


Genetic Analysis of Spore-Forming Pathogenic Bacteria Using PCR in Clinical Samples from the Republican Hospital in Kirkuk-Iraq
Abstract- 
Background
Spore-forming bacteria such as Bacillus and Clostridium are well-known for their ability to endure extreme conditions and are significant contributors to hospital-acquired infections. Their spores enable them to resist heat, disinfectants, and environmental stressors. Detecting sporulation-related genes, especially spo0A, is essential for understanding their survival and pathogenicity in clinical environments.
Objective
To detect and analyze spore-forming pathogenic bacteria in wound samples from hospitalized patients using molecular techniques, with an emphasis on identifying the spo0A gene as a biomarker for sporulation potentialز
Methods
A total of 300 wound swabs were collected from post-surgical patients at Kirkuk General Hospital (2024–2025). Samples were cultured on chocolate, blood, and MacConkey agar at 37°C. Isolates were identified using Gram staining, biochemical tests, and sporulation assessments. DNA was extracted using QIAamp kits. PCR was performed using primers specific to 16S rRNA and spo0A genes. Amplified products were visualized using agarose gel electrophoresis with ethidium bromide staining. Identified species included E. coli, Enterobacter cloacae, S. aureus, P. aeruginosa, B. subtilis, and C. perfringens.
Statistical Analysis Used
The study utilized descriptive statistics, primarily percentages, to interpret the distribution of bacterial species and infection rates. No inferential statistical tests were used.ز
Results
Of the 300 samples, 150 (50%) were positive for bacterial infection. Only B. subtilis and C. perfringens tested positive for the spo0A gene. PCR successfully identified spore-forming strains with high accuracy.
Conclusion
PCR proved to be a sensitive and efficient method for detecting spore-forming genes. Understanding bacterial sporulation is vital for enhancing infection control and clinical diagnostics in healthcare environments
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Introduction
One common tactic adopted by bacteria to endure in unfavorable conditions is spore production. Particularly well-known for their capacity to create endospores are Bacillus and Clostridium species. Spore-forming bacteria, sometimes referred to as endospore-forming Formicates (EFF), are able to endure severe environmental conditions because of specialized structures called bacterial endospores [1], [2]. It is thought that EFF flourishes in natural settings, particularly stressed ones. In addition to their natural habitats, EFF presents serious pollution threats in artificial settings like hospitals and factories [3], 4]. Hospital-acquired diseases and outbreaks are frequently linked to notable bacteria like Clostridium perfringens, Bacillus cereus, and Bacillus subtilis that with spore-forming. These germs are usually spread by contaminated surgical tools or by medical staff [5], [ 6], [7]. These bacteria show remarkable resilience to heat, desiccation, hydrostatic pressure , mechanical stress , chemical exposure , osmotic stress , γ radiation  and alcohol-based disinfectants, all of which typically cause vegetative cells to die [8], [9]. Therefore, species  identify of spore-forming bacteria that comprehend the genes of cause spore development. Crucial gene for endospore formation is spo0A [10], [11]. Regulatory protein presence of spo0A is a prominent characteristic to the machinery that drives endospore production and stress-induced gene expression [12], [13]. Classifying and describing these bacteria, as well as differentiating between species that have or do not have sporulation genes, can be accomplished with the help of molecular approaches that target sporulation genes [14], [15]. To find gene homologs in different bacterial species, previous research has used degenerate PCR [16], [17]. A popular laboratory method for identifying bacteria and finding resistance genes, PCR allows for the quick amplification of particular DNA and RNA sequences [18]. Multiplex PCR is a more sophisticated variant that uses many of simple sequence of nucleotide  to amplified  the reaction for Various genes at once, saving money and processing time [19], [20], [21]. Another accurate technique for determining the frequency of genes in DNA samples is quantitative PCR (qPCR). [24], [23], [22]. QPCR primers in this investigation, that target to genes  of spo0A tested and validated using samples with pure culture. .[25], [26], [27]. Within a conclusion, a comprehending of genes with their  mechanisms underlying formation of bacterial sporulation  is necessary to manage the difficulties presented by spore-forming bacteria, particularly in hospital settings. These hardy microbes can be identified and characterized with the help of PCR and qPCR, two crucial molecular techniques [28].
Materials and Method
The specimens
This study was conducted at Kirkuk General Hospital, between January, 2024, and January 2025. In all, 300 The samples were extracted of the patient's wounds undergoing different types of surgery.
Collection of Samples
The gathered samples were then processed in the laboratory by swabbing post-operative wounds. These samples were sent directly from collection into the lab to maintain their microbial purity, the samples were cultured on plates containing medium of chocolate, blood medium &MacConkey medium. Then, the plates were kept in incubation for a full day at 37°C. After incubation, look for bacterial growth on the agar plates. You can identify each bacterium isolated colonies were obtained by streaking them onto fresh agar plates using the quadrant streak method or an equivalent technique pure cultures can be obtained by subculturing streak isolated colonies onto new agar plates. Keep doing and you have Spore-forming microorganisms were cultured using bacteria that was pure . Execute preliminary tests, such as Gram staining, to ascertain the general characteristics of the bacteria that is isolated. Apply a treatment of  heat (For instance, exposure to 80–85°C for 10 minutes) to the isolated bacteria to cause sporulation. Mark smear  of  the bacteria Stained with malachite green or another suitable dye for spores, then microscope was used  to check spores forming . For the sake of them, cultures of spore-forming pure bacteria should be stored minus 80 degrees Celsius or under ideal conditions for storing cultures with an appropriate wail protector, glycerol is the important protector . protocol o this f offers is a main  set of guidelines for bacterial isolating that produce spores. [29]. To distinguish bacteria  of  spore-forming from other species bacteria, a further analysis was conducted on the suspected colonies using a variety for tested containing  hemolysis assays, biochemical & citrate utilization reactions, root growth assessment, motility assessment, and catalase production. With identification of Species test methods they widely cited in scientific research [31, 30]
Spore-forming isolation bacterial 

Microscope was used to examined bacterial samples based on their stains gram composition. the isolation simultaneously, procedure concentrated on bacteria identifying that exhibited resistance of ethanol, The trait spore-forming bacteria which is linked to frequently. Then after  isolation, size of colony was measured, to distinguish between different species of bacteria were used different tests. Test of mannitol revealed that the bacteria were using mannitol. Nonetheless, S. aureus lecithinase activity is used to identify strains that was positive of coagulase because of the close relationship between lecithinase and coagulase activity, capable of differentiating between particular species within the same genus. Bacillus had no lecithinase activity, as indicated by the lecithinase test results being negative. Notable features of the isolated colonies included their yellow coloring, their size, and the wrinkled surface of the agar medium. These distinguishing traits led to the identification of the isolated bacteria as Streptomyces aureus, Pseudomonas aeruginosa, Escherichia coli, Bacillus subtilis, and Clostridium perfringens. Enterobacter clavicae. However, it was discovered that Bacillus species were the cause of flat , large, grainy colonies on the agar surface of mannitol-negative and lecithinase-positive [32, 33]
Obtaining DNA
Sigma-Aldrich (USA) provided the selective colonies of bacteria, which were then injected to 6 mL Brain Heart Infusion (BHI) solution. The inoculation fluid was incubated for the whole night with 35°C. then extracted DNA of the solution cultured QIAamp DNA extraction technology used for isolating DNA from various biological samples. which is a micro kit to  accordance with instructions of  manufacturer's 
Sequences of DNA genes that form spores      
We employed primers that target the 16S rRNA gene to generate 500 bp fragments in order for investigate the genome of bacterial, with a focus on genes of spore-forming. Two nucleotide as  Eub8f primers, (5'-AGAGTTTGATCCTGGCTCAG-3') and Eub519r (5'-GTATTACCGCGGCTGCTGG-3'), were used for this [37, 38, 39]. Also we needed to examine the spo0A gene, was indicatorog of functional of generation of spore  , even though phylogenetic information provided by gene of 16S rRNA can be used for infer presence bacterial species distinct. To do this, must employed designed primers for the gene spo0A. The spo0A166f primers of (5′-GATATHATYATGCCDCATYT-3′) and spo0A748r (5′-GCNACCATHGCRATRAAYTC-3′) the specificity primers for their chosen, fragment length efficiency  amplification, sequence compatibility and they target gene spo0A, that is crucial to process of in spore-forming [40, 41].
The method PCR 
Mixture reaction was made up of 22 mL of Master Mix (3X) of Fisher USA Thermo, 8.4 µL of pur water distuled, 2 mL (11 mM) for all primers, with 3 mL (roughly 51 mg) for  template  of DNA. then, reaction mixture was inserted into the thermal cycler. which was configured to run of 1 cycle at 92 °C for eighteen times(minutes). Then thirty cycles of denaturation (31`` seconds in 92 ),  then annealing (31 seconds in 53°), and extension (1.5 minutes in  72). then, one elongation step was performed at 70°C for one and a half minutes. [42]. 
PCR's output
For the electrophoresis step, ethidium bromide  is the stains which is used to stained (ETBR) after being mounted 1.5% gel  of agarose. After exposing the polymerase chine reacting  samples with the bands are visible under the ultraviolet transilluminator that formed that is  recorded and using a gel analyzed documentation system. . [42, 45].
Identified The species 
The study found that there were )30( cases of Escherichia coli, )40( cases of Enterobacter cloacae, cases of )20( Staphylococcus aureus , cases of ) 15( Pseudomonas aeruginosa, cases of )13( Clostridium perfringens and cases of (30)  Bacillus subtilis Two of the identified bacterial species that are well-known for their capacity to produce spores are Bacillus subtilis and Clostridium perfringens. Primers In this study, aimed at a gene of spo0A are used, which is known to be the primary gene that initiates sequencing analysis verified the existence bacteria of the spore-forming gene spo0A  which was collected from Iraqi Hospital (General). [46] which is indicated at (Table 1) displays amplification of spo0A using the primers used.
Result
The findings confirmed a 50% infection rate based on the sample set, with 150 of the 300 samples that were analyzed testing positive for bacterial infection. The high quality the products of PCR is demonstrated with the agarose gel results, which are displayed in (Figure 1). Following cloning and sequencing, the species of bacteria were identified.
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Fig 1 : Agarose gel showing high-quality PCR products
Lanes 1 through 6 show the amplified genes for the isolated bacteria, while Lane M shows the DNA ladder in (Figure 1) 's gel electrophoresis for partial 16S rRNA genes amplified by PCR of E, coli  bacteria. (1 absent  band), Pseudomonas aeruginosa (No. 5 absent band), Bacillus subtilis (3 band appeared 1000 bp),  C. perfringens (6 band appeared 608 bp), and E. cloacae (2 absent  band).
Table 1.   Spo0A amplification with the primers 
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	166f (spo0A)
 (5′- GATATHATYATGCC
DCATYT-3′) and 
748r (spo0A)	
(5′-GCNACCATHGCRAT RAAYTC-3′)
	30 0c
	+
	+
	B. subtilis

	166f (spo0A)	
(5′- GATATHATYATGCC
DCATYT-3′) and
 748r (spo0A)	
(5′-GCNACCATHGCRAT RAAYTC-3′)
	30 c0
	+
	+

	C.perfringens,

	Not present
	30 c0
	-
	-
	E. cloacae

	Not present
	30 c0
	-
	-
	S.areaus 

	Not present
	30c0
	-
	-
	E. coli

	Not present
	30 c0
	-
	-
	P.aeruginosa 



Dissection
The prevalence resulting from post-surgical infections caused by microbiological pathogens , mainly spore-forming bacteria is an important medical concern. To solve concern, efficient strategies, and heightened awareness of Iraq's hospitals are required. Therefore, so the interest to identify infectious microbes from wounds, it is imperative to adopt precise techniques, appropriate protocols, and quick detection methods. Studies conducted by isibor in 2008 and by Pradhan in 2009 and 2010 indicate that infections of wound commonly occur at hospitals after procedures of surgical surgery, then patient's prognosis may be impacted by the severity of the infection, the wound's location, and the length of time they are hospitalized. [46, 47, 48]. (PCR) is sensitive molecular method , particularly efficient and rapid, for identifying microbiological species in medical specimens. Because it allows us to concentrate on a specific gene that forms spores, PCR is crucial to our work. According to Hoon's research, spo0A in Clostridium perfringes and Bacillus subtilis Krieg in 2010 and 2009 [50] identified Bacteria that form endospores make up a paraphyletic group among the Firmicutes. Bacilli, Clostridium, and Erysipelotrichi are the only classes in this phylum this group comprises species that form endospores. Clostridium are mostly anaerobic anaerobic whereas Bacilli tend to be aerobic, [51]. Most what we know about Endospore-forming Firmicutes' (EFF) biology has originated from  laboratory studies since the late 19th century, cultivable strains have been used. Polymerase chain reaction can serve as for identify the appearance of a specific gene within bacterial DNA, compare gene sequences, & extract genes. As part of our examination, we collected data from 100 patients affected by surgical lesions were swabbed with cotton applicators. All obtained specimens were cultured for check of infection, just like in the 2009 study Qadan [52]. The results indicated that 50% of the injured had infections, focusing on the necessity for giving associated with the surgical department care top priority at government hospitals in Niska and Pittet. Our investigation's results are similar to theirs [53,54,55]. Staining of Gram (which detects gram-positive bacteria as spore-forming) along with all tests motility , catalase production, rhizoid growth, citrate utilization & hemolysis among the reactions used to achieve this. Gene of  16S rRNA sequence then occurred strengthened by the extracted total DNA as a template, following the same procedure as in Madhavan and Jones's studies [56,57,58]. In order for  recognize spore-producing bacteria in bacterial samples with multiple species, to preserve regions within 16S rRNA gene of bacteria, we also used primers widely recognized across the globe to target the spo0A gene. technique evaluated pathogenic class of bacteria. More further, we utilized a forward and a reverse primers to essential spo0A gene., which regulates spore formation in Bacillus subtilis and Clostridium perfringens, as shown by Anand and Errington's study in (2001, 2000). [59, 60].
Conclusion
There are highly relevant to the diagnosis and management of bacterial infections from the PCR technique that was employed within the Republican Hospital in Kirkuk to separate and identify the spore-forming gene in pathogenic bacteria. This cutting-edge molecular biology method provides valuable insights into how pathogenic bacteria express virulence and sustain presence by enabling identification and characterization of spore-forming genes. By specifically amplifying and detecting the spore-forming gene using PCR, researchers can more precisely identify bacterial strains with improved resistance and survival mechanisms. Developing effective treatment plans requires understanding that spore formation often increases bacterial resistance to conventional therapies. The efficiency of using a range of traditional diagnostic methods to separate and identify spore-forming bacteria in particular bacterial species and genera was validated in this study. Among the pathogens detected were P. aeruginosa, E. coli, and S. aureus, which found. Like B. subtilis and E. cloacae, A strain of C. perfringens is devoid of sepals. Additionally, Pseudomonas aeruginosa, Escherichia coli, and Streptomyces aureus all showed positive results, and Bacillus subtilis and Clostridium perfringens were found to possess spore-forming genes. Enterobacter cloacae was found to be negative by the use technology of PCR. And accuracy technology of PCR in detecting a gene from a bacterium has been shown by means of genetic primers spo0A. A study, conducted in the Iraqi Hospital in Kirkuk, also is beneficial for the realm microbiology & public health as a whole. Through the genetic mechanisms understanding behind pathogenic bacteria of spore formation, tailored therapies, vaccines, and preventive approaches can be developed for prevent the transmission of infectious diseases. A tcomes might also affect infection control practices in medical settings. To summarize, the Republican Hospital in Kirkuk's PCR-assisted isolation and identification of the spore-forming gene represents a significant breakthrough in our understanding of bacterial pathogenesis. This study could be useful for medical practices, therapeutic approaches, and the general enhancement of public health in the area.
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