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Abstract 

Klebsiella pneumoniae is an important opportunistic pathogen associated with a wide range of hospital-

acquired infections. One of the major virulence factors of this bacterium is its ability to form biofilms, which 

enhance bacterial persistence and resistance to environmental stress.  The present study aimed to investigate 

the phenotypic and molecular detection of biofilm formation in Klebsiella pneumoniae isolates obtained from 

different clinical cases in Al-Hillah city, Iraq. A total of 200 clinical samples, including sputum and urine 

specimens, were collected from hospitalized patients. The samples were cultured on Blood agar, MacConkey 

agar, and EMB agar for bacterial isolation and identification.  Out of the total samples, 20 isolates were 

identified as Klebsiella pneumoniae using conventional biochemical tests and the VITEK automated 

identification system. The phenotypic detection of biofilm formation was performed using the microtiter 

plate (MTP) method with crystal violet staining. The results showed that 17 isolates (85%) were strong 

biofilm producers, while 3 isolates (15%) showed moderate biofilm formation.  Molecular detection of 

biofilm-related genes was carried out using PCR. The results demonstrated that the treC gene (302 bp) was 

present in all isolates (100%), whereas the cpsD gene (386 bp) was detected in 9 isolates (45%).  These 

findings indicate that Klebsiella pneumoniae isolates possess a strong ability to produce biofilms and harbor 

important genes associated with biofilm formation. 
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1. Introduction 

Klebsiella pneumoniae is a Gram-negative, encapsulated, non-motile bacterium that belongs to the family 

Enterobacteriaceae. It is widely distributed in the environment and can be found in soil, water, plants, and on 

mucosal surfaces of humans, particularly in the gastrointestinal tract. Although it may exist as part of the 

normal microbiota, Klebsiella pneumoniae is considered an important opportunistic pathogen responsible for 

a wide range of community-acquired and hospital-acquired infections [1][2]. These infections include 

pneumonia, urinary tract infections, septicemia, meningitis, liver abscesses, and wound infections. The 

clinical importance of this bacterium has increased significantly over recent decades due to the emergence 

of multidrug-resistant strains (MDR) and hypervirulent lineages capable of causing severe and invasive 

infections [3]. 
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Globally, infections caused by Klebsiella pneumoniae represent a major public health concern. 

Epidemiological studies have indicated that this pathogen contributes to a substantial proportion of hospital-

acquired infections and is associated with high morbidity and mortality rates worldwide. Lower respiratory 

tract infections, bloodstream infections, and intra-abdominal infections represent the most common clinical 

manifestations associated with this bacterium. Due to the increasing prevalence of antimicrobial resistance, 

the World Health Organization (WHO) has classified carbapenem-resistant Klebsiella pneumoniae among 

the highest priority pathogens requiring urgent development of new antimicrobial therapies [4][5][6]. 

One of the most important virulence factors contributing to the pathogenicity of Klebsiella pneumoniae is its 

ability to form biofilms. Biofilms are structured microbial communities that adhere to biotic or abiotic 

surfaces and are embedded within a self-produced extracellular polymeric matrix composed mainly of 

polysaccharides, proteins, and extracellular DNA. Biofilm formation enables bacteria to survive under 

unfavorable environmental conditions and enhances their persistence within host tissues and on medical 

devices. It has been estimated that approximately 65–80% of bacterial infections are associated with biofilm 

formation, highlighting the clinical importance of this microbial lifestyle [7][3]. 

Bacteria embedded within biofilms exhibit significantly higher resistance to antimicrobial agents compared 

with planktonic cells. Studies have shown that microorganisms within biofilms may tolerate antibiotic 

concentrations up to 1000 times higher than those required to inhibit free-living bacterial cells. This increased 

resistance is attributed to several mechanisms including limited penetration of antimicrobial agents through 

the biofilm matrix, reduced metabolic activity of bacterial cells, the presence of persister cells, and activation 

of efflux pump systems. In addition, biofilms provide protection against host immune responses, thereby 

facilitating chronic and recurrent infections [8][9]. 

The formation of biofilms in Klebsiella pneumoniae is regulated by several genetic determinants that control 

bacterial adhesion, colonization, and extracellular matrix production. Numerous virulence genes have been 

identified as contributors to biofilm formation, including genes encoding fimbrial adhesins, capsular 

polysaccharides, and regulatory proteins. Fimbrial genes such as fimH, mrkA, and mrkD are involved in 

bacterial adhesion to epithelial cells and abiotic surfaces, representing the initial step in biofilm development 

[10][11][12]. 

Capsular polysaccharides also play a crucial role in the virulence of Klebsiella pneumoniae. Capsule-

associated genes, including regulatory genes responsible for capsule synthesis, contribute to bacterial 

resistance against phagocytosis and complement-mediated killing. In addition to their protective function, 

capsular polysaccharides enhance bacterial aggregation and stability within the biofilm matrix, thereby 

strengthening the structural integrity of biofilm communities [13]. 

Among the genes associated with biofilm formation, the treC gene has attracted increasing attention due to 

its role in carbohydrate metabolism. The treC gene encodes trehalose-6-phosphate hydrolase, an enzyme 

involved in the metabolism of trehalose. This metabolic pathway contributes to the regulation of capsular 

polysaccharide production and influences bacterial surface structures that facilitate adhesion and biofilm 

maturation. Several studies have suggested that the treC gene may enhance the ability of Klebsiella 

pneumoniae to establish stable biofilms and persist in clinical environments [3]. 

Another important gene associated with biofilm formation is the cpsD gene, which plays a key role in the 

regulation of capsular polysaccharide synthesis. The capsule represents one of the major virulence factors of 

Klebsiella pneumoniae, as it protects bacterial cells from host immune defenses and contributes to bacterial 

aggregation within biofilm structures. The cps gene cluster, including cpsD, regulates the synthesis and 

export of capsular polysaccharides that form an important component of the extracellular matrix surrounding 

bacterial cells in biofilms [2][13]. 

The presence of biofilm-associated genes enhances the ability of Klebsiella pneumoniae to colonize both 

biological tissues and artificial surfaces such as urinary catheters and mechanical ventilation devices. Biofilm 
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formation on these surfaces plays a significant role in the development of device-associated infections, which 

are among the most common hospital-acquired infections worldwide [14]. 

In recent years, several studies conducted in Iraq have reported an increasing prevalence of multidrug-

resistant Klebsiella pneumoniae isolates in clinical settings. Environmental investigations have also detected 

resistant strains of this bacterium in water sources such as the Al-Hillah River in Babylon Province, 

suggesting the potential circulation of resistant strains between environmental reservoirs and healthcare 

environments [15]. 

Given the increasing clinical significance of Klebsiella pneumoniae infections and the important role of 

biofilm formation in bacterial persistence and antimicrobial resistance, studying the phenotypic and 

molecular characteristics of biofilm formation among clinical isolates has become essential. Understanding 

the distribution of biofilm-associated genes and their relationship with bacterial virulence may provide 

valuable insights into the mechanisms underlying persistent infections and may contribute to the 

development of improved infection control strategies. Therefore, the present study focuses on the phenotypic 

and molecular detection of biofilm formation in Klebsiella pneumoniae isolates obtained from different 

clinical cases in Al-Hillah city, with the aim of providing a better understanding of the virulence 

characteristics of local clinical isolates and their potential role in hospital-associated infections. 

 

 

 

2. Materials and Methods 

Collection of Clinical Samples 

Clinical samples were collected from hospitalized patients in hospitals of Al-Hillah city, Iraq, including 

Marjan Teaching Hospital and Al-Hillah Teaching Hospital. The collection of samples and laboratory work 

were carried out from 19 November 2025 to the end of December 2025. A total of 200 clinical samples were 

collected from different clinical cases including sputum and urine specimens. 

 

Isolation and Cultivation of Bacteria 

The collected specimens were cultured on Blood agar, MacConkey agar, and Eosin Methylene Blue (EMB) 

agar for primary isolation of bacterial pathogens. The inoculated plates were incubated at 37°C for 24 hours, 

after which bacterial colonies were examined according to their morphological characteristics such as colony 

size, shape, color, and mucoid appearance. 

 

Morphological and Biochemical Identification 

Suspected colonies were subjected to morphological examination and conventional biochemical tests 

commonly used for the identification of Klebsiella pneumoniae. These tests included Catalase, Oxidase, 

Indole, Urease, Citrate utilization, and Triple Sugar Iron (TSI) tests. The obtained results were compared 

with the standard biochemical characteristics of Klebsiella pneumoniae. 

Automated Identification (VITEK System) 

The identification of bacterial isolates was further confirmed using the VITEK 2 Compact automated 

identification system (bioMérieux, France). This system identifies bacteria based on their biochemical 

profiles and provides the probability of identification. The results obtained from the VITEK system 

confirmed that all examined isolates were identified as Klebsiella pneumoniae. 

 

Phenotypic Detection of Biofilm Formation 

Biofilm formation among Klebsiella pneumoniae isolates was determined using the microtiter plate method 

(ELISA method). Bacterial isolates were inoculated into nutrient broth and incubated overnight at 37°C. The 
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bacterial suspension was transferred into 96-well microtiter plates and incubated for 24 hours. After 

incubation, the wells were washed with phosphate buffered saline (PBS) to remove non-adherent cells. 

The attached biofilm was stained using crystal violet, and the optical density (OD) was measured using an 

ELISA microplate reader (BioTek ELx800, BioTek Instruments Inc., USA) to determine the biofilm 

production ability of each isolate. 

 

Molecular Detection of Biofilm Genes 

DNA Extraction 

Genomic DNA was extracted from bacterial isolates using a commercial bacterial genomic DNA extraction 

kit following the manufacturer's protocol (Geneaid Biotech Ltd., Taiwan). The purified DNA was stored at 

−20 °C and subsequently used as a template for PCR amplification. 

 

PCR Amplification 

PCR was performed to detect the biofilm-related genes treC and cpsD using specific primers (Table 1-3). 

 

Table 1. Primers used for amplification of biofilm genes 

Gene Primer Sequence (5'–3') Product size 

treC F GGTGCAGCGCTATCTGGCTAA 
302 bp 

R CGCCAAATTTAGAGCGCCAG 

cpsD F TGCGGGTTTTTGTGCTGATG 
386 bp 

R TCCCCACAGCATAATCGGTG 

 

Table 2. PCR Master Mix 

Component Volume (µL) 

2X PCR Master Mix 12.5 

Forward primer 1 

Reverse primer 1 

DNA template 2 

Nuclease-free water 8.5 

Total volume 25 µL 

 

Table 3. PCR Cycling Conditions 

Step Temperature Time Cycles 

Initial denaturation 95°C 5 min 1 

Denaturation 95°C 30 sec 
 

Annealing 53°C for treC and 57°C for cpsD  30 sec 35 

Extension 72°C 45 sec 
 

Final extension 72°C 5 min 1 

 

Agarose Gel Electrophoresis 

PCR products were analyzed using agarose gel electrophoresis. The amplified DNA fragments were 

separated on 1.5% agarose gel prepared in TAE buffer and stained with ethidium bromide. The gel was run 

at 80–100 V for 45 minutes, and DNA bands were visualized using a UV transilluminator. The size of 

amplified products was determined by comparison with a DNA ladder marker. 
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3. Results  

Distribution of Bacterial Isolates from Clinical Samples 

Clinical samples were collected from hospitalized patients in hospitals of Al-Hillah city, Iraq, including 

Marjan Teaching Hospital and Al-Hillah Teaching Hospital. The process of sample collection and laboratory 

work started on 19 November 2025 and continued until the end of December 2025. 

A total of 200 clinical samples were obtained, including sputum and urine specimens. The collected samples 

were cultured on Blood agar, MacConkey agar, and Eosin Methylene Blue (EMB) agar for the isolation and 

identification of bacterial pathogens. 

After incubation at 37°C for 24 hours, the results showed that 100 samples were negative for bacterial growth, 

while 20 isolates were identified as Klebsiella pneumoniae and 80 isolates belonged to other bacterial species, 

as shown in Table 4. 

Table 4. Distribution of bacterial isolates from clinical samples 

Culture Result Number of Isolates 

No bacterial growth (Negative) 100 

Klebsiella pneumoniae 20 

Other bacterial species 80 

Total 200 

Furthermore, the distribution of Klebsiella pneumoniae isolates according to the source of the specimen 

revealed that 17 isolates were obtained from sputum samples, while 3 isolates were obtained from urine 

samples, as shown in Table 5. 

 

Table 5. Distribution of Klebsiella pneumoniae isolates according to sample source 

Sample Source Number of Isolates 

Sputum 17 

Urine 3 

Total 20 

 

 

 

Growth Characteristics of Klebsiella pneumoniae on Culture Media 

After incubation of the cultured samples at 37°C for 24 hours, the bacterial isolates showed characteristic 

growth on the different culture media used for primary isolation and identification. The isolates demonstrated 

typical colonial morphology on Blood agar, MacConkey agar, and Eosin Methylene Blue (EMB) agar. 

On Blood agar, the colonies of Klebsiella pneumoniae appeared as large, smooth, round, and mucoid colonies 

with grayish coloration, which is characteristic of encapsulated bacteria. The mucoid appearance is mainly 

attributed to the presence of a polysaccharide capsule surrounding the bacterial cells. 

On MacConkey agar, the isolates produced large pink mucoid colonies, indicating the ability of the organism 

to ferment lactose. This feature is considered an important characteristic in differentiating Klebsiella 

pneumoniae from other non-lactose fermenting Gram-negative bacteria. 

Similarly, growth on Eosin Methylene Blue (EMB) agar appeared as large, mucoid colonies with a pink to 

purple coloration, confirming the lactose-fermenting nature of the organism. 

The colonial morphology of Klebsiella pneumoniae on the different culture media is illustrated in Figures 

(1–3). 
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Figure 1: Growth of Klebsiella pneumoniae on Blood agar showing large mucoid colonies. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Growth of Klebsiella pneumoniae on MacConkey agar showing pink lactose-fermenting mucoid 

colonies. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Growth of Klebsiella pneumoniae on EMB agar showing typical mucoid colonies. 

 

Biochemical Tests for Identification of Klebsiella pneumoniae 

The identification of Klebsiella pneumoniae isolates was further confirmed using conventional biochemical 

tests commonly used in bacterial diagnosis. The results of these tests showed typical biochemical reactions 
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consistent with the characteristics of Klebsiella pneumoniae. The biochemical reactions of the isolates are 

presented in Table 6. 

 

Table 6. Conventional biochemical tests of Klebsiella pneumoniae isolates 

Biochemical Test Result 

Catalase test Positive (+) 

Oxidase test Negative (−) 

Indole test Negative (−) 

Urease test Positive (+) 

Citrate utilization test Positive (+) 

Triple Sugar Iron (TSI) test A/A, Gas production 

 

 

Identification of Klebsiella pneumoniae Isolates 

The identification of the bacterial isolates was confirmed using an automated identification system. The 

results demonstrated that all examined isolates (n = 20) were identified as Klebsiella pneumoniae with a 

probability of 99%, indicating a high level of accuracy and confidence in the identification process. 

The identification results of the isolates included in the present study are summarized in Table 7. 

 

Table 7. Identification of Klebsiella pneumoniae isolates 

Isolate No. Identified Organism Probability 

1 Klebsiella pneumoniae 99% 

2 Klebsiella pneumoniae 99% 

3 Klebsiella pneumoniae 99% 

4 Klebsiella pneumoniae 99% 

5 Klebsiella pneumoniae 99% 

6 Klebsiella pneumoniae 99% 

7 Klebsiella pneumoniae 99% 

8 Klebsiella pneumoniae 99% 

9 Klebsiella pneumoniae 99% 

10 Klebsiella pneumoniae 99% 

11 Klebsiella pneumoniae 99% 

12 Klebsiella pneumoniae 99% 

13 Klebsiella pneumoniae 99% 

14 Klebsiella pneumoniae 99% 

15 Klebsiella pneumoniae 99% 

16 Klebsiella pneumoniae 99% 

17 Klebsiella pneumoniae 99% 

18 Klebsiella pneumoniae 99% 

19 Klebsiella pneumoniae 99% 

20 Klebsiella pneumoniae 99% 

 

 

Phenotypic Detection of Biofilm Formation in Klebsiella pneumoniae 
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The phenotypic detection of biofilm formation among Klebsiella pneumoniae isolates was performed using 

the microtiter plate method with crystal violet staining. The optical density (OD) values were measured 

using an ELISA microplate reader to evaluate the biofilm production ability of each isolate. 

Biofilm production was classified according to optical density (OD) values as follows: OD ≤ 0.12 was 

considered weak biofilm production, OD between 0.12–0.24 was considered moderate biofilm production, 

and OD ≥ 0.24 was considered strong biofilm production. 

The results showed that most isolates were strong biofilm producers, while a few isolates demonstrated 

moderate biofilm production. The optical density values and the corresponding biofilm formation strength 

of the tested isolates are presented in Table 8. 

 

Table 8. Phenotypic detection of biofilm formation in Klebsiella pneumoniae isolates using ELISA method 

Isolate No. OD Value Biofilm Production 

1 0.366 Strong 

2 0.300 Strong 

3 0.266 Strong 

4 0.270 Strong 

5 0.286 Strong 

6 0.298 Strong 

7 0.342 Strong 

8 0.275 Strong 

9 0.305 Strong 

10 0.294 Strong 

11 0.304 Strong 

12 0.396 Strong 

13 0.268 Strong 

14 0.250 Strong 

15 0.234 Moderate 

16 0.216 Moderate 

17 0.199 Moderate 

18 0.245 Strong 

19 0.260 Strong 

20 0.257 Strong 

The results indicated that 17 isolates (85%) were strong biofilm producers, whereas 3 isolates (15%) showed 

moderate biofilm formation. No weak or non-biofilm producing isolates were observed in the present study. 

 

Molecular Detection of Biofilm-Related Genes in Klebsiella pneumoniae 

The presence of biofilm-related genes in Klebsiella pneumoniae isolates was investigated using PCR 

amplification, and the amplified products were analyzed by agarose gel electrophoresis. 

The results showed that the treC gene (302 bp) was detected in all examined isolates (20/20, 100%), 

indicating that this gene is highly prevalent among the studied Klebsiella pneumoniae isolates. The 

electrophoresis pattern of the amplified treC gene in all isolates is illustrated in Figure (4). 

In contrast, the cpsD gene (386 bp) was detected in 9 isolates (45%), while the remaining 11 isolates (55%) 

were negative for this gene. The agarose gel electrophoresis pattern of the amplified cpsD gene is shown in 

Figure (5). 
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Figure 4. Agarose gel electrophoresis showing PCR amplification of the treC gene (302 bp) in Klebsiella 

pneumoniae isolates. Lane M represents the DNA marker, while all isolates (1–20) show positive 

amplification of the gene. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Agarose gel electrophoresis showing PCR amplification of the cpsD gene (386 bp) in Klebsiella 

pneumoniae isolates. Lane M represents the DNA marker, while positive bands are observed in lanes 1, 4, 5, 

6, 7, 10, 11, 19, and 20. 

 

4. Discussion 

The present study investigated the phenotypic and molecular characteristics of biofilm formation in 

Klebsiella pneumoniae isolated from different clinical specimens collected from hospitalized patients in Al-

Hillah city. The findings of the current study demonstrated that K. pneumoniae was isolated from a proportion 

of the examined clinical samples, indicating that this bacterium remains an important opportunistic pathogen 

responsible for a variety of hospital-associated infections. Similar findings have been reported in several 

epidemiological studies which identified K. pneumoniae as one of the most frequently isolated Gram-

negative bacteria in clinical settings, particularly in respiratory and urinary tract infections [16][17]. 

The distribution of isolates according to sample source revealed that the majority of isolates were obtained 

from sputum samples compared with urine specimens. This observation is consistent with several previous 

studies that reported respiratory samples as one of the main clinical sources for K. pneumoniae isolation. For 

instance, a molecular study conducted in Iraq on sputum samples demonstrated that K. pneumoniae 

represented a significant proportion of respiratory bacterial isolates, highlighting its important role in 

respiratory infections among hospitalized patients [18]. In addition, other studies have reported that 
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respiratory tract infections caused by K. pneumoniae are particularly common among patients admitted to 

intensive care units and those undergoing mechanical ventilation [19]. 

The cultural and biochemical characteristics observed in the present study were consistent with the typical 

microbiological profile of Klebsiella pneumoniae. The appearance of large mucoid colonies on blood agar 

and lactose-fermenting colonies on MacConkey and EMB agar reflects the presence of a thick polysaccharide 

capsule surrounding the bacterial cells. The capsule represents one of the most important virulence factors 

of K. pneumoniae, as it contributes to bacterial resistance against host immune responses and enhances 

bacterial survival within host tissues [7][20]. 

One of the most significant findings in this study was the high ability of the isolates to produce biofilm 

structures. The phenotypic detection of biofilm formation revealed that a high percentage of the isolates were 

strong biofilm producers. This observation is consistent with several previous studies which reported that a 

large proportion of K. pneumoniae clinical isolates are capable of producing biofilms. For example, Karimi 

et al. reported that approximately 75% of clinical isolates were able to form biofilms using the microtiter 

plate method [16]. Similarly, an Iraqi study conducted in Wasit province reported that nearly all examined 

isolates were capable of producing biofilms, with the majority showing moderate to strong biofilm formation 

[21]. 

The high prevalence of biofilm formation observed in the present study may be explained by the adaptive 

advantages provided by biofilm growth. Biofilm formation allows bacterial cells to adhere to both biological 

and abiotic surfaces and facilitates bacterial persistence within hospital environments. Once established, 

biofilms act as protective barriers that limit the penetration of antimicrobial agents and shield bacterial cells 

from host immune responses. Consequently, bacteria embedded within biofilms may exhibit resistance levels 

up to one thousand times higher than planktonic bacterial cells [7][8]. 

The clinical significance of biofilm formation has been extensively documented in previous investigations. 

Biofilms formed on medical devices such as urinary catheters, endotracheal tubes, and other implanted 

materials can serve as reservoirs for persistent infections. Studies have shown that device-associated 

infections caused by K. pneumoniae are frequently linked to biofilm formation on plastic surfaces and 

medical equipment used in hospital settings [14]. These findings support the results of the present study, 

which demonstrated a high proportion of biofilm-producing isolates among clinical samples. 

At the molecular level, the PCR analysis revealed that the treC gene was detected in all examined isolates. 

The universal presence of this gene among the studied isolates suggests that it may play an important role in 

biofilm formation in K. pneumoniae. The treC gene encodes trehalose-6-phosphate hydrolase, an enzyme 

involved in trehalose metabolism. This metabolic pathway has been associated with the regulation of 

carbohydrate metabolism and extracellular polysaccharide production, which are essential components of 

the biofilm matrix [3][22]. 

The detection of treC in all isolates in the present study may explain the high proportion of strong biofilm-

producing isolates. Similar observations have been reported in molecular studies investigating biofilm-

associated genes in K. pneumoniae, which demonstrated that genes involved in carbohydrate metabolism and 

polysaccharide synthesis contribute significantly to biofilm stability and development [9][23]. 

In contrast, the cpsD gene was detected in only a portion of the isolates, suggesting genetic variability among 

the studied strains. The cpsD gene is part of the capsular polysaccharide synthesis gene cluster and plays a 

crucial role in capsule production. The bacterial capsule contributes to virulence by protecting bacterial cells 

from phagocytosis and complement-mediated killing, in addition to facilitating bacterial aggregation during 

biofilm development [13]. 

The variation in cpsD distribution observed in the present study is consistent with previous molecular studies 

that reported differences in the distribution of virulence genes among clinical isolates of K. pneumoniae. 

Such variations may reflect genetic diversity among bacterial strains and may also be influenced by 

environmental conditions and infection sources [12][23]. 
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Another possible explanation for the variation in cpsD distribution is the complex relationship between 

capsule production and biofilm formation. While capsule production may enhance bacterial aggregation and 

biofilm stability, excessive capsule production in hypervirulent strains may interfere with the early stages of 

bacterial adhesion by masking fimbrial structures required for surface attachment [24][25]. 

The high frequency of strong biofilm-forming isolates combined with the presence of biofilm-associated 

genes highlights the pathogenic potential of Klebsiella pneumoniae isolates circulating in hospital 

environments in Al-Hillah city. Similar concerns have been raised in other Iraqi studies which reported 

increasing rates of multidrug-resistant K. pneumoniae isolates associated with biofilm formation [26][27]. 

Furthermore, environmental investigations conducted in Babylon province have detected carbapenem-

resistant K. pneumoniae strains in water sources such as the Al-Hillah River, suggesting that environmental 

reservoirs may contribute to the spread of resistant strains in clinical settings [15]. The circulation of such 

strains between environmental and hospital environments may play an important role in the epidemiology of 

K. pneumoniae infections in the region. 

Overall, the findings of the present study emphasize the important role of biofilm formation and biofilm-

associated genes in the pathogenicity of Klebsiella pneumoniae. Understanding the phenotypic and molecular 

characteristics of biofilm formation among clinical isolates may contribute to improving infection control 

strategies and developing more effective therapeutic approaches for managing infections caused by this 

opportunistic pathogen. 

 

 

Conclusion 

The results of the present study demonstrated that Klebsiella pneumoniae is commonly isolated from clinical 

samples of hospitalized patients in Al-Hillah city, particularly from sputum specimens. Most of the isolates 

exhibited a strong ability to form biofilms as determined by the phenotypic microtiter plate method. 

Molecular analysis revealed the presence of biofilm-related genes among the studied isolates, with the treC 

gene detected in all isolates, suggesting its important role in biofilm formation. In contrast, the cpsD gene 

was detected in a smaller proportion of isolates, indicating variability in the distribution of this gene among 

Klebsiella pneumoniae strains. Overall, the study confirms the significant role of biofilm formation and its 

associated genes in the pathogenicity of Klebsiella pneumoniae. 
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