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			Abstract | This study aimed to evaluate two PCR-based DNA fingerprinting techniques: Enterobacterial repetitive intergenic consensus (ERIC) and Random amplification polymorphism DNA (RAPD), for genotyping the Brucella isolates, as alternative rapid tools for epidemiological tracing and investigation of brucellosis in Egypt. We recovered Brucella isolates (n=29) from different host species and governorates. The isolates were identified by the bacteriological and molecular techniques (AMOS-PCR) as Brucella (B) melitensis biovar 3 (n=24) and B. abortus bv1 (n=5). The ERIC and RAPD primers (ERIC2 and Operon 18/ RAPD4) used in this study created polymorphic band patterns in all Brucella isolates and the reference strains. ERIC-PCR and RAPD-PCR Dendrograms clustered the B. melitensis isolates into two clusters and three clusters composed of 16 and 13 genotypes with genetic similarity percentages of 62% and 54% with a diversity index of 0.82 and 0.88. Both ERIC-PCR and RAPD-PCR dendrograms clustered B. abortus isolates into two clusters and three genotypes with discriminatory of 0.8 and 0.72. Both ERIC and RAPD PCRs revealed 25 singleton genotypes (G) out of 35 genotypes. DNA-based typing techniques showed substantial diversity among the Brucella isolates. The genetic diversity among Brucella genotypes obtained in this study may suggest that the Brucella strains have been introduced into the country either intermittently or over a point of time and location. Brucella melitensis transmission among non-preferable hosts and passages of Brucella strains are likely to have resulted in such heterogeneity. We concluded that the acceptable diversity induced by ERIC-PCR and RAPD PCR allows sufficient discrimination between Brucella isolates. These findings recommend the application of these techniques as an inexpensive and quick tool for traceability of B. melitensis and B. abortus strains, especially in developing countries with limited resources needed for other advanced sequence-based genotyping tools. Further studies on a large scale are required to ensure the reproducibility of both techniques. 
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			Introduction

			 

			Brucellosis is a worldwide distributed zoonotic disease caused by bacteria of the genus Brucella, that has a serious impact on animal and human health (Cutler et al., 2005). Among the current 11 Brucella species, B. melitensis, B. suis, and B. abortus are the most virulent Brucella species affecting humans (Chiliveru et al., 2015; Dentinger et al., 2015). The disease is endemic in Egypt, where three Brucella species namely; B. melitensis bv3, B. abortus bv1, and B. suis bv1 were reported through different published papers (Abdel-Hamid et al., 2017; Khan et al., 2019; Abdel-Hamid et al., 2021).

			 

			A wide range of PCR products with varying amplicon lengths are created in DNA-fingerprinting procedures such as RAPD-PCR and ERIC-PCR. These complex PCR products are used as DNA markers to identify species and can be identified by various methods (Magyar et al., 2019).  

			 

			The genotyping non-sequencing-based tools such as ERIC and RAPD PCRs have been extensively used in foodborne pathogens fingerprinting (Shrivastava et al., 2018) and to a lesser extent in Brucella (Mercier et al., 1996; Tcherneva et al., 2000; Behroozikhah et al., 2005; Mustafa et al., 2017).

			The ERIC sequences are documented in an enormous number of bacterial genomes, such as the members of the family Enterobacteriaceae. In general, incomplete palindrome sequences are found in transcribed areas and linked to intergenic consensus. Furthermore, various bacterial species have varying numbers of ERIC sequence copies (Wilson et al., 2006).

			 

			ERIC is frequently used in Gram-negative enteric bacteria as one of the repetitive extragenic palindromic PCR (rep-PCR) assays that use primers targeting highly conserved repetitive sequence elements (Versalovic et al., 1991).

			 

			ERIC-PCR technique is a quick, sharp, and cost-effective fingerprint method. (Ranjbar et al., 2017). However, ERIC-PCR with ERIC1R and ERIC2 as primers proved less discriminative, permitting only genus-level differentiation with rare discrimination between individual strains of Brucella (Tcherneva et al., 1996). On the contrary, the ERIC-PCR has been approved to be superior in distinguishing Brucella strains with high discriminatory power using the same set of primers but with different cyclic parameters and annealing temperatures (Mercier et al., 1996; Mustafa et al., 2017).

			 

			The ERIC-PCR has been widely used to determine the genotypes of bacteria, including Brucella species, at the subspecies level. The ERIC-PCR is a reasonably simple PCR-based genotyping technology that can discriminate between individual Brucella strains because a pair of random primers anneal at non-specific sites at the whole genome level produces strain-specific band patterns (Bricker, 2002). 

			 

			RAPD-PCR is a rapid method for the detection of genomic polymorphisms. This method relies on the use of single or multiple short oligonucleotide primers to amplify a random sequence of genomic DNA. These random primer sites’ location and number vary amongst different strains of a bacterial species (Krawczyk and Kur, 2018).

			 

			RAPD-PCR is a good approach for distinguishing related bacterial species and seems to be a simple, rapid, and sensitive technique for the epidemiological investigation of brucellosis when performed under strictly established conditions. (Tcherneva et al., 2000).

			 

			ERIC-PCR and RAPD-PCR could be useful in routine epidemiological surveillance and tracing the source of fastidious microorganisms’ transmission like P. aeruginosa (Nanvazadeh et al., 2013).

			 

			PCR-based DNA fingerprinting techniques are rapid, reliable, and cost-effective tools for genotyping many pathogens. Therefore, this study aimed to evaluate two PCR-based DNA fingerprinting techniques (RAPD and ERIC) for genotyping the Brucella isolates from different host species and strains as alternative rapid tools for epidemiological tracing and investigation of brucellosis in Egypt.

			 

			Materials and methods

			 

			Brucella isolates, phenotypic and molecular identification:

			Twenty-nine Brucella isolates were recovered from different animal species (small and large ruminants) during the period from 2014 to 2020 out of 156 lymph nodes. These Brucella strains were isolated from different Egyptian governorates namely; El Fayoum (n=12), Assuit (n=1), Ismailia (n=4), Gharbia (n=1), Kafr Elsheikh (n=2), Damietta (n=1), Beni-Suef (n=1), Giza (n=1), Menufia (n=2), and Dakahlia (n=4). Phenotypic characterization of the Brucella isolates was conducted according to Alton et al. (1988) and OIE, Terrestrial Manual (2021) in terms of colony morphology, urease, catalase, oxidase, nitrate reduction, lactose fermentation, and reaction to acriflavine (1/1000 solution) for genus identification. Furthermore, the requirement for CO2 at initial culture, test for H2S production, growth in presence of dyes (thionine at 1/50000 concentration; basic fuchsin at 1/50000 concentration), agglutination with A, M, and R monospecific anti-sera, and lysis by Tbilisi (Tb), Izatnagar (Iz) and R/C phages were done for conventional identification of Brucella species and biovars.

			 

			DNA extraction from bacterial cultures was performed using the QIAamp DNA Mini kit (Qiagen, Germany, GmbH) according to the manufacturer’s recommendations. Sample suspension 200 µl in phosphate buffer saline was incubated with proteinase K (10 µl) and lysis buffer (200 µl) at 56oC for 10 min. After the incubation, 200 µl of 100% ethanol were added to the lysate. The sample was washed and centrifuged following the manufacturer’s recommendations. Subsequently, the nucleic acid was eluted using 100 µl of the elution buffer. The AMOS-PCR assay was performed using Brucella IS711-specific forward Primer (5’-TGC-CGA-TCA-CTT-AAG-GGC-CTT-CAT-3’) and two reverse primers (B. abortus-specific Primer 5’-GAC-GAA-CGG-AAT-TTT-TCC-AAT-CCC-3’; B. melitensis-specific Primer 5’-AAA-TCG-CGT-CCT-TGC-TGG-TCT-GA-3). The AMOS-PCR cyclic conditions were performed as described by Bricker and Halling (1994). 

			 

			Typing trials of ERIC-PCR and RAPD-PCR:

			In order to get the optimal cyclic condition for the DNA based fingerprinting assays performed in this study (ERIC-PCR and RAPD-PCR), a different set of primers (ERIC1R/ERIC2, ERIC2, Operon18, RAPD4, and Operon18/RAPD4), different annealing temperatures, different DNA to primers concentrations, different DNA to magnesium chloride concentrations, and different extension times have been tried. The cyclic conditions concerning these trials were illustrated in Table (1).

			 

			Brucella strains and genetic diversity by using ERIC and RAPD-PCR techniques: 

			The 29 Brucella isolates (24 Brucella melitensis and five Brucella abortus) Besides, two reference strains (B. melitensis reference strain Ether ATCC 23458 and B. abortus reference strain 544 ATCC 23448) were fingerprinted by both ERIC-PCR and RAPD-PCR techniques using the ERIC2 primer (5′-AAGTAAGTGAC TGGGGTGAGCG-3′) and Operon 18/ RAPD4 (5′-CAGCACCCAC / AAGACGCCGT-3′) respectively. The DNA concentration in nanogram(ng), primers’ concentrations (pmol), and MgCl2 concentration (mM), and cyclic conditions of ERIC-PCR and RAPD-PCR, are illustrated in Table 2 based on chosen trials that gave the optimal cycling conditions required for both DNA fingerprinting PCRs. Briefly, for both techniques, PCR was performed with an initial denaturation step (94 C for 5 min), followed by 40 cycles of denaturation (94 C for 1 min), annealing (ERIC, 45˚C for 1 min; RAPD, 37˚C for 1 min), and extension (ERIC, 72˚C for 2 min; RAPD, 65 ˚C for 8min), followed by a final extension (ERIC, 72˚C for 7 min; RAPD, 65˚C for 16 min). An electrophoresis using 2% agarose gel (Applichem, Germany, GmbH) in a 1x TBE buffer was used to fractionate the PCR products. The gel was stained with ethidium bromide and observed under an ultraviolet transilluminator. A Generuler 100 bp DNA ladder (Fermentas, Thermo, Germany) was included in each gel as a molecular weight marker. The gel was photographed by a gel documentation system (Alpha Innotech, Biometra) and the bands’ sizes were analyzed by computer software.

			Genotyping and cluster Analysis of Brucella species fingerprinted by ERIC-PCR and RAPD-PCR assays.

			The banding patterns generated by ERIC-PCR and RAPD-PCR were analyzed using GelJ version 2 (Heras et al., 2015). The dendrograms were created based on the unweighted pair group method with arithmetic mean (UPGMA) and Dice similarity coefficient. The UPGMA was used because it is considered the simplest distance-matrix method in constructing a dendrogram using uncorrected data.

			 

			Simpson’s diversity indices of ERIC-PCR and RAPD-PCR: 

			The Simpson’s diversity indices were calculated through the online website (https://www.omnicalculator.com/statistics/simpsons-diversity-index#what-is-simpsons-index) using the following formula D = Σ(ni * (ni - 1)) / (N * (N - 1)): where ni= Number of strains in the i-th species and, N= Total number of strains in the sample’s population.

			 

			Results and Discussion

			 

			The conventional bacteriological typing of the 29 Brucella isolates resulted in confirming 24 isolates to be B. melitensis biovar 3 (n=24) and five isolates to be B. abortus biovar 1 (n=5). The B. melitensis and B. abortus isolates were further confirmed by AMOS-PCR assay. Amplification of bands specific to B. melitensis and B. abortus, 731bp and 498bp, were obtained (Figure 1 and 2). In Egypt, B. melitensis bv 3 is the most predominant and circulating Brucella species responsible for most human and animal cases, followed by B. abortus biovar 1 (Abdel-Hamid et al., 2020; Wareth et al., 2020; Hegazy et al., 2022). 

			 

			PCR is an enzymatic reaction, thus the quality and concentration of the DNA template, concentrations of PCR components, and the PCR cycling conditions may significantly affect the outcome. Thus, the RAPD and ERIC techniques are notoriously laboratory dependent and need carefully developed laboratory protocols to ensure reproducibility (Mbwana et al., 2006). 

			 

			Mispriming or partial priming occurs more frequently in the permissive environment for ERIC-PCR primers, leading in variable numbers and the bands’ size of the amplicons. Since the annealing conditions are marginal for such semi-specific primers, primer annealing and amplicon production are readily influenced by even small variations in the assay conditions (Bricker, 2002). 

			 

			Similarly, for the RAPD-PCR, minute changes in the assay-cyclic condition can easily affect the annealing efficiency and significantly alter the results (Bricker, 2002). 

			Table 1: The twenty-seven cycling conditions trials for ERIC and RAPD typing of Brucella spp.

			
				
					
					
					
					
					
					
					
					
					
					
					
					
				
				
					
							Target gene
							Trials
							Primer (s) 
							
							Primer sequence 

							(5' – 3')

						
							
							DNA conc.

							(ng)

						
							
							Primer conc.

							(pmol)

						
							
							MgCl2

							(mM)

						
							
							Primary

							Denat.

						
							Amplification (35 cycles)
							Final extension
					

					
							Denat.
							Anneal.
							Exten.
					

					
							
							ERIC

						
							
							T1

						
							
							ERIC1R/ERIC2

						
							
							ATGTAAGCTCCTGGGGATTCAC

						
							
							50 ng

						
							
							20 pmol

						
							
							2.5 - 3 mM

						
							
							94˚C

							5 min

						
							
							94˚C

							1 min

						
							
							52˚C

							1 min

						
							
							72˚C

							8 min

						
							
							72˚C

							16 min

						
					

					
							
							AAGTAAGTGACTGGGGTGAGCG

						
							
							50 ng

						
							
							20 pmol

						
							
							2.5 - 3 mM

						
					

					
							
							T2

						
							
							ERIC1R/ERIC2

						
							
							ATGTAAGCTCCTGGGGATTCAC

						
							
							50 ng

						
							
							20 pmol

						
							
							2.5 - 3 mM

						
							
							42˚C

							1 min

						
					

					
							
							AAGTAAGTGACTGGGGTGAGCG

						
							
							50 ng

						
							
							20 pmol

						
							
							2.5 - 3 mM

						
					

					
							
							T3

						
							
							ERIC2

						
							
							AAGTAAGTGACTGGGGTGAGCG

						
							
							50 ng

						
							
							20 pmol

						
							
							2.5 - 3 mM

						
							
							37˚C

							1 min

						
					

					
							
							RAPD

						
							
							T4

						
							
							Operon 18

						
							
							CAGCACCCAC

						
							
							50 ng

						
							
							20 pmol

						
							
							2.5 - 3 mM

						
							
							94˚C

							5 min

						
							
							94˚C

							1 min

						
							
							37˚C

							1 min

						
							
							72˚C

							2 min

						
							
							72˚C

							7 min

						
					

					
							
							T5

						
							
							RAPD4

						
							
							AAGACGCCGT

						
							
							50 ng

						
							
							20 pmol

						
							
							2.5 - 3 mM

						
							
							37˚C

							1 min

						
					

					
							
							T6

						
							
							Operon 18/ RAPD4

						
							
							CAGCACCCAC

						
							
							50 ng

						
							
							20 pmol

						
							
							2.5 - 3 mM

						
							
							40˚C

							1 min

						
					

					
							
							AAGACGCCGT

						
							
							50 ng

						
							
							20 pmol

						
							
							2.5 - 3 mM

						
					

					
							
							T7

						
							
							Operon 18/ RAPD4

						
							
							CAGCACCCAC

						
							
							50 ng

						
							
							20 pmol

						
							
							2.5 - 3 mM

						
							
							45˚C

							1 min

						
					

					
							
							AAGACGCCGT

						
							
							50 ng

						
							
							20 pmol

						
							
							2.5 - 3 mM

						
					

					
							
							RAPD/ERIC

							(2-Step PCR)

						
							
							T8

						
							
							RAPD4/ERIC2

						
							
							AAGACGCCGT

						
							
							50 ng

						
							
							20 pmol

						
							
							2.5 - 3 mM

						
							
							94˚C

							5 min

						
							
							94˚C

							1 min

						
							
							37˚C

							1 min

							(15 cycle)

						
							
							72˚C

							2 min

						
							
							72˚C

							16min

						
					

					
							
							AAGTAAGTGACTGGGGTGAGCG

						
							
							50 ng

						
							
							20 pmol

						
							
							2.5 - 3 mM

						
							
							45˚C

							1 min

							(25 cycle)

						
							
							72˚C

							8 min

						
					

					
							
							ERIC

						
							T9
							
							ERIC2

						
							
							AAGTAAGTGACTGGGGTGAGCG

						
							
							50 

						
							
							20 

						
							
							No add

						
							
							94˚C

							5 min

						
							
							94˚C

							1 min

						
							
							37˚C

							1 min

						
							
							65˚C

							8 min

						
							
							65˚C

							16 min

						
					

					
							
							RAPD

						
							T10
							
							Operon 18/ RAPD4

						
							
							CAGCACCCAC / AAGACGCCGT

						
							
							10 

						
							
							20 

						
							
							2.5 - 3 

						
							
							94˚C

							5 min

						
							
							94˚C

							1 min

						
							
							45˚C

							1 min

						
							
							72˚C

							2 min

						
							
							72˚C

							7 min

						
					

					
							
							T11

						
							
							10 

						
							
							10 

						
							
							2.5 - 3 

						
					

					
							
							T12

						
							
							10 

						
							
							10 

						
							
							No add

						
					

					
							
							RAPD

						
							
							T13

						
							
							Operon 18/ RAPD4

						
							
							CAGCACCCAC / AAGACGCCGT

						
							
							10 

						
							
							20 

						
							
							5 - 6 

						
							
							94˚C

							5 min

						
							
							94˚C

							1 min

						
							
							37˚C

							1 min

						
							
							72˚C

							2 min

						
							
							72˚C

							7 min

						
					

					
							
							T14

						
							
							5 

						
							
							20 

						
							
							2.5 - 3 

						
					

					
							
							T15

						
							
							2.5

						
							
							20 

						
							
							2.5 - 3 

						
					

					
							
							T16

						
							
							5 

						
							
							20 

						
							
							5 - 6

						
					

					
							
							T17

						
							
							2.5

						
							
							20 

						
							
							5 - 6

						
					

					
							
							T18

						
							
							Operon 18

						
							
							CAGCACCCAC

						
							
							10 

						
							
							20 

						
							
							2.5 - 3 

						
					

					
							
							T19

						
							
							RAPD4

						
							
							AAGACGCCGT

						
					

					
							
							ERIC

						
							
							T20

						
							
							ERIC2

						
							
							AAGTAAGTGACTGGGGTGAGCG

						
							
							10 

						
							
							20 

						
							
							2.5 - 3 

						
							
							94˚C

							5 min

						
							
							94˚C

							1 min

						
							
							37˚C

							1 min

						
							
							65˚C

							8 min

						
							
							65˚C

							16 min

						
					

					
							
							T21

						
							
							5 

						
							
							20 

						
							
							2.5 - 3 

						
					

					
							
							T22

						
							
							2.5

						
							
							20 

						
							
							2.5 - 3 

						
					

					
							
							T23

						
							
							10 

						
							
							20 

						
							
							5 - 6

						
					

					
							
							T24

						
							
							5 

						
							
							20 

						
							
							5 - 6

						
					

					
							
							T25

						
							
							2.5

						
							
							20 

						
							
							5 - 6

						
					

					
							
							RAPD

						
							
							T26

						
							
							Operon 18/ RAPD4

						
							
							CAGCACCCAC / AAGACGCCGT

						
							
							2

						
							
							20 

						
							
							10

						
							
							94˚C

							5 min

						
							
							94˚C

							1 min

						
							
							45˚C

							1 min

						
							
							72˚C

							2 min

						
							
							72˚C

							7 min

						
					

					
							
							ERIC

						
							
							T27

						
							
							ERIC2

						
							
							AAGTAAGTGACTGGGGTGAGCG

						
							
							2

						
							
							20 

						
							
							10

						
							
							94˚C

							5 min

						
							
							94˚C

							1 min

						
							
							37˚C

							1 min

						
							
							65˚C

							8 min

						
							
							65˚C

							16 min

						
					

					
							
							RAPD

						
							
							T17 (2nd)

						
							
							Operon 18/ RAPD4

						
							
							CAGCACCCAC / AAGACGCCGT

						
							
							2.5

						
							
							20 

						
							
							5 - 6

						
							
							94˚C

							5 min

						
							
							94˚C

							1 min

						
							
							45˚C

							1 min

						
							
							72˚C

							2 min

						
							
							72˚C

							7 min

						
					

				
			

			

			 

			Table 2: The optimal cycling conditions for ERIC and RAPD typing of 31 Brucella spp. isolates (2 reference strains + 29 different isolates)

			
				
					
					
					
					
					
					
					
					
					
					
					
				
				
					
							Trial
							Primer (s)
							
							Primer sequence

							(5' – 3')

						
							
							DNA conc.

							(ng)

						
							
							Primer conc.

							(pmol)

						
							
							MgCl2

							(mM)

						
							
							Primary

							Denat.

						
							Amplification (40 cycles)
							Final extension
					

					
							Denat.
							Anneal.
							Exten.
					

					
							
							T17

							(RAPD)

						
							
							Operon 18/ RAPD4

						
							
							CAGCACCCAC / AAGACGCCGT

						
							
							2.5

						
							
							20

						
							
							5 - 6

						
							
							94˚C

							5 min

						
							
							94˚C

							1 min

						
							
							45˚C

							1 min

						
							
							72˚C

							2 min

						
							
							72˚C

							7 min

						
					

					
							
							T25

							(ERIC)

						
							
							ERIC2

						
							
							AAGTAAGTGACTGGGGTGAGCG

						
							
							2.5

						
							
							20

						
							
							5 - 6

						
							
							94˚C

							5 min

						
							
							94˚C

							1 min

						
							
							37˚C

							1 min

						
							
							65˚C

							8 min

						
							
							65˚C

							16 min

						
					

				
			

			

			 

			Table 3: Clusters, genotypes, and diversity index of Brucella strains recovered from different animal species in Egypt.

			
				
					
					
					
					
					
					
					
					
				
				
					
							Genotyping methods
							
							Genetic 

							similarity (%)

						
							Clusters
							Cluster size
							Number of genotypes
							Singleton genotypes (unique genotypes)
							
							Simpson's 

							diversity index

						
					

					
							
							ERIC-PCR

						
							B. melitensis
							
							62

						
							
							Cluster 1

						
							
							5

						
							
							2

						
							
							1

						
							
							0.82

						
					

					
							
							Cluster 2

						
							
							20

						
							
							14

						
							
							10

						
					

					
							B. abortus
							
							63

						
							
							Cluster 1

						
							
							3

						
							
							2

						
							
							1

						
							
							0.80

						
					

					
							
							Cluster 2

						
							
							3

						
							
							1

						
							
							0

						
					

					
							
							RAPD-PCR

						
							B. melitensis
							
							54

						
							
							Cluster 1

						
							
							1**

						
							
							1

						
							
							1

						
							
							0.88

						
					

					
							
							Cluster 2

						
							
							5

						
							
							4

						
							
							3

						
					

					
							
							Cluster 3

						
							
							19

						
							
							8

						
							
							4

						
					

					
							B. abortus
							
							78

						
							
							Cluster 1

						
							
							1*

						
							
							1

						
							
							1

						
							
							0.72 

						
					

					
							
							Cluster 2

						
							
							5

						
							
							2

						
							
							1

						
					

				
			

			

			*B. abortus reference strain 544 **B. melitensis reference strain Ether

			 

			Therefore, it was necessary to perform several trials (27 trials) to test different annealing temperatures, different sets of primers, and different concentrations ratios between DNA, primers, and MgCl2. We performed these trials to get the most optimal cyclic conditions, DNA to primers ratio for a higher capability of fingerprinting and genotyping using both techniques.

			 

			We performed the ERIC-PCR and RAPD-PCR typing based on the best trial (T) we obtained. The optimal cyclic condition was achieved in T17 for RAPD-PCR and T25 for ERIC-PCR (Table 1 and 2). In this study, Primers used for ERIC and RAPD PCRs created polymorphic band patterns in the Brucella melitensis strains and the reference strain (Figure 3 and 4). These bands varied in number (2 to 7 for ERIC-PCR; 2 to 8 for RAPD-PCR) and bands’ sizes (229 to 1246 bp for the ERIC-PCR; 242 bp to 2456 bp for the RAPD-PCR). Corresponding pictures for both
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			Figure 1: Differentiation of Brucella at species by AMOS-PCR. Lane 1 B. melitensis reference strain Ether; lane 2, DNA ladder; lane3, control negative; lane (4-13) B. melitensis field strains.

			 

			[image: 1647459768_Figure_2.jpg] 

			Figure 2: Differentiation of Brucella at species level by AMOS-PCR. Lane 1 B. abortus reference strain 544; lane 2, DNA ladder; lane3,4,5,7,8 B. abortus field strains; lane (6) control negative.
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			Figure 3: Cluster and genotypes analysis of ERIC-PCR fingerprints of 24 field strains of B. melitensis isolated in Egypt along with the reference strain Ether. Band profiles of each strain are corresponding with the lines of the dendrogram. Three major clusters 1 and 2 (similarity ~ 62%) are demarcated. The ERIC genotypes, clusters, Brucella species, and strain serial numbers are represented in the columns.
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			Figure 4: Cluster and genotypes analysis of RAPD-PCR fingerprints of 24 field strains of B. melitensis isolated in Egypt along with the reference strain Ether. Band profiles of each strain are corresponding with the lines of the dendrogram. Three major clusters 1,2 and 3 (similarity ~ 54%) are demarcated. The RAPD genotypes, clusters, Brucella species, and strain serial numbers are represented in the columns.
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			Figure 5: Cluster and genotypes analysis of ERIC-PCR fingerprints of five B. abortus field isolated in Egypt along with the reference strain 544. Band profiles of each strain are corresponding with the lines of the dendrogram. Two major clusters 1 and 2 (similarity ~ 63%) are demarcated. The ERIC genotypes, clusters, Brucella species, and strain serial numbers are represented in the columns.

			 

			techniques in B. abortus (Figure 5 and 6) reveal band sizes ranging from 296 to 2259bp for the ERIC-PCR. The RAPD-PCR gave bands’ sizes ranging from 257 to 684 bp. Dendrograms based upon these band profiles were generated by GelJ v2 (Heras et al., 2015). 

			 

			On the phylogeny based on the ERIC-PCR bands pattern of B. melitensis isolates (Table 3 and Figure 3), the cluster classification based on 62% similarity divided all the ERIC genotypes (G) into two major clusters, 1 and 2. Cluster 1 consisted of two ERIC genotypes (G1-G2) corresponding to 4 identical strains (G2) and one singleton genotype represented by one individual Brucella strain (G1). Cluster 2 comprised 14 genotypes (G3-G16) of which ten geno
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			Figure 6: Cluster and genotypes analysis of RAPD-PCR fingerprints of 5 strains of B. abortus isolated in Egypt along with the reference strain 544. Band profiles of each strain are corresponding with the lines of the dendrogram. Two major clusters 1 and 2 (similarity ~ 78%) are demarcated. The RAPD genotypes, clusters, Brucella species, and strain serial numbers are represented in the columns.

			 

			types represented by individual strains (10 singleton genotypes) G3 and G5 were composed of three Brucella strains, and the remaining G4 and G12 had two Brucella strains each. 

			 

			The RAPD genotypes regarding B. melitensis isolates are classified into slightly more clusters than which, did by the ERIC-PCR (three clusters) based on 54% genetic similarity as shown by the dendrogram (Figure 4). Cluster 1 consisted of one singleton genotype corresponding to the B. melitensis biovar 3 reference strain Ether (Table 3). Cluster 2 included four genotypes (G10-G13). Of these genotypes, three were represented by a single Brucella strain. G12 is composed of two identical Brucella strains. Cluster 3 consists of eight genotypes half of them are singleton genotypes. 

			 

			The ERIC-PCR bands pattern-based dendrogram regarding B. abortus strains revealed two clusters with 63% genetic similarity (Table 3 and Figure 5). Cluster 1 contained two genotypes (G1 and G2) parallel to two identical strains (G2) and one B. abortus strain representing G1 (B. abortus reference strain 544). While cluster 2 consists of one genotype composed of three identical B. abortus strains (G3). The RAPD dendrogram generated for B. abortus was classified into two clusters with 78% genetic similarity (Table 3 and Figure 6). The B. abortus reference strain 544 was classified into a separate cluster (Cluster1) and singleton genotype (G3). Cluster 2 includes two genotypes (G1-G2); one is singleton genotype (G2) while, the remaining consists of four identical B. abortus strains.

			 

			Our findings support the findings of Mercier et al. (1996) and Mustafa et al. (2017), who found that ERIC-PCR can distinguish distinct Brucella strains even with a small number of polymorphic fragments. Also, supporting the findings that RAPD can distinguish between related bacterial species under controlled established conditions (Tcherneva et al., 2000).

			 

			However, typing of B. melitensis and B. abortus isolates is highly desirable for tracing the source of epidemiological outbreaks, particularly in developing countries. ERIC and RAPD PCRs can differentiate between Brucella at species and subspecies level for epidemiological purposes by amplifying random DNA fragments (Mercier et al., 1996; Behroozikhah, 2005). 

			 

			DNA-based typing techniques used in the present study showed substantial diversity. Twenty-two singleton genotypes out of 35 genotyped were revealed by both DNA fingerprinting methods. This may suggest that the Brucella spp. has been widespread in point of time and location in the country. Transmission of Brucella melitensis among nonpreferable hosts and passages of strains probably has created such heterogeneity (Abdel-Hamid et al., 2020; Hegazy et al., 2022) This variety in genotypes detected may suggest the introduction of multiple strains to Egypt either intermittently or over a point of time.

			 

			The Simpson diversity index score has been calculated for both the ERIC and RAPD PCRs. It varies between 0 and 1 (Li et al., 2012). A high score denotes a high diversity, whereas a low score denotes a low diversity. When the diversity index is zero, there is just one species in the community (no diversity). As the genetic similarity increases, the diversity index decreases, and vice versa is true. The diversity indices of ERIC-PCR and RAPD PCR were ranged from 0.72 to 0.88, reflecting the high diversity power of the used DNA-based fingerprinting techniques used in this study and matching with the results obtained by both Mustafa et al. (2017) and Behroozikhah et al. (2005). Similarly, both techniques displayed high diversity powers in other different micro-organisms (Dorneles et al., 2014; Han et al., 2014; Purighalla et al., 2017; Shekhawat et al., 2019). This high diversity of both techniques is illustrated in Table (3). The lowest genetic similarity (54%) and high diversity power (0.88) has been achieved by the RAPD-PCR typing resulting in a grouping of B. melitensis strains into three clusters, which is one cluster more than that achieved by ERIC-PCR and a higher diversity index than obtained by ERIC-PCR (0.82).

			 

			Also, the high genetic similarity between B. abortus strains revealed by the RAPD-PCR based dendrogram reflects genetic diversity (0.72) slightly lower than attained by the ERIC-PCR (0.8). 

			 

			In addition to the discriminatory power, a good DNA typing assay should have a high level of repeatability, type ability, and stability, be simple and inexpensive, and have quick turnaround times. (Auda et al., 2017).

			 

			The sequence-based genotyping tools of Brucella strains are specific, well established, and reliable (Sayour et al., 2020; Holzer et al., 2021) however, these methods are time-consuming and expensive thus, could be a problem in routine epidemiological surveys and outbreak investigations especially in developing endemic country like Egypt. A recent study done on related DNA fingerprinting techniques in Egypt concluded that a combination of REP-PCR/virulence genotyping could be an affordable and applicable tool in many developing countries including Egypt (Abdel-Hamid et al., 2021), and likely did the ERIC and RAPD PCRs.

			 

			Conclusion

			 

			The acceptable diversity induced by ERIC-PCR and RAPD PCR allow satisfactory discrimination among individual isolates using genetic typing tools. These findings endorse the utilization of these techniques as an inexpensive and quick tool for traceability of B. melitensis and B. abortus strains especially in developing countries with limited resources that cannot afford the requirements to apply advanced sequence-based genotyping tools as Whole Genome Sequencing-Single Nucleotide Polymorphism (WGS-SNP) or Multiple Locus Variable-number Tandem Repeat Analysis (MLVA). However, further studies on large scale are required to confirm this and to insure the reproducibility of both techniques 

			 

			Acknowledgment

			 

			The authors would like to express their gratitude to the institutional research committee for allowing them to perform the study. Also, we would like to thank Dr. Waleed Fawzy Marei, Department of Veterinary Sciences, University of Antwerp, Antwerp, Belgium, for the English language reviewing and proofreading of this research. The authors didn’t receive any funds for this study.

			 

			Author Contributions

			 

			Conceptualization, W.E., N.H.A., M.E.R.H.; resources, All the authors; methodology, N.H.A., M.E.R.H., E.I.M.B., R.I.I; software, N.H.A.; data curation, N.H.A., M.E.R.H.; draft writing; N.H.A.; review and editing; N.H.A., M.E.R.H., E.I.M.B., R.I.I. All authors have revised and agreed to publish the manuscript in its current format.

			 

			 

			Conflicts of Interest

			 

			The authors declare no conflict of interest.

			 

			References

			 

			Abdel-Hamid NH, El-Bauomy EM, Ghobashy HM, Shehata AA (2020). Genetic variation of Brucella isolates at strain level in Egypt. Vet. Med. Sci. 6(3): 421–432. https://doi.org/10.1002/vms3.260.

			Abdel-Hamid NH, Ghobashy HM, Beleta EI, Elbauomy EM, Ismail RI, Nagati SF, Hassan SK, Elmonir W. (2021). Risk factors and Molecular genotyping of Brucella melitensis strains recovered from humans and their owned cattle in Upper Egypt. One Health. 13:100281.

			Abdel-Hamid NH, Ghobashy HM, Elbauomy EM, Sayour AE, Ismail RI, Hazem SS (2017). Role of sheep and goat mobile flocks in the transmission of brucellosis to the household ruminants and the disease prevalence in these flocks. Anim. Health Res. J. 5(5): 95–105.

			Alton GG, Jones LM, Angus RD, Verger JM (1988). Techniques for the Brucellosis Laboratory. pp. 17–62. Institutional de la Recherche Agronomique, Paris.

			Auda IG, Al-Kadmy IM, Kareem SM, Lafta AK, A’Affus MH, Khit IA, Al Kheraif AA, Divakar DD, Ramakrishnaiah R (2017). RAPD- and ERIC-Based Typing of Clinical and Environmental Pseudomonas aeruginosa Isolates. J. AOAC Int. 100(2): 532–536. https://doi.org/10.5740/jaoacint.16-0267

			Behroozikhah AM, Keyvanfar H, Feizabadi MM, Tabatabayi AH, Alamian S (2005). Differentiation of Iranian Strains of Brucella spp. by Random Amplification of Polymorphic DNA. Arch. Razi Ins. 59:13-23 

			Bricker BJ (2002). PCR as a diagnostic tool for brucellosis. Vet. Microbiol. 90(1-4): 435–446. https://doi.org/10.1016/s0378-1135(02)00228-6

			Bricker BJ, Halling SM (1994). Differentiation of Brucella abortus bv. 1, 2, and 4, Brucella melitensis, Brucella ovis, and Brucella suis bv. 1 by PCR. J. Clin. Microbiol. 32(11):2660-2666. https://doi.org/10.1128/jcm.32.11.2660-2666.1994. 

			Chiliveru S, Appari M, Suravajhala P (2015). On Brucella pathogenesis: looking for the unified challenge in systems and synthetic biology. Syst. Synth. Biol. 9(1-2):73-75. https://doi.org10.1007/s11693-014-9158-2. 

			Cutler SJ, Whatmore AM, Commander NJ (2005). Brucellosis-New aspects of an old disease. J. Appl. Microbiol. 98(6): 1270–1281. https://doi.org/10.1111/j.1365-2672.2005.02622.x. 

			Dentinger CM, Jacob K, Lee LV, Mendez HA, Chotikanatis K, McDonough PL, Chico DM, De BK, Tiller RV, Traxler RM, Campagnolo ER, Schmitt D, Guerra MA, Slavinski SA. (2015). Human Brucella canis Infection and Subsequent Laboratory Exposures Associated with a Puppy, New York City, 2012. Zoonoses Public Health. 62(5):407-14. https://doi.org10.1111/zph.12163.  

			Dorneles EM, Santana JA, Ribeiro D, Dorella FA, Guimarães AS, Moawad MS, Selim SA, Garaldi A L, Miyoshi A, Ribeiro MG, Gouveia AM, Azevedo V, Heinemann MB, Lage AP (2014). Evaluation of ERIC-PCR as genotyping method for Corynebacterium pseudotuberculosis isolates. PloS one. 9(6): e98758. https://doi.org/10.1371/journal.pone.0098758.

			Han MM, Mu LZ, Liu XP, Zhao J, Liu XF, Liu H. (2014). ERIC-PCR genotyping of Pseudomonas aeruginosa isolates from haemorrhagic pneumonia cases in mink. Vet Rec Open. 12;1(1):e000043. https://doi.org/10.1136/vropen-2014-000043.

			Hegazy YM, Abdel-Hamid NH, Eldehiey M, Oreiby AF, Algabbary MH, Hamdy M, Beleta EI, Martínez I, Shahein MA, García N, Eltholth M (2022). Trans-species transmission of Brucellae among ruminants hampering brucellosis control efforts in Egypt. J. Appl Microbiol. 132(1): 90–100. https://doi.org/10.1111/jam.15173. 

			Holzer K, El-Diasty M, Wareth G, Abdel-Hamid NH, Hamdy M, Moustafa SA, Linde J, Bartusch F, Sayour AE, Elbauomy EM, Elhadidy M, Melzer F, Beyer W (2021). Tracking the Distribution of Brucella abortus in Egypt Based on Core Genome SNP Analysis and In Silico MLVA-16. Microorganisms. 9(9): 1942. https://doi.org/10.3390/microorganisms9091942. 

			J. Heras, C. Domínguez, E. Mata, and V. Pascual (2015). GelJ – a tool for analyzing DNA fingerprint gel images. BMC Bioinform. 16:270. http://doi.org/10.1186/s12859-015-0703-0.

			Khan AU, Melzer F, El-Soally S, Elschner MC, Mohamed SA, Sayed Ahmed, MA, Roesler U, Neubauer H, El-Adawy H (2019). Serological and Molecular Identification of Brucella spp. in Pigs from Cairo and Giza Governorates, Egypt. Pathogens (Basel, Switzerland). 8(4): 248. https://doi.org/10.3390/pathogens8040248. 

			Krawczyk B, Kur J. (2018). Molecular Identification and Genotyping of Staphylococci: Genus, Species, Strains, Clones, Lineages, and Interspecies Exchanges. Pet-To-Man Travelling Staphylococci. Chapter 16. A World in Progress. 199-223. https://doi.org/10.1016/B978-0-12-813547-1.00016-9.

			Li SJ, Zhang CC, Li XW, Tian KC, Tang GP, Wang DM, Liu Y, Nie YX, Jiang XG (2012). Molecular typing of Leptospira interrogans strains isolated from Rattus tanezumi in Guizhou Province, Southwest of China. Biomed. Environ. Sci. 25(5): 542–548. https://doi.org/10.3967/0895-3988.2012.05.007

			Magyar T, Gyuris É, Ujvári B, Metzner M, Wehmann E (2019). Genotyping of Riemerella anatipestifer by ERIC-PCR and correlation with serotypes. Avian Pathol. 48(1):12–6.

			Mbwana J, Bölin I, Lyamuya E, Mhalu F, Lagergård T (2006). Molecular characterization of Haemophilus ducreyi isolates from different geographical locations. J. Clin. Microbiol. 44(1): 132–137. https://doi.org/10.1128/JCM.44.1.132-137.2006

			Mercier E, Jumas-Bilak E, Allardet-Servent A, O’Callaghan D, Ramuz M (1996). Polymorphism in Brucella strains detected by studying distribution of two short repetitive DNA elements. J. Clin. Microbiol. 34(5): 1299–1302. https://doi.org/10.1128/jcm.34.5.1299-1302. 

			Mustafa AS, Habibi N, Osman A, Shaheed F, Khan MW (2017). Species identification and molecular typing of human Brucella isolates from Kuwait. PLoS ONE 12(8): e0182111. https://doi. org/10.1371/journal.pone.0182111.   

			Nanvazadeh F, Khosravi AD, Zolfaghari MR, Parhizgari N (2013). Burns 39, 1409–1413. https://doi.org/10.1016/j .burns.2013.03.008.  

			OIE, Terrestrial Manual. (2021). chapter 3.1.4. Infection with Brucella abortus, Brucella melitensis and Brucella suis, pp 355–398.

			Purighalla S, Esakimuthu S, Reddy M, Varghese GK, Richard VS, Sambandamurthy VK (2017). Discriminatory Power of Three Typing Techniques in Determining Relatedness of Nosocomial Klebsiella pneumoniae Isolates from a Tertiary Hospital in India, Indian J. Med. Microbiol. 35(3):361-368, https://doi.org/10.4103/ijmm.IJMM_16_308.

			Ranjbar R, Tabatabaee A, Behzadi P, Kheiri R. (2017). Enterobacterial Repetitive Intergenic Consensus Polymerase Chain Reaction (ERIC-PCR) Genotyping of Escherichia coli Strains Isolated from Different Animal Stool Specimens. Iran J. Pathol. 12(1):25-34. 

			Sayour AE, Elbauomy E, Abdel-Hamid NH, Mahrous A, Carychao D, Cooley MB, Elhadidy M (2020). MLVA fingerprinting of Brucella melitensis circulating among livestock and cases of sporadic human illness in Egypt. Transbound. Emerg. Dis. 67(6): 2435–2445. https://doi.org/10.1111/tbed.13581

			Shekhawat SS, Gaurav A, Joseph B, Kumar H, Kumar N. (2019). Random amplified polymorphic DNA-based molecular heterogeneity analysis of Salmonella enterica isolates from foods of animal origin. Vet. World. 12(1):146-154. https://doi: 10.14202/vetworld.2019.146-154. 

			Shrivastava A., Singhal P.K., Shrivastava P. (2018). Molecular Diagnosis of Enteric Bacterial Pathogens. In: Dash H., Shrivastava P., Mohapatra B., Das S. (eds) DNA Fingerprinting: Advancements and Future Endeavors. Springer, Singapore. 151–64. https://doi.org/10.1007/978-981-13-1583-1_9.  

			Tcherneva E, Rijpens N, Jersek B, Herman LM (2000). Differentiation of Brucella species by random amplified polymorphic DNA analysis. J. Appl. Microbiol. 88(1): 69–80. https://doi.org/10.1046/j.1365-2672.2000.00945.x

			Versalovic J, Koeuth T, Lupski JR. (1991). Distribution of repetitive DNA sequences in eubacteria and application to fingerprinting of bacterial genomes. Nucleic Acids Res. 19(24):6823-31. https://doi.org/ 10.1093/nar/19.24.6823. 

			Wareth G, El-Diasty M, Melzer F, Schmoock G, Moustafa SA, El-Beskawy M, Khater DF, Hamdy M, Zaki HM, Ferreira AC, Ekateriniadou LV, Boukouvala E, Abdel-Glil MY, Menshawy A, Sancho MP, Sakhria S, Pletz MW, Neubauer H (2020). MLVA-16 Genotyping of Brucella abortus and Brucella melitensis Isolates from Different Animal Species in Egypt: Geographical Relatedness and the Mediterranean Lineage. Pathogens (Basel, Switzerland). 9(6): 498. https://doi.org/10.3390/pathogens9060498

			Wilson LA, Sharp, PM (2006). Enterobacterial repetitive intergenic consensus (ERIC) sequences in Escherichia coli: Evolution and implications for ERIC-PCR. Mol. Biol. Evol. 23(6): 1156–1168. https://doi.org/10.1093/molbev/msj125

		

	OEBPS/image/814.png
OPEN 8 ACCESS Advances in Animal and Veterinary Sciences

Research Article

Gheck for
updates.

Assessment of PCR-Based DNA Fingerprinting Techniques as a
Novel Approach for Genotyping of Brucella Strains in Egypt

Nour H. AspeL-Hamin™, Warip ELmonir?, Eman 1. M. BeLeTa!, Rania 1. Ismair!, Momtaz
SHanEN!, Manmoup E. R. Hampy!

!Brucellosis Research Department, Agricultural Research Center, Animal Health Research Institute, P O. Box 264~
Giza, Cairo 12618, Egypt; “Department of Hygiene and Preventive Medicine (Zoonoses), Faculty of Veterinary
Medicine, Kafrelsheikh University, Kafrelsheikh, Egypt.

Abstract | This study aimed to evaluate two PCR-based DNA fingerprinting techniques: Enterobacterial repetitive
intergenic consensus (ERIC) and Random amplification polymorphism DNA (RAPD), for genotyping the Brucella
isolates; as alternative rapid tools for epidemiological tracing and investigation of brucellosis in Egypt. We recovered
Brucella isolates (n=29) from different host species and governorates. The isolates were identified by the bacteriological
and molecular techniques (AMOS-PCR) as Brucella (B) melitensis biovar 3 (n=24) and B. abortus bvl (n=5). The
ERIC and RAPD primers (ERIC2 and Operon 18/ RAPD4) used in this study created polymorphic band patterns
in all Brucella isolates and the reference strains. ERIC-PCR and RAPD-PCR Dendrograms clustered the B. melitensis
isolates into two clusters and three clusters composed of 16 and 13 genotypes with genetic similarity percentages of 62%
and 54% with a diversity index of 0.82 and 0.88. Both ERIC-PCR and RAPD-PCR dendrograms clustered B. abortus
isolates into two clusters and three genotypes with discriminatory of 0.8 and 0.72. Both ERIC and RAPD PCRs
revealed 25 singleton genotypes (G) out of 35 genotypes. DNA-based typing techniques showed substantial diversity
among the Brucella isolates. The genetic diversity among Brucella genotypes obtained in this study may suggest that
the Brucella strains have been introduced into the country either intermittently or over a point of time and location.
Brucella melitensis transmission among non-preferable hosts and passages of Brucella strains are likely to have resulted
in such heterogeneity. We concluded that the acceptable diversity induced by ERIC-PCR and RAPD PCR allows
sufficient discrimination between Brucella isolates. These findings recommend the application of these techniques as
an inexpensive and quick tool for traceability of B. melitensis and B. abortus strains, especially in developing countries
with limited resources needed for other advanced sequence-based genotyping tools. Further studies on a large scale are
required to ensure the reproducibility of both techniques.
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