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Introduction

Given the high levels and spectrum of resistanegoton remedies(anthelmintics) that have been dontede
before developing an effective control programHocontortus or any other gastrointestinal nematode (GIN)
parasite on a farm, it is extremely important towrihe resistance status of worms on that prop&tgsently, this
can be done only 2 ways: 1) by performing a feggl@unt reduction test (FECRT); or 2) by perfoigrémin vitro
larval development assay (LDA). The FECRT is pmgéhe most commonly used means of determiningtidr
a worm remedy is effective on a particular propeatyd has the advantage that it can be done ofaanywith any
drug. An alternative to the FECRT is the DrenclRIDA; however, the test is not suited for on-farnireclinic
use and can only be performed in a specializeaipal@yy diagnostic laboratory. Unfortunately, wésw
laboratories around the world provide this tedtudmost often, the only practical means to detesiifiyou have
resistance to worm remedies on your farm is wHEERT.

In a FECRT, the numbers of worm eggs per gramagfsfare measured in each animal before treatme atgain
after treatment by performing a fecal egg couni@Jarocedure. The percent reduction in the nurobeggs seen
before vs after treatment is then calculated. HBERT provides a direct measurement of the effeatigs of the
anthelmintic, but really should only be used tadgate whether resistance is present of not. BHigcause the
observed efficacy is subject to high variabilitcerit falls below 95%. And the fewer animals tdstad lower the
FEC in the pre-treatment measurement, the highatiability will be. Furthermore, the FECRT is feemed only
at a single dose (the label dose [sheep] or 1.5a2Xabel dose [goats]), thus the results will dalyif you the drug
is effective or not at that dose; it provides nanirgg of emerging resistance until the drug fallfie FECRT also
requires significant time and effort by the vetarian or livestock specialist, as fecal samples imeigollected
from individually identified animals, FEC performadeatments applied accurately, treatment redeegdsand
entered into a spreadsheet or other analysis progirad data analyzed and interpreted. ClearlyFE@RT does
require an investment of time, effort and cost;ibistthe only practical means to determine if y@we worms that
are resistant to your worm remedies. Given the@tic cost of wasted drug, wasted labor, reduceduymtivity
and animal death due to failed treatments, perfgraiFECRT is almost always a good investment farra.

How to perform a FECRT: old guidelines

When performing a FECRT in sheep or goats, it ggested that proper standardized guidelines baxell. For
the past 20+ years, guidelines published by thed\M@sociation for the Advancement of Veterinarya3itology
(WAAVP)(Coles et al., 199Zhave been recommended, with additional practicalifications to fit the situation
on the farm. However, much has been learned bigtitne, and new improved recommendations are in
development by WAAVP that will supersede the prasicecommendations. Using the current guidelingies
by Coles (92), groups of 15 animals that have eenkireated with a worm remedy within the past 8vé2ks are
randomly allocated to either a treatment group faEmedy to be tested) or a non-treated contralg(@5 per
group). Of course you can only test the animaisheawe so if you have less than 30 animals availablest, then
you will need to have less than 15 per group. Hamnehe fewer animals you have the less confidgnoecan
have in the results from a statistical perspedtivere on this below). Because it is recommendeitiiesaverage
FEC of the group be at least 200 eggs per gram H&®@bs or kids are the preferred age group tdhEsause
they tend to have higher FEC. Adult ewes, unlesgral the time of lambing tend to have FEC that@odow.
Adult does often have sufficient FEC to use. Udtiely, in a FECRT you are measuring a reductidfE; so if
you don't start out with very many eggs in the tpeatment FEC, it is difficult to accurately meastive level of
reduction after treatment.

Because the treated group is being compared twotfiteol group, FEC are not needed on the day afrtrent, but
are performed on all animals (usually using the iffemtiMcMaster technique) 10-14 days after treatindh
enough animals are present on the farm, multiplgsican be tested simultaneously. Calculationpdarent
reduction in FEC are then performed using the ¥atg formula (FECR% = 100[1-Xt/Xc]), where Xt and: ére
the arithmetic mean (average) EPG in the treajeh(t nontreated control (c) groups, respectiv8igftware is
available for free that performs all calculatiosing this approach and gives data interpretdtidhthis FECR
calculator program is used, the assignment ofteggie status is based both on observed percenti@iand the
95% confidence intervals. Interpretation is therfiolows: ‘Resistant’ when FEC reduction (FECR)ess than



95% and lower limit of the confidence interval Itlsan 90%; as ‘Suspected Resistant’ when eithelRFEGess
than 95% or lower limit of the confidence interisless than 90%, and as ‘Susceptible’ when FECGR586 and
lower limit>90%. If a FECR calculator program is not used follewing guidelines can be applied: reductions
of greater than 95% indicate sensitivity, reductioh90-95% indicate low or suspected resistanuekraductions
of <90% indicate resistance.

Changes recommended in the new guidelines

As mentioned above, new guidelines are in pregardtiit are not yet available. However, severahgia that
will appear in the new guidelines will be highligbthere. First, recent studies have shown timbéatter to
compare the pre-treatment and post-treatment FEE@abf animal, rather than using treated and cogitooips.
Thus, there is no need to have anontreated catvap, but FEC must be performed twice on eachanitha
FEC cannot be obtained from an animal posttreatrieen the pre-treatment FEC from this animal sthbel
omitted from the data set and not used in the talon of FECR.

It is still recommended that 15 animals be tedtetifewer can still yield good results if the regunents cited
below are met. There is no minimum level of EP& th required under the new guidelines, but thebrer of
eggs counted during the FEC is important. To esegahe diagnostic power of the FECRT result,dted humber
of eggs counted pre-treatment under the microsaoqess these animals should exceed 140 eggs,thoygting
>100 should yield fairly good results. Thus, if mé&C of the animals being tested are low themtbdified
McMaster method may not be appropriate and amaltiee egg counting technique with greater detactio
sensitivity should be used. If fewer eggs are talipre-treatment, then a second FEC (or additimainber)
from each animal should be counted so the eggdatigeds 140 eggs. Also, the post-treatment FECheus
conducted at the same level of sensitivity as teengatment count (i.e. the same detection levlsame number
of chambers counted). It also is necessary torerbat FECRT results are not based on one or tnvoads
contributing the majority of the eggs, consequettity3 highest egg counts should not account foerian 50%
of the sum of all individual egg counts.

With regard to analysis, it is recommended to usierchal Bayesian framework. This is a very plicated
analysis and is difficult to set up properly. Tameess this issue, an analysis program has redsssly developed
by the University of Zurich that uses this apprdq@oingerson et al., 2014).This program provides the mean
FECR and the 95% confidence intervals. This progiaes not provide a clinical interpretation, g same
criteria as cited above should be followed.

Other things that can improve the diagnostic resulbf the FECRT

Because of the over-dispersed nature of parasféctions where approximately 20% of the animatb®a30% of
the parasites, FEC vary widely between animalsgasmall percentage of animals have much higherth&Cthe
rest. Thus there is a strong possibility of adiiasr erroneous result if too few animals are useat.reasonable
accuracy in the FECRT at least 6 and preferablp 11® animals should be tested for each drug10fanimals are
included in each group, it is probable that randdlotation will produce treatment groups sufficigttalanced to
obtain accurate results. However, if less thaarfihals are used per group it is recommended &mbealgroups by
level of infection. This can be achieved by perfimg a FEC prior to the start of the FECRT, anch taéocating
animals to group based on their FEC. But thisiregua great deal of additional work and expersesequently, it
is not practical at the farm level. However, wikércontortus(wireworm) is the primary parasite present (oftea t
is the case) we have found that treatment groupbeaeliably balanced if animals are assignecetirnent group
based on FAMACHA score (see paper on FAMACHA Therefore, if this method is used a pretreatrR&C is
not needed:; assignment to treatment group can e arathe spot based on the FAMACHgcore. For example,
if 3 drugs are being tested, of the first 3 anin@lsome through the chute with the same FAMACH&ore, each
of the 3 will be assigned randomly to 1 of theéatment groups (4 if a control group is include@he process then
repeats itself for the next 3 with the same FAMACHs&ore, and so on.

Practical hints regarding interpretation of FECRT r esults

If drugs are highly effective (>97%) or poorly effiwe (<60%), the results will be pretty clear ewdth relatively
few animals and/or relatively few eggs being codmbetreatment. In such cases you can be fairfident the
drug was either highly effective (no resistancepaorly effective (worms are resistant). But whesnits fall into
the gray area (80-95%), if too few animals arestbsind/or too few eggs counted pretreatment, inheeagiability
may lead to an erroneous conclusion. This is éshemnportant when resistance is first emergisigce efficacy
is only modestly reduced. If using the UniversifyZurich analysis software, you can look at th&e3fonfidence
intervals to assist in making your interpretatidm.general, the more animals tested and the nywe eounted,
the more accurate the results will be.
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