



Bio typing of Thermotolerant Campylobacter Isolates from Red Meat in Wasit Province, Iraq 

ABSTRACT
Background and aims: A bacterial gastroenteritis commonly caused by Campylobacter jejuni (C. jejuni) and Campylobacter coli (C. coli) is known as campylobacteriosis. Among the most common bacterial infections associated with food poisoning, thermotolerant Campylobacter species are found all over the globe. This study set out to examine the various Campylobacter biotypes. 
Methodology:  This study investigated thermotolerant Campylobacter jejuni and C. coli isolates from red meat sold in Wasit Province, Iraq, between October 2022 and September 2023. Twelve isolates confirmed by mPCR were biotyped using the Lior scheme.Results: According to the findings, two biotypes (I and II) were identified, with biotype I predominating in both species (75–100%) compared to biotype II (20–25%). The predominance of biotype I in red meat suggests potential zoonotic transmission pathways between animals and humans. These findings provide baseline data for future surveillance of Campylobacter infections in Iraq. Conclusion: Further evidence suggests these meals contribute to the transfer of diseases among customers is provided by the fact that biotype II of these species is more common in animals and biotype I is more common in humans. Future research should use more clinical and food-related isolates to enhance generalizability. Characterizing molecular virulence genes facilitates the comprehension of processes.
Keywords: Biotyping, Campylobacter, Red meat, Wasit province.

1. INTRODUCTION
         Public health officials are understandably concerned about the prevalence of food-borne diseases; in Iraq, germs that cause food poisoning have been found in a wide range of foods (Ghaffoori, 2017; Kanaan, 2018; Kanaan and Khashan, 2018 b; Kanaan and Abdullah, 2019; Kanaan and Al- Isawi, 2019; Kanaan et al., 2020; Kanaan and Mohammed, 2020; Kanaan, 2021; Kanaan and Abdullah, 2021; Hadi Ghaffoori Kanaan et al., 2022; Kanaan and Khashan, 2022; Kanaan and Abdullah, 2025).  Contamination with these pathogens continues to be one of the most significant difficulties that the public health sector must contend with, despite the interventions that have been implemented in the food business (Kanaan et al., 2021; Mohammed et al., 2022; Kanaan, 2024a). Worldwide, around 37,600 people die each year from gastroenteritis, and an estimated 166 million individuals experience diarrhea as a result of Campylobacter (Kaakoush et al., 2015; Kanaan and Abdulwahid, 2019; EFSA, 2023). Most developed countries are plagued by the most common zoonosis, campylobacteriosis, which is usually spread through contaminated food (EFSA, 2013; Marotta et al.,2014). People are especially at risk of acquiring food-borne campylobacteriosis when they ingest chicken meats and/or derivatives that are contaminated, whether they are fresh or undercooked (Kanaan, 2024b; Kanaan et al., 2024; Kanaan et al., 2025). The reason behind this is that most cases of campylobacteriosis were found in chicken-eating populations (Bolton, 2015). This discovery is relevant for this reason (Kittl et al., 2013; Lacharme-Lora1, 2017). The critical need to act to determine the source of the germs is highlighted by the fact that campylobacteriosis cases are on the rise every year. It is crucial to identify phenotypic traits that may be utilized as epidemiological markers in animal and human populations in order to assess the risk of Campylobacter infections in chickens (Karikari et al., 2021). 
Typing procedures play a crucial role in identifying specific strains isolated from human cases. These methods also allow for comparison of these strains at the species and subspecies levels found in poultry and poultry-related products. By researching the disease, scientists are able to contribute to the study of the disease's pathophysiology and the analysis of outbreaks, as well as the monitoring and prevention of human campylobacteriosis (Engberg, 2006). In spite of the limited amount of research conducted in Iraq on the examination of Campylobacter from chicken, to the best of our knowledge, there is no data that investigates the phenotypic patterns of these bacteria from red meat.  This study aimed to explore the epidemiology of Campylobacter strains recovered from cow and sheep meat marketed in the province of Wasit using biotyping and resistotyping techniques.

2.MATERIALS AND METHODS
2.1 Sample Preparation
          Biochemical identification, verification by mPCR, and storage in glycerin at -18 degrees Celsius were all performed on the Campylobacter isolates acquired from red meat samples from Wasit markets (Kanaan and Tarek, 2025 Afterwards, the plates were placed in an oxygen-depleted jar (Oxoid, AG25) following the subculture of the isolates on Preston agar deprived enhancement (Oxoid, CM 0689B). Following the first stage, the second and third processes were carried out. The temperature at which each individual isolate thrived in the microaerophilic environment was 43 degrees Celsius, whereas in the aerobic environment it was 25 degrees Celsius. Furthermore, they demonstrated resistance to cephalothin, did not grow aerobically at any temperature, did not create hydrogen sulfide on the TSI medium, and passed the catalase and oxidase tests.

2.2 Biotyping of Bacterial Isolates 
        The Lior biotyping approach has been employed to finish the biotyping process. All of the isolates were subjected to the same tests: DNA hydrolysis, hippurate hydrolysis, and the quick H2S test (Table 1). The distribution to Campylobacter has been determined using such variables. Subtypes I and II of C. coli, biotypes I, II, III, and IV of C. jejuni, and subtypes I and II of C. laridis were taken into account, as suggested by Lior (Lior, 1984).


	Table 1. Biotyping scheme for C. jejuni, C. coli, and C. laridis (22)

	Test
	C. jejuni
	C. coli
	C. laridis

	
	Biotype
	Biotype
	Biotype

	
	I
	II
	III
	IV
	I
	II
	I
	II

	Hippurate hydrolysis
	+
	+
	+
	+
	-
	-
	-
	-

	Rapid H2S test
	-
	-
	+
	+
	-
	-
	+
	+

	DNA hydrolysis
	-
	+
	-
	+
	-
	+
	-
	+

	C. jejuni= Campylobacter jejuni; C. coli= Campylobacter coli; C. laridis= Campylobacter laridis



2.3 Data Analyses
         We used MedCalc Software bvba version 18 (BE, USA, https://www.medcalc.org/) to evaluate the available data.  The Chi-square (χ2) test, which compares two samples at a 5% significance level (MedCalc Software Ltd., 2025), was used to examine the significance between proportions.
3.RESULTS AND DISCUSSION
3.1 Biotyping and Resistotyping of Bacteria 
        All Campylobacter isolates (three C. coli strains and nine C. jejuni strains were detected from previous study) tested using Lior's methodology, including hippurate hydrolysis, fast hydrogen sulfide testing, and DNA hydrolysis (Table 1). Campylobacter isolates were biotyped and resistotyped in meat samples from sheep and cattle (Table 2). The results revealed that there were two unique biotypes among the isolates. Figure 1 illustrates that the prevalence of these situations varies by organism type, with C. jejuni exhibiting 77.78% and 22.22%, and C. coli displaying 66.67% and 0%. In terms of origin, 85.71% and 80% of the cattle and sheep meat isolates, respectively, were classified as biotype I, whereas 14.29% and 20% of the same isolates were classified as biotype II (Fig. 2). After conducting statistical analysis, it has been shown that the category of the sample does not have a significant impact (p> 0.05) on the incidence of biotypes of the isolates (χ2 = 0.063, P = 0.8022).  Moreover, it is worth noting that there is no statistically significant impact (p> 0.05) on the prevalence of biotypes in relation to the species of the organism, as indicated by the values of χ2 = 0.136, P = 0.7125 and χ2 = 0.733, P = 0.3918 for biotypes I and II, respectively.   
        
	Table 2: Biotyping of Campylobacter isolates recovered from retail red meat in Wasit province

	Source 
	No. of isolates
	C. jejuni biotypes n/5 (%)
	C. coli biotypes n/2 (%)

	
	
	I
	II
	III
	IV
	I
	II

	Cattle meat
	7
	4 (80)
	1 (20)
	_
	_
	2 (100)
	0 (0)

	
	
	C. jejuni biotypes n/4 (%)
	C. coli biotypes n/1 (%)

	
	
	I
	II
	III
	IV
	I
	II

	Sheep meat
	5
	3 (75)
	1 (25)
	_
	_
	1 (100)
	0 (0)

	C. jejuni= Campylobacter jejuni; C. coli= Campylobacter coli








         Figure 1: Percentage of biotypes based on species of the organism







           Figure 2: Percentage of biotypes based on their origin


The Lior technique was utilized by a number of researchers in order to characterize various strains of Campylobacter.  Among the Campylobacter that was isolated from children in Bangui, Georges-Courbot et al. (1989) discovered three different biotypes of C. jejuni (I, II, and III) and two different biotypes of C. coli (I and II).  Notwithstanding this, Nicholson and Patton (1993) conducted a biotype analysis in Georgia on a total of 140 Campylobacter strains that were genetically recognizable.  The Lior approach was utilized by Salihu et al. (2009) in a distinct experiment to determine  phenotypic characteristics of thermotolerant Campylobacter isolates according to samples of poultry meat taken from Sokoto, Nigeria. In addition, Adekunle et al. (2009) utilized this scheme in order to differentiate between Campylobacter isolates according to samples of stool taken from children in Osogbo, Nigeria Sokoto, Nigeria who exhibited warning signs of diarrhea and of those who did not display any of these indications. During the course of their research, Tayde and Brahmbhatt (2014) discovered two unique Campylobacter biotypes (I, II) that were recovered from poultry. Among them, biotype I has been shown as to be more abundant than the other biotype.         
Campylobacter coli and C. jejuni are closely related pathogens capable of causing enteritis. Historically, it has been noted that most human-infecting strains are transmitted via animal hosts (Blaser et al., 1983). It has been emphasized necessity to ascertain the potential impact of non-human sources on human diseases and to distinguish outbreak isolates for epidemiological objectives (Smith et al., 1997).   Utilizing the Lior approach, all red meat isolates were accurately categorized as either C. jejuni biotype I or II, or C. coli biotype I or II (Table 2). The current research revealed that biotype I is more widespread than biotype II for both species. Biotypes I and II were found to be the most prevalent biotypes in chicken as well as asymptomatic and symptomatic human isolates of C. jejuni, according to the findings of this inquiry, which have been in agreement with the conclusions of Nadeau et al. (2002) and Karikari et al. (2021). The genetic lineage of around twenty percent of the Campylobacter isolates found in human beings was similar to that of the genotypes found in poultry and cattle.  Due to the high prevalence of C. jejuni biotypes I and II in poultry as well as the genetic relationship between the two, it was hypothesized that with broiler production, Campylobacter might potentially be present potentially pose a threat so as to the health of the overall population. Shelly et al. (2005) and Salihu et al. (2009) came to the same conclusions. They discovered that biotype I has been significantly further prevalent amongst the tested species in question than biotype II.  On the other hand, Kanaan (2018a) found that the most common Campylobacter species were C. jejuni along with C. coli, and that the most common biotypes of these two species were I and II. In addition, the biotype II of C. coli was the most abundant biotype in the species, accounting for 25% of the total. In addition, Almashhadany (2021) found that there were three different biotypes of C. jejuni that were isolated from raw milk. Out of the three biotypes, the most common was biotype IV, accounting for 58.6% of the total, followed by biotype III at 17.2%, and biotype II at 24.2%.  Although biotype II was the only type of C. coli found, two different kinds of C. lari were identified: biotype I (66.7% of the total) and biotype II (33.3% of the total). Biotype I was found to be predominant in asymptomatic individuals (80%; 4/5), patients (66.7%; 6/9) and domestic poultry (56.3%; 9/16), according to Karikari et al. (2021), who investigated the distribution of Campylobacter biotypes in humans and poultry. On the other hand, in their study on Campylobacter biotype distribution in people and poultry, Karikari et al. (2021) discovered that biotype I was more common in asymptomatic persons (80%; 4/5), patients (66.7%; 6/9) and domestic poultry (56.3%; 9/16). Contrarily, patient strains did not exhibit the presence of Biotype II, whereas commercial poultry did (59.5%; 25/42). Patients (33.3 percent; 3 out of 9) and commercial poultry (14.3 percent; 6 out of 42) accounted for the bulk of biotype III instances; symptom-free persons were not among them. Chicken was the sole known source of biotype IV, with a single (1) isolate coming from both commercial and domestic sources. In general, the prevalence of Biotype I was higher among human strains (71.4%, 10/14) than it was among poultry strains (51.7%, 30/58).         
Eberle and Kiess (2012) reported that differentiating between bacterial species and subspecies is a common practice that makes use of both morphological and genotypic typing methods.  Biotyping Campylobacter spp. also makes use of similar methods for identifying potentially dangerous pathogens including C. jejuni and C. coli.  A large number of people continue to use the test that Lior created. The statistics shown here highlight the value of the biotyping method for learning about the human and animal Campylobacter infection epidemiology.         
This study's discovery of a high prevalence of C. jejuni biotypes I along with II in red meat may raise concerns among consumers. These C. jejuni infections can produce invasive and potentially fatal complications. A better understanding of the danger might be achieved with more research on virulence factors and assessment of infection outcomes caused by these biotypes. Clinical anomalies may vary in severity based on the strain of C. jejuni and its invasive characteristics. Although it is the first study to investigate the biotyping of Campylobacter isolated from red meat sold in Wasit markets, there are some limitations to this study, including the sample size and the focus on only one type of meat, in addition to the absence of molecular characterization such as multilocus sequence typing (MLST) for higher epidemiological resolution.

4.CONCLUSION
          Campylobacter strains were found to be more commonly biotype I for C. jejuni along with C. coli in red meat samples in Wasit province than biotype II, according to this investigation.Our results support previous research suggesting that the Campylobacter biotypes found in mammals are the same as those in humans. This disparity is due to the fact that biotype I is more common in humans and biotype II is more common in animals. This study further supports the idea that zoonotic transmission is a means by which this illness might spread. Therefore, this study may prove valuable for future epidemiological investigations of Campylobacter infections. More clinical and food-related isolates should be used in future investigations to improve generalizability.  To better understand processes, molecular virulence gene characterization is advised.  Prioritize meat processing-appropriate antibacterial research.
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C. jejuni biotypes	
I	II	III	IV	77.78	22.22	0	0	C. coli biotypes	
I	II	III	IV	66.67	0	0	0	



Cattle meat	I	II	III	IV	85.71	14.29	0	0	Sheep meat	I	II	III	IV	80	20	0	0	






