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SUMMARY

The aim was to develop rapid systems which could be used to test for the presence
of veterinary drug residues in food producing animals. Body fluid samples are most
suitable for rapid testing systems so as to avoid the lengthy residue extraction
procedures required for tissue samples. Urine was analysed for sulphamethazine,
a licensed antimicrobial, and for chlorotestosterone, a prohibited growth
promoting agent, as models to demonstrate the different approaches.

Pigs were treated with sulphamethazine and cattle with chlorotestosterone to
produce urine samples containing incurred residues. These urine samples were
used in method development, for studies on the different metabolites of the
drugs occurring in urine, for intercomparison of methods between laboratories
and to evaluate the rapid test systems produced. In the case of
sulphamethazine in pig urine, an efficient dipstick test, using antibodies to
sulphamethazine, was produced which could be used on farm or at slaughter
plant. The dipstick test was developed as a commercial product by one of the
partners in the project, Euro-diagnostica B.V., The Netherlands.

Test systems for chlorotestosterone in bovine urine proved to be more
difficult to develop; (a) the pattern of metabolites in urine made difficult the
identification of appropriate target molecules for testing, (b) antibodies to
chlorotestosterone metabolites showed also cross-reactivity, to endogenous
hormones, such as testosterone, in urine from untreated animals, and (c)
extensive “clean-up” of urine samples was required to remove interferences.
However, an efficient and sensitive immunoassay test was developed using a
monoclonal antibody and this antibody was used, also, in a biosensor test
which is easily transportable.

The project demonstrated the capacity to develop rapid test systems for
licensed veterinary drugs and highlighted the particular problems associated
with rapid test systems for prohibited substances in food producing animals.

2
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INTRODUCTION

The background to this project was consumer concern over residues in foods
of animal origin and the perceived need for fast and reliable screening
methods which could be used in monitoring programmes and by the food
industry to ensure the safety of food.

The objectives were to develop and validate rapid screening methods for
assessing the residue status of animals at slaughter. The developed methods
would be based on dipstick and biosensor technologies. As model compounds,
to cover the situations both of licensed veterinary drugs and of prohibited
drugs, the antimicrobial sulphamethazine and the anabolic steroid
chlorotestosterone, respectively, were chosen.

A consortium of eight partners contributed elements to the work package
related to their particular areas of expertise. Certain of the partners provided
the basic elements for the project, such as antibodies (Weizmann Institute,
University of Ghent), residue extraction methods and incurred samples (The
National Food Centre), and confirmation of residue content and forms
(University of Firenze). Other partners developed analytical systems, such as
immunoassays (Weizmann Institute, University of Ghent), biosensors
(Institute of Chemical- and Bio-Sensors, National Research Centre for
Biotechnology) and dipstick tests (ATO-DLO). A commercial company,
Euro-Diagnostica B.V., was responsible for production of commercial test
systems and bringing them to market. This report describes the main elements
of the research and the rapid test methods developed. The research was
completed in mid-2000 and yielded a number of suitable test methods,
together with considerable new information on the model compounds. In
addition, a commercial dipstick test for sulphamethazine in pig urine was
marketed and 10 scientific papers have been published or are in preparation
for publication.
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SULPHAMETHAZINE IN PIG URINE

High performance liquid chromatography method

A reference method for determination of sulphamethazine in urine by high
performance liquid chromatography was established and validated. The
method requires extraction of sulphamethazine from urine, following pH
adjustment, with three lots of ethyl acetate, back extraction of
sulphamethazine from the combined solvent extract with hydrochloric
acid, adjustment of the pH to neutral and extraction of sulphamethazine
from the neutral aqueous phase with dichloromethane (Figure 1). High
performance liquid chromatography was performed on a reversed phase
column with UV detection at 254 nm. The performance of this method
was checked using pig urine fortified with sulphamethazine at 400 ng/ml
(ppb). In each of three runs, mean recovery of sulphamethazine from urine
was between 80 and 91% and overall recovery was 87 ± 10% (Table 1). This
method proved to be suitable for determination of sulphamethazine in
urine from treated pigs.

Solid phase extraction method

Solid phase extraction, whereby sulphamethazine may be isolated from urine
on disposable cartridges, offers a more attractive alternative to the multiple
liquid/liquid partitioning method described above, particularly for combining
with rapid methods such as immunoassays or biosensors. A range of solid
phase extraction approaches to sulphamethazine isolation from urine samples
were evaluated using reversed phase (C18 sorbent) and mixed mode
(C18/cation exchange sorbents) cartridges.

Following loading of the urine sample on the cartridge, various wash
solvents were applied to remove sample interferences and different elution
solvents were applied to recover the sulphamethazine from the cartridges.
Using an appropriate combination of wash and elution solvents, the
sulphamethazine in the urine could be recovered from either of the solid
phase extraction cartridges with approximately 70% recovery (Table 2).

4
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However, a procedure based on a C18 cartridge with a hexane (or
petroleum ether) wash step (10ml) and elution with dichloromethane (5ml)
gave best results.

Urine sample
(2.5 ml)

- adjust to pH 8.0 with acid (HCl, 1 mol/L)
- extract with 1 x 10 ml and 2 x 5 ml ethyl acetate 

Ethyl acetate
extracts 

- extract with 2 x 10 ml acid (HCl, 1 mol/L)
- centrifuge @ 1500 g, 10 min

Aqueous layer

- adjust to pH 7.0 with alkali (NaOH, 10 mol/L)
- extract with 20 ml dichloromethane
- centrifuge @ 1500 g, 10 min

Organic layer

- evaporate at 400˚C under nitrogen
- reconstitute in 1 ml HPLC mobile phase 

HPLC Column: µBondapak C18 
Mobile phase: acetonitrile:buffer (pH 6.8), 10:90, 1 ml/min 
Detector: UV @ 254 nm 

Figure 1.  Solvent extraction and liquid/liquid partitioning clean-up for
sulphamethazine in pig urine, illustrating the procedure for the reference method.
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Table 1. Performance of high performance liquid chromatography (HPLC) for the
antimicrobial sulphamethazine, added at 400 ng/ml (ppb) to pig urine. (Table 1
illustrates performance of the extraction and measurement parts of the method.)

Sulphamethazine Recovery
Run No. determined (ng/ml) (mean ± SD, %)

1 412

308 91 ± 13

2 339

298 80 ± 7

3 343

354 87 ± 2

Overall 87 ± 10

Table 2. Recovery of sulphamethazine from urine under various solid phase
extraction (SPE) conditions. (Table 2 illustrates performance of various solid phase
extraction (SPE) methods, developed as an alternative to the method shown in
Figure 1.)

SPE cartridge Wash procedure Elution procedure Recovery (%)

Sep-Pak® C18 10 ml hexane 5 ml dichloromethane 74

10 ml petroleum ether 5 ml dichloromethane 72

Xtrack T® 10 ml hexane 10 ml dichloromethane 68

#Contents"$ %

R5930 Rapid Control Sys No.59   16/6/04  12:01 pm  Page 6



Another partner in the project – University of Ghent – found that use of a
solid phase extraction, or immunoaffinity chromatography, clean-up step was
essential to get accurate results for sulphamethazine in urine determined by
immunoassay (ELISA). Where this clean-up step was not included, and urine
samples were assayed by ELISA following simple dilution, grossly inflated
results were obtained, presumably due to interference from components of
the urine matrix. Table 3 shows the results obtained with and without use of
sample clean-up prior to ELISA. The results indicate that a highly specific
clean-up step, such as immunoaffinity chromatography, gave the best results
in reducing non-specific interactions in the ELISA to a minimum. This is
shown by the results obtained for the negative control urine sample. However,
solid phase extraction provides a suitable alternative for removal of most of
the non-specific interferences.

Preparation of residue-incurred urine samples

A major task for The National Food Centre was to prepare, characterise and
provide residue-free and residue-positive pig urine samples to aid the research
in method development by the different partners. While fortified urine may
be used in method development/validation, authentic samples from treated
animals which have been well characterised provide further assurance on the
performance of methods.

Using the facilities of the Pig Husbandry Department, Moorepark Research
Centre, Teagasc, pigs were treated according to the protocol described in
Figure 2. The collected urine samples were filtered and the sulphamethazine
content was determined using the reference HPLC method described above.
Blending of the positive and negative urine samples was undertaken to obtain
sulphamethazine concentrations in urine at approximately 50, 200 and 500
ng/ml; these concentrations, together with the negative control sample, would
provide for negative, low, medium and high sulphamethazine-containing urine
samples.

7
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The blended samples were provided to one of the partners – Euro-Diagnostica
– for preparation as lyophilised samples and these were distributed to all
partners for use in method development/validation, intercomparison studies
between laboratories and multi-laboratory evaluation of a commercial
dipstick assay produced in the project.

Intercomparison study between laboratories

The lyophilised control and incurred pig urine samples were distributed to
three of the partners for analysis by different methods. The purpose of this
exercise was twofold; firstly to establish the residue content in the four
samples and secondly to compare the performance of the methods. At the
University of Firenze, liquid chromatography coupled with dual mass
spectrometry (LC/MS/MS) was employed; this technique may be regarded as
highly accurate, a confirmatory technique. At The National Food Centre, high
performance liquid chromatography (HPLC) was employed and, at the
Weizmann Institute, an enzyme immunoassay (ELISA) with a highly-specific
antibody to sulphamethazine was used. The results obtained using the
different methods are shown in Figure 3.

8

Table 3. Sulphamethazine determined (ng/ml) in pig urine samples by ELISA
following various clean-up procedures. Table 3 illustrates the need for highly
specific clean-up steps to reduce non-specific interactions in the ELISA.

Sample treatment

Urine sample No clean-up SPE (C18) clean-up IAC clean-up

Control sample (negative) 133 23 2

Positive sample 1 1202 320 234

Positive sample 2 4757 1040 716

Positive sample 3 11674 2248 >800
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Pigs treated with sulphamethazine
[90 mg of drug in feed,

fed twice daily for 3 days]

Urine samples collected at intervals after treatment
Filtered and blended with control urine

Sample: High Medium Low Control

Blank urine (ml) 475 490 497.5 500

Incurred urine (ml) 25 10 2.5 0

Target Sulphamethazine

concentration (µg/ml) 0.5 0.2 0.05 0

Measured Sulphamethazine

concentration (µg/ml) 0.47 0.19 0.058 0

Figure 2. Protocol for treatment of pigs with sulphamethazine and preparation of
urine samples, showing how the incurred urine samples were prepared.
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The results obtained for the three incurred samples by LC/MS/MS indicate
that the target concentrations for sulphamethazine in urine, of 50, 200 and 500
ng/ml, were exceeded by about 25%. The HPLC method indicated that the
urine samples contained sulphamethazine concentrations close to the target
values; this method, however, yields recovery of sulphamethazine from samples
of only 80-90%. The ELISA method yielded results which were consistently
lower than the other methods. The ELISA is a screening method used to
identify residue-positive from residue-free urine and these results indicate that
it performed that function well, distinguishing between urine containing
relatively high, medium and low concentrations of sulphamethazine and, also,
identifying a residue-free sample with very good sensitivity (<0.2 ng/ml).

10

Figure 3. Intercomparison between methods used to determine sulphamethazine in
lyophilised pig urine, showing good agreement between the various methods used.
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Evaluation of a commercial dipstick assay

Using the antibody produced by the Weizmann Institute, another partner -
ATO-DLO - produced a prototype “dipstick” for rapid testing of urine for
sulphamethazine residues. The dipstick technology is based on a sol particle
immunoassay (SPIA). The SPIA utilises colloidal carbon, to which the
sulphamethazine-specific antibody is attached, and a lateral-flow membrane
which allows separation and focusing of the antibody-bound
sulphamethazine. The components of the SPIA are contained in a closed
plastic housing, approximately 6 cm in length, with a sample “window”
through which the diluted urine sample is applied to the membrane, saturated
with the sulphamethazine-specific antibody bound to colloidal carbon, and a
response “window” at which the result of the test may be read by eye (Figure
4). At the response “window” there is a capture zone impregnated with
sulphamethazine bound to protein. When diluted urine, containing
sulphamethazine residue, is loaded at the sample “window” the
sulphamethazine is bound by colloid carbon-antibody. When this complex
migrates to the capture zone, there is no available colloid carbon-antibody for
capture by the sulphamethazine bound to protein and so no band of colour
(carbon black) is formed. Conversely, when a urine sample free of
sulphamethazine is applied, the colloid carbon-antibody is available for
capture by the sulphamethazine bound to protein and a black band of colour
is formed. Residue-positive samples are identified by the absence of a colour
reaction at the capture zone while residue-free samples produce a colour
reaction. The sensitivity of the dipstick was 63 ng/ml.

The dipsticks were manufactured by Euro-Diagnostica and distributed to four
partners for evaluation. Thirty samples of pig urine, coded so that the
sulphamethazine content was not known to the evaluators, were supplied and
tested by each of the four partners independently. The responses of the
dipsticks were categorised as (a) clear colour present – negative (no
sulphamethazine in urine), (b) faint colour present – questionable
(sulphamethazine may be in urine), and (c) no colour present – positive
(sulphamethazine in urine).

11
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Thirteen of the urine samples contained sulphamethazine at concentrations
between 70 and 1200 ng/ml, that is above the sensitivity of the dipstick (63
ng/ml). All of the evaluators tested these samples as “positive” or
“questionable” for sulphamethazine and the “questionable” scores were
obtained, by some evaluators only, for samples containing sulphamethazine at
the lower concentrations, 70-140 ng/ml. Seventeen of the urine samples
contained sulphamethazine at concentrations between 0 and 40 ng/ml.
Fourteen of these samples were tested as “negative” or “questionable” by all
four evaluators. In the case of the remaining three samples, one of the
evaluators in each case tested the sample as “positive” while the other three
evaluators tested the samples as “negative” or “questionable” (Table 4).

12

Positive result Negative result
(Sulphamethazine (Sulphamethazine
containing sample) free sample)

CODE: S - sample well T - test line C - control line

Figure 4. Diagram of dipstick test for sulphamethazine in urine
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Table 4. Results for dipstick evaluation for sulphamethazine in urine. (Table 4
illustrates the results obtained by each laboratory in the evaluation of the dipstick.)

Sample Test result1 Overall result

(Sulphamethazine content, ng/ml) Evaluator: A B C D

1174 P P P P P

993 P P P P P

589 P P P P P

560 P P P P P

559 P P P P P

290 P P P P P

242 P P P P P

240 P P P P P

147 P P P P P

140 Q P P Q P

132 P P P Q P

72 Q P Q P P

69 Q P Q Q P

38 Q N Q N Q

36 N Q Q N Q

9 N Q N N Q

8 N Q N Q Q

8 N N Q P Q

5 N P Q Q Q

3 Q P N Q Q

0 N N Q Q Q

0 N Q N N Q

0 N Q N N Q

0 N Q N N Q

0 N N N N N

0 N N N N N

0 N N N N N

0 N N N N N

0 N N N N N

0 N N N N N

1P – positive result; Q – questionable result; N – negative result

} positive

} grey area

} negative
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Overall, the sensitivity of the dipstick (i.e. capacity to identify positive
samples containing sulphamethazine at concentration > 63 ng/ml) was 100%
and the specificity of the dipstick (i.e. capacity to identify as positive only
those samples which are truly positive) was 70%. The sensitivity of the test, at
100%, indicates that no “false negative” results were obtained; this is most
important for a screening test. The specificity of the test, at 70% indicates that
approximately 30% of negative samples, containing sulphamethazine at
concentration < 40 ng/ml, might be tested as “false positive”. This is
acceptable for the first evaluation of the test and the incidence of “false
positives” would likely reduce with familiarity with use of the dipstick. The
dipstick is a suitable rapid screening tool for testing animals at farm or at
slaughter plant for the presence of sulphamethazine residues.

CHLOROTESTOSTERONE IN BOVINE URINE

Immunoassay method

A method for determination of chlorotestosterone, as chlorandrostendione
(CLAD), in urine was established and validated. The method consists of
deconjugation with enzyme, solid phase extraction on reversed phase sorbent
(C18) and further clean-up of the extract by liquid/liquid partitioning
between ethyl acetate:methanol (70:30) and potassium hydroxide. The
organic solvent was evaporated from the final extract, which was redissolved
in aqueous buffer for determination by ELISA, using a commercial kit with
antibody having cross-reactivity to chlorandrostendione and
chlorotestosterone (Figure 5). A particular problem with methods based on
ELISA is that there can be a substantial response for residue-free samples,
which gives poor sensitivity to the assay and makes difficult the identification
of positive from negative samples. The additional liquid/liquid partitioning
step, after solid phase extraction, was found to be useful for reducing this non-
specific response in chlorotestosterone-free urine; however, the response was
not fully eliminated (Figure 6). Considerable work was undertaken by a
number of partners in the project, including The National Food Centre, to
deal with this issue of positive responses in the ELISAs to urine matrix

14
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Urine sample 
(1 ml)

- Enzymatic deconjugation
- add phosphate buffered saline, 2.5 ml

Buffered urine 
(free residues)

- SPE on C18 BondElut (1g sorbent)

- wash with 10 ml water
- wash with 3 ml hexane and dry
- elute with 2 x 3 ml ethyl acetate:methanol, 70:30

Organic phase
- Liquid/liquid partitioning

- potassium hydroxide (1 M), 2 x 5 ml
- evaporate and redissolve in buffer

Immunoassay
(ELISA)

Figure 5. Solid phase extraction and liquid/liquid partitioning method for
chlorotestosterone metabolites in bovine urine.

components because it is a particularly important problem when dealing with
analyses for prohibited drugs such as chlorotestosterone.
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Preparation of residue-incurred urine

A major task for The National Food Centre in the chlorotestosterone study, as
for the study on sulphamethazine in pig urine, was to prepare, characterise
and provide residue-free and residue-positive bovine urine to aid the research
in method development by the different partners. In the case of
chlorotestosterone residues in bovine urine, this was particularly important
because of the extensive and little-understood metabolism of the
administered drug and the range and varied concentrations of such
metabolites, both free and conjugated, which occur in urine.

16

Figure 6. Contribution of liquid/liquid partitioning step (LLP) to reducing non-
specific response in ELISA for chlorotestosterone metabolites, showing the
improved specificity of the assay when LLP is used in sample clean-up.
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Steers treated with chlorotestosterone acetate
[ 500 mg of drug in alcohol/oil,

(a) added to feed, (b) as intramuscular injection ]

Urine samples collected:
(a) prior to treatment, (b) daily after treatment for 2 weeks

Filtered and blended with control urine

Sample: Chlorotestosterone metabolites
(mean ± SD, ng/ml)

High, IM treatment 23 ± 3.8 

Low, IM treatment 4.5 ± 0.2

High, oral treatment 40 ± 3.0

Low, oral treatment 4.1 ± 0.4

Control 1.2 ± 0.1

Figure 7. Protocol for treatment of cattle with chlorotestosterone and preparation
of urine, showing how the incurred urine samples were prepared.
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Using the facilities of the Beef Production Centre, Teagasc, Grange, a steer was
treated according to the protocol described in Figure 7. Initially, the animal was
treated with chlorotestosterone acetate by oral administration and, subsequently,
when the residues had been eliminated from the urine, by intramuscular
administration. The reason for administration by both routes was because
metabolism may differ depending on route of administration and the incurred
urine samples should represent samples which could arise from either type of
illicit use of the growth promoter. Urine samples were collected for periods
following both treatments, filtered and the content of chlorotestosterone
metabolites determined by the ELISA method described above.

Samples of urine from the treated animal were provided to Dr. Bruno Le Bizec of
the National Reference Laboratory, National Veterinary School, Nantes, who had
particular expertise in studies on chlorotestosterone. Using gas chromatography
coupled with mass spectrometry (GC/MS), a profile of the metabolites occurring
in the various urine samples was obtained (Table 5). In general, lower
concentrations were found following oral administration and by day four
chlorotestosterone was not detectable, with only the metabolites being identified.
Because intramuscular administration results in a slower release of the growth
promoter into the animal’s body, concentrations in urine were higher and persisted
for much longer, being at the highest values at 14 days post-treatment. Again, the
concentrations of metabolites were much higher than that of chlorotestosterone.

Based on these results, and the concentrations of total metabolites determined
by ELISA, a series of incurred bovine urine samples were prepared, using
dilutions of residue-positive urine with control urine.The target concentrations
were designed to provide urine samples, following both oral and intramuscular
treatment, containing “low” (approximately 5 ppb) and “high” (20-40 ppb)
chlorotestosterone. As with the sulphamethazine-positive pig urine samples,
these chlorotestosterone-positive bovine urine samples would be used by the
various partners for method development, representing samples from illicit
treatment of animals at different periods before slaughter and by different
routes of administration. The urine samples were prepared as lyophilised
samples by Euro-Diagnostica for distribution to all partners for use in method
development/validation and intercomparison studies between laboratories.
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Intercomparison study between methods and laboratories

Different methods were developed for determination of chlorotestosterone
metabolites in bovine urine. The University of Ghent produced polyclonal
antibodies to different chlorotestosterone metabolites and the Weizmann
Institute produced monoclonal antibodies to chlorandrostendione. These
antibodies were used to develop ELISAs based on polyclonal and monoclonal
antibodies at the University of Ghent and an ELISA and an amperometric
flow injection immunoanalysis (FIIA) biosensor at the Institute for Chemical
- and Bio-sensors. The FIIA biosensor was developed to function as a portable
device to allow rapid determination of chlorotestosterone-treated animals at
farm or slaughter plant. Pretreatment of the urine was similar to the method
developed by The National Food Centre (Figure 5).

Table 5. Chlorotestosterone metabolites in bovine urine (ng/ml) following
administration by oral and intramuscular routes. (Table 5 illustrates the major
metabolites determined in urine following oral and intramuscular administration
of chlorotestosterone.)

Sample Chlorotestosterone Epichlorotestosterone Chlorandrostendione

(a)  Oral treatment

Day 1 2.0 3.5 31

Day 4 ND 5.4 3.5

(b) Intramuscular treatment

Day 4 0.8 14 43

Day 10 1.2 14 51

Day 14 2.9 69 134
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The results obtained by the different laboratories/methods for incurred and
control bovine urine samples are shown in Figure 8. Because of the different
cross-reactivities shown by the various antibodies to chlorotestosterone
metabolites, the results are reported as “chlorandrostendione (CLAD)
equivalents”. The polyclonal antibody produced by the University of Ghent
gave the highest values while the polyclonal antibody in the commercial kit

20

Figure 8. Intercomparison between five methods used to determine
chlorotestosterone metabolites in bovine urine. Residues were incurred in urine by
intramuscular (IM) or oral administration of the prohibited growth promoter.
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used by The National Food Centre gave the lowest values, generally (except
for the urine sample containing “high” concentration of chlorotestosterone
metabolites following oral treatment). Results obtained using the monoclonal
antibody, in either ELISA or FIIA, are in reasonable agreement.

While there are some variations in the responses with the different methods,
in all cases urine samples containing “high” concentrations were
distinguishable from urine samples containing “low” concentrations and these,
in turn, were distinguishable from the control (residue-free) sample. In most
assays (except the monoclonal antibody ELISA from the University of Ghent)
an apparent positive response was observed for the control sample, at
concentrations between 0 and 3 ng/ml (ppb) although analysis of this sample
by mass spectrometry – University of Firenze – confirmed that no
chlorotestosterone metabolites were present. Positive responses in screening
assays, even at such low concentrations, are a particular problem when dealing
with prohibited substances as they could result in a high number of “false
positive” results and render the screening assays inefficient. Such apparent
positive results are probably due to cross-reactivity between the antibody
used and normal constituents of urine, such as testosterone and other
androgenic steroids, which have similarities in structure to chlorotestosterone
and chlorandrostendione.

Effect of endogenous hormones

To investigate the influence of endogenous hormones on the apparent
chlorotestosterone metabolites in control urine, The National Food Centre
analysed bovine urines for testosterone and progesterone content by
radioimmunoassay. The bovine urines used were certified reference urine
samples, known not to contain residues of any exogenous hormones. The
values obtained for testosterone and progesterone in the urine samples were
compared with the apparent levels of chlorotestosterone metabolites
determined by ELISA at The University of Ghent. Regression of testosterone
and progesterone concentrations on apparent concentrations of
chlorotestosterone metabolites gave correlation coefficient (R2) values of 0.89
and 0.35, respectively (Figure 9). There is, therefore, a strong correlation
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between testosterone and apparent chlorotestosterone metabolites in the
urine samples. However, the relatively low concentrations of testosterone
determined in the urine samples, 0.5 – 4.4 ng/ml (ppb), do not appear to be
responsible directly for the apparent chlorotestosterone metabolite levels
determined in the urine samples, because of the low cross-reactivity of the
chlorotestosterone ELISA antibody to testosterone (1.1%). It is likely that
cross-reactivity of the ELISA antibody to a range of endogenous testosterone-
related compounds in the urine is responsible for the apparent
chlorotestosterone metabolites determined in the samples.

Only highly-specific monoclonal antibodies, with virtually no cross-reactivity
to endogenous steroids, such as that used in the ELISA produced by the
University of Ghent, are suitable for ELISA screening tests for
chlorotestosterone metabolites, thereby reducing the number of false positive
results to a minimum.
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Figure 9. Correlation between endogenous hormones (testosterone and
progesterone) and apparent chlorotestosterone metabolite concentrations in
control (non-treated) bovine urines, showing the interference by natural
hormones in the assay for the growth promoter. 
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CONCLUSIONS

● Issues relating to the development of screening methods for licensed
veterinary drugs, such as the antimicrobial sulphamethazine, and for
prohibited substances, such as the growth promoter chlorotestosterone
were identified. Such screening methods will become of increasing
importance to the meat industry in operating quality systems and in
undertaking self-monitoring for residues, as is required under EC
regulations.

● In the case of the licenced antimicrobial sulphamethazine, ELISAs and a
commercial dipstick were produced and evaluated. These screening tests
provide the capacity for on-site (at farm, in the slaughter plant)
monitoring for antimicrobial residues in animals for slaughter. Results
obtained with the ELISA test compared well with those obtained using
quantitative (HPLC) and confirmatory (LC/MS/MS) techniques. The
dipstick, manufactured by Euro-Diagnostica, provides a simple and rapid
system for testing pigs for the presence of sulphamethazine at slaughter.

● In the case of chlorotestosterone a much more complex situation arises
due to (a) the large number of different metabolites present in urine, (b)
the similarity – in terms of antibody cross reactivity – of these metabolites
to endogenous hormones in urine, and (c) the complexity of the
extraction method required and the need to measure residues at very low
levels. While a “rapid” screening method, with a sufficiently low incidence
of false positive results, may be difficult to obtain, promising results were
obtained for an ELISA and a FIIA biosensor using a highly specific
monoclonal antibody. These methods can discriminate between high and
low residue-containing urine samples and may identify residue-free
samples.
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RECOMMENDATIONS TO INDUSTRY

This research investigated how rapid test systems might be developed for use
by the food industry, food quality inspectors and laboratories to test for the
presence of veterinary drug residues in food producing animals. Within
Europe, monitoring for residues of veterinary drugs in foods of animal origin
is carried out under EC Directive 96/23 which covers both official testing and
also a requirement for self-monitoring by the food industry. When urine is
used as the test sample, application of the rapid test systems would be on-
farm, at slaughter-plant or in control laboratories.

In antimicrobial testing, such as for sulphamethazine, there are a number of
test options. For example, there are a range of enzyme immunoassay (ELISA)
test kits from companies such as Randox, Biopharm and Euro-Diagnostica.
Dipstick or card tests have the advantage that they require no equipment and
may be applied on-farm or at slaughter-plant. Previously, a thin layer
chromatography kit system was used in the Irish pork industry to greatly
reduce the incidence of pigs testing positive for sulphamethazine.The dipstick
developed from this research, and manufactured by Euro-Diagnostica as the
SMZ-SPIA, provides a much simpler testing system.

The difficulties experienced in developing appropriate rapid test systems for
chlorotestosterone, on the other hand, illustrate the complexity of testing for
prohibited substances which have close similarity to naturally occurring
substances. Here, much more extensive sample treatments may be required
and robust, rapid testing systems are not easily produced.

There is a range of test systems which can be applied to check for residues in
animals for slaughter. Selection of an appropriate test system by the food
industry depends on factors such as whether broad screening or testing for
specific residues is required and what standard of laboratory facilities and
technical expertise are available.
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