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Validation of a wide spectrum microbiological tube test, the EXPLORER test, for the detection of antimicrobials in muscle from different animal species
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(MRLs) have been set for antimicrobial residues in the European Union (2377/90/EC) (EC 1990).

45

There are a large number and the variety of antimicrobial families. Moreover, the antibiotics used in 
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First the fluid from blank muscle samples was extracted by pressing the meat with a garlic press.

153

Then the juice samples were spiked with antibiotic solutions. Therefore, the validated 154 concentrations are the real concentrations in the juice samples. Twenty samples (5 porcine, 5 155 bovine, 5 ovine and 5 poultry) fortified at 2 levels with each antimicrobial were prepared "blind to 156 the analyst" and analysed in duplicate on 4 different days (5 samples per day). Blank samples and 157 spiked samples were aliquoted and stored frozen over 1 week maximum to prevent stability 158 problems with antimicrobials. The blank samples could be analysed during a longer period 159 because there is no problem of stability.

161

At the end of the validation, 5 spiked samples for each antibiotic at each concentration and 5 blank 162 samples, from each species, have been analysed. In the case of substances with an established 163 MRL, the detection capability is the concentration at which the method is able to detect a each of these factors, a low value ("-") and a high value ("+") (low and high compared to normal 182 conditions) have been tested. Considering the 3 factors and 2 levels for each one ("-", "+"), the 183 total number of experiments was 8 (8 different days). On each different day, 10 blank samples and 184 10 spiked samples have been analysed. Experimental runs were coded as '-' for low levels and '+' 185 for high levels (Table I).

"[Insert Table I about here]"
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A fourth factor (incubation temperature) has been studied by adding negligible interaction to the 188 experimental design (Renard et al. 1992). Incubation temperature (letter D=ABC) was studied at 189 levels defined by interaction between the 3 factors of the base design (ABC). "D" and "ABC" were 190 alias structure. The design matrix is presented in Table II.

191 [START_REF] Bogaerts | A standardized method for the detection of residues of antibacterial 427 substances in fresh meat[END_REF]. The STAR protocol is a Five Plate Test which was 200 developed and validated for the screening of antimicrobial residues in milk, by the Community

"[Insert
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Reference Laboratory for antimicrobial residues (AFSSA Fougères) (Gaudin et al. 2004). The

202

STAR protocol is also applicable to the screening of antimicrobial residues in muscle and is in 203 progress to be validated for muscle screening. The 2 plate tests are able to detect a wide range of 204 antibiotics (beta-lactams, tetracyclines, macrolides, quinolones, aminoglycosides, sulfonamides).

205

The detection limits of these tests are very different between families of antibiotics (beta-lactams 
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The false positive rate seemed to be higher (10 % instead of 5%) with the control from Zeu-231 Inmunotec (Saragossa, Spain). The consequence of a higher false positive rate at the screening 232 step is that more confirmatory analyses have to be performed by physico-chemical methods.
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However, the most important performance characteristic for a screening method is that the 
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if the false positive rate seems to be higher (10 % instead of 5 %).

266

The detection capabilities were calculated after the analyses of muscles from 4 different species.

267

No influence of the animal species was observed on the CCβ values. The same conclusion was 268 reported with the PremiTest by [START_REF] Cantwell | Evaluation of the Premi Test and comparison with the One-Plate 429 Test for the detection of antimicrobials in kidney[END_REF]. IV). 

"[Insert
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The samples which were detected positive with one screening test, but which finally did not contain 328 antimicrobial residues or residues at concentrations lower than MRL (after the LC/MS-MS 329 confirmation) were considered as false positive results. Seven false positive results were reported 330 with the STAR protocol and 4 with the FPT. For 3 of them (2 porcine and 1 bovine samples), the 331 explanation was that these 2 methods were able to detect tetracyclines, even at concentrations 

357

incurred chicken tissue with doxycycline at 108 µg kg -1 was found negative also. PremiTest was 358 sensitive enough for sulphonamides and some macrolides. The Explorer test was also found 359 sensitive enough for 2 antibiotics of these families (sulfathiazol and tylosin).

360

-Two points should be underlined concerning the filed samples: firstly, some antibiotics were 361 present at very high concentrations, much higher than MRLs.

362

-Secondly, 9 samples out of 21 contained several antibiotics from the same family and/or 363 from different families.

364

The high concentrations contained in real samples sometimes could be due to the fact that the 365 sample has been taken at injection point. Moreover, samples with the concentrations nearest from 366 the respective MRL of antimicrobials should be more interesting to conclude on the performance of 367 the tests. However, field samples were randomly taken and before confirmatory analyses, we had 368 no idea of the antimicrobial concentration. For this reason, a parallel validation with spiked juice 369 samples at the target concentration (MRL) was really necessary to determine detection capabilities 370 of the Explorer test. To our knowledge, there were no scientific publications at this time 371 presenting results obtained with the Explorer® test. However, there were some validation studies 
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The results of Explorer test for the analysis of incurred field samples were very satisfactory. This 414 demonstrates that this technique seems to be fit-for-purpose as a qualitative screening assay.

415

These results were very promising. However, some families of antimicrobials have not been tested 416 yet (e.g. aminoglycosides, quinolones). These families are generally not well detected by 417 microbiological tests, especially when all only bacterial strain is used. The next step should be to 

  or antimicrobial resistance of pathogenic bacteria. Therefore, Maximum Residue Limits

  Antibiotic and sulphonamide standards were provided by Sigma Aldrich (Saint-Quentin Fallavier, 151 France).

164

  compound at the MRL with a statistical certainty of 1β. The detection capability CCβ was 165 calculated as the concentration where less than 5% of false compliant results remains. When one 166 sample or less among 20 samples spiked at the MRL is detected negative, the detection capability 167 was equal to or lower than the MRL. 168 169 Robustness study. Robustness studies use the deliberate introduction of minor reasonable 170 variations by the laboratory and the observation of their consequences. Factors which may 171 influence the measurement results have been selected: sample volume, pre-incubation time, pre-172 incubation temperature and incubation temperature. These factors should be modified in an order 173 of magnitude that matches the deviations usually. The robustness study has been focused on one 174 representative antimicrobial amoxicillin and on porcine muscle. 10 blank samples and 10 different

  206and tetracyclines are the best detected) and between antibiotics inside each family. Moreover, the 207 the STAR protocol for most of the antibiotics are lower than detection limits of 208 the FPT. It is particularly obvious with sulfonamides and quinolones. Twenty-one muscle samples 209 from different animal species were collected from the field laboratories in France and were 210 analysed in AFSSA Fougères in parallel with the Explorer kit, the FPT and the STAR test.211Finally, all the positive samples with at least the FPT or the STAR protocol were confirmed by a 212 multi-residue LC/MS-MS method (Gaudin et al. 2008). The principle is based on two different 213 extractions : one with trichloroacetic acid (TCA) allowing the detection of tetracyclines, Fifty monitored compounds excepted some aminoglycosides were detected in muscle at a level 218 below the MRL. control was our internal control (one control per tested species), 19 of the 20 223 blank meat samples (5 bovine meat, 5 porcine meat, 5 poultry meat and 5 ovine meat) were found 224 negative (1 bovine sample) (5% of false positive results). However, when the negative control was 225 from Zeu-Inmunotec (Saragossa, Spain), 18 of the 20 blank meat samples (5 bovine meat, 5 226 porcine meat, 5 poultry meat and 5 ovine meat) were found negative (1 bovine and 1 porcine 227 samples) (10% of false positive results). No influence of the animal species was observed on the 228 specificity.

  could be recommended for practical, technical and economical reasons, even

  4 factors (volume of samples, pre-incubation time, pre-incubation temperature 272 and incubation temperature) on false positive and false negative rates and on incubation time as 273 well as the interactions between factors were evaluated. For each run (day), the response is 274 indicated in Table III (false positive rate, false negative rate and on incubation time). These values 275 were added together. Than the result was divided by the number of runs (8 in this case). A 276 quantitative value of the effect of each factor in relation to average of runs (column noted I was 277 then obtained (Table

  at the MRL level (100 µg kg -1 ), especially when only one bacterial strain was 352 used for detection (i.e. PremiTest)(Gaudin et al. 2008), but a little higher. Furthermore, when the 353 incubation increased, the detection capability decreased rapidly, especially for tetracyclines.354Okerman et al. (2004) also reported a poor detection capability of PremiTest towards 355 tetracyclines in muscle tissue. At the MRL level, no positive results over 3 tests were reported for 356 the 4 tetracyclines (tetracycline, oxytetracycline, chlortetracycline and doxycycline). Moreover,
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  photometric reading were the objectivity of results avoiding variations due to visual reading made

418Figure 1 .

 1 Figure 1. Example of raw data for day 1 of validation: Interpretation of the results.

20FPT

  

  Table II about here]"

	192	
	193	Therefore, 4 factors have been studied (8 combinations of experiments = 8 runs = 8 days). The
	194	influence of these factors on false positive and false negative rates and on incubation time as well
	195	as the interactions between factors were evaluated. For each run (day), the response is indicated
	196	in Table III (false positive rate, false negative rate and on incubation time).
	197	
	198	Comparison with other screening methods and confirmation of positive samples by LC/MS-MS
	199	(Incurred tissues). The Four Plate Test (FPT) is the French official method for the screening of
		antimicrobials in muscle

  Table IV about here]" Comparison with other screening methods and confirmation of positive samples by LC/MS-MS 320 (Incurred tissues). Twenty-one incurred muscle samples from the field laboratories were analysed 321 with 3 microbiological methods. Different animal species were analysed: 13 bovine, 6 porcine, 1 322 turkey, 1 unknown. These samples were taken randomly in the pool of samples arriving in our 323 laboratory. The results of all analyses are presented in Table V. At least 7 samples contained very 324 high concentrations of antimicrobials. Therefore, these samples were easily detected by the 3 325 microbiological tests (Explorer kit, Four Plate test and STAR test).

	326	
	F o r r o F	"[Insert Table V about here]"
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	1	Table I.	2-level experimental design with 4 factors: levels of each factor.
					Normal
			4 tested factors:	Level "-"	Level "+"	conditions
			A-Volume of samples	80 µl	120 µl	100 µl
			B-Pre-incubation time	20 min	40 min	30 min
			C-Pre-incubation temperature	62°C	68°C	65°C
			D-Incubation temperature	62°C	68°C	65°C
	2 3 4		F o r F o r	
	5		P P	
			e e	
			e r e r	
			R R
			e e
				v i e v i e
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					O n l O n l
					y y
					1 2
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Table II .

 II Robustness study: Design matrix and experimental design calculation.
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Table III .

 III Detection capabilities of the 5 tested antimicrobials (in µg kg-1).

	10										
			Antimicrobial family PENICILLINS CEPHALOSPORINS TETRACYCLINES SULPHONAMIDES MACROLIDES
			Antimicrobial compound	Amoxicillin	Cefalexin	Doxycycline	Sulfathiazole	Tylosin
			MRL muscle (µg kg-1)	50	200			100			100	100
			Announced								
			detection limit (µg	8	400-600	150-200	100-200	80-160
			kg-1)*								
		Internal negative control	2 tested concentrations (µgkg-1)** Percentage of positive results (%) F o r 10 100 100 50 CCβ β β β (µg kg-1) Explorer 10 P e	200 30 >500	500 85	100 40	200	200 100	100 65	200	200 100	100 150 100 100 100
		Negative control Zeu-Inmunotec	Percentage of positive results (%) CCβ β β β (µg kg-1) Explorer	100 100 e r 30 10 R 500	100	45	200	100	75	100 200	100 100 100
	11	* by the manufacturer		e					
	12 13	** for the determination of detection capabilities	v i e				
							w			
							O n l
										y
												4

Table IV .

 IV Mean of runs: effects of factors and interactions.
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	14								
				Factor		Interaction		Mean
		Response	A	B	C	D=ABC	AB+CD AC+BD BC+AD	I
		False							
		positive rate	0.00	0.00	0.00	-2.50 e	2.50 e	2.50 e	0.00	2.50
		False							
		negative rate -3.41 e	-3.41 e	0.27	3.41 e	3.41 e	3.41 e	-3.41 e	3.41
	15	Incubation time a Volume of samples; 0.01 b Pre-incubation time; -0.26 0.07 F o r	0.01 c Pre-incubation temperature; -0.11 -0.11 d Incubation temperature -0.09 3.41
	16 17	e Significant effect	P e			
					e r			
						R			
						e		
						v i e		
							w	
								O n l
									y
										5
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Table V .

 V Results of the comparative study between EXPLORER, STAR protocol and the multi-residue Only positive samples with at least one of the screening method have been confirmed.

	18								
	19	LC/MS-MS method.						
							LC/MS-MS*		
		Internal sample code	Animal specie	Explorer	FPT	STAR protocol	Identification	Quantification (µg kg -1 )	MRL (µg kg -1 )	< or > MRL
		v-1487	Bovine	+	+	+	Oxytetracycline	~287	100	>
							Penicillin G,	~ 27850,	50
		v-1489	Bovine	+	+	+	dihydrostreptomycin,	~ 28050,	500	>
							Oxytetracycline	~293	100
		v-1490	Bovine	+	+	+	Dihydrostreptomycin	~54950	500	>
		v-1492	Bovine	+	+	+	Oxytetracycline, Tetracycline	~33700, ~1470	100 100	>
							Penicillin G,	~125,	50
		v-1496	Unknown	+	+	+	dihydrostreptomycin, doxycycline,	~220, ~7.53,	500 100	>
							chlortetracycline	~2.83	100
							Sulfadoxine,	~ 1.46,	100
		v-1501	Bovine	+	+	+	Ciprofloxacin, Enrofloxacin,	~1600, ~9500,	100 100	>
							oxolinic acid	~7.4	100
		v-1504	Bovine	+	-	+	Amoxicillin	~ 482	50	>
		v-1499	Porcine	+	+	+	Oxytetracycline	~ 3140	100	>
		v-1500	Bovine	+	+	+	Sulfamethoxypyridazine	~9175	100	>
		v-1506	Turkey	-	+	+	Oxytetracycline	~ 140	100	>
		v-1509	Bovine	-	+	+	Oxytetracycline	~ 315	100	>
							Oxytetracycline,	~ 860.5,	100
		v-1512	Bovine	+	+	+	spiramycin,	~ 2410,	200	>
							neospiramycin	~ 263	200
		v-1515	Bovine	+	+	+	Doxycycline, Oxytetracycline	~ 454, ~ 44	100 100	>
		v-1495	Bovine	-	+	+	Tetracycline	~ 18.5	100	<
		v-1497	Porcine	-	+	+	Tetracycline, chlortetracycline	~1.47, ~21	100 100	<
		v-1498	Porcine	-	+	+	Sulfadiazine, chlortetracycline	~16, ~79	100 100	<
		v-1513	Porcine	-	-	D	Traces of flumequine and spiramycin	NQ	200 250	<
		v-1514	Porcine	-	-	+	Traces of flumequine	NQ	200	<
		v-1508	Porcine	-	-	+	Negative	/	/	/
		v-1510	Bovine	-	+	+	Negative	/	/	/
		v-1488	Bovine	+	-	-	Not analysed	/	/	/

*

disease, or prophylaxis purposes. The risks for consumer health due to the presence of

antimicrobial residues could be: toxicological effects, allergies (especially with beta-lactam

of samples, pre-incubation time and pre-incubation temperature), noted by letters A, B and C. For

http://mc.manuscriptcentral.com/tfac Email: fac@tandf.co.ukFood Additives and Contaminants

aminoglycosides and quinolones, the second with acetonitrile (ACN) allowing the detection of

penicillins, cephalosporins, macrolides and sulphonamides. LC/MS-MS is used with a Multi

Reaction Monitoring Mode (MRM) and two MRM transitions are monitored for each compound.

not give any false negative results (0%). The Four Plate Test (FPT) gave 1 false negative result

(4.7%) and the Explorer test 2 false negative results (9.5%). The FPT failed to detect amoxicillin

Page 13 of 25 http://mc.manuscriptcentral.com/tfac Email: fac@tandf.co.ukFood Additives and Contaminants

in a bovine sample, at a concentration higher than the MRL. The Explorer test did not detect

oxytetracycline in 2 different samples: a turkey sample at 140 µg kg -1 and a bovine sample at 315

µg kg -1 . This was not surprising because with most of the microbiological tests, tetracyclines are

with the solvent extraction than with the fluid extraction. The detection limits with a fluid extraction

kg -1 . Here, the detection capabilities of the Explorer® Test for amoxicillin, doxycycline, sulfathiazole

capabilities of the 5 tested antimicrobials were at the MRL level or lower (amoxicillin, tylosin) and
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lower than MRL (too sensitive).

334

Concerning the 4 other false positive results obtained with the STAR protocol and the one 335 remaining false positive result of the FPT (1 bovine sample), either it was real false positive results

336

(presence of natural inhibitors) or the antimicrobial residue was one of those which was not 337 detected by the multi-residue LC/MS-MS method. The good example is sample codified v-1510 338 which was positive with both FPT and STAR protocol, but confirmed negative by LC/MS-MS. Only 339 1 false positive result was obtained with the Explorer test (bovine sample). However, because 340 this sample was negative with the STAR protocol and the FPT (official method), it was not 341 confirmed by LC/MS-MS. Therefore, it was impossible to be sure that it was a real false positive