannapova, R.T., 
Strizhakov, A.A., Romanova, E.V. and Lukina, D.M. (2019) 
Candida biofilm modeling: Past and present. Farmatsiya 
(Pharmacy), 68(3): 18-22.

7. Lenchenko, E., Lozovoy, D., Strizhakov, A., Vatnikov, Y., 
Byakhova, V., Kulikov, E., Sturov, N., Kuznetsov, V., 
Avdotin, V. and Grishin, V. (2019) Features of formation of 
Yersinia enterocolitica biofilms. Vet. World, 12(1): 136-140.

8. Sachivkina, N.P., Karamyan, A.S., Kuznetsova, O.M., 
Byakhova, V.M., Bondareva, I.B. and Molchanova, M.A. 
(2019) Development of therapeutic transdermal systems for 
microbial biofilm destruction. FEBS Open Bio, 9(S1): 386.

9. Kuznetsova, E.V., Afanasyevskaya, M.V. and 
Pokatilova, M.O. (2019) Species diversity and dynamics of 
antibiotic sensitivity of enterobacteria isolated from broiler 
chickens from industrial herds: 14-year studies. Agric. 
Biol., 4(54): 754-766.

10. Khan, I.I., Parfait, K. and Sachivkina, N.P. (2018) 
Comparison of different methods for determining the 

critical micell concentration. Farmatsiya (Pharmacy), 
67(6): 35-38.

11. Yin, W., Wang, C., Fan, K., Sun, N., Sun, Y. and Li, H. 
(2019) In vitro observation: The GFP-E. coli adhering to 
porcine erythrocytes can be removed by porcine alveolar 
macrophages. PeerJ, 7 (8): e6439.

12. Ormsby, M.J. (2018) Propionic acid promotes the virulent 
phenotype of crohn’s disease-associated adherent-invasive 
Escherichia coli. BioRxiv, 387647(???): 1-24.

13. Lenchenko, E.M., Khai, F.W., Vatnikov, Y.A. and 
Abdullaeva, A.M. (2019) The study of the sensitivity of 
Salmonella to antibacterial drugs. Int. Bull. Vet. Med., 2: 
55-61.

14. Fangjun, C. (2018) Characterization of Klebsiella pneumo-
niae associated with cattle infections in southwest China 
using multi-locus sequence typing (MLST), antibiotic resis-
tance and virulence-associated gene profile analysis. Braz. 
J. Microbiol., 1(49): 93-100.

15. Lenchenko, E.M., Vatnikov, Y.A., Kulikov, E.V., 
Lozovoy, D.A., Gavrilov, V.A., Gnezdilova, L.A., 
Zimina, V.N., Kuznetsov, V.I., Annikov, V.V., 
Medvedev, I.N., Petryaeva, A.V. and Glagoleva, T.I. (2019) 
Aspects of salmonellosis pathogenesis using chicken mod-
els. Bali Med. J., 8(1): 206-210.

16. Sachivkina, N., Lenchenko, E., Strizakov, A., Zimina, V., 
Gnesdilova, L., Gavrilov, V., Byakhova, V., Germanova, S., 
Zharov, A. and Molchanova, M. (2018) The evaluation of 
formation of biomembrane by microscopic Fungi of the 
Candida genus. Int. J. Pharm. Res., 10(4): 738-744.

17. Mahmoud, S.M., Khalil, M.S. and Walaa, S.M. (2018) 
Antibiofilm activity of papain enzyme against pathogenic 
Klebsiella pneumonia. J. Appl. Pharm. Sci., 6(8): 163-168.

18. Surgers, L., Boyd, A., Girard, P., Arlet, G. and Decré, D. 
(2019) Biofilm formation by ESBL-producing strains of 
Escherichia coli and Klebsiella pneumonia. Int. J. Med. 
Microbiol., 309(1): 13-18.

19. Sukanta, К.S., Mohammed, R.С., Elahi, M.E. and 
Siddique, A.B. (2018) Bacteriological and histopathologi-
cal investigation of pneumonia in black Bengal goat. Dairy 
Vet. Sci. J. 6(4): 1-7.

20. Sushma, V., Nehra, V. and Jakhar, K. (2018) Aetio-
pathological studies of digestive and respiratory affections 
in lambs. Pharm. Innov. J., 5(7): 100-105.

21. Vuotto, C., Longo, F., Pascolini, C., Donelli, G., 
Balice, M.P., Libori, M.F., Tiracchia, V., Salvia, A. and 
Varaldo, P.E. (2017) Biofilm formation and antibiotic resis-
tance in Klebsiella pneumonia urinary strains. J. Appl. 
Microbiol., 123(4): 1003-1018.

22. Stanishevskiy, Y.M., Sachivkina, N.P., Tarasov, Y.V., 
Philippov, Y.I., Sokolov, S.A. and Shestakova, M.V. (2017) 
Evaluation of biocompatibility of an experimental mem-
brane for glucose sensors: The results of a prospective 
experimental controlled preclinical study involving labora-
tory animals. Probl. Endocrinol., 63(4): 219-226.

23. Sachivkina, N.P., Lenchenko, E.M. and Marakhova, A.I. 
(2019) Study of the formation of Candida albicans and 
Escherichia coli biofilms. Farmatsiya (Pharmacy), 68(7): 
26-30.

24. Lima, E.R., Carvalho, A.A., Xavier, M.A.S., Curzio, H.S.N., 
Guedes, H.R., Fernandes, L.F., Almeida, A.C., Menezes, E.V., 
Barreto, N.A.P., Cardoso, L.L.S. and Xavier, A.R.E. (2019) 
Characterization and molecular epidemiology of extensively 
prevalent nosocomial isolates of drug-resistant Klebsiella 
pneumoniae. Genet. Mol. Res., 18(1): 1-11.

********


