Molecular characterization and antimicrobial susceptibility of Mycoplasma species isolated from broilers and breeder chickens
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Abstract
[bookmark: _Hlk131633017][bookmark: _Hlk128049397][bookmark: _Hlk128050899][bookmark: _Hlk127629089][bookmark: _Hlk127629112][bookmark: _Hlk127627805][bookmark: _Hlk127627562][bookmark: _Hlk128063001]Mycoplasmas are considered as important avian pathogens, which cause a great economical loss in the poultry industry. As it responsible for both respiratory disease and synovitis in poultry. The aim of this study was to isolate and identify Mycoplasma gallisepticum and Mycoplasma synoviae from chickens and determine the efficacy of different antibiotics. Additionally, detection of some substantial virulence genes. Two hundred chicken samples were collected and cultured onto specific PPLO medium. The isolates were characterized by polymerase chain reaction then tested for antibiotic sensitivity by the minimum inhibitory concentration (MIC) method. The results reported that 15 samples (7.5%) were positive by culturing with prevalent of Mycoplasma synoviae and Mycoplasma gallisepticum with 12 (80%) and three (20%). Following the 16S rRNA-based detection of Mycoplasma isolates, 12 Mycoplasma synoviae and three Mycoplasma synoviae isolates were identified by different PCR-based detection methods for various virulence genes. Three Mycoplasma gallisepticum isolates contain the mgc2 gene, and nine Mycoplasma synoviae isolates were positive for the ISR (intergenic spacer region) gene. All isolates had lowest MIC values for Tylvasolin with a range of (0.062-0.125μg/mL) followed by Lincomycin, Tiamulin, Tilmicosin and Tylosin with a range of (0.062-1 μg/mL). However, the Mycoplasma synoviae isolates displayed variance in MICs for Oxytetracycline with a range of 0.5 to 8 μg/mL, and Chlorotetracycline with a range of 2 to 8 μg/mL. Meanwhile, high MIC values for Enrofloxacin were detected in all isolates with MICs ranging from 8 to 32 μg/mL. Furthermore, the MIC method identified Tylvasolin, Lincomycin, Tiamulin, Tilmicosin and Tylosin as the antibiotics of choice for the treatment of MS infections. In conclusion, these data may help in prevention and control of Mycoplasma infection in poultry. 
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1-Introduction

[bookmark: _Hlk127738551]Mycoplasma infection in poultry industry causes severe economic losses consequence worldwide, as well as act as predisposes for acute and chronic airsaculitis, lameness and carcasses condemnation, in addition to poor eggshell quality (Ley, 2008). The most effective control strategy of this disease is known to be not economic compliance especially among poor poultry business, as elimination of the infected flock costs very much, therefore, infected flocks medication and vaccination in high-risk flocks have been suggested as alternative strategies representing an apparent efficacy in controlling the clinical signs and improving production performance in poultry industrial level (Landman, 2014; Kleven, 2008). Eradication of M. gallisepticum and M. synoviae from poultry flocks has been failed greatly because of the ability of these organisms to cause chronic infections and to spread both vertically and horizontally among their hosts (McAuliffe et al., 2006, Butcher and Jacob, 2009). More importantly, M. synoviae infection also can cause subclinical infections reduced production of eggs and eggshell apex abnormality in commercial egg layers, which causes economic losses (Feberwee et al. 2009; Catania et al. 2010). Long intensive medication protocols in infected flocks or as a prophylaxis; using the mycoplasma-susceptible antimicrobials which inhibit the protein synthesis, including macrolides such as tylosin, tilmicosin, tylvalosin, erythromycin, and spiramycin, oxytetracycline, chlortetracycline, and doxycycline from the tetracyclines, lincosamides, quinolones, and pleuromutilins that reduce the chances of antimicrobial use in the progeny flocks (Kreizinger et al., 2017; Hong et al., 2015). Several diagnostic approaches have been applied for diagnosis of mycoplasmosis such as polymerase chain reaction and sequence analysis (Landman, 2014). However, both 16S rRNA and vlhA genes are commonly used for M. synoviae detection as well as the sequence analysis are appropriate for distinguishing M. synoviae strains (El-Gazzar et al., 2012). 
Therefore, the current study spot highlights on the detection of Mycoplasma gallisepticum and Mycoplasma synoviae from chickens and determine the efficacy of different antibiotics. Additionally, detection of some virulence-related genes.
2-Materials and methods
2.1 Samples collection: 
A total of (n=200) samples were obtained from layer, broiler and broiler breeder farms showing clinical signs as; dyspnea, pronounced respiratory rales with sneezing, coughing, nasal discharge, low egg production, and reduced body weight. Tracheal swabs and joint swabs of birds with postmortem lesions suspected for chronic respiratory disease and or synovitis. The samples were collected from farms in Giza, Wadiel Natroun, and El-Alamine with history of no vaccination against mycoplasmosis.
2.2. Isolation and identification of Mycoplasmas species. 
Samples were inoculated aseptically into 2.0 ml of modified Frey broth according to (Frey, 1968). Then, 1 ml from each broth sample was cultured again on sterile PPLO broth at 37 0C for 3-7 days, then on PPLO agar medium at 37 0C for 14 days with 5% CO2. Negative samples were considered after 21 days post incubation. The microscopical colonies identification were done according to (Bradbury et al., 1993). The obtained Mycoplasmas isolates were differentiated from Acholeplasma by the digitonin sensitivity test that was performed to differentiate between Mycoplasma and Acholeplasma isolates according to (Freundt et al. 1973) as well as though some biochemical tests such as using digitonin test, glucose fermentation and arginine deamination (Erno and Stipkovits, 1973) to differentiate Avian Mycoplasma species. 
2.3. Purification and maintenance of isolates 
A single fried egg-shaped colony was picked, with part of the agar block, and recultured into PPLO broth medium to obtain a pure culture. Then kept at −20°C for further testing as described by Sabry (1968).
2.4. Polymerase chain reaction (PCR) 
[bookmark: _Hlk128037714]DNA was extracted using commercial DNA Extraction mix  (Kylt ® Germany, GmbH)  and conducted using specific primers and amplification cycles according to the references as shown in Table,1. PCRs were carried out in 50 µl, with AmpliTaq Gold and Gene Amp 10× PCR buffer II (Applied Biosystems, Weitershausen, Germany) according to the manufacturer's protocol. Aliquots (10 μl) from each reaction mixture were analyzed by electrophoresis (1.5 volts, 45 min) using 1.5% (weight/volume) agarose in 1×TBE (Tris, boric acid, EDTA, pH 8.0). After electrophoresis, gels were stained with ethidium bromide (1 μl / gel), visualized, and photographed with an ultraviolet transilluminator and camera system Sambrook.et.al (1989).
Table 1: Primers used for PCR analysis for Mycoplasma gallisepticum and Mycoplasma synoviae  

	Microorganism
	Target gene
	Primers 
	Amplicon size 
	Annealing
	Reference

	Mycoplasma gallisepticum 

	16S rRNA
	F-GAG-CTA-ATC-TGT-AAA-GTT-GGT-C
	185 bp
	55°C for 30 seconds
	OIE. (2008)

	
	
	R-GCT-TCC-TTG-CGG-TTA-GCA-AC
	
	
	

	
	mgc2

	F-CGCAATTTGGTCCTAATCCCCAACA
	300 bp
	60°C for 30 seconds
	Papazisi.et.al (2002)

	
	
	R-TAAACCCACCTCCAGCTTTATTTCC
	
	
	

	Mycoplasma synoviae 
	16S rRNA
	F-GAG-AAG-CAA-AAT-AGT-GAT-ATC-A 
	207 bp
	55°C for 30 seconds
	OIE. (2008)

	
	
	R-CAG-TCG-TCT-CCG-AAG-TTA-ACA-A- 
	
	
	

	
	16S to 23S rRNA ISR
	F- CGT TCT CGG GTCTTG TAC AC
	540 bp
	60°C for 30 seconds
	Ramirez.et.al (2011)

	
	
	R- CGC AGG TTT GCA CGTCCT TCA TCG
	
	
	

	Thermal profile (40 cycles: activation and denaturation 94°C for 30 seconds, annealing acc to the primers Tm , extension 72°C for 60 seconds, (final extension): 72°C for 5 minutes)1 cycle and soak at 4°C.



2.5. Microbroth antibiotic sensitivity testing 
Twelve Mycoplasma gallisepticum isolates were subsequently titrated in Mycoplasma broth medium to determine the number (10 3 to 10 5 of color changing units (ccu). 
Antibiotics preparation 
lincomycin 20 mg/ml (Delta Pharma, Egypt), oxytetracycline 30 mg/ml (Pfizer, Egypt), tiamulin 450 mg/g (Novartis, Switzerland), chlorotetracycline20 %, tilmicosin 25% (Atco Pharma, Egypt), and tylosin 200 mg base/ml (Adwya, Egypt). Tylvalosin 20% (china), Enrofloxacine (Univet, Egypt). The concentration of antibiotic solution was diluted to 128 μg/mL. Then the solutions were sterilized with a 0.22-μm membrane filter.
Antimicrobial sensitivity test in vitro
The liquid MIC test was carried out in blank 96-well microdilution plates as described in a previous study Hannan et al., (1997).The concentration of antibiotic dilution was usually obtained by two fold serial dilution with100 μL Mycoplasma broth medium (pH = 7.8). After the dilution of antibiotic was obtained, the 100 μL of prepared Mycoplasma synoviae culture was added into each well. Mycoplasma synoviae culture and antibiotics were included in all tests as negative controls and antibiotic controls, respectively. Plates were incubated at 36 +/- 1 °C. MIC was read the negative control had just turned into orange–yellow. The results are read as the lowest concentration of antibiotic to show a color change denoted MIC. 

3-Results
3.1. Occurrence of Mycoplasma species from collected samples 
[bookmark: _GoBack]Out of 200 collected samples 15 were positive for Mycoplasma species with prevalence (7.5%), 12 of them were identified as M. synoviae and 3 were M.gallisepticum in a prevalence of  (80%) and (20%) respectively .
3.2. Molecular detection of Mycoplasma Synovie virulence genes by PCR
M. synoviae positive samples were confirmed by positive amplification of 16S rRNA gene as the PCR test revealed the 12 suspected were positive. However, nine only were positive by 16S to 23S rRNA ISR gene. Mycoplasma gallisepticum samples were positive for both 16S rRNA gene and mgc2 gene.
	[image: ](A): Agarose gel electrophoresis of amplified PCR products of 16S rRNA gene among Mycoplasma Synovie at 207 bp. 
(L):Ladder100:1000bp DNA Marker, (P): Positive control,(N):Negative control, lanes: 1-12: M.Synovie positive isolates.
	[image: ]B): Agarose gel electrophoresis of amplified PCR products of 16S rRNA gene among Mycoplasma
gallisepticum at 185 bp (L) Ladder100:1000bp DNA marker,(P):Positive control, (N): Negative control, lanes: 1-3: Mycoplasma gallisepticum positive isolates. 

	[image: ]
(C): Agarose gel electrophoresis of amplified PCR products of 16S to 23S rRNA ISR gene among Mycoplasma Synovie at 549 bp. (L) Ladder100 :( P): Positive control,(N):Negative control, lanes: 1-12: Mycoplasma Synovie positive isolates. 
	[image: ].(D): Agarose gel electrophoresis of amplified PCR products of mgc2 gene among Mycoplasma gallisepticum at 300 bp (L)Ladder, (P):Positive control, (N): Negative control, lanes: 1-3: MG positive isolates. 


3.3. Microbroth antibiotic sensitivity test 
Antimicrobial sensitivity tests were conducted on 12 M. synoviae isolates using the MIC method (Table-2). The MIC values among the isolates ranged from 0.0625 to 0.5 ug/ml.
Table-2: results of the microbroth antibiotic sensitivity test (minimum inhibitory concentration) of M. synoviae
	Antimicrobials
	0.063
	0.125
	0.25
	0.50
	1
	2
	4
	8
	16
	32
	Range μg/mL
	MIC50
	MIC90

	Chlorotetracycline
	 
	 
	 
	 
	 
	8
	2
	2
	 
	 
	2--8
	2
	8

	Lincomycin
	1
	2
	3
	6
	 
	 
	 
	 
	 
	 
	0.0625-0.5
	0.25
	0.5

	Oxytetracycline
	 
	 
	 
	1
	4
	4
	2
	1
	 
	 
	0.5-8
	2
	4

	Enrofloxacine
	 
	 
	 
	 
	 
	 
	 
	3
	4
	5
	8--32
	16
	32

	Tiamulin
	3
	3
	4
	2
	 
	 
	 
	 
	 
	 
	0.0625-0.5
	0.125
	0.25

	Tilmicosin
	3
	2
	5
	2
	 
	 
	 
	 
	 
	 
	0.0625-0.5
	0.125
	0.25

	Tylosin
	4
	2
	4
	2
	 
	 
	 
	 
	 
	 
	0.0625-0.5
	0.125
	0.25

	Tylvalosin
	10
	2
	 
	 
	 
	 
	 
	 
	 
	 
	0.0625-0.125
	0.063
	0.125

	MS=Mycoplasma synoviae
	
	

	Antibiotics were tested in the concentration range 0.0625–32 μg/mL. 
	
	

	All MIC values are expressed in μg/mL 
	
	

	MIC50 values indicate the concentration that inhibited 50% isolates. 
	
	

	MIC90 values indicate the concentration that inhibited 90% isolates
	
	



4-Discussion
[bookmark: _Hlk128055838][bookmark: _Hlk128055971]Mycoplasma gallisepticum is considered as a serious avian pathogen able to cause a definitely transmissible, chronic respiratory disease among poultry flocks. It is responsible for noteworthy financial losses in the poultry industry (Armour et al., 2020), causing increased condemnations at processing, reduction of carcasses, decrease of egg production, feed conversion ratio, and egg hatchability. M. gallisepticum and M. synoviae pathogens both can induce respiratory syndrome and articular disease also, as a consequence, severe economic losses in both meat categories and in layers.  Recently, M. synoviae infection has been widely prevalent in chicken flocks Swayne et al., (2013). In recent years, M. synoviae infection has been widely prevalent in chicken flocks around the world Feberwee et al., (2008). In this study, M. synoviae and M.gallisepticum were prevalent with (80%) and (20%) respectively. This was compared with (Abdanaser et al., 2019) who examined 20 broiler flocks the overall incidence were 30.38% in diseased birds and 12.5 % in apparently healthy. Meanwhile in 12 balady flocks the overall incidence were 23.47% in diseased birds. In addition Abd El-Gwad., (2005) isolated M.gallisepticum from Balady breed with prevalence rate (18.33%) in Kaluobia Governorate.The variation in the prevalence of Mycoplasma may be related to the sample size, geographic area, health care  and mangemental conditions among examined flocks. Therefore, M.gallisepticum and M. synoviae infections control strategies should base primarily on serological and/or bacteriological screening. However, culture-based methods are time-consuming, laborious and may fail to detect Mycoplasma species from medicated birds or bad handled samples. In addition, they are less sensitive than PCR-based methods. 
[bookmark: _Hlk128060719]PCR is more rapid, sensitive, and precise method for diagnosing Mycoplasma from suspected cases Gondal et al., (2015), Marois et al., (2000). In this study, the isolated Mycoplasmas from chicken flocks were biochemically tested and then identified using PCR. Targeting using the 16S rRNA gene, PCR positively identified 100% of the M. gallisepticum and M. synoviae isolates. This finding agreed with Rauf et.al (2013) and Atique et al., (2017) who confirmed that PCR provides more reliable, specific, and rapid results compared to culture.  The M. gallisepticum isolates that were positive for the mgc2 and 16S rRNA genes that was confirming those genes to be a diagnostic for M. gallisepticum infections as referred in OIE (2008). Previous study conducted by Garcia et al., (2005) had evaluated various PCR methods for detection of M. gallisepticum infection in chickens and revealed that cydtadesin membrane surface protein (mgc2) is the specific gene used in PCR due to its significance as a virulence factor, which provide mycoplasma with resistance to host defense.  
[bookmark: _Hlk128063267]Antibiotic treatment at the beginning of a disease outbreak is sometimes employed to reduce economic losses caused by clinical outbreaks of M. synoviae. OIE (2008). Antimycoplasma drugs including Tilmicosin and macrolides are widely used intensively to improve productivity of infected broiler flocks (Saif et al., 2003, Amer et al., 2009 a, b and Zakeri and Kashefi, 2011). This confirmed by the MICs performed in our study as all isolates had lowest MIC values for Tylvasolin with a range of (0.062-0.125μg/mL). Followed by Lincomycin, Tiamulin,Tilmicosin and Tylosin with a range of (0.062-1 μg/mL) . However, high MIC values for Enrofloxacin were detected in all isolates with MICs ranging from 8 to 32 μg/mL. These results agree with Lysnyansky et.al (2008, 2013)and Reinhardt et al., (2013) they reported that Enrofloxacin (En), is a broad-spectrum antibiotic related to the class of fluoroquinolones, has been widely used in many countries for treatment of a variety of poultry diseases as avian mycoplasmosis. However, long intensive medication protocols in infected flocks or as a prophylaxis; using the mycoplasma-susceptible antimicrobials which inhibit the protein synthesis can reduce the chances of antimicrobial use in the progeny flocks (Kreizinger et al. (2017).
5-Conclusion 
Mycoplasmas are cost-effective avian pathogens, which cause a great loss in the poultry flocks. The culture methods should apply with PCR for efficient detection of various Mycoplsama serotypes. Moreover, the use of mgc2 gene as specific virulent gene for detection of M. gallisepticum.  In addition, 16S RNA gene can used also as species-specific PCR assay for the detection of M. synoviae. Furthermore, the MIC method revealed that Tylvasolin, Lincomycin, Tiamulin, Tilmicosin and Tylosin as the most effective antibiotics for the treatment of M. gallisepticum infections. 
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