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 Abstract 

This study was intended to isolate and to identify bacterial species in domestic cats, to 

determine their capability to form biofilms, and identify the presence of ica genes (icaA 

and icaB). There were a total of 22 samples collected at three anatomical locations 

namely; the oral cavity, skin and forepaws. The isolation of bacteria was carried out in 

the conventional culture media, which was then subjected to phenotypic and 

biochemical identification and VITEK 2 automated identification system to identify the 

species accurately. The findings indicated that the presence of bacteria growth in all 

samples of the skin and paws (100%) and the presence of bacteria in oral samples 

(54.54%). Various kinds of bacterial species were obtained. Staphylococcus sciuri is the 

most common (30%), followed by Staphylococcus xylosus (15%). Antibiotic 

susceptibility test showed that a majority of isolates are susceptible to a wide spectrum 

of antibiotics though some patterns of multidrug resistance were also observed. Congo 

Red Agar (CRA) test proved that 70 percent of the isolates were able to form biofilm. 

At the molecular level, icaA gene was not found in any of the isolates and icaB gene 

was found in 77.7% of the samples tested. These results show that domestic cats can be 

a source of bacteria that are biofilm forming and having antibiotic resistance and this 

can pose a threat of the spread of the disease to humans as a zoonotic disease carrier.  

 
 

 

 

Introduction 

Cats are some of the most popular companion animals in the world. They are kept as domestic animals and as 

stray animals roaming freely in the urban and rural setting. In addition to the value of pets, cats have long been 

appreciated in agricultural societies due to their capacity to regulate rodent infestations, which was enabled by 

their sensitive sense of smell and chemical communication (1). Over the past decades, the number of pets has 

grown significantly because of changes in demographics and the changing modern lifestyle. Among the most 
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significant factors, one can single out the appearance of one-person households, urbanization, and the ageing 

population that seeks companionship. These social tendencies are also accompanied by the increased focus on 

the emotional well-being, which has also contributed to the growth of the demand in the companion animals 

as the means of psychological support (2, 3). Although the psychological and physical health benefits of 

owning pets are well-documented, the close and protracted nature of human being and companion animals 

presents the possibilities of health risks especially those that are related to zoonotic diseases. Research 

continuously shows that cats and dogs (the most popular pets kept) can be a host to a wide range of potentially 

pathogenic microorganisms, including multiple antibiotic-resistant bacteria. Animals can infect people during 

direct physical contact, use an ectoparasite, or aerosolize contaminated particles, which increases the risk of 

immunocompromised people, infants, and older people (4). It has been widely documented that domestic cats 

have the ability to be a reservoir of a number of major zoonotic pathogens such as methicillin-resistant 

Staphylococcus aureus (MRSA), other Staphylococcus species (S. pseudintermedius, S. intermedius, and S. 

sciuri) and other species of fungi, parasites, and viruses (5). 

Most bacteria have several virulence factors that enable them to escape the host immune system and are 

resistant to antimicrobial agents. The most clinically relevant of them is the capacity to develop biofilms - 

structured communities of microorganisms that are enclosed within a self-produced exosystem of polymeric 

macromolecules that adheres to the biotic and abiotic surfaces. This type of biofilm growth gives the bacteria 

a high level of protection against host immunity and a high resistance to antibiotic treatment (6). 

The formation of biofilms is often linked to the expression of polysaccharide intercellular adhesin 

(PIA/PNAG), a polysaccharide made of 1, 6 -N-acetylglucosamine. This polysaccharide is synthesized under 

the control of ica operon, which codes the major enzymatic apparatus that governs the intercellular adhesion 

and biofilm structure. Several genera of bacteria-like organisms, such as Staphylococcus, Streptococcus, 

Salmonella, Pseudomonas and Escherichia coli - have been reported to be able to form biofilms in a wide range 

of host environments. Significantly, research has demonstrated that cats can be the major source of multidrug-

resistant bacterial strains harboring virulence-associated genes, such as icaA and icaB, that are directly 

connected with biofilm formation (7). 

Considering these facts, the current research was aimed at researching the incidence of multidrug-resistant 

biofilm-producing isolates of domestic cats, and determining the occurrence of the ica gene as a major 

virulence factor related to the potential of transmitting zoonotic diseases. While cosmetic and human-derived 

biofilm and ica-gene surveys have been previously reported, data on companion-animal isolates from the 

Middle East, and specifically from Iraq, remain scarce. To our knowledge, this is the first study to combine 

phenotypic biofilm assays (Congo Red Agar) with molecular screening of icaA and icaB genes across multiple 

anatomical sites (oral cavity, skin and forepaws) of domestic cats in the Mosul region, and the first local report 

of a high prevalence of icaB in the near-complete absence of icaA, a pattern that has not, to our knowledge, 

been previously described in feline isolates and that points to an ica-independent biofilm pathway warranting 

further investigation. 

 

Materials and Methods 

Sample Collection 

There were 22 samples taken from domestic cats. The sampling process involved samples of three different 

anatomical locations to give a complete microbiological description of the host animals: 

Oral Swabs 

 Sterile cotton-tipped swabs were inserted into the oral cavity of every cat and swabbed against the mucosal 

surfaces to get representative oral microbiota samples. The method will allow both resident commensal flora 
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and opportunistic pathogens that exist in the oral cavity to be recovered. Oral swabs are a well-known non-

invasive technique of measuring microbial colonization of companion animals. 

Skin Swabs 

 Sterile cotton swabs were used to collect surface swabs of the skin of each cat. The swabs were used with 

equal force on specific parts of the skin to harvest as much as possible. Skin sampling is also of special 

relevance in companion animals because the skin is in direct contact with environmental contaminants and is 

a primary colonization site for staphylococci. 

Paw Imprint Sampling 

 The paw prints were prepared by pressing the front and rear paws of all the cats on the Blood Agar plates. 

This is the method of imprinting that offers a direct measurement of bacterial contamination of the exterior 

extremities. Paws are also a highly pertinent sampling area in the detection of possibly zoonotic bacteria since 

they are regularly in contact with the environment. This is also beneficial as it does not use swabs, and a more 

accurate capture of the in-situ microbial load is made possible (8). 

Primary Culture 

All samples were plated directly onto Blood Agar (BA) - a rich and non-selective general-purpose media that 

is capable of supporting the growth of the broadest number of bacterial species including fastidious species. 

Aerobic incubation of inoculated plates was done at a temperature of 37°C for 24 to 48 hours. After incubation, 

plates were assessed on the basis of the bacterial proliferation, morphology of the colony, and hemolytic 

patterns. 

Subculture on Selective and Differential Media 

Following primary incubation, colonies with discrete morphological features were subcultured in a series of 

selective and differential culture media to enable species identification and presumptive classification: 

Salmonella–Shigella Agar 

 SSA is a very selective media, which is specific to inhibit the development of most of the non-enteric Gram-

negative microorganisms and the selective development of Salmonella and Shigella species. The medium is 

composed of bile salts and sodium citrate as an inhibitor, lactose and neutral red indicator to distinguish the 

lactose fermenting and non-fermenting colonies. Salmonella-suspected colonies are black-centered in color 

because of the production of hydrogen sulfide. 

MacConkey Agar 

 MCA is a selective and differential media that is applied in the isolation and differentiation of Gram-negative 

enteric bacteria in terms of their lactose fermentation ability. MCA contains the bile salts and crystal violet, 

which inhibits Gram-positive bacteria and the neutral red pH indicator, which allows lactose fermenters 

(pink/red colonies) and non-fermenters (colorless colonies) to be identified. This is a medium that cannot be 

done without in the identification of members of the family Enterobacteriaceae (2, 9). 

Mannitol Salt Agar 

 MSA is a selective media that takes advantage of Sstaphylococci tolerance to high amounts of salt (7.5% 

NaCl) to block the growth of other most organisms. The mannitol substrate and phenol red indicator allows 

distinction between mannitol-fermenting organisms including: Staphylococcus aureus (that forms yellow 

colonies with the formation of acid). Non-fermenters such as coagulase-negative staphylococci, which 

maintain pink to red coloration around their growth. The selective media were incubated at 37 o C aerobically 

(24-48 hours) (9). 

Bacterial Identification 

Phenotypic Identification 
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Macroscopic observations of the colonies growing in all the media were tabulated. This involved the evaluation 

of colony morphology (circular, irregular), size, color, texture (smooth, rough), elevation (flat, convex, 

umbonate) and margin morphology (entire, undulate, serrate). Blood Agar hemolytic activity was categorized 

as alpha (α) hemolysis (partial), beta (β) hemolysis (complete, clear zone), or gamma (γ) hemolysis (no 

change). The first level of bacterial identification is the phenotypic characterization (10) 

Microscopic Identification 

Colonies growing on the different culture media were used to prepare bacterial smears, where the sterile loop 

was used to touch the individual colonies and deposit the material on clean glass slides. The smears were dried 

using air and fixed using heat of a Bunsen burner flame. The gram staining was then done as per the standard 

protocol of Tripathi and Sapra (11) with crystal violet application, iodine mordant of Gram, acetone-alcohol 

decolorization, and safranin counterstain application. The stained smears were observed under oil immersion 

(x1000) under the light microscope. The step was used to identify the Gram reaction (positive or negative), 

cellular morphology (cocci, rods, spirilla), and cellular arrangement (clusters, chains, pairs) which combined 

with each other give important diagnostic data to classify the species. 

Biochemical Identification 

The identification tests carried out were biochemical identification tests based on the standard procedures 

outlined in Riedel et al. (12). These experiments are based on the fact that, in some metabolic processes, there 

is a difference in the ability of bacteria to react: 

Blood Hemolysis Assessment 

To assess hemolytic potential of the isolates, Blood Agar was utilized in the assessment of the lysis of 

erythrocytes. The observed pattern of hemolysis (alpha (partial, greenish discoloration), beta (complete, clear 

zone), or gamma (no hemolysis)) also gives information regarding the toxin-forming abilities of the bacterium 

and helps conclude on presumptive species identification (13). 

VITEK 2 Automated Identification System 

The VITEK 2 System (BioMerieux) is a diagnostic platform that is fully automation based and a high-

throughput system, making use of miniaturized biochemical reaction panels in sealed cards to identify bacterial 

species and their susceptibility profiles to antibiotics simultaneously. In the case of each isolate, a bacterial 

suspension of known turbidity (equivalent to 0.5 -0.63 McFarland standard) was made and placed onto the 

proper VITEK 2 cards (GP card to Gram-positive organisms: GN card to Gram-negative organisms). The 

system is based on the optical reading technology of fluorescence to follow the dynamics of a biochemical 

reaction and to compare the results to an extensive internal database of reference profiles of thousands of 

bacterial species. The results of the identification are given as a confidence percentage of the final species 

name. All the tests were done at Pharma Specialized Laboratory, Mosul, in strict compliance with the 

recommended procedures and standardized diagnostic tests of the manufacturer. 

Biofilm Formation Detection 

The modified Congo Red Agar (MCRA) method was used to determine the Gram-negative bacteria. The ability 

to form biofilms was determined with the help of the Modified Congo Red Agar (MCRA) technique, described 

by Mariana et al (14). This method is a phenotypic technique that identifies slime formation, which is one of 

the major elements of biofilm structure, through the color of colonies grown on a specially designed agar 

media. The test principle is rooted on the affinity of Congo Red stain with the extracellular polysaccharide 

matrix that is produced by biofilm forming strains leading to typical dark brown or black colonies with 

crystalline texture. The strains that do not produce it are normally pink or red. 

DNA Extraction 
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The bacterial isolates were subjected to the standard Boiling Method (heat lysis method) to extract the genomic 

DNA. To lyse the cells, a bacterial colony from an overnight culture was suspended in 200 µL of sterile distilled 

water and then incubated at 100 o C in a boiling water bath. Centrifugation at 12,000 rpm for 5 minutes was 

then performed to remove cellular debris. The supernatant obtained having released DNA was stored at -20 o 

C until it was used as a template in PCR amplification. The boiling technique is an easy, affordable, and fast 

method instead of commercially offered extraction kits, and it has been considerably tested to be used in PCR-

based molecular diagnostics. 

PCR Detection of Biofilm-Associated ica Genes The detection of biofilm-associated ica genes was performed 

by PCR. Conventional PCR was used to detect the presence of biofilm-associated genes icaA and icaB. The 

ica operon codes the most important enzymatic machinery of polysaccharide intercellular adhesin (PIA), an 

indispensable structural element of staphylococcal biofilms. The presence of icaA and icaB in particular makes 

it possible to evaluate the ability to develop biofilm under PIA dependence. 

Primer Sequences 

The specific primer pairs (5′ to 3′) described by Mirzaee et al. (15) was used for amplification of the target 

genes; icaA gene, Forward (F): 5′-ACACTTGCTGGCGCAGTCAA-3′ and Reverse (R): 5′-

TCTGGAACCAACATCCAACA-3′; and icaB gene, Forward (F): 5′-AGAATCGTGAAGTATAGAAAATT-

3′ and Reverse (R): 5′-TCTAATCTTTTTCATGGAATCCGT-3′. Both target genes were optimized for 

specific and efficient amplification with PCR, using a thermal cycler. The PCR cycling program included 30 

cycles of denaturation (95°C, 30 s) and annealing (50°C, 30 s) followed by an initial denaturation step (95°C, 

5 min). 

The first step of denaturation is used to ensure that the template of the double-stranded DNA is fully separated. 

The 30-cycle amplification procedure that consists of repeated denaturation, annealing and extension cycles 

leads to exponential amplification of the target sequence. The last extension process provides full synthesis of 

the PCR products. 

Agarose Gel Electrophoresis 

The PCR products were subjected to horizontal agarose gel electrophoresis on 1.5% agarose gels stained in 1x 

TAE buffer. The concentration of 1.5% was selected to give the best resolution to the expected amplicon sizes 

(about 188 bp of icaA and 900 bp of icaB). Ethidium bromide (EtBr) was used to stain gels, and is a fluorescent 

intercalating agent binding to double-stranded DNA. After the electrophoresis, a UV transilluminator was used 

to view the gels at 80-100 V over a period of 45-60 minutes. gels were run with a DNA molecular weight 

ladder to enable proper sizing of amplified bands. The presence of the bands at the desired molecular weights 

proved that positive results were obtained. 

Statistical Analysis 

Categorical data (bacterial growth positivity by anatomical site, biofilm status, and antibiotic susceptibility 

category) were expressed as frequencies and percentages. Differences in bacterial growth-positivity rates 

between the three sampling sites (oral cavity, skin and forepaws) were compared using the chi-square test for 

the overall comparison and Fisher’s exact test for pairwise 2×2 comparisons, given that some cell counts were 

small. A p-value of <0.05 was considered statistically significant. Statistical analyses were performed using 

GraphPad Prism (version 9) / IBM SPSS Statistics (version 26). 

 

Results 

Characteristics of the Sampled Cats 
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The findings indicated that Persian and Himalayan breeds were the most common of the sampled cats with 

each occupying the largest proportions of the overall sample (38.36% and 36.36% respectively). The lower 

and equal proportions (9.09% each) were recorded for Scottish, British, and Chinchilla breeds, Table 1. 

 

Table 1. Characteristics of the Sampled Domestic Cats 

Variable Category Number (n=22) Percentage (%) 

Breed Persian 8 36.36% 

Vaccination Status Vaccinated 18 81.81% 

Type of Food Dry food only 14 63.63% 

 

Vaccination Status 

The proportion of sampled cats that were vaccinated was large (81.81%, n=18), with 18.18 (n=4) not 

vaccinated. The percentage of vaccination coverage is a respectable indicator of the owner health awareness, 

but the portion of unvaccinated individuals remains an issue that could be considered the potential public health 

threat. 

Dietary Habits 

Food records indicated that 63.63% of the cats were fed on commercial dry food only and the remaining 

36.36% on a mixed diet of commercial dry food topped with homemade meals. Commercial diets have been 

linked to better oral health and standard nutritional balance, whereas home-cooked diets bring diversity to 

nutrient balance. 

Age Distribution 

The large proportion of cats (90.9%) was in the 1-5-year range, which is the young adulthood of cats; a stage 

of physiological stability and optimal immune function. Only 9.09% of cats were younger than one year. 

Bacterial Isolation by Sampling Site 

Growth Positivity by Anatomical Site 

Microbiological analysis showed that there were significant differences in the rates of bacterial isolation in the 

three sampled sites. There was also 100% positivity of bacterial growth on skin and forepaw samples, which 

confirmed that the body surface and extremities of domestic cats sustain a large continuous bacterial load that 

is made up of commensal and potentially pathogenic species. On the contrary, oral samples had a significantly 

lower positivity rate of 54.54%, and four out of five of the oral samples were found to have no bacterial growth 

under the conditions used in the culture. 

This difference was statistically significant: overall comparison across the three sites by chi-square test (χ² = 

23.57, df = 2, p < 0.0001), and pairwise Fisher’s exact tests confirmed that both skin and forepaw positivity 

rates were significantly higher than the oral cavity rate (p = 0.0005 for each comparison), while skin and 

forepaw rates did not differ from one another (p = 1.000). 

Bacterial Species Identified 

Forty bacterial isolates were obtained from all the sampling sites. A combination of phenotypic, biochemical, 

and VITEK 2 automated techniques was used to identify thirteen different bacterial species. The predominant 

species were Staphylococcus sciuri (30%), followed by S. xylosus (15%). The remaining eleven species were 

each isolated at a comparable, lower frequency (5% each), together accounting for the rest of the 40 isolates 

(Table 2). 
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 Table 2: Bacterial Species Isolated from Domestic Cats and Their Relative Frequencies 

Bacterial Species Number of Isolates Percentage (%) 

Staphylococcus sciuri 12 30% 

Staphylococcus xylosus 6 15% 

Staphylococcus warneri 2 5% 

Staphylococcus lentus 2 5% 

Staphylococcus hominis 2 5% 

Staphylococcus vitulinus 2 5% 

Staphylococcus felis 2 5% 

Enterococcus cecorum 2 5% 

Enterococcus gallinarum 2 5% 

Kocuria rhizophila 2 5% 

Kocuria rosea 2 5% 

Rothia kristinae 2 5% 

Leuconostoc mesenteroides subsp. cremoris 2 5% 

TOTAL 40 100% 

 

Antibiotic Susceptibility Profiles 

Antibiotic susceptibility testing was performed using the VITEK 2 automated system, which provided 

minimum inhibitory concentration (MIC) values and interpretive categories (Sensitive [S], Intermediate [I], or 

Resistant [R] for a broad panel of clinically relevant antibiotics. The results for key species are summarized in 

Table 3. 

The general results indicated that most of the isolates were vulnerable to a large number of antibiotics 

examined. Nonetheless, certain patterns of resistance were discovered, especially with coagulase-negative 

staphylococci (CoNS). It was particularly noted that Benzylpenicillin and Fusidic Acid resistance were also 

noted in several species of Staphylococcus, and E. gallinarum was intrinsically resistant to Vancomycin at low 

levels. S. hominis was multidrug resistant and the profile showed resistance to Oxacillin, Benzylpenicillin and 

Fusidic Acid, and positive result of a Cefoxitin screen result indicative of methicillin resistance. 

 

Table 3. Antibiotic Susceptibility Profile of Bacterial Isolates (S=Sensitive, I=Intermediate, R=Resistant). Data are shown 

for the three most frequently isolated species (n = 12, 6 and 2 isolates for S. sciuri, S. xylosus and S. warneri, respectively, 

out of 40 total isolates); a dash (—) indicates that the corresponding antibiotic was not tested for that isolate. 

Species Benzylpen. Oxacillin 
Fusidic 

Acid 
Linezolid Vancomycin Teicoplanin Rifampin Ery. Levoflox. 

S. sciuri R S R S S S S S S 

S. xylosus R S R S S S S S S 

S. warneri R S S S S S S I S 
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Biofilm Detection by Congo Red Agar 

To assess the biofilm forming ability of all 40 bacterial isolates, the modified congo red agar (MCRA) test was 

used. The results were categorized as positive (black, dry, crystalline colonies), weak (dark or brownish 

colonies) or negative (pink/red colonies). 

The outcome was that 28 (70%) isolates were strongly positive to slime production that is to say a strong 

biofilm-forming ability. Four isolates (10% percent) were weakly reactive indicating low or moderate biofilm 

potential. Eight (20%) isolates were negative. The four weak positive isolates were found to be  

S. xylosus. Some of the isolates that were fully negative included two strains of Kocuria rhizophila, Rothia 

kristinae, E. cecorum, and S. sciuri. These data prove that most of the isolates in domestic cats have an active 

biofilm-forming ability, which is one of the main virulence aspects of enhanced resistance to antibiotics and 

environmental stress factors. 

Molecular Detection of Biofilm-Associated ica Genes 

The molecular analysis of the icaA and icaB genes was performed on nine bacterial isolates. The samples were 

selected according to the representation of the species, the abundance of the colony, and the purity of the 

culture. PCR amplification of the target genes was followed by agarose gel electrophoresis. 

icaA Gene 

All nine isolates that were tested failed to yield the icaA gene. The overall lack of icaA-specific amplification 

bands in all of the samples implies that this gene is not present in the genome of these strains, or it is present 

at a lower concentration than the limit of the assay. 

icaB Gene 

Unlike icaA, icaB was found in 7 out of 9 tested isolates (77.7%), and 2 of the tested isolates (22.2%), did not 

give any results. Agarose gel was used to determine whether the amplicon was of the expected size of about 

900 base pairs through the comparison with the DNA molecular weight ladder, Figure 1. 

 

 

Fig. 1. Agarose gel electrophoresis results showing the presence of icaB gene amplicon (~900 bp) in positive 

isolates. Lane M: 100-bp DNA molecular weight ladder; lanes 1-9 correspond to the nine bacterial isolates selected 

for molecular screening (see Section 4.5); a positive band of approximately 900 bp indicates amplification of the 

icaB amplicon; a no-template negative control was included in a separate lane and showed no amplification. 
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Discussion 

The sampled population (81.8% vaccinated, 63.6% fed commercial dry food, 90.9% aged 1-5 years, and 72% 

of Persian/Himalayan breed) is broadly comparable to cat populations described in European and Israeli 

surveys, and this similarity supports the relevance of the microbiological findings beyond the local setting. 

The unvaccinated minority (18.2%) and the predominance of adult, physiologically mature animals are 

noteworthy mainly because both factors could independently influence bacterial colonization patterns and 

should be considered as potential confounders, rather than as findings in their own right, when interpreting the 

bacteriological results that follow (8, 16, 17). 

The 100% isolation rate of skin and paw surfaces confirms that the skin and paw areas are always colonized 

by a heterogeneous bacterial community in domestic cats. This aligns with the results of Phumthanakorn et al., 

who reported that external body surfaces of companion animals are a focal point of unceasing environmental 

contact, which makes them extremely vulnerable to microbial colonization by commensal and transient 

organisms (18). 

The relatively low rate of oral isolation (54.54%) could be explained by a number of factors such as the 

antimicrobial effects of feline saliva (lysozyme and peroxidase systems) that prevent bacterial growth, 

competition with the resident oral flora, and the alkalinity of the feline oral environment. These observations 

are similar to those reported by Stepanovic et al, which indicated skin isolation rates of more than 95% and 

oral positivity of about 60% (18). 

S. sciuri occurred most often (30%), which is expected due to its established status as an endemic component 

of the cutaneous microbiota of domestic and wild animals. The prevalence of 30% in the present study concurs 

with the information given by Shida. Significantly, S. sciuri carries a chromosomal counterpart of the mecA 

gene, which codes penicillin-binding protein 2a (PBP2a) and is linked to methicillin resistance. This renders 

S. sciuri as a possible source of genetic reservoir of resistance genes transmission to more virulent species 

including S. aureus (19). 

The second most prevalent isolate was S. xylosus (15%), which was very similar to the prevalence obtained by 

Shida (16.4%), but lower than the prevalence reported by Razali et al. (34.28%). The difference between 

studies could be due to the age of the hosts, the diets, geographical location, and the culture methodologies 

which were used in each case (20). 

Minor staphylococcal species such as S. warneri, S. lentus, S. vitulinus, S. felis, and S. hominis were 

individually recovered at 5% and are typical occasional commensal residents of the feline skin. The 

significantly lower incidence of S. felis (12.7%) than the 26.1% reported by Moon et al.  could be due to site-

specific differences in sampling, geographic differences, or the health condition of the population sampled 

(11). 

E. gallinarum (5%) was found to be a part of the feline microbiota in accordance with the established 

relationship with gastrointestinal flora and fecal contamination. The presence in the external surfaces could be 

attributed to environmental pollution by the habitat of the cats. Isolation of E. cecorum is characteristic because 

it is mostly related with poultry and is not a typical occurrence among domestic cat. It can be present as a result 

of common exposure to the environment with birds or polluted environmental surfaces (21). 

Recovery of Kocuria rhizophila, Kocuria rosea, Rothia kristinae, and Leuconostoc mesenteroides subsp. 

cremoris is also a significant observation because these are not considered to be part of the established feline 

microbiome. Such organisms are mostly related to a source in the environment, such as soil, water, and human 

skin, or a particular animal host. They could be in the feline specimens due to contamination of the 
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environment, human-to-animal microbial interchange by direct handling, contact with contaminated surfaces, 

sensitive VITEK 2 detection technology or sharing of living space with other animal species. It is most likely 

that these organisms are temporary environmental polluters and not permanent members of the feline 

microbiota. However, their resolution reveals the significance of investigating human-animal-environment 

microbial exchange processes, and it deserves further investigation (12, 22, 23). 

Most of the bacterial isolates obtained in clinically healthy cats were susceptible to most of the antibiotics 

tested, which in general is in agreement with the data of Elnageh et al, who found 100 percent susceptibility 

of Staphylococcus isolates to Nitrofurantoin, Tetracycline, Teicoplanin, Rifampin, and Linezolid. Importantly, 

though, in the current study, there were prevalent cases of resistance to Benzylpenicillin and Fusidic Acid in 

several Staphylococcus species, a tendency that aligns with the earlier reports that Staphylococcus have fusC 

gene-mediated resistance to Fusidic Acid. The only isolate not resistant to Fusidic Acid was S. warneri (14, 

23). 

All isolates of S. sciuri were susceptible to Oxacillin and this is in line with literature. Staphylococcus hominis 

was multidrug-resistant (MDR), resistant to Oxacillin, Benzylpenicillin, and Fusidic Acid, and positive 

Cefoxitin screen - results suggest the presence of methicillin resistance mediated by the mecA gene (24). 

E. gallinarum had intrinsic low-level Vancomycin resistance, a characteristic that is well-characterized in this 

species and is due to the vanC gene that is encoded in its chromosome. VanC gene expresses a D-Ala-D-Ser 

ligase that changes the Vancomycin target D-Ala-D-Ala to D-Ala-D-Ser which lowers the antibiotic binding 

affinity significantly. This resistance mechanism is not similar to the acquired vanA and vanB resistance of 

high-level Vancomycin-resistant enterococci and has been identified as a species-defining characteristic of E. 

gallinarum (25). 

K. rosea was found to be of a multidrug-resistant phenotype and showed resistance to Amoxicillin, 

trimethoprim, as well as Clindamycin. Although Vancomycin tends to be effective against Kocuria species, 

some strains have been reported to develop low-level Vancomycin resistance. The findings support the thesis 

that animals with a clinical condition could be MDR carriers in a silent reservoir, and they could spread to 

human contacts and the environment (4). 

Results of MCRA indicated that the biofilm-forming capacity of the isolates was highly heterogeneous, and it 

is indicative of genetic and regulatory variation between bacterial species and strains. The existence of 

variability in the production of the slime layer and the quorum sensing-associated behaviors which are essential 

intermediates of the biofilm formation were also evident in the data. These qualitative variations confirm a 

model where biofilm formation is not an inherently determined species characteristic but is actively controlled 

by environmental signals and strain-specific genetic variations (26). 

The obtained findings agree with the data of Asante et al., who reported a high level of biofilm-forming 

capacity variation between S. xylosus and S. hominis isolates. In a similar manner, Vasileiou et al. demonstrated 

that the phenotype of biofilm formation can be heterogeneous in the populations of S. sciuri, which confirms 

the opinion that this characteristic is strain- and condition-specific (27). 

The observation that the K. rosea and K. kristinae showed biofilm-forming ability but the K. rhizophila was 

always negative is in line with the results provided by Al-Khamesi et al. (26). Such inter-species variations are 

probably the manifestation of cell wall composition variation and the difference in the expression of cellular 

regulatory pathways that regulate the production of extracellular polysaccharide (EPS). This overall negativity 

of K. rhizophila can either imply that the bacteria do not have any biofilm-promoting genes or that post-

transcriptional silencing occurs in the conditions it has been examined. 
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The molecular investigation showed that the icaA and icaB genes dissociated differently: icaA was not found 

in the nine isolates, but icaB was observed in 77.7% of isolates tested. This result is particularly different 

compared to the earlier reports. Indicatively, Deniz et al. (28) identified icaA in 99.17% of the coagulase-

negative staphylococci, whereas only 28.92 percent of them contained icaB. On the same note, Armoon et al. 

(17) have found icaA to be prevalent in 72% of S. aureus isolates. The lack of icaA in the entire study can also 

be due to the difference in the origin of host (animal vs. human), geographic variation, or evolutionary 

divergence in the structure of ica operon across cat-associated strains. 

It is noteworthy how high the prevalence of icaB was identified to be in the current study (77.7%). IcaB protein 

is a deacetylase that is known to alter PIA by eliminating acetyl groups that make bacterial adherence and 

biofilm stability more stable. The study of Bi et al. (29) showed that both the IcaA and IcaB collaborate to 

catalyze the production of PIA and proved that icaB on its own might have enough functional capacity to 

promote the formation of biofilms even without the presence of icaA. 

The icaB deficiency in S. felis and Leuconostoc spp. isolates is consistent with the existing literature that 

supports that these species might have alternative biofilm formation pathways, which are ica-independent. 

Such mechanisms can include surface-associated proteins (e.g., biofilm-associated protein [Bap]) or 

extracellular DNA (eDNA), or teichoic acids, which can also act as structural scaffolds of biofilm matrix 

assembly and do not involve the production of PIA. This observation is consistent with other researchers who 

have shown that some MRSA isolates had a full biofilm-forming ability but had no ica genes, which further 

supports the notion of ica-independent biofilm formation (22). 

The combination of the molecular data of the current study leads to the following conclusions: (1) the existence 

of icaB correlates with the increased possibility of biofilm formation; (2) the lack of icaA does not exclude 

biofilm formation; and (3) the formation of biofilms in the bacterium of domestic cats is a complex 

phenomenon including ica-dependent and ica-independent genetic processes. Further research ought to 

examine the entire ica operon (icaC and icaD) and other biofilm promoting genes in order to develop a more 

in-depth picture of the molecular epidemiology of biofilm formation in animal associated bacteria. 

Conclusion 

The results indicate that the skin, paws and oral cavity of domestic cats are frequently colonized by the 

Staphylococcus species, particularly S. sciuri and S. xylosus, and that the Vitek 2 system is useful in identifying 

the species level. A significant proportion of these isolates were able to form biofilms and resistant to multiple 

antibiotic classes, suggesting that cats may be a source for biofilm-forming and antibiotic-resistant bacteria. 

Interestingly, only the presence of the icaB gene was enough to cause the biofilm formation, without the 

presence of the other genes of the ica operon. These results indicate possible zoonotic transmission but are 

hypothesis-generating because of the small number of sites in this study, and would require multi-site studies 

with paired human and environmental isolates to confirm. 
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