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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 drug/medication/agent can be confidently excluded is currently
undocumented. In this communication, it is shown that about 450 consecutive negative tests
must be obtained to be 99% confident that the rate of agent abuse is not greater than 1.0% in an
infinite sample population. To increase the level of confidence to 99.9 or 99.99%, the number of A
consecutive negative tests required increases to about 690 and 920 tests, res ctively. & )Z‘) =
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In Iﬁm%g the averagg' ggte of detection o sociation of Racing Commissioners
International Class |, 2 and 3 agents(’isf;boutﬂ.l_",/g. “To be 99.0, 99.9, or 99.99% confident that an
abuse problem does not exist for ajsindividust particular agent at a rate of abuse not greater than
0.01% (1 in 10,000 samples tested), the number of consecutive negative tests required increases (S

«tw45,000, 69,000 and 92,000 tests, respectively.

These calculations show that relatively large numbers of tests must be run to confidently
exclude the smey-low rates of specific substance abuse that racing authorities seek to maintain.
This necessity to test a large proportion of the sample population for effective control makes the
cost effectiveness of testing methodologies critical. These results may also suggest that testing
strategies based on ‘intensive'inspection of reduced numbers of samples are less likely to be
both cost effective and/or forensically productive.

INTRODUCTION

Three central problems in equine forensic chemistry are deciding when to deploy specific
tests, the conclusions that can be drawn from a sequence of consecutive negative tests, and,
conversely, determining when it is appropriate to withdraw or terminate application of a specific
test.(lk This problem has become more acute with the general availability of ELISA (Enzyme- dan
Linked Immuno-Sorbent Assay) tests @ because they are highly specific, generally detecting
only the agent against which the test was *raised®and one or, rarely, more structurally related
agents. Therefore, an ELISA test allows for the testing of a single agent, or a relatively small
number of a¥ents, at relatively low cost but at very high sensitivity and with a high level of
confidence ), The questions therefore arise as to how long a specific ELISA test should continue
to be used in the face of repeated negative results and what conclusions can be drawn about the
rate of agent “abuse” when certain specific numbers of consecutive negative test results have
accumulated.

In answering these questions, it is instructive to focus on control of Association of
Racing Commissioners International Class 1, 2 and 3 agents, those with the highest potential to
influence the performance of horses and relatively low rates of abuse. For example, reviews
have shown that the rate of detection of these three classes of agents (~550 agents in total) in
post-race samples from racing horses is about one identification per 1,000 samples analyzed %,
These are very low rates of agent abuse, much lower than those observed in human athletics,
human Olympics, or human Drugs of Abuse (DOA) testing,@,( Additionally, 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 i i

requires I~}1|4 Wumbers of ks{é .



A second question that arises is how to optimize the cost effectiveness of equine drug
testing. If a laboratory has to choose between inexpensive tests that are applicable to virtually all
samples and more expensive, elaborate tests that can only be applied to a much smaller
proportion of the samples, the question asi : which strategy should be employed. This
approach was set forth in the McKinsey report,mxwhich recommended reducing the number of
samples tested but applying more #in-depth™testing to those samples. In this report, this
approach to equine forensic testing is evaluated.

METHODS

Statistical calculations were performed by one of us (Kryscio) to determine the minimum
number of samples needed to be tested to conclude, at different levels of confidence, that the rate
of agent abuse does not exceed a specified percentage. The analysis assumes that a negative
analytical result is 100% accurate for the agent in question at the effective limit of detection (LOD)
of the test. While any test can give false positive results at a given LOD, ELISA tests, when
correctly performed, rarely, if ever, yield false negative results.

The following equation, taken from the Handbook of Tables for Probability and Statistics S‘*‘T o
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Here ¢ is the number of positive identifications in » biological fluid samples selected at
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Figure 1 shows the number of consecutive negative tests required to establish, at varying
levels of confidence, that the level of agent abuse is not greater than a specified level (1.0%,
0.1% and 0.01%). To exclude a level of agent abuse of 1.0% or more, at the 99% confidence
level, the required number of consecutive negative tests is approximately 450. If exclusion of
lower rates of abuse are required, the number of required consecutive tests increases in
approximately ten fold increments, to 4,500 for exclusion levels of 0.1% and 45,000 for an
exclusion level 0f 0.01%. Likewise, higher levels of confidence require even more consecutive
negative test samples. For example, a 99.99% level of confidence that agent abuse is not greater
than 1.0%, 0.1% or 0.01% requires 920, 9,200 and 92,000 consecutive negative tests,
respectively.

Figure 1 was developed using a model that assumed an infinite population of samples.
For finite populations, the actual population size influences the number of consecutive negative
tests required to statistically prove that the rate of agent abuse is not above 1.0, 0.1 and 0.01%
(Figure 2). As the population size decreases, the proportion of the population that must be tested
to exclude a given rate of abuse increases.



the analyst by using that substance again. Reappearance of previously detected drugs does occur
but, initially at least, at very low rates. This low rate of reappearance is likely similar to the rate
of introduction of new agents, for example viloxazine and romifedene, described in California
racing in the mid-nineties'. y:
The goal of an effective equine drug and medication testing system is to ensure that the N Cam{'
level of use of both well-characterized and novel prohibited agents does not exceed very low
rates of use, hopefully less than about one identification per 1,000 samples @F0.1%), the average ‘Q ( 0.l %)
overall rate at which identifications of abuse agents have been made in North American racing
over the last fifteen years. Since these identifications generally involve a number of different M
agents, it is reasonable to conclude that a good ‘not-to-be—exceeded{abuselrate" for individual
agents is not greater than 0.01%. This is a considerable technical challenge, ##To insure these ""‘IP Wems
very low levels of agent abuse, substantial fractions of most sample populations must 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 abuse at the 99% confidence level. Ifthe size of the population E an be

tested is 1,000 samples, then ~35% of the samples must be tested to exclude ratei,ofabuse
greater than 1.0%. However, to increase the level of abuse not above exchuded
0.1%, or one “positive” in 1,000 samples, almost 100% of the samples would have to be tested. +n

Finally, to raise the level of abuse that can be excluded to not greater than 0.01% would require a
population size of 10,000, and 100% of the samples would have to be tested. If the population
size were increased to 100,000, about 40% of the population would have to be tested. These are
substantial numbers to test. The figures make clear the basic message of this paper: to insure
very low rates of agent abuse, very large fractions of the total sample population must be tested.

This need to test large fractions of the sample population, combined with the wide scope
of equine forensic testing, makes the cost effectiveness of the testing methods, and particularly
the screening methods, critical. To effectively control abuse of an agent at the low levels
traditional in the racing industry, effective tests must be applied to a large proportion of the
samples presented to the analytical laboratory in each year. Ifthe test is expensive and can be
applied to only a small fraction (say 3.3%) of the samples presented, its use will only be able to
effectively exclude rates of agent abuse between 1.0% and 0. 1%, an ineffective performance
level by equine forensic testing standards. Justification of such tests is easier when there is
evidence to suggest high rates of abuse of these specific agents.

These results may raise significant questions about the philosophical approach of intensive
screening of reduced numbers of samples, labeled “super testing” by the Jockey Club/McKinsey
report,’}¢ Reducing the number of samples has the obvious effect of reducing the probability of
testing a sample containing an abused agent. Ifa drug is not widely abused, as is the case with
most class 1 or class 2 agents, then reducing the number of samples tested essentially reduces the
level of abuse that can be excluded. By the same argument, if the test used at a reduced rate is
more expensive than other testing approaches, the cost efficacy of this test must be measured as a
function of the increased cost multiplied by the reciprocal of the fractional use of the reduced
testing efficacy.

In summary, to insure that the low rates of agent abuse demanded by the racing industry
are maintained, a substantial fraction of the samples collected for testing must be analyzed.
Furthermore, this report shows that conclusions can be drawn about the rates of drug abuse in the
population based on the number of consecutive negative tests reported and sets forth the
mathematical basis for these conclusions. It is clear that any reduction in the number of samples

! Personal communication, S. Stanley, 1995



For example, for a population of 10,000 samples, ~5% of the samples must be tested to
exclude abuse above 1%, ~40% must be tested to exclude abuse above the 0.1% rate, and 100%
of samples must be tested to exclude abuse above the 0.01% rate (Figure 2). However, if the
sample population is larger, for example 100,000 samples, the percentages required for testing
drop significantly to 1%, 5%, and 40% of the population to exclude an abuse rate above 1%,
0.1% and 0.01%, respectively.

Figure 3 shows the conclusions that can be drawn about the true level of agent abuse as
positives are obtained in a population of 10,000 samples. As the number of positives increases,
the true level of agent abuse also increases. Because the 10,000 samples are only a fraction of an
infinite population, the true level of agent abuse is always greater than the observed level of
agent abuse. '

DISCUSSION

These findings bear directly on the deployment of tests and the interpretation of equine
drug testing results. Review of the literature shows that the abuse rates vary from a high of 12-
20%, in what are effectively uncontrolled situations, to rates of abuse in controlled situations of
less than 0.01%. The goal of an effective equine forensic program is to ensure that the rate of
medication abuse remain at the very low rates (>0.1% to >0.01%) historically seen in racing. As

pointed out in the introduction, these rates of agent abuse are exceptionally low, much closer to oR
“zero” abuse rates than those found in related areas of human drugs of abuse or workplace ©
forensic testing,®). if H¢ & swhmgoept put it oukeide perced (6)sfs

In the worst possible circumstance, that of epidemic agent abuse, detection of that abuse
does not require a large number of tests. If the abuse rate is 5% or greater, then detection
essentially awaits deployment of an effective test, which will yield dramatic results very quickly.
For example, when ELISA tests were first deployed in the southwestern US in the late 1980s,
numerous agent identifications were made and patterns of abuse that presumably had been
present for most of the 20th century were terminated within a matter of months ©,

On the other hand, if the rate of abuse is less than epidemic, the effect of introduction of a
new test may be less clear-cut. For example, a not uncommon approach for ELISA testing was
to run a series of 200 to 300 tests and, on the basis of 300 consecutive negative tests, conclude
that abuse of the agent was not occurring, However, as shown in Figure 1, 450 consecutive
negative tests are required to conclude at a 99% confidence level that the rate of abuse is not
greater than 1.0%, an unacceptably high rate of abuse in equine forensic testing. To be 99.99%
confident that abuse at a rate greater than 1.0% is not occurring, then ~920 samples must be
tested. Any rate greater than 0.1% is a very high rate of abuse.

A common pattern of abuse consists of a new agent being “tried” occasionally by
motivated individuals. Once that agent is identified (reported “positive™) and effective
administrative action is taken, the rate of agent abuse drops dramatically. For example, when
anabolic steroid tests were first introduced in England, the rate of abuse of these agents abruptly
dropped from about 12% to zero in two years. Similarly, after ELISA testing had been
introduced into equine forensic science, there was a period of at least 12 months when these tests
were discontinued in the American Southwest. When the ELISA tests were reintroduced after at
least a one-year interruption, it was surprising to find that previously used agents {oxymorphone,
buprenorphine and sufentanil) were not being abysed. The epidemiology of agent abuse in
racing appears to be that once an agent is “call rsemen are reluctant to tempt either fate or

A



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.
Techniques that can only be applied to a reduced fraction of the samples presented are
correspondingly less effective in the overall context of achieving effective control of the misuse
of performance-enhancing substances in racing horses.



Figure 1. Number of consecutive negative tests required to excluded specific levels of agent
abuse at different confidence levels, assuming an infinite population. L

The lower solid line glﬁws the relationships between the number of consecutive negative tests

required to exclude® levels of agent abuse no

t above 1% at the 99% [square] 99.9% [triangle] and

the 99.99% [circle] levels of confidence, respectively. The middle dashed line shows the
relationships between the number of consecutive negative tests required to excludedat levels of ‘
agent abuse not above 0.1% at the 99% [square] 99.9% [triangle] and the 99.99%, [circle] levels of
confidence, respectively. The upper dotted line shows the relationships between the number of

consecutive negative tests required to exchud

at level of agent abuse not above 0.01% at the 99%

[square] 99.9% [triangle] and the 99.99% [circle] levels of confidence, respectively.

Figure 2, Relationshipﬁ)etween population size and percentage of the population that must ¢
be sampled to establish that the rates of agent abuse are less than certain specified percentages

(1.0%, 0.1%, and 0.01%).

Figure 3. Rédintio;
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SEteen the #trudi level of agent abuse when ‘é positive tests are

observed from 1, 00 les drawn from an infinite population . x

In this figure the rate of agent abuse excluded is presented on the vertical axis against the number
of positive tests reported on the horizontal axis. The solid circles (~—=) represent 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 o

bserved strictly from the samples tested. This analysis

assumes a sample size of 10,000 from an infinite population, with the level of confidence being

99%.
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