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Contexte

La sufaméthazine est un antibiotique de la famille des sulfamides. Ce principe actif, retrouvé dans de
nombreux médicaments vétérinaires, est utilisé chez les animaux de rente et en particulier chez les
vaches laitieres. Des résidus de sufaméthazine peuvent étre retrouvés dans le lait de vache. La Limite
Maximale de Résidus (LMR) pour la somme des sulfamides dans le lait a été fixée a 100 ug/kg. Les
méthodes de dépistage doivent donc étre capables de détecter cet antibiotique dans le lait, au niveau
ou en dessous de la LMR. Il existe différents types de méthodes de dépistage pouvant détecter les
sulfamides dans le lait : des méthodes microbiologiques [22, 29, 302], immunologiques (type ELISA)
[66, 70, 159, 303, 304], physico-chimiques, telles que la CCM [305], la CLHP [306] ou CL-SM/SM
[307]. Cependant, les méthodes microbiologiques présentent le plus souvent des limites de détection
supérieures aux LMR pour les sulfamides (LMR = 100 pg/kg).

La technologie « Biomolecular Interaction Analysis » (BIA) permet l'étude en temps réel des
interactions entre biomolécules, sans marquage. Au départ, la principale application était la
détermination de I'affinité entre biomolécules et de la cinétique des interactions [308]. Les applications
se sont ensuite diversifiées et ont touché de nombreux domaines des sciences de la vie. Le systéme
Biacore X (Biacore AB, Suede) est un biocapteur optique, dont la détection est basée sur la
résonance plasmonique de surface (SPR) [309]. Le principe de la méthode est de fixer de maniére
covalente un ligand (anticorps) sur une surface appelée sensor chip (Figure 44) et d’introduire un
analyte dans un débit de tampon. Les deux molécules vont alors former des complexes. Ces
interactions entre biomolécules, sont visualisées en temps réels grace a un détecteur optique. Le
sensorgramme permet de visualiser les variations de I'angle de résonance sous l'effet de I'association
et de la dissociation des analytes sur la surface (Figure 45).

Les premiéres publications de développement de méthodes pour détecter les résidus d’antibiotiques
avec ce systeme sont parues entre 1995 et 2001 [162, 168, 310-312].

Méthodologie/Principaux résultats

Nous avons développé, optimisé et validé une méthode de dépistage de la sufaméthazine dans le lait,
en utilisant deux anticorps polyclonaux anti-sufaméthazine. La premiére étape du développement
consistait a optimiser I'immobilisation de la sufaméthazine a la surface de la sensor chip (la biopuce).
Ensuite, nous avons optimisé la concentration active d’anticorps primaire qui va étre mélangée avec
I'échantillon, ainsi que la concentration d’anticorps secondaire. Ce type d’essai est compétitif : en cas
d’absence de sufaméthazine dans I'’échantillon, I'anticorps primaire en excés pourra se lier totalement
a la surface de la puce, donc le signal sera maximum (détection du changement de masse). En cas de
présence de sufaméthazine dans I'échantillon, elle entrera en compétition avec la sufaméthazine
immobilisée a la surface, pour se lier a I'anticorps primaire ; donc la quantité d’anticorps a la surface
diminuera et le signal aussi. Le signal est donc inversement proportionnel a la quantité de
sufaméthazine dans I'’échantillon. Un anticorps secondaire anti-anticorps de lapin a été utilisé pour

augmenter le signal. De plus, le débit du flux a travers le systeme a été optimisé.
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Figure 44. La sensor chip.

Verre
Figure 45. Le sensorgramme.
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Au moment de cette validation, la réglementation européenne pour la validation des méthodes
analytiques pour les résidus et contaminants était la décision 93/256/CE [313], en vigueur jusqu’en
2002 (abrogée par la décision 2002/657/CE) [13]. Selon cette décision, les caractéristiques de
performance a déterminer pour une méthode de dépistage étaient: la spécificité, la limite de
détection, la praticabilité (grand nombre d’échantillons, couts limités) pour les méthodes qualitatives et
de surcroit pour les méthodes quantitatives, la fidélité et I'exactitude. La limite de détection était définie
comme la concentration la plus basse qui pouvait étre déterminée comme statistiquement différente (3
écart-type) d’un lait de controle négatif ou de tampon (réponse moyenne de 20 contréles négatifs).
Dans cette étude, la validation de la méthode a consisté a déterminer la concentration minimale
inhibitrice a 50% (IC50), la spécificité, la limite de détection et la fidélité. L’IC50, qui correspond a la
concentration d’analyte qui inhibe 50 % du signal, est une caractéristique trés utilisée pour
caractériser les tests ELISA et pour comparer les performances de tests ELISA entre eux, dans le
domaine médical par exemple. En effet, un test ELISA avec une IC50 inférieure a celle d’'un autre test
est un test ELISA qui aura une limite de détection plus basse, donc il sera plus performant. Cette
caractéristique est aussi parfois utilisée pour les tests ELISA pour le dépistage des résidus
d’antibiotiques [314-316]. Etant donné que I'approche Biacore est trés proche du principe de 'ELISA,
'IC50 a aussi été déterminée lors de cette validation, a partir des courbes de calibration, méme s’il ne
s’agit pas d’'une exigence de la décision 93/256/CE. La répétabilité du signal a été mesurée sur les
points de la courbe d’étalonnage, en répétant chaque point de la courbe 3 fois par jour, pendant 3
jours, soit 9 réplicats par point de la gamme.

Lors du développement de la méthode, les concentrations actives des anticorps primaires et de
'anticorps secondaires ont été optimisées. L’influence du débit de I'échantillon sur les limites de
détection et sur I'lC50 dans le lait et dans le tampon a été montrée avec les 2 anticorps. La limite de
détection dans le lait avec les deux anticorps étaient plus élevée a 20 pl/min qu’a 5 pl/min. Cependant,
une limite de détection a 8 ug/kg restait bien inférieure a la LMR (100 pg/kg). Etant donné le gain de
temps pour I'analyse a 20 pl/min (8 minutes contre 30 minutes a 5 pl/min), le débit de 20 pl/min a été
conservé. Les limites de détection obtenues en tampon (2.9 ug/kg) et dans le lait (1.7 ug/kg) avec
I'anticorps 2 étaient plus basses que celles obtenues avec I'anticorps 1 (10 pg/kg dans le tampon et 8
pag/kg dans le lait). Aucune réaction croisée n’a été observée pour les deux anticorps primaires avec 6
sulfamides testés (sulfadiméthoxine, sulfaméthoxypyridazine, sulfamonométhoxine, sulfadoxine,
sulfadiazine, sulfaphénazole), ni avec des molécules des autres grandes familles d’antibiotiques
(pénicilline, céphalosporine, aminoside, tétracycline, chloramphénicol, quinolone). La répétabilité des
résultats était un peu plus élevée avec lanticorps 2 qu’avec l'anticorps 1, mais encore trés
satisfaisante (< 13%), par rapport aux criteres de performance de la décision 93/256/CE (11,5 a 15 %
en conditions de répétabilité a 100 ug/kg).
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Conclusions/Importance

En conclusion, nous avons démontré I'applicabilité du Biacore au développement de méthodes pour le
dépistage de résidus d’antibiotiques dans les aliments d’origine animale. Deux méthodes ont été
développées, utilisant deux anticorps différents, capables de détecter la sufaméthazine dans le lait,
largement en dessous de la LMR. Les deux méthodes sont rapides (8 minutes par échantillon) et
nécessitent une faible préparation de I'échantillon (pasteurisation, écrémage, dilution). En fonction de
I'objectif, la spécificité de la méthode pour la sufaméthazine peut représenter un probléme car la LMR
des sulfamides est fixée pour la somme des sulfamides. Donc, dans le cadre du développement d’'une
méthode de dépistage, I'idéal serait de détecter tous les principes actifs de la famille des sulfamides
avec la méme méthode. Toutefois, dans le cadre d’'une application ciblée sur la sufaméthazine
(cinétique de déplétion), la méthode est adaptée. Cette premiére validation d’'une méthode
immunologique suivant la décision 93/256/CE a été réalisée en considérant la méthode développée
comme une méthode quantitative. C’est pourquoi la fidélité (répétabilité) a été déterminée.

Lors des validations réalisées suivant le protocole recommandé dans la décision européenne
93/256/CE pour des méthodes immunologiques (eg. ELISA, Biacore), la limite de détection était
calculée a partir de I'analyse de 20 échantillons blancs et du bruit de fond associé. Cette approche
pouvait donner des limites de détection, qui n’étaient pas toujours représentatives de la performance
réelle de la méthode, étant donné la variabilité associée aux mesures avec ce type de méthodes,
surtout en ELISA. En général, la fidélité des méthodes développées sur le systéme Biacore étaient
meilleures que celles obtenues avec des kits ELISA. Toutefois, nous pouvons dire a présent que
I'approche du CC( apporté par la décision européenne 2002/657/CE, est plus adaptée et apporte plus
de confiance dans le résultat. En effet, le CCB est déterminé a partir d’échantillons supplémentés a
une concentration cible, et non a partir d’échantillons blancs. Enfin, nous pouvons ajouter qu'avec
'expérience, la plupart du temps, les méthodes immunologiques sont validées uniguement comme
des méthodes qualitatives et non plus comme des méthodes quantitatives, sauf si leur utilisation
I'exige.

Par la suite, nous avons pu développer d’autres applications du systéme Biacore, telles que le
dépistage d’une substance interdite avec une limite de détection inférieure a la Limite Minimale de
Performance (LMPR) [317], d’'une famille d’antibiotiques (eg. sulfamides [163], pénicillines [162]). Les
limites de détection basses et la préparation d’échantillons réduite étaient prometteuses pour une
mise en place plus large de ce systéme de biocapteur dans le contr6le Européen. Le systéme Biacore
présentait d’autres avantages, dont celui de pouvoir réaliser faire son propre développement de
méthodes (préparation des biopuces et optimisation de la méthode). De plus, la technologie ne
nécessitait pas de marquage de l'analyte ou du biorécepteur, puisque le systeme détecte les
changements de masse a la surface). De plus, le Biacore X™ possédait 4 canaux en paralléle (le
Biacore 2000™ avait 8 canaux), ce qui permettait en théorie de combiner plusieurs essais pour

plusieurs sulfamides ou d’autres familles d’antibiotiques.
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A biosensor based on surface plasmon resonance
(SPR) measurement was developed for use in an
immunoassay for detection of sulfamethazine
{SMZ) in milk. The biospecific surface was a
carboxymethyl dextran-modified gold-surface sen-
sor chip to which SMZ was covalenily bound. Tha
assay was based on inhibition of the binding of
polyclonal antibodies to Immobllized SMZ by SMZ
in the sample. The SPR response changed in-
versely in relation to the antibiotic concentration in
the sample. Calibration curves were constructed
for SMZ in buffer and in milk at a concentration
which included the maximum residue limit (0 to
200 pgfkg). The analysis time per sample varied
from B to 30 min. Different flow rates and antibod-
tes were modified alternatively during the study to
assess their influence on the performance of the
assay. The active antibody concentration was cal-
culated at approximately 1880 and 180 nM for the
antibody anti-SMZ 1 and the antibody anti-SMZ 2,
respectively. No cross-reactivity of antibodies with
other antiblotics was found. Under optimal condi-
tions, the detection limits in milk for SMZ were 8
and 1.7 pg/kg, respectively, for antibody 1 and anti-
body 2, at a flow rate of 20 pL/min.

the oldest and largest group of synthetic antimicrobial

agents, Sulfonamides have a broad spectrum of antitac-
terial activity and are commanly used for prophylactic or ther-
apeutic purposes in velerinary medicine. Therefore, muaxi-
mum residue limits (MRLs) were established according o Eu-
ropean Union (EU) regulations for the prodection of con-
sumers of animal products, The MEL for sulfonamides in
milk and meat has been set at 100 peke (1)

Analytical methods are needed to detect drug residues in
foods of animal origin, Misrobiologicsl and immunological
methods  are  used routinely  for  screening,  and
phyvsicochemical methods {e.g., liguid chromatography [LC|
and mass spectrometry) are used for identification and
quantitation of antibiotic residues. However, microbiological

S ulfamethazine is a member of the sulfonamide farmly,

Received January 21, 1999, Accepied by JM Junc 8, 1999,
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methods lack sensitivity and specificity, and physicochemical
methads requine gualified staff, sample pretreatment, and high
punty chemicals. Although immunological methods such as
the ELISA are specific and generally sensitive, they are
time-consuming. Therefore, there is a need for new screening
methods that are fast, sensitive, and aufomated, with high
sample throughput and minimum preparation of samples, The
BIACORE™ system is being evaluated for detection of antibi-
otics in our laboratory. Analogous methods using this system
for SMZ in mulk (2, 3) and enrofloxacine/ciprofloxacine (4)
were recently described. The published assay reported that
sulfamethazine (SMZ) had & concentration of 1 o 10 pafke,
which did not include the MEL, and an analysis time of 50 min
{30 min incubation and 20 rmin injection). This report describes
the development of a faster assay for SMZ, in milk with a larger
concentration range and underlines the influence of flow rate
and quality of the antibody on method performance.

Experimental
Instrumantation

A BIACORE X optical sensor (Biacors AR, Uppsala.
Sweden) was used to perform the assay. The use of BLA tech-
nology (hiospecific interaction analysis) enabled us to sudy
label-free molscular interactions in real time. The biospecific
surface was a carboxymethyl dextran-modified gold-surface
sensor chip to which one interactant was covalently bound.
Other molecules were injected by the microfluidic cartridge.
Using the detection principle known as surface plasmon reso-
nance (SPR), we detected chanpges of mass on the surface
which represented association or dissociation of com
plexes (3}

Reagents

{a) CM3 sensor chips (research grade).

b} HES buffer—pH 7.4, as eluent, consisting of 10 mM
Hepes (-] 2-hydroxyethyl]piperazing- | -ethane-sulfonic
acid), 150 mM NaCl 3.4 mM EDTA, and (LO0F% (whi
Surfactant P20,

(€} Amire coupling fit—Containing NHS (100 mb
M-hydroxysuceinimide  in water), EDC (400 mM
N-ethyl-N'-(3-diethylaminopropyljcarbodiimide in  water].
and ethanolamine hydrochloride, pH 8.5 (Biacore AB). SMZ
and all other chemicals were obtained from Sigma Chemical
Co. (50 Louis, MO,
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Figure 1. Calibration curves for sulfamethazine in buffer and skim millk. Comparizon of 2 flow rates (antibody 1

[2.8 nM), secondary antibody [33.3 nM]). Each point represents the mean of 9 replicates; the error bars indicate the
eoefficiants of variation (CV). The absolute response readings corresponding to the 100% relative response at flow
rates of & and 20 pLfmin were 1463.08 + 109.30 and 586.40 + 33.47 AU in assay buffer, and 2251.90 + 28,68 and

712.26 + 53.96 RU in milk, respectively. Mean ICso values derived from standard curves at flow rates of 5 and 20 pL/min
were 1000 and 180 pg/kg for assay butfer, respectively, and 1000 pg/kg for the 2 flow rates for milk.

Antibodias

The first polyclonal antibody, ani-SMZ (antibody 1, pro-
duced in rabbits), was obtained from Eurodiagnostica 54
{Gentilly, France). The second polyclonal antibody, anti-SME
{antibody 2, produced in rabbits), was ohtained from Philipp
Hammer (Institute fiir Hygiene, Kicl, Germany). The second-
ary antibody was an [g0 [action of a goat anti-rabbit anti-
serum obtained from Sigma Chemical Co.

Immobilization of SMZ on Sensor Chip Surlace

SME was covalently immobilized to the surface of one of
2 channels of the sensor chip by amine coupling (6). All injec-
tions were made at a constant Tow rate of 3 pLfmin,

A solution of 5 mg SMZmL was prepared in 10 mM HCL
with 10% dimethylformamide (DMF), pH adjusted to 3.0,

The surface was activaled by injecting a mixore of
NHS-EDC (1 4 1;2 x 45 pL). SM7 was then immobilized by
ijecting the SMZ solution (8 = 45 pL). Finally, the surface
wias deactivated by injecting ethanolamine HCL, pH &3
(2% 45 uL). Immediately afier immobilization, the surface
Wy conditioned by injecting 100 mM NaOH + 20% DMF
(10 pl) and 100 mb HCI + 20% DME (10 L),

Detarmination of Active Antibody Concentration

If mass tansport of the analyte to the surface 15 much
slower than azsociation, binding will be limited. Under these
conditions, the binding rate at the beginning is directly propor-
tienal to analyte concentration and independent of association
kinetics. To obtain mass transport conditions, the concenira-
tion of surface binding sites must be increased.

A calibration curve in which the binding rate has been plot-
ted aguinst active antibody concentration from 0.5 1o 160 ah
iz walid for a large variety of antihodies (7).

Serial 2-fold dilutions of polyclonal antibodies were pre-
pared in HBS (dilution factors from 20 to 23606 to find a di-
lution for which the binding rats in resonance units per second
(RU/s) was constant over ime. The observed hinding rate was
wsed to determine active antibody concentration by using the
calibration curve,

FPraparation of Standards

Standard solutions of SMZ were used to prepare known
concentrations of SMZ in HBS or milk, Antibiotic-free milk
served as control milk and was also used to prepare spiked
samples, SMZ was dissolved at | mg/mL in 50 mM borate
buffer, pH 8.5, and working solutions were prepared by dilu-
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Figure 2. Calibration curves In buffer and skim milk: comparison of 2 antibodies anti-SMZ at 20 pLimin. Antibody 1,
2.8 nM; secondary antibody, 33.3 nM; antibody 2, 2.1 nM; secondary antibody, 33.3 nM. Each point represents the
mean of 9 replicates; the error bars indicate CVs. The absolute response readings corresponding to the 100% relative
response in assay bulfer and in milk at 20 pl/min with antibody 2 were 1288.08 + 68.20 and 1115.73 £ 147.42 RU,
respectively. Mean ICsp values derived from standard curves made In assay buffer for antibodies 1 and 2 were 180 and

12 pgfkg and in milk 1000 and 20 pg/kg, respectively.

tion in HES. These solutions were finally diluted (1:100) in
HBS or milk.

Sample Praparation

Milk samples were pastenrized by heating 15 min at 80°C,
and then centrifuged (Jouan GR 4.11) for 10 min at 1000 g.
The fat on top was discarded,

Assay Frinciple

The assay was based on inhibition of the binding of
polyelonal antibodies to immobilized SMZ by SMZ in the
sample. The SFR response changed inversely in relation to the
antibiotic concentration in the sample. The primary antibody
was mixed (1 + 1) with HBS or milk; 35 pL of this mixiure
was injected at a constant flow rate, and 33 pl. of secondary
antibody was then injected to enhance the signal from the pri-
mary amtibody.

After cach meassurement, the surface was regenerated by
consecutive injections of [5 pL 50 mM NaOH, pH 12.2, and
15 pul. 75 mdA HCL, pH 3.3,

Optimization of SMZ Antibody Concentrations

Different concentrations of 2 antibodies  anti-SMZ
{1.4-11,2 nM and 1.05-2.4 oM, respectively) were tested 1o

determine the optimal concentration for best sensitivity of the
assay. Similar tests were done with the secopdary antibody.

Assay Validation

The concentration renge for SMZ standard curves wis
0200 pedp. Calibration curves were prepared by plotting log
{EMZ concentration) against the relative response, as follows:

Relative response, % = Ado x 100

where A was the response of one sample i RU and Ae was e
response of a negative control sample in RLL

The ICs, was defined as the concentration of the inhibito
{amtibiotic) required to reduce the signal in RU to one-half the
sigrnal measured when no inhibitor was present.

The precision of the assay was estimated by repeating stan-
dard curves 3 times per day for 3 days, Coefficients of varii-
tion (CW%) were calculated (n = 9) for each concentration,

The limmit of detection was defined as the lowest concenina-
tion that could be determined as statistically different (3 stan-
dard deviations) from a negative control milk or HBS {mean
response of 20 negative contrals).

In order to determine the specificity of the assay, 6 different
sulfonamides  (sulfadimethoxine,  sulfamethoxypyridazing,
sulfarnonomethoxine, sulfadosine, sulfadiarine, sulfaphenazole)
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and wther commonly used antibictics from major classes
(oefolur, spiramycin, dibydmostrepiomycin, oxyietracycline,
penicillin,  ampicillin,  mmethopim,  chloramphenicol,
thismphenicol, florfenicol, enmofloxacine) were tested at a con-
centration of 1000 pgfke. The response of each antibiotic was
compared with a standand curve of SMZ 0 determine the come-
sponding SMZ concentration (equivalent SMZ) and expressed as
a perceniage:

Cross reactivities, % = equivalent SMZ1000 2 100

Results and Discussion
Primary Antibodiss

The active antibody concentrations were calculated at ap-
proximately 1880 and 180 nM for antibody 1 and antibody 2
anti-SME, respectively. Optimum concentrations which gave
the best sensitivity for antibodies | and 2 wene, respectively,
2.8 and 2.1 nM (data not shown).

Sacondarny Antibody

Orptimum concentrations were those that gave the best sen-
sitivity with maximum reduction of primary antihody concen-
tration and sufficient enhancement of the signal. For the sec-
ondary antihody, optimum concentration was 33.3 nb (data
not shown), whatever the primary antibody,

Because the secondary antibody enhanced the signal, use
of the pramary antthady was limited (in this assay, the reduc-
tion factor was 1.5-3). However, there wens 2 disadvantages
when the secondary antibody was used: a decrease of Sensitiv-
ity (53— of the aszay and increase of analveis Gme.

Specificity and Salactivily

Far the 2 primary antibodies, no cross-reactions were ob-
served in milk with either the & ested sulfonamides or with
molecules of the main families of antibiotics (penicillin,
cephalosporin, aminoglycoside, tetracycling, chloramphenicol,
quinolone), I wis essential that these antibodies were selec-
tive for the sulfonamide family because that was the purpose
of developing this screening test.

However, the specificity for SMZ was a problem because
the MRL has been st for the sum of sulfonamides, It wouald be
interesting, therefore, to find an antibody thar would
cross-react with the main sulfonamides. Production of this
kind of antibody and new technologies in antibody enginecr-
ing may eventually solve this problem. In the meantime, sev-
emal anihodies may be vsed in the assay, each antibody being
specific for one sulfonamide; the sum of the results would thos
be claser o the real concentration of sulfonamides in the sam-
ple. The multichannel system of the BIACORE would permit
testing of several sulfonamides in parallel, one by low cell.

Effact of Flow Rale

The inhibition curves for SMZ in buffer and in milk al
2 different flow rates using antibody 1 are shown in Figure 1.
The ICyy was estimated in buffer at about 1000 ppikg at
3 ulimin and 180 pgike at 20 plimin. In milk, the T4, was
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1000 pg'ke for the 2 flow rates. Some values of [Cq
(LD pgfkp) were determined approximately by extrapola-
tion because they were at the end of the standard curve. Be-
cause the 1Cg, was fower in buffer than in milk at 20 pLimin,
the effect of the milk matrix was observed at this flow rate and
i at 5 pl/min.

For antibody 1, the biosensor immunoassay in buffer had a
detection limit of 20 and 10 pgfkg at 5 and 20 pL/min, respec-
tively. In milk, the detection limits were 2.2 and 8 pp/ke at 5
and 20 plfmin, respectively.

The ICs; and detection limits in buffer showed better re-
sults at 20 plsmin than at 5 pLémin, In milk, the ICy, was
equivalent for the 2 flow rates and the limit of detection was
lower at 5 plfmin. However, we decided to work at 20 uLémin
1o study antibody 2 anti-SMZ because of the mpidity of the as-
say (& min per sample at 20 pLimin instead of 30 min at
5 plfmin) and because a limit of detection of B pgfkg in milk
was sulficient to detect SMZ near the MRL.

The CVs for each point of the calibration curve were simi-
lar in buffer and in milk for both flow rates, between 1.3 and
T.4%. The precision of the assay, therefore, was satisfactory.

Effect of Antibody

The inhibition curves for SKZ in buffer and in milk for an-
tibodies 1 and 2 at 20 pLémin are shown in Figure 2. The esti-
mated 1Csy was lower in buffer (12 pgkg) than in milk
(20 pgikg) at 20 plimin for antibody 2. The effect of the milk
matrix was similar to that for antbody 1.

Walues for antibody 2 were more precise than those for an-
tibody 1 because the 1C5; values were included in the middle
of the standard curve.

The biosensor immunoassay had a detection lmit of about
29 and 1.7 pgfleg in buffer and in milk, respectively, with anti-
body 2 at 20 pLmin. Therefore, whatever the flow rate or anti-
body, the detection limils were well below the MRL of
100 pg/kg.

Both in boffer and in milk, the assay had a bower ICs; and o
better limit of detection with antibody 2 anti-SMZ than with
antibody 1. The CVs were a litthe higher with antibody 2, be-
tween 5.3 and 12.79%. The precision of the assay was also sal-
isfactory with this antibody.

Conclusions

The development of this biosensor assay led to 2 possible
screening tests becanse 2 antibodies conld actually be used.
The optimum conditions have been detormined at 20 pl/min
for the 2 entibodies. Antibody 2 was more sensitive than anti-
Bady 1, with 2 lower detection limit; however, the linear range
of the curve did not include the MEL, Moreover, the detection
limit of antibody 1 was sufficient to detect SMZ near the
MRL. Therefore, antibody | could be used directly in the as-
say or antibody 2 could be used with diluted milk. The advan-
tage of wsing antibody 2 would be that this dilution step could
replace the pasteurization step.

This study demonstrates the impact of flow rate and quality
of the antibedy on the detection of drug residues by the
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immunosensor technigue, and would thus be useful for com-
paring antibodies from different suppliess.

The assay presented hers is fast (8 min per sample], sensi-
tive, specific, and repeatable, with minimum preparation of
samples, and the concentration range includes the MRL.
Therefore, this assay could be used as a routine meathod for
screening of SME in milk. Moreover, because the BIACORE
system is a multichannel device, it would be possible to mea-
sure several different analyvies in parallel, cither several sul-
fonamides with very specific antibodies or several families of
antibiotics with selective antibodies, For further experiments,
a less specific antibody is needed, which would be directed
againgt major molecules of the sulfonamide family, because
the MEL was set for the sum of sulfonamides,

Acknowledgments

We gratefully thank Biscore AB for supplying us with con-
sumable product, and Philipp Hammer at the Federal Dairy

Research Institute {Kiel, Germany ) for providing ws with the
anti-SME.

References

(1}  Comrnission Regolation (EEC) No, 675492 (1992) Official
Joumal of the Evropean Community L 73/8, 19 March 1992

(2} Sternesit, A, Mellgren, C., & Bjtck, L. (1995) Anal.
Biochem. 126, 175-1E1

(3} Mellgren, C., Sternesji, A, Hammes, P., Bjtak, L., &
Hezschen, W, (1906) 1. Food Pror. 89, 12231226

(4)  Mellgren, C., & Sternesji, A. (1998) L AGAC Inc §1,
394397

(5) Figerstam, L.G., & O Shanessy, DU (1993) in Mandbood of
Affinity Chromatography, Marcel Dekker, Inc,, New Yorik,
NY, pp 220-252

(61 Johnsson, U, Léfas, 5., & Lindquist, G. {1991} Anal,
Bigcherm, 198, 268-277

1 Karlsson, B, Figerstam, L., Nilshans, H., & Persson, B.
£1993) 1. foumunnd. Methods 166, 75-84

137



Il. ARTICLE 2

AFNOR VALIDATION OF PREMI®TEST, A
MICROBIOLOGICAL-BASED SCREENING TUBE
TEST FOR THE DETECTION OF ANTIMICROBIAL
RESIDUES, IN MUSCLES FROM DIFFERENT
ANIMAL ORIGINS

Valérie Gaudin, Murielle Juhel-Gaugain, Jean-Pierre

Morétain, Pascal Sanders

Food Additives and Contaminants: Part A

138



Contexte

Les animaux d’élevage peuvent étre traités avec des antibiotiques, soit de fagon préventive, soit de
fagon curative. Donc des résidus d’antibiotiques peuvent étre retrouvés dans le muscle de ces
animaux, soit sous la forme de la molécule mére, soit sous une forme métabolisée. Dans ce cadre,
des Limites Maximales de Résidus (LMR) ont été fixées pour tous les antibiotiques autorisés. Les
méthodes de dépistage qui sont la premiere étape du contrdle doivent permettre de détecter ces
antibiotiques en dessous ou au moins au niveau de ces LMR. Le kit commercial appelé Premi®Test
(commercialisé initialement par la société DSM, Pays-Bas) permet une détection large spectre de
plusieurs grandes familles d’antibiotiques, dans le muscle de différentes espéces animales. Ce test
microbiologique est basé sur la détection de l'inhibition de la croissance d’'une souche bactérienne
(Bacillus stearothermophilus) pré-ensemencée dans un milieu gélosé prét a 'emploi. La détection de
linhibition de la croissance bactérienne en présence de résidus d’antibiotiques dans I'échantillon se
fait par un changement de couleur, liée a la présence d’un indicateur de pH, en moins de 4 heures. En
effet, cette souche bactérienne posséde la propriété d’acidifier le milieu quand elle se développe. En
2008, la société DSM a déposé un dossier de certification AFNOR. En tant que laboratoire expert,
nous avons réalisé les études de validation et présenté les résultats au Bureau Technique agro-
alimentaire de 'AFNOR.

Méthodologie/Principaux résultats

La validation selon le référentiel AFNOR, spécifique des kits de dépistage des résidus d’antibiotiques,
est constituée de deux étapes : I'étude préliminaire et I'étude collaborative. L’un des grands principes
de I'étude préliminaire est la comparaison d’'une méthode alternative (le kit commercial) avec une
méthode de référence. Toute I'étude préliminaire est réalisée avec les 2 méthodes en parallele ; par
contre, I'étude collaborative ne nécessite la pratique des 2 méthodes que chez le laboratoire expert,
alors que les laboratoires participants réalisent seulement les analyses avec la méthode alternative.
Dans le domaine du dépistage des résidus d’antibiotiques, la méthode de référence est en principe la
méthode officielle utilisée pour la réalisation des plans de contrble et plans de surveillance frangais.
En effet, il n'existe pas de méthodes normalisées dans ce domaine, contrairement au domaine de la
microbiologie alimentaire. Dans le cas du Premi®Test, la méthode officielle frangaise, appelée
Méthode des 4 Boites (M4B), a été choisie comme méthode de référence. La comparaison s’avérait
complexe étant donné que les 2 méthodes divergeaient en de nombreux points :

- La préparation des échantillons de muscle est trés différente. En effet, pour la M4B, des carottes
sont prélevées dans des muscles entiers (non broyés) et congelés. Puis, des rondelles d'une
épaisseur de 2 mm sont découpées dans ces carottes et déposées sur les boites de milieu gélosé
préalablement ensemencé. Dans le cas du Premi®Test, les muscles doivent étre entiers, puis pressés
pour en obtenir le jus. Ensuite, le jus est déposé sur les ampoules de Premi®Test contenant le milieu
gélosé pré-ensemencé. Le spectre de détection des 2 méthodes est différent. En effet, la M4B a un

spectre plus large que la méthode alternative, puisque plusieurs germes sont ensemencés dans
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différents milieux pour la M4B. alors qu’un seul germe ensemencé dans un seul milieu est utilisé dans
la méthode alternative.

- Un probléme méthodologique se posait donc pour la supplémentation des muscles. En effet, pour
déterminer les limites de détection des méthodes, les matrices sont usuellement supplémentées, avec
des quantités connues d’antibiotiques. Dans le cas de la M4B, il est impossible de supplémenter des
muscles intacts puisque ’homogénéité de la répartition ne peut pas étre garantie. De méme, dans le
cas du kit, supplémenter du muscle intact puis récupérer le jus ne constituait pas un protocole fiable.
De plus, pour déterminer les limites de détection des 2 méthodes, il faut tester de nombreux
antibiotiques, chacun a 3 concentrations. Il est impossible de trouver les matériaux naturellement
chargés (non broyés), contenant les antibiotiques qui nous intéressent, et de surcroit a 3
concentrations différentes. C’est pourquoi cette étude préliminaire a été décomposée en 3 étapes
(Figure 46).

Suite a I'étude préliminaire, une étude collaborative impliquant la participation de 10 laboratoires, a été
organisée. Des échantillons de jus de viande supplémentés ont été envoyés aux participants, puis
analysés. Chaque matériau a été préparé, codifié et envoyé en double aveugle, soit 32 échantillons a
analysés par laboratoire. En plus des échantillons, 'Anses a préparé et fourni a tous les laboratoires
collaborateurs 3 témoins négatifs (porc, beoeuf, poulet) et un témoin positif boeuf (contenant de la
pénicilline G a 10 pg/kg). Les laboratoires participants devaient réaliser les analyses en double
aveugle (2 séries distinctes d’analyses).

L’étape 1 a permis de déterminer les limites de détection du Premi®Test pour 6 molécules de 5
familles différentes d’antibiotiques a partir de jus de viande de porc supplémentés. Excepté pour la
gentamicine, les limites de détection du Premi®Test se situent au niveau des Limites Maximales de
Résidus (LMR). Ces résultats sont en accord avec les performances du test annoncées par le
fabricant.

L'étape 2 a permis de déterminer un taux de faux-positifs et un taux de faux-négatifs de 0% pour le
Premi®Test. Les taux de faux-négatifs et de faux-positifs étaient meilleurs pour le Premi®Test (0%)
que pour la M4B (57% et 15% respectivement). En effet, les limites de détection de la M4B sont
insuffisantes pour certains antibiotiques (eg. aminosides). De plus, cette phase de I'étude a montré
que la M4B et le Premi®Test donnent des résultats concordants (« les 2 méthodes ne sont pas
différentes »).

L’étape 3 a permis de montrer que le Premi®Test était applicable aux muscles de différentes espéces
animales (porcins, bovins, volaille, ovin, lapin, ...). La comparaison entre le Premi®Test et la M4B
réalisée sur les seuls échantillons analysés au niveau de I'Anses a fait apparaitre une différence entre
les 2 méthodes. Toutefois, l'intégration des résultats négatifs dans les LVD permet de constater que
les 2 méthodes ne sont pas différentes. La capacité de chaque test a détecter les différentes familles
d’antibiotiques a été étudiée. Le Premi®Test détecte mieux les antibiotiques de certaines familles (eg.

béta-lactamines) que la M4B et moins bien certaines comme les tétracyclines.
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Figure 46. Protocole expérimental de I’étude préliminaire.
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Les résultats des laboratoires participants ont été analysés afin de déterminer différents parametres
de validation. Le référentiel AFNOR n’indique pas de limites minimales a atteindre pour les
caractéristiques de performance déterminées. La spécificité et la sensibilité au niveau L; ont été
déterminées respectivement a 95,3 % et 72,5 %. La sensibilité au niveau L; est de 100 % pour la
sufaméthazine a 400 pg/kg (4"LMR) dans le muscle de bovin et pour la tylosine a 200 ug/kg (2*LMR)
dans le muscle de poulet. Elle est diminuée par un taux de faux-négatifs plus élevé pour le ceftiofur a
800 pg/kg (0,8*LMR) et I'oxytétracycline a 400 ug/kg (4*LMR) dans le muscle de porc. Ces résultats
sont satisfaisants en regard des résultats obtenus lors de I'étude préliminaire. Les capacités de
détection obtenues lors de I'étude préliminaire (étape 1) par le laboratoire expert étaient plus basses
(sufaméthazine a 2*LMR, tylosine a la LMR, ceftiofur a 0,5*LMR et oxytétracycline a 2*LMR). C’est
logique car les résultats d’'un seul laboratoire, de surcroit expert dans ce genre de validation, sont le
plus souvent meilleurs que les résultats globaux d’une étude collaborative, impliquant des participants
plus ou moins habitués a utiliser la méthode alternative. Les résultats des laboratoires participants en
termes de répétabilité et de reproductibilité étaient trés satisfaisants, avec respectivement un
pourcentage moyen de 94,8% pour un méme échantillon et de 92,7 % pour 2 échantillons identiques

(paire) en répétabilité et un pourcentage moyen de 89,1 en reproductibilité.

Conclusions/Importance

En conclusion, le kit commercial Premi®Test a obtenu la certification AFNOR en 2006 pour le
dépistage des résidus d’antibiotiques dans le muscle porcin, bovin et de volaille (hors viande hachée).
Cette certification a été reconduite en 2010 et 2014, sur présentation d’un dossier par le laboratoire
expert. Le kit est actuellement certifié jusqu’en 2018. La certification AFNOR posséde une
reconnaissance nationale et européenne, voire internationale. Les études de validation qui conduisent
a la certification sont complétées par des audits des sites de production. Ce type de validation permet
aux fournisseurs de tests d’obtenir une reconnaissance des performances de leurs tests, de la qualité
et de la tragabilité de leur production. Toutefois, nous avons pu voir dans le cadre de cette certification
que le principe de base de la certification AFNOR qui repose sur la comparaison de la méthode
alternative avec une méthode de référence pose de nombreux problémes méthodologiques :

- D’une part pour la mise en place de I'étude préliminaire : la préparation des échantillons pour
les deux méthodes peut étre treés différents. La supplémentation de matrices entiéres, telles
que du muscle, ne permettent pas de garantir 'lhomogénéité de la répartition des résidus. Le
spectre de détection des deux méthodes peut étre différent. De plus, les méthodes
auparavant utilisées comme méthodes de référence sont de moins en moins utilisées dans les
laboratoires et ne seront donc plus disponibles dans I'avenir pour réaliser les comparaisons.

- Dlautre part pour l'exploitation des résultats de cette I'étude préliminaire : la méthode
alternative présente le plus souvent des limites de détection inférieures a celles de la méthode
de référence. Donc on ne peut conclure a I'équivalence des deux méthodes, ce qui pose
probléme dans le cadre de la validation AFNOR. De plus, comme les spectres de détection

peuvent étre différents, cela renforce la non équivalence des méthodes.
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Cependant, le point fort principal de la validation selon le protocole AFNOR est I'organisation d’'une
étude collaborative. Cette validation inter-laboratoires est trés importante car elle permet de
déterminer la répétabilité et la reproductibilité de la méthode alternative, mais aussi de vérifier la
robustesse de la méthode. Pour toutes ces raisons, '’Anses en tant que laboratoire expert a proposé a
'AFNOR de réviser le référentiel spécifique des kits antibiotiques. Un groupe de travail réunissant
I'Anses, TAFNOR et d'autres experts est en cours de rédaction d’'un nouveau référentiel, qui sera
officialisé en 2016. Ce nouveau référentiel conserve les 2 études (préliminaire et collaborative). Par
contre, I'étude préliminaire ne sera plus basée sur la comparaison de méthodes, mais sur une

approche critére par critére.
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Premi®Test contains viable spores of a strain of Bacilis siearothe rmophifus which is sensitive to antimicrobial
residues, such as heta-lactams, tetracyclines, macrolides and sulphonamides. The growth of the strain is inhibited
by the presence of antimicrobial residues in moscle tissue samples. Premi®Test was validated according to
AFMNOR ruks (French Asociation for Normalisation). The AFMNOR validation was based on the comparison of
reference methods { French (Mficial method, 1.e. four plate test (FPT) and the STAR protocol (five plate test]))
with the alternative method (Premi®Test). A preliminary study was conducted in an expert laboratory
{Community Reference Laboratory, CRL) on hoth spiked and incurred samples (ficld samples). Several method
performance criteria (sensitivity, specificity, relative accuracy) were estimated and are discussed, in addition to
detection capahbilities. Adequate agreement was found between the alternative method and the reference met hods.
However, Premi®*Test was more sensitive to beta-lictams and sulphonamides than the FPT. Subsequently,
a collaboratve study with 11 laboratories was organised by the CRL. Blank and spiked meat juice samples were
sent to participants. The expert laboratory (CRL) statistically analysed the results It was concluded that Premi™
Test could be used for the routine determination of antmicrobial residuss in musck of different anmal origin
with acceptable analytical performance. The detection capabilities of Premi® Test for beta-lactams (amoxicillin,
ceftiofur), one macrolide {tylosm) and tetracycline were at the level of the respective maximum residue limits
(MEL)in muscle samples or even lower.

Keywords: validation; Premi®test; screening; antimicrobial residues; muscle; collaborative study; routine analysis

Introdwction with respect to European repulations (EEC, 1990)
Animal treatment can lead to the presence of residues for beta-lactams,  tetracyclines  and  macrolides
in food of animal origin. The presence of antimicrobial ~ (detection capabilities lower or equal to the MRL).
residues could lead to human health and safety risks, The best detected class of compound is generally the
such as allergies or toxicity, when foodstuffs contain- beta-lactam  family. The detection capabiliies of

ing residwes enter the food chain, Different families of
antimicrobial residues are concerned: beia-lactams,
sulfonamides, macrolides, tetracyelines, guinolones,
etc. For these reasons, maxmum residue Lmits
(MRL} were set for many antimicrobial residues to
protect consumer safety (EEC Directive 2377/90 and
amend ments). Different methods have been developed
for the detection of antimicrobial residues in food of
animal orgin. These screening methods are usually
microbiological, based on the inhibition of bacterial
growth by antimicrobial residues. Microbiological
plate tests penerally mve results in 18-24 h; however,
they require skilled technicians with specific traiming.
Microbiological-based tests are an inteéresting screen-
ing step because they are capable of detecting a wide
range of antimicrobial residues (several famibes of
antimicrobials are detectable with one single method).
The levels of detection are also penerally satisfactory

sulphonamides are very varahble, depending on the
sulphonamide structure. Using microbiological-basad
ests, the least detected antbiotics are generally some
sulphonamides, aminoglycosides and guinolones.
MNone of the existing microbiological seréening meth-
ods are capable of detecting all MRL substances in
animal matnees. Therefore, some countoes have
implemented other methods in parallel w specifically
detect these antmicrobials. In France, the official
method for the control of muscle samples is the four
plate st (FPT) (Bogaerts and Woll 1980). In the past,
sofme commercial tube-tests were available but only for
the analysis of milk, such as Delvotest™, or, more
recently, the COPAN"Y (est. These tests are based on
the detection of growth by production of acid, visible
by a colour change in the test medium (pH indicator).
More recently, the Premi®Test, a commercial growth-
inhibitor  test, was deweloped by DSM  Food
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Specialiies R&D (Delft, The Metherlands) for the
detection of antimicrobial residues in muscle. The test
15 based on mhibition of the Boeillus stearothermophi-
lus strain and allows the detection of antimicrobial
residues in muscle in less than 4h (Fabre 2003a.b;
Fabre et al. 2004; Stead 2004).

Ower the last few vears, several evaluations of the
Premi® Test have been published, based on spiked meat
juice samples (Revbroeck 2000a) or incurred poultry
muscles (Revbroeck 2000b). Premi®Test has generally
been compared to a reference method, focussing on a
family of antimicrobials, such as beta-lactams, using
spiked meat juice samples and incurred poultry muscle
samples (Popelka et al. 2005) or tetracyclines
(Okerman et al. 2004). The detecton limits for varnous
antimicrobials, calculated in spiked juice samples, were
similar in the different studies. The overall conclusion
of these studies was that Premi®Test is unsuited to the
detection of tetracyclines at MRL level in spiked and
incurred samples. Premi® Test was very sensitive For the
scresning of beta-lactams, more than the usual micro-
biological plate tests. Premi®Test was suitable for the
detection of beta-lactams and sulphonamides at MRL
level or even below.

The AFNOR validation is based on a comparison
between a reference and the alternative method. In the
present study, the Premi*Test, ie. the alternative
method, was compared with two other microbiological
methods: the French Official method (four plate test,
FPT) which was the reference method, and the STAR
protocol (the CRL protocol) (Gandin et al. 2004).
Thereaflter, an interlaboratory study was orpamised. in
which only the Premi®Test was used to analyse spi ked
meat juice samples. This paper presents the results of
preliminary and collaborative studies.

Materials and methods

Presentation of the methods

Principle of the kit

The Premi®*Test allows the detection of antimicrobial
residues in fresh meat, kidnevs, fish and egps (Arts
et al. 2000). The Premi®Test is based on the growth
inhibition of Bocilfus stearothermophilus, in which
standardised spores are included in a medium with
selected nutrients. The meat juice T placed in ready-
to-use tubes and, after 20min of pre-di Tusion at room
temperatire, the meat juice was removed by three
washing steps. Finally, the ampoule was incubated for
approximately 3 h at 64°C. The reading of the “ves no™
resull was based on a colouwr comparison. Without
antimicrobials, the spores germinate and dewelop,
involving acidification of the mediuom and a change
of colour (vellow). Conversely, in the presence of
antimicrobials, bacterial growth is inhibited and a
puirple colour indicates the presence of antibiotics at or

ahove the deection limit of the test. Doubtful and
positive samples were confirmed by the multi-residue
LC/MS-MS method descanbed below. This broad-
spectrum fest makes it possible o detect a large
number of antmicrobials in less than 4h in muscle

Juice samples (extracted by pressing a piece of meat).

Principle of the four plate test { FPT}

The four plate test is the French Official method for
monitoring muscle samples (Bogaerts and Wolf 1980).
A microorganism, sensitive o antibactenal substances,
is inoculated into an agar medium in a Petn dish. The
following test organisms are used: Bocd e subvilis B A
(reference 10649; Merck, Nogent-sur-Mame, France)
(in test agar pH 6.0, Merck), Bocillus subtifis Bird
(reference 10649, Merck) (in test agar pH 8.0, Merck),
Bucilfus subtifis Bird (reference 10649, Merck) (in agar
ASS pH 7.4, Merck) and Kocurig varians (ATCC 9341,
Pasteur Institute) (in test agar pH 8.0, Merck). Slices of
froden muscle were placed on the surface of the
inocitlated mediuvm and incubated at the optimal
emperature for growth of the test organism. Afler
diffusion, the antibacterial substance should produce
an inhibition zone around the sample by inhibiting the
growth of the test organism.

FPrinciple of the STAR protocod and Bocillie cereus

The STAR protocol is the CRL method (Gaudin et al.
2004), which was dewloped to improve the perfor-
mance of the FPT, and the detection principle is the
same. The following test organisms are wsed: Boaciffus
subwilis BGA (reference 10649, Merck) (Antibiotic
medinm IT at pH 8.0, Difco, Detroit, MI, TISA),
Kocuria variams ex. Micrococows lutews (ATCC 9341,
Pasteur Instimie) (in st agar at pH 8.0, Mernck),
Bacillus cerews Bob (ATCC 11778, Pasteur Institute) (in
test agar at pH 6.0, Merckl, Escherichia cofi (ATCC
11303, Pasteur Instimte) (in rest agar at pH B.0,
Merck), Bocillus searothermophilus (ATCC 10149,
Merck) (in DST (Mhagnostic Sensitive Test) medium;
Oxoid, Basingstoke, UK). The Baciflix cerens used by
field laboratories at the 3rd step of the preliminary
study is plate Beb of the STAR protocol, which is
selective for the detection of the tetracycline [amily.
Muscle sample slices of 2mm in thickness were cut
from frozen muscle and placed on the plates.

LCIMS-MS method

A muli-residue LC/MS-MS method was developed for
the screening of antimicrobials in meat The principle is
hased on two different extractions: one with trichlor-
oacetic acid (TCA), allowing the detection of tetra-
cvclines, aminoplyeosides and quinolones; the second
with acetonitrile (ACN), allowing the detection of
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penicilling, cephalosporing, macrolides and sulfona-
mides. TCA extracts are directly injected after ultra-
centrifigation and filration. ACN extracts are
evaporated and the residue is then dissolved in 0.6 ml
of ammonium acetate before fltration and injection.
Two different gradients with pentafluoropropionic acid
amd ACN are used for the LC analyses. LC/MS-MS is
uwsed in multi-reaction monitorng mode (MRM) and
two MRM transitions are monitored for each com-
pound. Identification of the detected compounds is
based on retention time and the presence of the two
specific ransitons. Quantitative delermination was
carried out wsing calibration curves obtained with
spiked samples at 0.5, 1 and 1.5 MRL levels. Internal
standard were used for the gquantification. All 50
monitored compounds, excepl some aminoglyosides,
were detected at a leve below the MRL.

Principle of AFNOR (French Associatton for

Normadi safon ) validation

Any alternative method should be compared with a
reference method. A meference method could be a
standardised method, if it exists, an official method or
a widelv known and used method, taken in reference.
An alternative method is a commercial est allowing
analysis of, for a catepory of products given, the same
analvies a8 that messured by the reference method . but
presenting one or more of the following criteria: speed
of analysis, ease of execution and/or automation,
analytical performances (limat of detection, specificity,
etc.). A specific puide for validation of alternative
methods for the detection of antmicrobial residues in
foodstuffs of animal origin is available (Anon. X05a).
It defined the requirements relating to the organisation
of preliminary and collaborative studies carried out by
one expert laboratory. This document establishes the
general principle as well as the technical protocol for
the validation of altermative methods for the detection
of antimicrobial residues in foodsmifs of animal origin.

Preliminary study
The preliminary step are divided into three parts.

Step 1. Analyvsis of blank and spiked memt juice
sumiples
Porcing muscles was used from practical experience.
The absence of antimicrobial substances in these pig
samples, assumed as blank materials, was checked via
FPT and the STAR protocol. The negative results
confirmed that these pig samples could be used to
prepare blank meat juices.

Muscle samples were pressed throupgh a garlic press.
Thereafter, meat juice sarmples were spiked with known

Fovivd Addditives and Contaminanis 1453

concentrations of six different antmicrobials: sulfa-
methazine (sulphonamides), oxyietracveline ((etracy-
clines), tylosin (macrolides), amoxicillin (penicillins),
ceftiofur (cephalosporing) and pentamicin (aminogly-
cosides). Each antimicrobial was spiked at three
concentrations: sulfamethazine (50, 100, 200 pgkg_] |8
oxvietracyvchne (50, 100, EGGugqu}‘ tylosin (50, 100,
0 peke ), amoxicillin (25, 50, 100 pe ke ™), ceftiofur
(100, 200, mugkg“’} and gentamicin (50, 100,
Iﬂ}ugkg'l}.

Five aliguots (five combinations of sample/anti-
micro bial ‘concentration) were prepared “blind to the
techmician™ and analysed in duplicate only with the
Premi®Test. The aliquots were stored in a freexer
(approximately —20°C) before analvses. Blank meat
Juice and spiked meat juice samples were analysed in
duplicate only with the Premi®Test.

Step 2. Treatment of animals and analvsis of incurred
porcine muscle sumples

Two untreated pigs were slaoghtered before the
treatments of three other pigs. These pigs were supplied
by a farm puarantesing that the pigs did nof receive
prior anlimicrobial reatments. Moreover, the absence
of antimicrobials in muscle samples was checked with
the FPT and STAR protocol.

Three pips were treated, one each with ylosin,
amoxicillin  and a oxvietracyvehne/sulfadimethoxine
mixture, and slaughtered. Each material was analysed
by a multi-residue LC/MS-MS method to guantify
antimicrobials. The following concentrations were
obtained: tvlosin 750.94+76.1 pg kg" {material 1),
amoxicillin 269.5 + 18.0 g Eg"’ (material 2}, oxyvietra-
cycline 7649+ 44 Bppke™ and sulfadimerthoxine
1511413 2pgke™" (material 3).

Afterwards, five pieces of each matenal (blank and
treated animals) of approximately 2 g were (five
combinations of sampleantimicrobialfconcentration }
prepared “blind to the technician™ and analvsed in
duplicate using three methods: Premi®*Test, STAR
protocol and FPT. These samples were stored in
freezer at approximately —20°C before analyses.

Step 3. Analysis of field samples

This step allowed 2 comparison of the Premi®Test,
STAR protocol and FPT in “naturally” incurred
samples for a wide number of antimicrobials and
maftrices of different origing (e.g different species). The
samples came from a mlot stwdy on the implementa-
tion of a new screening method for antimicrobial
residues in meal (Anon. 2005b). The samples were
sent  repularly to laboratories from the French
veterinary services (official control). Six held veter-
inary laboratories (LVD or “Laboratoire Velérinaire
Départemental” in French) were trained in the
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implementation of the Premi®Test and one plate
Bacillis cerews (for detection of tetracvdines) (STAR
protocol), analveing 1427 feld samples over a penod
of 4 months. All their positive samples (with
Premi® Test and/or Bacillus cereus) were sent frozen
to the CRL esery 15 days. All sample characteristics
(spacies, reception date, analysis date, dispatch date,
etc.), as well as the results obtained with Premi®Test
and Boucilfus cerens, were also sent to the CRL. Al
samples from the feld laboratories where stored in the
freezer upon arrival in our laboratory. Blind analyses
were carried out at the CRL with the Premi® Test, FPT
and STAR protocol, including the Bociffus cereus
plate. Finally, the positive samples from at least one
of these methods were analvzed by the multi-residue
LC/MS-MS method (svstematic screening, then iden-
tification and quantification). Doubtful Premi®Test
samples were also tested by LC/MS-MS.

Interfaboratory study

Eleven laboratories were contacted to participate to
this inter-laboratory study, including the six field
laboratories which had already participated to step 3
of the preliminary stedy. When an AFNOR validation
is implemented, an expert laboratory is designated by
the AFNOR Technical Office. The expert laboratory
performs the intra-laboratory validation and organised
the inter-laboratory study. Moreover, dunng the inter-
laboratory study, the results of the expert laboratory
are nol included with the participants’ results, but
these results are considered as the reference results
(to be obtained by the participants). In this case. the
Community Reference Laboratory (CRL) was con-
sidered the expert laboratory.

Spiked muscle juice samples were used for the
interlaboratory study instead of incurred samples, for
several reasons. Firstly, it is very difficult to prepare
raw muscle with a target concentration of each
antimicrobial owing tw the individual variability of
animal pharmacokinetic (depletion of the antibiotic in
tissues). Moreover, the use of raw pieces of meat did
not allow mincing of meat to adjust the concentration.
Secondly, the study was based on several animal

species amd, therefore, treatment would need to be
performed in each species. This would have been very
expensive, lime-consuming and impossible (o imple-
ment in our laboratory. Thirdly, when prodocing
incurred muscles and sending raw muscle samples
pieces of meat), it is very difficult to ensure homo-
geneity of the samples, which is basic when orpanising
a collaborative study.

Preparation of the materias

Porcine, bovine and chicken muscles were pressed.
Blank meat juice samples (negative controls and blank
unknown samples) were prepared. Furthermore,
spiked samples were prepared with four different
antibiotics al three concentrations. Oxvietracvcling
and ceftiofur were added to porcine meat juice
samples, sulfamethazing Lo bovine meatl juice samples
and, fnally, tylosin to chicken meat juice samples.
Table | presents the content of the 16 combinations.

A stahbility smdy was carried out on materials before
sending the samples and over the period of analvses by
the participants. The samples were analysed with the
Premi®Test at the CRL. Material stability was proven
over the period of analvses. A mndom codification of
the materials was performed and each laboratory was
identified by a code (from A to P).

Dispateh of materiols

Ome negative control from each species was sent and
one pogitive control contaming  pencilin G at
10 pg kg™'. A total of 32 different frozen meat juice
samples (16 materials in blind duplicate: spiked and
blank samples) were sent under frozmen conditions
(dned ice) to the participants to ensure stability of
matrix and analyte. The samples were stored in a
freezer upon arnval. Eleven laboratories received
parcel instructions and a results form. The participants
had no information about the antibiotics contained in
the materials.

Because it is recommended to test one negative
control from each analysed species, each laboratory
received a table indicating the species orgin of each
sample, according to a sample code (1-32), to compare

Table 1. Interlaboratory study: Content of the 16 materials sent in blind duplicates.

Porcine Bovine Porcime  Chicken
Antimicrobial Level of contaminaton  Oxytetracycline Sulfametharme Ceftiofur  Tylosin
MRL - 100 10y 1000 10y
Spiked concentrations LD Blank Blank Blank Blank
(ngkg™) L1 R 0 40 10
L2 00 e 1] 400 10y
L3 400 4 OO 200
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the results of each sample with the negtive control of
the corresponding species. All analyses were carried
out in blind duplicate (two different series of analyses)
with Premi®Test only. Analyses were performed within
I week maximum after receiving samples. A negative
control for each species, a positive sample (spiked with
penicillin G at 10pgke™) and coded materials were
analysed. All results were retumed rapdly and
compiled at the CRL.

Results and discussion

Prefiminary study

Step 1. Analveis of blank and spiked mem juice
samples

Among the X blank meat juce samples analysed in
duplicate, only one meat jce was positive twice and
four other meat juices were “doubtfil” in one of the
two replicates and negative in the other. A total of 15
meat juices were negative twice. The [alse positive rate
is the number of positve results for blank samples (Free
of antibotic substances ) divided by the total number of
positive samples (the same number plus the number of
conlaminated samples showing positive resulis) and
multiplied by 100: 18% (=6/(642T)00) of results
were false positive. The result was satisfactory becanse
the false positive rate should be minimal for a
screening method, since the samples declared positive
should be confirmed by a phyvsicochemical method for
identification and quantification.

The detection limit corresponded to the lowest
concenlration which gave a positive or a doubtful
result for each of the five replicates. Table 2 presents
the determination of limits of detection of Premi®Test
for the six antimicrobials tested.

The study of spiked pig meat juice samples showed
that, for five molecules belonging to four different
classes of antibiotics, the detection limit of Premi®Test
was at a level of one or two MRL maximum. For only
one antibiotic (gentamicing, the detection imit was two
times higher than the MBL (40% of positive results at
2 xMRL). The false negative rate corresponds o the
number of negative results obtained for contaminated
samples (spiked samples) divided by the otal number
of negative samples (the same number plus the number
of blank samples giving a negative result) and multi-
plied by 100. The [alse negative rate calculated at
I xMRL was 22% (=I10/{10 4 34)100). However, the
false nepative rate calculated at twice the MRL was 8%
(=3j(3 4+ 34)100).

Step 2. Treatment of animals and analvsis of tncurred
porcine muscle samples

Concentrations in naturally incurred samples were
much higher than the respective MERL of the four
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antimicrobials (from 1.5 to 7.6 x MRL). However, the
analvses of incurred materials with known antmicro-
bial concentrations was of significant interest. Table 3
summanses the results of step 2.

Data exploitation was camal out according to the
reference document of AFNOR wvalidation (Anon.
M5a). Exploitation is based on a comparnison of two
methods: the reference method and the alternative
method. The FPT was sel as the reference method and
the Premi® Test as the alternative method.

Three different parameters were calculated
which allowed a comparison of reference and alter-
native method: relative accuracy (AC=(PA 4 NA)/
N x 100%3), relative specificity (SP=(NA/
N=}= 100%%), relative sensilivity (SE =(PA/
N4} x 100%), where NA s the nepative apgresment
(negative result obtained with both methods), PA s the
positive agreement (positive result oblained with both
methods), ND id the negative discrepancy (positive
result obtained with reference method and negative
result with alternative test), PD is the positive
discrepancy (negative result obtaned with reference
method and positive result with alternative test);
N=NA +PA 4+ PD + ND is total number of samples;
N— is the total number of negative samples obtained
with the reference method (NA 4 PDY); N4 is the total
number of positive samples obtained with the reference
method (PA 4+ ND).

Relative accuracy, relative specificity and relative
sensitivity were calculated as T, 429 and 84.6%,
respectively. Relative accuracy amd specificily were
satisfactory, but the low relative specificity value could
be explained because the sensitivity of the FPT was
sometimes insufficient for certain antibiotics.

In conclusion, FPT and Premi® Test gave similar
resilts for performance charactenstics (relative accu-
racy, relative specificity and relative sensitivity).
However, al this step, the false negative and the false
positive rales were lower for the Premi“‘TesL{l‘nLh 0%}
than for FPT (33 and 40%., respectively).

Step 3. Analvsiz of field samples

A total of 1427 field incurred samples, from six French
field weterinary laboratories, were analyzed via
Premi®Test and Bucillus cerews plate, of which, 1325
were negative, and 102 samples doubtful (36) and
positive (66) with the Premi*Test.

Among the 1325 negative results, 10 samples were
positive with the Sacillus cereus plate. Therefore, 112
muscle samples were sent to the CRL for confirmation.
The correlation between the Premi®Test resulis from
LVD amd AFSSA was examined (Table 4). A total
of 76% of the samples (78/102) found positive or
doubtful with Premi®Test in the LVD were found
positive or doubtful with Premi®Test at the CRL.
A total of 24 samples were positive or doubtful at the
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LVD and negative at AFSSA. This could be due either
to false positive results from the Geld laboratories or to
antibiotic  instability between the (wo analyses,
although the recommended storage and transport
conditions were striclly respected. Among the 10
samples negative with Premi®Test and positive with
Bacillis cereus in the field laboratores, six were
positive or doubtful with Premi®Test at the CRL and
confirmed positive with Bacilfus cerews. The four other
sarnples were positive only on plate Bob. Finally, the
presence of a letracveline was confirmed by LC/MS-
MS in nine of these samples. Therefore, Bacillus cereus
plate {one plate of the STAR protocol, which is
selective for the detection of tetracyclines) is more
sensitive for tetracyclines than Premi®Test,

The false positive rate in the field laboratories was
occasionally high, mainly at the beginning of the study.
Thereafter, with reading expenence, most of the
positive results with Premi®Test at the field labora-
tories were confirmed positive with Premi® Test at
the CRL.

Many animal species were studied in step 3 becanse
samples were from held laboratories, while the first
two steps were based only on pig muscle. The
distribution of species samples is presented in Tahle 4.
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The confirmatory rate of the LC MS-MS method
(number of samples really containing antimicrobial
residues divided by the number of tested samples
(positive  screening) multiplied by 100) was 4%
25/61). The confirmatory rate varied between species
and there were more [lse positive resulls in some
species (37% for bovine samples compared to 75% for
poultry samples).

The results of the comparative analysis between the
alternative method (Premi®Test) and the reference
method (FPT) are presented in Table 5.

When data analvsis was based only on the 112
samples reanalvsed in the expert laboratory, relative
accuracy (33.9%) and relative specificity (33.4%) were
very low. Only relative sensitivity (W0%) was satisfac-
tory, as in the first step of the validation study.
However, in this case, Premi®Test negative samples
(1315 nepative/1427 analyvzed samples) obtained in
the field laboratories were not taken into account.
Only the positive samples in the feld laboratones were
reanalysed at the CRL with Premi®*Test and FPT.
None of the 1315 nepative samples was analysed with
the FPT. From experience (a previous studv in
X035 data not shown), all samples which were
declared negative with Premi®Test and negative with

Tablk 3. Analysss of naturally incurred samples with the three screening methods (step 2.

(flobal results of

Antibiotic OTC/SDMX Amoxicilin Tylosin incurmed samples Blank Fp+ (%) Fp— (%)
MRL {pig muscle) (peke=") 1060 T S0 100 - - - -
Concentrations by LC/MS-MS (ug kg:]] T60 150 I 750 - - - -
Mumber of positive results with Premi Test 505 35 Tl 15/15 05 1] L]
Mumber of positive results with STAR 505 55 55 15/15 i/5 o0 0
Mumber of positive results with FPT 515 4/5 1/5 10/15 2/5 40 33

Fp+ false positive rate; Fp—: false negative rate; OTC: ouytetracycline, SDM X sulfadimethoxine.

Tablke 4. Correlation between field laboratories and AF55A: comparison of the three screening tests and LC /MS5-MS method in
relation to the species (step 1),

Species Bovine Pomine Poultry  {Mhers  Unknown  Total
LvVD Mumber of samples analysed at LVD" e 67l 05 26 1446 1427
Mumber of pozitive and doubtful results at 63 26 ] 5 7 102
LVD Premi®Test
AFSSA Mumber of samples analysed at AFS5A 65 31 4 5 7 ¥
Mumber of positive and doubtful results 45 1% 2 5 i) TH
with Premi®Test
Correlation LVD/AFSSA (%) 6o 6l 50 10 10 T
Mumber of positive samples with FPT i 5 2 1] L] 10
Mumber of positive samples with STAR 13 13 4 0 2 12
AFSS5A Mumber of tested samples g 1% 4 1 0 6l
LC/M5-M5 Mumber of positve samples 14 4 i 0 0 15
(identified molecul)
Rate of positive confirmation (%) a7 e T3 o - 41

*Total of samples =nt to AFSSA for confirmation.
"L¥Dis Laboratoire Vétérinaire Departemental in French, which is a field veterinary laboratory.

150



1458 V. Gawdin et al.

Bacillix cerews were also all negative with the FPT (28
samples). Therefore, it was assumed that the 1315
samples, found negative with both Premi® Test and
Bacillis cerews, would have also been negative with the
FPT. In this case, the agreement (94.8% relative
accuracy and 95% relative specificity) between the
results of Premi®Test and FPT was very satisfactory.
The two methods were different by a statistical test
owing to & high rate of positive deviation
{Premi ¥Test4 FPT =), which may be caused partally
by false positive results of the Premi®Test andjor by
the lack of sensitivity of the reference method towards
some antimicrobial residues.

The agresment (relative accuracy) betwesn the
results of Premi®Test and STAR was 42.99%,, relative
specificity 31.3% and relative sensitivity 71.9%.
Therefore, it 18 similar to the comparison of the

FPT with Premi®Test. Agreement between the FPT
and STAR protocol was higher (70%: data not
shown). Only one sample was negative with the
STAR protocol and positive with the FPT. The
absence of antimicrobial residues in this sample was
confirmed by LCMS-MS.

The resulis obtained in the feld laboratories, and
then at the CRL, with the Premi®*Test, FPT, STAR
protocol and the confirmatory method by LC/MS-MS
are compared in Table 6. The number of positive
results with the Premi®Test (78) was much higher than
the number of positives with the multi-plate ess (FPT:
I0; STAR: 31 samples) Among the 112 samples
analysed at the CRL, only the positive or doubtful
samples  with one of the screening methods
(Premi®Test, FPT or STAR) were confirmed by LT/
MS5-MS (8B samples).

Tahie 5. Correlation between Premi®Test and FPT (step 3 ).

Ist analysis (112 samples)

2nd analysis (1427 samples)

Relative accuracy AC (%)
Relative speaticity SP (%)
Relative sensitivity SE (%)

319
n4
T0.0

R
Q5.0
0.0

Relative accuracy: AC={PA 4+ MA)M™ = 100%.
Relative speaficity: SP = (MNA N—) = 100%;.
Relative sensitivity: SE ={PA M™N4+) = 100%.

MA is the negative agreement; PA is the positive agreement; MDD is the negative discrepancy; PID is the positive

discrepancy .

N=MA +Pa+PD +ND is total rumber of samples.

M— is the total number of negative samples obtained with the reference method (MA + PD).
M+ is the total mumber of positive samples obtained with the reference method (PA +MNID).

Tahke 6. ldentification of positive zamples with LC/MS-MS at AFS5A: comparizon of Premni®Test, FPTand STAR protocol in

2005 (step 3).
Premi® Test results FFT mesults STAR results
Mumber of analysad
Identified AB family Cuantificabon/MRL samples - D - - - - -
MACRO =<MEL 1 1 1 |
SULFA =<MRL 1 1 I 1
T <MRL 10 4 E] 3 [ 4 2 ]
™ =MREL 2 1 I 2 2
BL =MREL 10 2 B 10 7 3
BL =MREL 2 2 I 1 2
TTC+5ULFA <MEL | 1 1 1
BL+ sulfa =MEL 1 1 1 I
MACRO 4+ TTC 4+ BL =<MRL 1 I I 1
TTC+BL <MRL 1 1 1 1
AMIMNC+ BL <MRL 1 I | |
(fohbal =LMR 26 4 7 15 .|} [ 13 13
=LMR 5 1 0 4 2 3 1 4
Total 3l 5 7 19 n 9 14 17
Ahzence 57 5 b -+ 56 1 43 14
Mot analysed 4 24 4 4
Total 112 £ I5 63 102 1] 1 3l
I doubtful.
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After confirmatory analyses, 31 samples really
containesd antimncromal residues (35% of the con-
firned samples) at different levels (26 samples at
concentrations lower than the respective MRLs and
five only at concentrations higher than the respective
MRLs).

False positive rates for the FPT, Premi®Test and
STAR protocol were 3% ((1/{1+31)) = 100), 62% ((52f
(524 31)) = 100y and 31 % ((14/(14 4+ 31 )= 100), respec-
tively. The false positive (rate of each method was
calculated as the number of positive results for blank
samples (free of antibiotic substances) divided by the
total number of positive samples (the same number
plus the number of contaminated samples showing
positive resulis) and multiplied by 100,

A total of 52 samples were Premi®Test positive or
doubtful, but no antibiotic residue could be identified
when analyzed by LCMS-MS. Howewver, a false-
positive result could be due to degradation of the
antimicrobials initiall¥ contained in the sample (oo
long a delay before analysis by LC/MS-MS, very
unstable molecules, ete). Furthermore, it could be
false compliant results of the confirmatory method.
The antimicrobial present in the sample may not be
detected and identified by the multi-residue LC/MS-
MS method if the molecule is not present in the
spectrum of detection of the method (metabolites, ete.).
or sensitivity may be insufficient

After a positive result with Premi®Test, the
presence of antimicrobial residues was confirmed in
26 samples (33%), of which four samples contained
antimicrobials al concentrations higher than the MRL.
Three of the 10 positive FPT samples and four of the
STAR positive samples were al concentrations grealer
than the MRL. Premi®Test and STAR screened
positive 22 and 13 samples, respectively, which actually
contained antimicrobial compounds at concentrations
lower than the MRL. The FPT detected only six of
these samples. Therefore, the sensitivity of Premi®Test
and STAR protocol was lower than the FPT.

The highest confirmatory rate was obtained for the
FPT (90%). The false nepative rates of the FPT,
Premi®Test and the STAR protocol were B, 28 and
2045, respectively. The false nepative rate was caleu-
lated as the number of false negative results divided by
the total of the true negative samples plus the number
of false negative results for each method.

The most common antimicrobial classes detected
during this pilot study were beta-lactams (penicillin
and amoxicillin) (15 samples) and tetracvelines (dox-
yveveline, etracyveline, oxyvietracycline and chlorietra-
cycline) (15 samples), Premi®Test (12 positive samples)
was much more sensitive for the detection of beta-
lactams than the FPT (one positive sample) and the
STAR protocol (five positive samples), even o
sensitive in some cases (10 positive samples confirmed
at concentrations lower than MRL). Premi®Test was
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also more sensitive for the screening of sul phonamides
than the two other methods (FPT and STAR failed to
detect one sample at a concentration higher than the
MRL). Finally, Premi®Test was less sensitive than
the FPT, and especially the STAR protocol, for
the detection of tetracvclines. Therefore, this study
has demonstrated the capability of Premi®Test 1o
detect samples at the MRL level for sulphonamides
and beta-lactams, but not for tetracyclines. These
conclusions have confimmed the results of different
teams over recent vears (Revbroeck 2000a b: Okerman
et al. 2004; Popelka et al. 2003).

Table 7 presented the combined results of a
previous study carnied out in 2003 and 2004 (64
samples actually containing antimicrobial residues)
with the pilot study.

After the confirmatory analyses of positive samples,
31 samples contained antimicrobial residues at concen-
trations lower than the respective MELsand 33samples
at concentraions higher than the respective MRLs.
The total number of positive samples reported with
Premi®Test (32) was higher than with FPT (38).
However, the number of samples detected positive
with Premi®Test (26) or FPT (25), which really
contained antimicrobial compounds at concentrations
higher than MRL, was identical. Moreover, six false
negative resuls were obtained with Premi®Test and
seven with FPT.

The presence of beta-lactams was confirmed in 17
samples by the LC/MS-MS method. All 17 samples
were positive or doubtful with Premi® Test, while
only seven samples were detected positive with the
FPT (| =MRL and 6> MRL). Therefore, the detec-
ton capability of Premi®Test for beta-lactams was
better than FPT. Sensitivity was also lower for
sulphonamides (four positive Premi®Test samples,
four negative FPT samples). Two of these samples
actually contained sulphonamides al concentrations
higher than the MRL, which the FPT failed o detect
but Premi®Test succeeded in detecting. However, the
sensitivity of FPT for tetracyclines was better( 1 5 doubt-
ful or positive samples with Premi® Test compared o 19
positive samples with FPT).

The most detected antimicrobials were (elracyclines
(25 samples) and beta-actams (17 samples), followed
by macrolides (6), sulphonamides (4), quinolones (3) or
a mix of antimicrobials (B).

Collaborative strdy

Results of the expert laboratory

The expert laboratory obtainal only one false positive
resull for the two series of analvses on white chicken
sample (code 10), whereas the same sample (code 27)
was found nepative for the two series. The L1
concentration was selected to pive nepative results
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Table 7. Identification of positive samples with LC/MS5-MS at AFSSA: comparison of alternative (Premi®Test)

and reference method (FPT) from 3003 to N5 (step 3).

Premi®Test results FPT results
Identified AB family CQuantification MEL MNumber of analysed samples - D - - -
Beta-lactams =< MRL 9 1 E B 1
>MRL b k] 2 [
Sum 17
Tetracyclines = MREL 13 5 4 4 [ ]
>MEL i2 5 1 6 11
Sum 15
Sulphonamides =< MRL 2 1 2
=MREL 2 2 2
Sum 4
Cuinolones =MRL 3 1 2 3
BL +Sulfa < MRL 2 2 1
=MEL 2 2 2
Sum 4
Tetra <+ Sulfa < MRL 1 1 1
=MREL 3 3 3
Sum 4
Tetra+ BL =< MREL 1 1 I
M acrolides =<MRL i 1 1 1 | 2
=MRL 3 i 1 2
Sum [
Cilobal =< MRL il ] 7 18 19 13
>MRL 33 ] 1 26 7 25
Tatal 4 12 ] -+ 26 £
D Doubtful.

M EL: Maximum Residue Limit.

Sum: sum of samples confirmed lower and higher than mspective MRLs.

(Table 1). The expert laboratory did not obtain any
false negative result because the L3 concentration was
desipned to give positive results, whereas the [2
concentration was al the limit of sensitivity of the test.

It should be noted that later analyses were carried
out assuming doubtful results as posiive results, as
applied at the time for routine analyses.

The results of the expert laboratory were very
satisfactory (Table B): 14 blank samples of 16 were
negative (only two positive results for chicken samples)
(LD}, Below the assumed hmit of detection, 14
samples of 16 were negative (LI1). Al the assumed
limit of detection, all samples were positive (L2).
Above the assumed limit of detection, all samples were
positive (L3}

Results of the participanits

Before the study, the expert laboratory stated that the
results of one laboratory would be ipnored if the
negative control was detected positive, the positive
control was detected negative, if samples were in bad
condition at reception, or if a storage problem was
established. Two laboratories were eliminated from
analvsis of the results: Laboratory L for several
reasons: parcel delivery was delaved, samples were
defrosted and chicken nepgative controls were detected

positive for the two series of analyses; Laboratory H
because chicken negative controls were detected
positive for the st series of analyses. The raw data
of the participants for the 16 combinations are
presented in Table 9 Each participant received 32
samples (16 materials in blind duplicate) that they
analvsed in two different senes.

The results were homogeneous between labora-
tores, as analysed amd summarsed in Table [0
Concerning negative samples (L0} (16 by laboratories
corresponding to three different species), four labora-
tvries reported 100% nepative results, five laboratories
found one or two samples doubtful or positive, some-
times in only one series of analyses (laboratories
M and N).

For the samples containing antibiolics at a
concentration below the detection limit (L1), six
laboratories found 100% negative results; three
laboratories found one or two samples douwbtful or
positive. When the concentration was considerad near
the detection limits (L2), tylosin was generally detectad
83% of positive results), whereas the other antibiotics
wene less detected (oxytetracyeline 1% ; ceftiofur 11%;
sulfamethazine 17%).

The averape rate of positive samples for the L3
concentration was Bl % . The rate of detection at the L3
concentration was 100% for four antibiotics and for
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Table 8. Mumber of positive results Irom the expert laboratory (AF55A) during interlaboratory study.

Level of Umytetracycline Sulfametharine Cefoofur Tylosin
contamina bon Porcine Porcine Bovine Chicken
Lo 0 1] L] 2
L1 0 ] L] 2
L2 4 4 4 4
L3 4 4 4 4

three laboratories (B, D, N). This rate was 100% for
the totality of the laboratones concerning tylosin and
ceftiofur.

The results of the participating laboratories were
analvzed to caleculate different validation parameters.
A laboratory was removed from the analvsis due to a
delay in transport and samples arnving in defrosted
conditions.

Table 10 also presents analysis of the results of all
the participating laboratones in term of reprodoc-
bility, by material (combination animal/antbiotic
species) and globally. The reproducibility, expressed
a3 a percentage, 15 the ratio of the number of identical
results, the most common tvpe (e.g. negative results for
blank samples or positive result for samples contami-
nated with an antirmicrobial concentration excesding
the detection himit), (o the total number analvsed .

The results of the participating laboratories in erm
of reproducibility are very satisfactory, with an average
of B%.1%. The worse reproducibility was observed for
the bovine/sulfamethazine combinaton. A shghtly
higher concentration of sulfamethazine would
undoubtedly have pgiven better resulis in ferm of
reprod ucibility.

The percentage specificity (SP) for levels LOand L1
was calculated as: SP=[1 (FP/MN=)x 100%], whers
N=: iz total number of tests L0 and L1, and FP 15
number of false positive resuls. The percentage
sensitivity [SE)} for each positive contamination level
L2 and L3 was calculated using the following equation:
SP =(TP/N+)) x 100%, where: N4 15 total number of
tests L2 or L3, respectively, and TP is number of troe
posilives.

Specificity (953%) and sensitivity (72.3%) of the
Premi® Test to the L3 level were very satisfactory.

Repeatability was estimated for each laboratory by
(1) comparing the results of the two tests performed on
each sample (two different sets of analyses), where
knowledge of the initial result can influence the reading
at the second analysis, and (2) comparnng the results
obtained with the (wo samples of each pair
Repeatability, expressed as a percentage, is the ratio
of the number of identical results per couple of
analyses on the total number of couples. Table 11
presents  total analysis of the results of all the

participants ob@ined with the Premi*Test in term of
repeatability.

The results of the participating laboratories in term
of repeatability are very satisfactory with an average of
M E% for the same sample and 92.7% per (wo
identical samples (pair). The limits of detection of the
Premi®Test during the preliminary study were con-
firmed by the collaborative study.

Conclusions

This paper presents a significant dataset on the
performance of the Premi® Test for different samples:
spiked meat juice samples, incurred samples and
routing field samples (confirmed by a LC/MS-MS
method). The detection capabilities of Premi®Test for
beta-lactams (amoxicillin, ceftiofur), one macrolide
(tvlosin) and tetracycline were at the respective
maximum residue limits (MRL) in muscle samples or
even lower. Applicability of the test to different animal
species  was  proven. Moreover, applicability of
Premi®Test to routine analysis of samples was
demonsirated. The FPT (reference method) and the
Premi®Test showed comparable performances in term
of sensitivity and specificity. The false negative rate of
Premi®Test was always lower than that of the FPT.
In a screening method for antibiotic residues, this is te
mosl important parameter o minimise. On the other
hand, the false positive rate of Premi®Test was, in
step 3, higher than that of the FPT. This means that
the number of samples requiring confirmation by
physico-chemical methods would be higher if the
laboratories used the Premi®Test alone. However, it
also means that more actual positive samples would be
detected because Premi®Test was more sensitive than
FPT for some antimicrobials (beta-lactams and sul-
phonamides). Beta-lactams and some sulphonamides
were sahsfactorily detected at the MRL level by the
Premi®Test.

To the best of our knowledge, this is the first time
that an interlaboratory study, organmsed for the
detecion of antibiotics with Premi®Test, has been
described. The results of the collaborative study were
very satisfactory: nine laboratories were [inally ana-
Ivzed plus the expert laboratory. Specificity was
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Table % Raw data ol the participants for each material and 16 combinations.

Porcine oxy tet racycline

L () L1 {20*%) L2 {20) L3 (400)
Mat 1 Mat 5 Mat 2 Mat 6 Mat 3 Mat 7 Mat 4 Mat &
Lah Al A2 Al AZ Al A2 Al AZ Al A2 Al AZ Al A2 Al AZ
A - - - - - - - - - - - - - - - D
B — = — — — = — — — = — — - 4 4 4
C - - - - - - - - - - - - + + + +
D - - - - - - - - - - - - - - - -
E i — s o s — s o i — s o e — Ed o
F - - - - - - - - - - - - - - - -
G - - - - - - - - - - - - D D D D
M b = £ = L = L = b = L & (e = L =
I — - — — — e== — — — e== — — -+ 4 4 4
Porcine ceftiolur
L0 {0) L1 {40} L2 (400) L3 {300)
Mat 9 Mat 13 Mat 10 Mat 14 Mat 11 Mat 15 Mat 12 Mat 16
Lab Al A2 Al AZ Al AZ Al A2 Al A2 Al AZ Al AZ Al A2
A - - — - - - - - - D — - + D + +
B - - - - - - - - - - - - - - - -
C = = + + = = E = = = = = + + + +
D - - - - - - - - - - - - + + + +
E - - - - - - - - - - - - D D - -
F D D D D - - D D - D + + + + + +
e - - - - - - - - - - - - - - - -
M - - - - - - - - — - - - - - - -
N - - - - - - - - - - - - - - - -
Bovine sulfamethazine
L) L1 {20} L2 (200) L3 (400)
Mat 17 Mat 21 Mat 18 Mat X2 Mat 19 Mat 23 Mat 20 Mat 24
Lahb Al AZ Al A2 Al A2 Al AZ Al A2 Al A2 Al A2 Al AZ
A - - - - - - - - - - - - D - - -
B - - - - - - - - - - - - - - - -
L 2o o = o 2o s = o 2o 2 = o 5 = = =
D - - - - - - - - - D - D - - - -
E - + - + - + - + - + - + - + - +
F - - - - - - - - - - - - - - D D
G - - - - - - - - - - - - - - D D
M - D - - - - - D - - - - - - - -
M - - - - - - - - - - - - D - D -
Chicken tylosin
L (o) L1 {10} L2 (100} L3 (200)
Mat 25 Mat X0 Mat 26 Mat 30 Mat X7 Mat 31 Mat I8 Mat 32
Lab Al A2 Al A2 Al A2 Al A2 Al A2 Al A2 Al A2 Al A2
A - - — - - - - - + D — D D + D +
B - - - - - - - - - - - - - - - -
C - - - - - - - - - - - - - - - -
E - - - - - - - - - - - D - - - -
F fos = =X £ fos = =L £ + + + + + + + +
L - - - - - - - - - - - D - - - -
M - - - - - - - - D - D D - - - -
M - - - - - - - - D - - - - - - -
Al: first analysis; A2: second analysis; Mat: material, L0, ete.: concentrations {ngmi=").

155



Foond Adefitives and Comtaminanis 1463

Table 10. Results of all participating laboratories in term of positive results for each material and in term of
reproducibility by matenal (combination animal/antibiotc species) and global reproducibility.

Mumber of sample Lewel af False positive and Positive results for  Reproducibility
Material (number ol the pair) contaminabdon true positive rates  each material (%) (%)

Porcine OTC | L FPQ a)* L] 10010
2 L1 FP1 b} 0 10010

E] 12 TP2c) 11** BR gees
4 L3 TP3 d) ] [ ]
Porcine ceftiofur 5 Ly FPi a) 11 B33
[ L1 FFP1 h) B 944
7 12 TP2c) 17 RS
] L3 TP3 d) =3 100 10
Bovine sulfamethazine 4 Ly FPi a) 17 917
1n L1 FP1 b (] 097
11 12 TP2c) 11 B33
12 L3 TP3 d) 100 5%
Chicken Tylosin 13 Ly FP{ a) 0 1000
14 L1 FP1 by 0 10010
15 12 TP2c) L] 813
16 L3 TP3 d) 104 1000
Total B0

FP: fake poative rate.
TP: true positive rate.
a) Fake positive at level L.
b} False positive at level L1.
c) True positive at level L2,
d) True positive at level L3

*At each level of contamination, mine laboratories reported four resulis for two materiak in blind duplicates. The total

mumber of samples per level is 9 = 4 =16 samples
¥*TP2 c)=4 TP/16 samples at level L2 = 100=11%.

*e*Reproducibility at L2 = 12 negative results divided by 36 samples: 100 = ER.9%.

Tahle 11. lobal analysis of the results of all participants in term of repeatability with the Premi®Test.

(Mumber of 1dentical results tor

{Mumber ot identical results tor

Lab the same sammple/ 1) = 100%: 2 identical samples {pair)/M™N) = 100%
A B1.5 B7.5
B 100.0 100.0
C 10:0.0 918
D 918 100.0
E 7.9 Q6.9
F 6.9 Th.1
G 96.9 W6
M W6 9.6
M 6.9 Q6.9
Taotal 8 0.7

M: total mumber of samples {12).

estimnated at 95 3% and seasitivity of the test to the L3
level was 72.5%. These resulis were similar to other
validation results for kits for the detection of antibiotic
residies in milk. The results, i term of repeatability
amd reproducibility, are very satisfactory, with
averapes of 948 and 92.7% for repeatability and
89. 1% for reproducibility.

In conclusion, Premi®Test is easy to perform. It
i5 wleal for “‘on site™ wse (slaughterhouses, test

laboratories), as no special laboratory equipment is
needed to perform the test. The rapidly response “yes|
no” result i simply remd by colour comparison.
Premi®Test is apphcable to muscle tissue of various
species  (porcine, bovine, ovine), using a “‘blank™
muscle of each analyzed species as negtive control
o optimise reading time.

Finally, since 2006, field laboratones in France are
authorised 1o use the Premi®Test as for prescreening.
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All positive samples with Premi®Test are then sub-
jected to mandatory analvsis by the FPT (Anon. 2006).
All positive samples with the FPT are sent Lo our
laboratory (CPL) for confirmation as wsal.
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