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Abstract

Foodborne pathogens remain a major challenge for public health and food safety worldwide. Rapid and accurate
molecular methods are essential for the early detection of bacterial contamination in food products. The present study
evaluated the application of real-time PCR combined with melting curve analysis for the rapid differentiation of two
major foodborne pathogens, Escherichia coli and Campylobacter jejuni. A total of 86 chicken carcass swab samples were
collected from poultry markets in Baghdad, Iraq. Specific primers targeting the yhaV gene of E. coli and the hipO gene of
C. jejuni were used in a real-time PCR assay followed by melting curve analysis. Distinct melting temperature profiles
were obtained for each species. The mean melting temperature for E. coli isolates was 79.75 % 0.29 °C, whereas C. jejuni
isolates showed a higher mean melting temperature of 80.80 * 0.27 °C, with a statistically significant difference
between the two groups (p < 0.01). The assay demonstrated high specificity with no secondary melting peaks or
nonspecific amplification products. The clear thermal separation between the two pathogens confirms the reliability of
melting curve analysis as a rapid molecular discrimination tool. These findings highlight the potential of HRM-based
real-time PCR as a rapid screening approach for foodborne pathogens in poultry products and support its application
in routine food safety monitoring and epidemiological surveillance programs. This study represents one of the first
applications of HRM-based molecular differentiation of foodborne pathogens isolated from poultry in Iraq.
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1. Introduction

Foodborne infections result from the ingestion of contaminated food or beverages. A variety of germs or pathogens can
contaminate food, resulting in numerous types of foodborne diseases [1].To date, more than 250 different foodborne
illnesses have been described, approximately two-thirds of which are caused by bacteria [2].The majority of foodborne
illnesses result from infections induced by diverse bacteria, viruses, and parasites [3].Others are poisonings resulting
from deleterious poisons or compounds that adulterate food. Salmonella and E. coli have been the most common
pathogens in foodborne outbreaks in the United States over the past 15 years, but Vibrio, Campylobacter, and Listeria
species are also often responsible[4].Some symptoms of E. coli, Salmonella, and Campylobacter are similar, such as
bloody or watery diarrhea, stomach pain and cramps, fever, and sometimes vomiting. [5].Campylobacter jejuni is one of
the main bacterial strains that cause diarrhea in humans. It has been linked to several cases of food poisoning in Several
countries around the world. Poultry is the natural host of Campylobacter jejuni, and infected birds carry very high loads
of the bacteria when they eat raw, undercooked, or improperly prepared chicken, as well as liver and rotisserie chicken.
Campylobacter jejuni does not grow well in well-refrigerated foods, but it can survive in the refrigerator and grows if
contaminated food is left at room temperature. These bacteria are sensitive to heat, so cooking meat and poultry
thoroughly can kill it. Campylobacter jejuni and E. coli account for the highest incidence of foodborne clinical
Campylobacteriosis, and therefore, detection and identification of Campylobacter is almost exclusively limited to these
two species. [6] found that mPCR-HRM was able to differentiate between C. coli and Campylobacter jejuni.
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E. coli is often contaminated with undercooked or raw ground beef, mixed vegetable sprouts, salads, cheese, flour, nut
butter, and cookies.E. coli is a rod-shaped bacterium with numerous harmless strains. However, some strains of E. coli
(such as E. coli 0157:H7) can cause serious food poisoning, and recent outbreaks have involved leafy green vegetables
and ground beef [5]. The melting points of PCR amplicons can be determined using colored chemical dyes [7] or
saturated cross-linking dyes such as Green Plus and Eva Green (Shoute and Loppnow 2018). PCR melting curve analysis
is a fast and reliable method, given the widespread use of real-time PCR instruments in medical diagnostics and forensic
laboratories [8]. This method can also be adapted to work with other pathogens, such as viruses and bacteria [9], [10].
The aim of this work was to establish a multiplex PCR melting curve analysis for the rapid detection and identification
of two predominant food-borne pathogens, i.e., Escherichia coli and Campylobacter jejuni. We demonstrated the results
of specificity, sensitivity and repeatability through single bacterium's DNA testing as well as multiple tests.

2. Materials and Methods

2.1. Sample Collection

The DNA of both C. jejuni and E. coli strain MG1655, was obtained from the (ATCC, Manassas, VA). Eighty-six random
chicken swab samples were collected from obtained from broiler carcasses sold in diverse districts of Baghdad, Iraq
between April to October 2024. The gathered chicken carcases were also used for the study. Polymerase chain reaction
(PCR) testing and HRM curve analysis were also carried out. All samples were immediately transported to the Food
Contamination Laboratory at the Iraqi Scientific Research Council, incubated at a cold temperature (below 4°C), and
stored in a refrigerator until the microbes were isolated [11].

2.2. DNA Extraction

The Bacterial Genomic DNA Isolation Kit (Noragen bioteck, Canada) was used to get total DNA from bacterial isolates.
The company included instructions on how to obtain DNA. Using a NanoDrop Spectrophotometer: ND-1000 (YangMing
Company, Taiwan) at a wavelength of 260 nm, the concentration of the isolated DNA was changed to 50 pg/ml. The
purity of the extracted DNA samples, as measured by the 260/280 ratio, was between 1.81 and 1.94.

2.3. PCR primer

The multiplex assay made use of previously described PCR primers for Escherichia coli, [12], and Campylobacter jejuni
(Staji, Birgani and Raeisian 2018). Table 1 lists the sequences of primer and gene names. In order to assess the primers'
specificity in silico, the NCBI basic tool was used. For the PCR experiments, the primers derived from Integrated DNA
Technologies (IDT- USA.) They were then mixed with nuclease-free water, measured using a biophotpmeter from
(eppendrof plus,Germany )

Table 1 PCR assays utilized primers and genes.

Species | Gene name | Forowerd primer rev
E. coli yhaV TATACATATGGATTTTCCACAAAGG | CTCGAGTCAATGGGTTTCTTC
C. jejuni | hipO gene GAA GAG GGT TIG GGT GGT G AGC TAG CTT CGC ATAATAACT TG

2.4. Analysis of Campylobacter spp. isolates with gPCR-HRM

The qPCR-HRM test was done using the approach that [12]. set up. The primers used in this study were designed to
find the hipO gene in C. jejuni and the yhaV gene in E. coli. The PCR mixture (20 pL) contained 7.5 pL of SYBR Green
Master Mix (Thermo Fisher Scientific, USA), 1 pL (10 pmol) of Forowerd and reverse primers for each gene (Integrated
DNA Technologies (IDT)-USA), 3 pL of nuclease-free water, and 5 puL of DNA template. A no-template control (NTC)
containing nuclease-free water instead of DNA template was included in every qPCR run to monitor potential
contamination and non-specific amplification. The smart sycler thermal cycler (cepheid, USA) was used to do the qPCR-
HRM amplification.The amplification process was carried out according to a variant of the approach described by [12].
The first stage was an initial denaturation at 95°C for 3min. Polymerase chain reaction was performed in a final volume
of 20 pL, denatured at 95°C for 5 minutes after the first cycle and then subjected to 40 cycles of amplification, consisting
of a denaturation step at 95°C for 3 seconds, annealing at 60°C for 30 seconds, and extension at 72°C for 20 seconds.
High-resolution melting analysis was conducted from 70 °C to 90 °C with temperature increments of 0.1 °C to ensure
precise discrimination of melting profiles. Fluorescence data were acquired continuously during the melting phase to
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generate high-resolution melting profiles. We performed the melting curve behavior analysis and PCR reaction using Q-
Rex software, obtained from Q-Rex software Qiagen GmbH (Germany).

3. Results

3.1. Amplification profiles of qPCR

Real-time PCR amplification curves demonstrated efficient and consistent amplification for all tested samples. No
amplification signal was detected in the no-template control (NTC), confirming the absence of contamination and the
high specificity of the assay.

Results of this study were described by descriptive analysis for all data extracted. This study examined the melting
curve patterns and peak melting temperatures in comparison to those for E. coli ATCC 25922 and C. jejuni ATCC 33560,
used as positive control references. We had already found the best temperatures for positive controls, which were
79.5°C+0.3°C for E. coli and 80.6°C * 0.3°C for C. jejuni (figure 1). All collected data were classified based on The C. jejuni
isolates exhibited melting curve patterns that were distinct from the positive control, with a melting peak temperature
of 79.5 °C+0.3°C. In contrast, the e. coli isolates displayed melting curve patterns that diverged from the positive control,
featuring melting peaks at 81.4°C+0.3°C. [13]. [14] showed that HRM curves may be differentiated based on substantial
differences in curve design and/or Tm, with a 0.3°C difference being significant.
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Figure 1 Analysis of conventional and calibrated melting curves for two reference strains of E. coli and C. jejuni
bacteria Analysis of conventional and calibrated high-resolution melting curves for the product of yhaV gene
amplification in red and hipO in blue using polymerase chain reaction (PCR) technology

3.2. Melting curve analysis

Melting curve analysis revealed distinct thermal profiles for the two bacterial species. The Escherichia coli isolates
exhibited melting peaks within the range of 79.55-79.83 °C, whereas Campylobacter jejuni isolates showed higher
melting peaks ranging from 80.42-80.87 °C. The fluorescence graphs showed a steady decline as the temperature went
higher and then a rapid drop when each species reached its own thermal melting point (Tm). All isolates demonstrated
thermal consistency within their individual groups, as shown by peak clustering and the absence of tails, secondary
peaks, or nonspecific products, therefore confirming accurate molecular amplification and a unique amplicon for each
reaction.

3.3. Statistical analysis of melting temperatures

In E. coli isolates, the mean melting temperature was 79.66 + 0.12 °C and 80.63 + 0.21 °C in C. jejuni isolates (p<0.001).
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Both groups were significantly different from one another (F = 68.85, p < 0.001) and one-way ANOVA analysis proved
melting temperature to be a reliable differentiating parameter. ROC analysis showed strong diagnostic performance for
separating the two bacterial species with an AUC of 1.00.

For all species, first derivative (-dF/dT) curves exhibited distinct and pronounced peaks. The group for C. jejuni had
sharper and larger peaks than that for E. coli. This showed a larger difference in temperature shifts for the two
populations and further implied that Melting Curve analysis may be used to diagnose different food-borne pathogens
as they differ significantly in laboratory evaluations.
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Figure 2 Analysis of the conventional melting curve for E. coli and C. jejuni species of polymerase chain reaction (PCR)
amplification products detected from studied chicken isolates

4. Discussion

The present study demonstrates that melting curve analysis combined with real-time PCR provides a highly sensitive
and reliable approach for differentiating Escherichia coli and Campylobacter jejuni. The statistically significant difference
in melting temperatures (p < 0.001) confirms that even small thermal variations (~1 °C) are sufficient for accurate
species discrimination. No amplification is observed and no secondary peaks are present affirming specificity and
robustness of the assay Such results are in line with studies identifying that temperature differences (between 0.5-2
°C) are sufficient for differentiating between bacteria with HRM [15].

In addition, the ROC analysis (AUC = 1.00) demonstrated the potential applicability of the method for fast screening in
food safety laboratories and epidemiological monitoring systems.

The negative and progressive reduction of the fluorescence curves after an evident regression point, demonstrated that
all isolates had common thermal characteristics and that the initial derivative peaks were clustered in specific ranges.
These findings are consistent with those of [15] who showed that C. jejuni’s differentiation from E. coli and Salmonella
via HRM hinge on similar temperature ranges, and the sameness in peak among a species is important determinant of
certainty of genetic differentiation. The data are consistent with previous HRM works, especially the reports by [16]

67



GSC Advanced Research and Reviews, 2026, 27(02), 064-069

who used hipO to discriminate C. jejuni from C. coli at a 1-2°C temperature difference and that of [17] and validated
that the differentiation of Tm for Campylobacter with hsp60 yields a consistent thermal signature for various species
within the genus. [18] found that hipO is a stable molecular target associated with high-specificity thermal peak, even
in the current LAMP-HRM methods. The fact that the curves in the EC and C] groups are similar demonstrates that the
target gene regions are stable and that heat did not modify them. This demonstrates that the DNA extraction was done
appropriately and that the reaction conditions were the same each time. Results show Melting Curve analysis serves as
arapid and efficient alternative to conventional approaches requiring post-PCR procedures or electrophoresis, It is also
helpful for discovering germs that may make people sick in laboratories that test food and in hospitals [19]. This also
means that Multiplex-qPCR approaches will probably be able to determine the difference between more pathogens in
one response in the future [20]. This makes the method a reliable and helpful option for molecular diagnostics that are
employed all around the world.

5. Conclusion

This study shows that HRM curve analysis coupled with real-time PCR is a quick and robust method for the
differentiation of Escherichia coli and Campylobacter jejuni isolates from poultry samples. The HRM-qPCR method
reported compares favorably with conventional microbiological methods because it offers a faster, simpler, and more
convenient system that eliminates the need for post-PCR processing or gel electrophoresis. This study may facilitate the
building of relevant knowledge in food safety surveillance and public health protection by enabling rapid detection of
bacterial contamination from poultry products.
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