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SUMMARY

The number of negative forensic tests that must be performed to ensure that a defined
level of abuse of a specific agent can be excluded is currently undocumented. In this
commumication, we show that at least 500 consecutive negative tests nust be run in order to be
mmmm@dmmmmmmxnﬁhmmm To
increase the level of confidence to 99.9 or 99.99%, the number of consecartive negative tests
required increases to 700 and 1,000 tests, respectively.

The average ate of detection in US racing of all Association of Racing Commissioners
Intemational Class 1 and 2 agents is about 0.1%. To be 99.0, 99.9, or 99.99% confident that an
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abuse problem does not exist for a particular agent at & rate of abuse not greater than 0.01% (1 in
10,000 samples tested), the sumber of consecutive negative tests required increases to 46K, 69K
and 92K tests, respectively. |

nmdmmwmmgemﬂmofmmbemmmﬁdmymmm
low rates of specific substance abuse that racing seeks to enforce. This necessity to test a large
pmpmﬁmof&emhsﬁmmwﬁwmamh&mnmmmofmmm
critical. These results also suggest that testing strategies based on “intensive” inspection of | :
reduced numbers of ssmples are wnlikely to be cost effsctive or forensically productive.
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INTRODUCTION '

Ceatral problems in equine forensic chemistry include deciding when to deploy specific
tests, the mdumm@behmﬁmamofn;pﬁi}emmmw,
determining when it is appropriste to withdraw a specific test (Tobin, 1981). This problem has
become more acute with the general availability of ELISA (Enzyme-Linked Immuno-sorbent
Assay) tests (Tobin et al, 1988). ELISA tests are highly specific, generally detecting only the
agent against which the test was raised and one or two structurally closely related sgents.
thyMofmmMﬁmmmemm&raﬁglemuth
eostbmvuy.highmsiﬁvity(Woodsetd., 1992). 'Ihequestionthemﬁoreu‘mesastoh.owbng '
mwmmwimmhﬂwﬁmofmmmmm
importantly, what conclusions can be drawn sbout the rate of agent sbuse when a specific mumber
of negative test results have accummlated.

In answering these questions, we have chosca to focus on control of Association of
Racing Commissioners Intemationsl Class 1, 2 and 3 agents; agents with the highest potential to
infinence the performance of horses and relatively low rates of abuse. For example, review of the
detection rates for these agents developed several years ago (Woods et al, 1985) and more
receantly (Mundy ct al., 1994) have shown that the rate of detection of this entire class of agents in
post-race samples from racing horses runs at about onc identification per 1,000 samples analyzed.
These are very low rates of agent abuse, nmch lower, for example, than those observed in human
athletics or human Drugs of Abuse (DOA) testing (Cowan, 1995). As will be seen from the
statistical data presented, the need to detect and prevent very low (0.1 to 0.01%) rates of agent

abuse in racing horses greatly increases the number of tests that must be performed.
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Here ¢ is the number of positive identifications in n biological fliud samples selected at

" random from an infinite population having & level of drug abuse P. Also,

RESULTS

The first question addressed concems the practical conclusions that can be drawn when a
certain number of consecutive negative test results have been obtained. The data of Figure 1
dmmthemnﬁuofmmenegaﬁvetemwhﬁmbeobuhedmmbﬁsh,n
varying levels of confidence, that the level of agent abuse is not greater than s specified level. The
levels of agent abuse selocted were, respectively, 1.0, 0.1 me.Ol%hmhﬁnitopopnilﬁmof
horses. Figure 1 shows that in order to excinde a level of agent abuse of 1.0% or more st the
99% level of confiderice, the mumber of consecutive negative tests which must be rvm is
spproximately 500. If exclusion of lower rates of abuse is required, the mumber of consecutive
tests required increases in approximately ten fold incremeats, to 5,000 for exclusion levels of
0.1% and 50,000 for sn exchusion level of 0.01%, respectively.

If we wish to exclude these rates of abuse at higher levels of confidence, the number of
samples that nmst be found negative to attain this same level of exclusion increases. For example,

* to establish at 2 99.99% level of confidence that agent abuse is not greater than 1.0, 0.1 or 0.01%,

the number of consecutive negative tests required increases to 920, 9,200 and 92,000 tests,
respectively.

These results were developed based on a model assuming an infinite population of
samples. For finite populsations, the actual population size influences the number of consecutive
nWmeMpm(nﬁa%th)ﬂmhm of agent
abuse is less than 1.0, 0.1 and 0.01%, as presented in Figure 2.
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Overall, as the population size increases, the fraction of the population that must be tested - .

. toemhdeummeofagentabusedmses. Formmph,foupopulm;mofloooo :

mﬁwﬁms%ofmhsmbetemdtommm 1%, about 35% to
exclude abuse above the 0.1% rate, and essentially 100% of samples to exclude abuse at the very
Jow rate of greater than 0.01% abuse (Figure 2).

On the other hand, if the populstion of samples is 100,000, all of these percentages drop
significantly, with testing of 1% exciuding abuse above 1%, testing of 5% excluding sbove 0.1%
and testing of 40% of the samples excluding sbuse above the 0.01% rate of sbuse. :

Figare 3 preseats the rates of agent abuse that can be exchaded at the 99% confidence fimit
whmOnegaﬁwmmreponedhmlgpopnhﬁmsmgingﬁml,OOOto 10,000. This
figure assumes the sample populations are a subset of an infinite population. In the case ofa
sample population size of 1,000, if all of the samples are tested, one can be 99% confident that the
rate of agent abuse is not greater than about 0.45% (a relatively high rate of abuse). To exclude
an abuse rate of grester than 0.1% at the 99% confidence lovel, testing a sample population of at
least 4,500 is necessary. To exclude an abuse rate of greater than 0.01% at this confidence level,
testing a ssmple population of greater than 10,000 is necessary. Again, to confidently define the
true rate of agent abuse at acoeptable levels, testing. of relatively large sample populations is
necessary.

As the number of negative tests obtained mcreases, one can exclude lower and lower rates
of agent abuse (Figure 3). As a general rule, the first 1,000 consecutive negative tests enables one
to rule out levels of ageat sbuso sbove about 0.45%. However, approximately 4,500 consecutive
negative tests enables one to rule out agent abuse greater than 0.1%, with higher numbers of
sequential negative samples required to exclude lower rates of substance abuse.
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Figure 4 shows the conclusions that can be drawn about the true level of agent abuse as
leqnmﬁdpodﬁvesmomhedhapopul:ﬁonoflo,oooﬁtéi‘ha As the mumber of posifives
hmmﬁemhddag&@dmhm Beoausethe 10,000 samples are only a
sample of an infinite population, the trus level of sgent sbuse is always greater than the observed
level of ageat sbuse.

DISCUSSION

These results bear direotly on the deployment of seets and interpretation of the rosulkt of
equine testing, Review of the litersturo in this area shows that the rates of agent abuse varies
from 2 high of between 12 and 20%, in what are effectively uncontrolled situstions, to rates of
abuse in controlled situations of less than 0.01% for specific sgents. The goal of an effective
equine forensic program is to ensure that the rate of medioation sbuse in racing remsin at the very
low (> 0.1%, overall) rates historically seea in racing. As pointed out in the introduction, these
tates of ageat abuse are exceptionally low, much closer to zero sbuse rates than those found in
related areas of human forensic testing (Cowan, 1995).

In the first possible circumstance, that of epidemic agent abuse, detection of sbuse does
not require a large number of tests. Ifthe rate of agent abuse is 5% or greater, thea detection

~ essentially awaits deployment of an effective test, which yields dramatic results very quickly. For

example, when ELISA tests were first deployed in the southwestern US, numerous agent

" emtiontions wers sk and pattenss of ageat sbiies ths il prosizibly esscatialy mibeuken

for the larger part of this century were terminated within a matter of months (Tobin et al. 1988).
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On the other hand, if the rate of abuse is less than epidemic, then the results of
introduction of & test may be less clear-cut. For example, & not uncommon approach to the
mductionofEUSAtesthgmmmawiesofSOOosn;eusmd,mﬁebasisofsoo
consecutive negative tests, conclude that abuse of the agent was not occurring. However, as
shown in Figure LallthatmbeoonchxdedﬁomasedesofSOOnegzﬁvcteetsisﬂmﬂwuteof
ageat abuse is not greater than about 1.0% st the lowest level of confidence (99% confidence,
UCL of 1.0%) that we have analyzed. If we want to be highly confident (99.99% confident) that
Muammﬁnl.o%ismmg,thummmdoutoLoooam;m&

hmommmmf.gm.bumomhghmmnymofm;quam:
greater than 0.1% is a very high rate of abuse. For example, common pattems of abuse are likely
to be occasional use of a new agent that is being “tried” by motivated individuals. Beyond this,
our expericace in horse racing has been that once an agent is identified and effoctive
administrative action taken, the rate of agent abuse drops dramatically. For example, whea
ansbolic steroid tests were first introduced in England, the rate of abuse of these agents dropped
from about 12% to 2ero for two years. Similarly, there was a period of st least 12 months after
the introduction of ELISA tests in the Amesican Southwest during which these tests were not
deployed. When these ELISA tests were again deployed after & one year intesruption, we were
surprised to find that agents that had previously been widely used but had not been tested for one
year (oxymorphone, buprenorphine and sufentanil) were not being used. The epidemiology of
agent sbuse in racing appears to be that once an agent is “called”, horsemen are very reluctant to
sty £t (o tho suthoriies) and wse this subetamoe agaia. Re-ass docs 000w, but, miially st
least, apparently at very low rates of use. This low rate of re-introduction is likely broadly similar
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to the mate of introduction of new agents, for example, the recent “introductions” of viloxazine
and romifedene in California racing (Stanley, 1995).

mgodofm@ﬂ'ecﬁvew:yaunisﬂmeﬁmmk;epthekvdoﬁbuuofbothmnﬂ
characterized and novel agents at very low rates of use, less than about one identification per
1,000 samples, the average rate at which identifications of agents of abuse have been made in
North American racing over the last fifieen years. Since these identifications generally involve a
pumber of ageats; it is reasonable to concinde that & good "not to be exceeded abuse rate” for
hm;lugamhndnghorsukmmhdemuoﬂgmm&nmmﬁmdnl%for
any given ageat. mn.wmmmmwmmmmof
ageat sbuse, substantial fractions of most populations nmst be tested.

Figure 2 shows the effect of population size on the total number of samples that must be
tested to exclude a given rate of agent abuse at the 99% confidence level. If the size of the
populstion tested is about 1,000 samples, we must test about 40% of the samples to exclude rates
of agent sbuse of greater than 1.0%. However, if we want to increase the level of agent abuse
that we can excinde to 0.1%, or one sample in 1,000, we must increase the fraction of samples
tested to nearly 100% of all samples. Finally, if we want to raise the level of agent abuse that can
be excluded to not greater that 0.01%, then we nmist test a minimum population size of 10,000
samples (testing approximately 100% of these) or about 40% of a population of 100,000 samples.
These are significant numbers of samples to test. These figures make clesr the basic message of
this paper: to exclude yery low rates of agent abuse, one must test very substantial fractions of
the total population of samples presented for testing.

This need to test very substantial fractions of the population of samples presented for

testing, combined with the wide scope of equine forensic testing, makes the cost effectiveness of
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the testing methods critical. To effsctively control abuse of an agent at the low levels of abuse
Aﬁndﬁionﬂhmcndn-ghduﬂry,awumbeappﬁodmahrgeproporﬁbéioﬁmemm
preseanted to the analytical laboratory in each year. ifthetesti;aq)msive,mdmbeappﬁed
only to a small fraction (say 10%) of the samples presented to the laboratory, its deployment will
only be able to effectively exclude rates of agent abuse between 1.0% and 0.1%, not an effective
performance level by the standards required in equine forensic testing. Deployment of such tests
is easiest to justify when there is evidence to suggest high rates of abuse of these specific agents.

mmmmmmmtmpmmw&m
mﬁgofreduodmmbmofmhgumggeﬁedbythekckcyChbMdﬁmeympon
(1991). Reducing the mumber of samples preseated to test has the obvious effect of reducing the
probability of presenting a sample containing an abused ageat to the test. If a drug is not widely
sbused, as most class 1 or class 2 agents are not, then reducing the mumber of samples tested
equivalently reduces the level of agent abuse which can be excinded. By the same argument, if
mmMaawmhmm&mo&«mmMﬁemM
of this test nmst be measured as a finction of the increased cost mmultiplied by the reciprocal of the
fractional use of the reduced testing efficacy.

In summary, therefore, to insure that the low rates of ageat abuse demanded by the racing
industry are assured, a substantial fraction of the samples submitted for testing mmst be analyzed.
This report also shows that conclusions can be drawn about the rates of drug abuse in the
population based on the number of consccutive negative tests reported, and sets forth the
mathematical basis for these conclusions. It is clear that any reduction in the number of samples
analyzed reduces the efficacy of testing and the level of drug use that can be excluded. The best

testing methods should be inexpensive and applicable to a large fraction of the samples tested;
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techniques that can only be applied to & fraction of the samples presented for testing are
correspondingly less effective forensic techniques. ' |
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Figure1l.  Effect of specified level of agent abuse and desired confidence level on the
number of negative tests required.
The solid lines show the relationships between the aumber of consecutive negative tests required

and the desired level of confidence establish rates of agent abuse less than 1.0%, 0.1% and 0.01%
respectively. This analysis assumes an infinite population size.

b | -
/\rlurez. Relationship between populsation size, percent of population sampled and rates of

agent abuse excluded.

The solid lines show the relationships between population size and percentage of the population
thst must be sampled to establish that the rates of agent abuse are less than 1.0%, 0.1% and
0.01%, with the level of confidence set at 95%.

Figure3. Level of agent abuse when zero positives are found among n samples.

The solid line shows the relstionship between the rate of ageat sbuse (vertical axis) against the
number of sequential negative tests observed (hosizontsl axis). The population size is assumed to
be infinite and the statistical level of confidence is 99%.

Figure 4. True level of ageat abuse whea x positive tests are obtained from a sample of 10,000.

The solid circles (e—s) show the relationship between the true rate of agent abuse (vertical axis)

and the number of positive tests reported in 10,000 samples, The open circles (0—o) show the
rate of agent abuse observed strictly from the samples tested. This analysis assomes a sample size
of 10,000 from an infinite population, with the level of confidence being 99%.
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A1 .
99% Upper Confidence Limit for Levels of Agent Abuse
When x Positive Tests are Obtained From 10,000 Samples
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