May 20, 1942
AIMB AND FINDINGS OF COOPERATIVE EXFFRIMENT

In 1ts preliminary survey of the problem, both in itas clinieal
end 1ts practical mspeots, 1t appeasred to the Committee that the
Olsorepancles in the findinge of different workers were due, at
leaat in pert, to these having hsd different flmg, and having tested
the efficacy of the drug by different oriteria of success. Tt will
appear from the results conslstently found s$ka$ the four ocentres
carrylng out the Comnittee's own serles of experimentas, that this
clireumstance, in conlunetlon with frequent diffarencea 1n the laval
of dossge tested, 1s capable of explaining very wide disorepanocies
without calllng for explanation upon tha urﬂinn' differencea
#xiating batween different batches of experimental materiasl, such
Ag, in our problem, differences in ape of lambs tested, or differences
in breed and previcus treatment.

There are three observable characteriatios of trented or un-
treated gheep by whioh the efficacy of treatment from dAifferent
standpnints can be ageessaed.

(a) Egg counts in faecsl matter, the technique for tns
evaluatlion of which 1s fully set out in Ssotion ( }« This
uh.nrvatinn has the great advantage that 1t ocan be ocarried out on
living animals, and thurufa;;fgsi only after a perloed of treatment,
a8 & means of gauging ita effliomoy, but alsoc as a preliminary
observation before treatment has been differsntiated as a means of
méasuring the degree of infestation with which each lamb snters

the experiment. % walio Eﬂvpﬂ-l"'el 51 ‘H-E-ﬂm,ﬂ‘_l ,ezﬂq_T'
Quantilatovi. } SR



The diverse apecles of parasitlo worms are not ordlnarily
differentiated in the sge counts, although by further technleal
improvements this may be later possible. The counte taken at the
four cooperating centres dlatingulsh the sggs of Btrongyloldes
and Nematedirus, and a third proup somprising the total of the
eggs ocounted from other speclea.

(b) The wormx nnunta:diitnr slaughter dlract counts, or

~umpling estimates may be made of the numbers of adult worms ,
distinguished at least so fer as ywenera, found in the fourth
stomach, or caltwriasuns or in the small or large intestine. Both
qualitatively and qpnntitniiiy such oounts afford a better assess—
ment of intensity of infeastation than can be afforded by egg countas.
They oan, however, only be taken on sloughtered shessp and cannct,
for this resson, be used to asseaas the initlal degree of in-
festation.

(a) thu wulght: '13. walghts n; sheep were taken inltially
and at 1ntur1n1: thrﬂughnut sach u:pﬂrlnuntal floock. From the

point of view of practical nppliuntinn in animal husbandry, the
progress of the animal in growth as measured by live weight 1ls of
importance superlor %o that obtailnable by any purely olinlcal
obgervation, for 1t affords a measure of the net effeot of treat-
mant on the commerclal valus of the anlmal, whather destined

for inmedlate alaughter or for bresdlng. ~.I!.:Lru.-.mn, apart from the
affect of druge upon parasltio speclea, the drugs may Le praauned
to have, and in faet show svidence of having, direot, thourh
perhaps temporary, effecta upon the growth of the lambs, 1t 1s
gssentlal that the net congequences of treatment through sll chalna

of causation, explored or unexplored, should be asaessed in

thLﬁnnuhna;mﬁ s fbuuglfiif valfiig
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With thease criterla in wiew, 1t was decided to test the net

regponge 1in live weight on an "outsida flock' at each centre, kept

in normal farming conditions, including exposure to relnfection,

and malntained under obeservatlon for 15 weeks followlng treatment, on
the sup osition that the effecta vislble after thias parlod would
approximate to the final effects of the drug. Initial egg ocdunts
were taken on these sheep, and later efg pounts ares now avellable

for some of these flocks, though this was nct required by the
experizent. These sheep were not slaughtered for worm ooultas.

Six differesnt outelde flocks have been recorded.

In addition an "inside flook" was established at sach of the
uquurntinj centres, intended for slaughter appropimately 5 weeks
after treatment, Slnce these were to supply worm counts, 1t LLTY
neceasary to avold reinfestation, and consequently to tresat the

ﬂf?“ﬁ'm' flook rather as experimental than ae farm animals. The intarsgt
Qutipdmfjur the inalde flocka ocentres in the worm counta and assoclated final
8gg counts in relation to the ilnitlial egg counts and treatment of

the animals.  Weighte wer« also available from the insids flocks.

apJ;E from additicnal animals added at certaln centres, esch
flock cutelde and ineide, comprised 28 lambs, four sach being
eeslgned to the dosage levele of 0, 5, 10, 20, 30, 40, 50 g.
phenothiazine. Of the four lambas treated at any level, two received
the dose in the form of tablets, two in the form of & drench. The
wide range of the dosagee chosen ls due %o previous published work
having indlcated that the egg count might be responasive to quite
emall doses, wlthout apypreoclable beneflt in weight, while from
other work it appeared that the growth rate might be benefited by

larger dossa.



‘Burmarised cutcome of trials.

Hif M Ieat 08 phenoiivasing Ao selusing total suk devaioydn
the fasces.

The densilty with which the egige of parasites are found in the
Treces ls obvivuely closely connected with the extent to which Anfeasted
eheep contribute through the contamination of pastures to the in-
festation of othera. The ilmportance of such counts would be inorecged
if the eggs of different specles could be distingulshed. Hovever,
alnge the tﬂtﬂl-ﬂﬂﬁ count 1s widely used, i%t. 1a important to throw
all possible light on the interpretatlon of thils means of messuring
disinfedtation. pus 0 s 0, Telbe E,J

The totnl egy nnuntﬂvnriud grently from shaep to sheep within
each flock. Slnee, with sheep treated alike, this variation was
rennrkebly parallel in the flnal and in the initial gy counts, 1t
was possible greatly to refine the compariason betwesn treatmenta by
ualng within each flock the records of sheep tresmted allke to indioata
what ratlo in the final egy count 1s to be expected for a given ratio
in the inltlal eiy; count. Froportionnl expesctation may thug ba
obtained for sach shesp, X® or emch group of ghesp, with whigh the
cbeerved final egy counts can be comprred. Taking the ratio of final
#gg count to expectatlon to be 100 for tha untreated gheep of sach
insilde flock, the following valuss wars obtalned for the percentage

Tinal epgy count obesarved at each dosrge laval.



Table 1.

Effeft of different doaes 1in diminishing total egg oount.

Dosage
Rraﬁ' per Fdlinburgh Winches Farm Weybrldge Cambridge Aversge
sheap

0 100 100 100 100 100

] 35 42 42 5a 43
10 17 59 3 15 31
20 17 9 4 49 31
30 17 33 24 3 27
40 9 1g 15 | 2 30
50 9 1 15 51 I 23

It will be seen thet all centres, and at all doses (twenty-four
comparisons in all) the final egg count is diminished in pomparison
with the untreated sheep. BSecondly, the greater pert of the diminution
has been brought about by the first 5§ g. of the doses. Evidently
extremely small doses sre effective in diminlshling the egg count.
Beyond this level the diminutlon 1s comparatlively small, and in moat
flocks too Alrregular to be detectad on thnlvniuau rnﬂénly 4 sheap. On
the average of four flocks, howaver, the B0 gram ocunts give the lowest
figure, thouvh beyond 10 grams the chang a_ere irregular.

It will appear from the '!'urlaf mt:ﬁtih:ﬁfrhrunt specles
differ greetly iln susceptibllity to the drug. The moat susceptible
e soles, Hmemonchus, !_.- belleved to contribute largely to the egg ocount,
while some of the lesaa susceptible may contribute relatively feaw egge.
Thie oconsideration may be oconsidered suffiolent to explain the high
apparent efficacy of small doses, as alsoc the fact that the response
ag measursd by egg ocount le apparently gﬂlaﬁﬁi in some flockas than in
others, at Edinburgh, for examples, than at Cambridge. The response
at Edinburgh was s¢ regular that an attempt was made to compars the

aotual ocounts with a seriea of expectations based on the common
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assumption of dosege mortallty curves that the logarithmic dosage
is & linear funotion of & normal devliate, the probabllity of exceeding
which is the chance of aurvival of the orgsnlsm. That such &
relatlionship 1s ocnpable of formulating the type of response cbserved
ls shown in the following table.
Table 2

Final egg count at Edinburgh

Dosage Expeoted Obaeryed Difference
0 ggg.gg BEO0 =06
18 223. '.rl 328 a2 21
30 R 2 1%3 3547
*3a
40 Tda 1 =13,
Eﬂ ? -— jiﬁ
Total 1455. 1466 0.00

It should be noted that the comparison of 20 g. 1s hased on

only 3 sheep, sc that the total egg counts, expectsd and cbasarved,
ere both reduced. Ubviously very high doses would be neaded to

decrease the egg oount in a much higher ratio.

Worm counts

The aotual worm oounta from individual asheep are met out in
Table j_f_ . Ho satlefectory statliatlonl summery of such material
seema posaible. The frequencles for any one sgpeoles of worm differ
8o greatly from sheep to ahssp that no unlformity 1a to be expeoted
from totals or averages. Morsover the messurs of Initlsel infestation
supplisd by the sgg ocount refers to a mixturs of many speoiea, and
the attempt made with .I‘ﬂlpuﬂt- %o Hepatodiwm to improve the ocom-
parison by this meana falled through the comparatively small numbers
of egge counted from thls speclies.
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Surveylng the datalwith reepect to frequency and degree of in-
Testatlon, 1t 1s apparent that in all flocks Hasmonchus is more ocom-
pletely eliminated by light dcases than any other snecles. The two
other parssites of the abomasum , Osteriacia and Triflostrongylu
Axel are aleo susoceptible to doses up to 20 grama, st which point
half or more of the sheep ars free fronm 1nr§f%1¢n; The intestinal

parasites ma: be classified in order of susceptibility ms followai=-

Clase Bmall intestine Lorge intastine
B Cooperia, Trichostrongylue (Spp), Bunostomum
c Chabertlia, ﬂlunphlgﬁkamun
D Etrunqglnlda- Trliohunla
E REanxxd Moniezla
Nematodl
e

In olage E the tape worm Monlezia aprears to be dlstinotly more
abundant among sheep heavily dosed than among controls or sheep

lightly dosed. The game may be true of Hinltﬂdldﬁﬂi the fregquéncles

recorded for whioch are, however, esxpeoctlonally irregular.

In olaes D there 18 some apparent increass from O to 20 or 30
grams, with a decrease for higher doses. It appears possible that owlng
to the removal of competing aspecies, the parasites of class E are able
to maintain their 1nr;€%1un of lambs from whibh, without treatment,
they would have been to a grester or less extent eliminated, and that
doees of 20 or 30 grams confer A similar benefit on the membars of
plage D. Of the 12 species mentionsd, thers oan be little doubt that
of the firat eilght surviving adult parasites ::.nppr-uilhl; diminighed,
and at the higher doses some progesss has besn made towarda Als-

infestation from the two parasites of olass D also.



Effect on Live Welght

For a declslon as to the value in farning practice of treatment
“ith nrencthiazine, reliance wee placed on the walght incresses over
& period of fifteen weeks of the outelde flocks. Of theas thars wera
Blx, two teated &t Edinburgh and "inches Farm resrectively, while four mmg
ware obtained by Dr Taylor at !'-’E.Ebrﬂg. T.huu will be designeted
by the names of their owners. - all Tl s

The final welipght recordsd for each sheep is, #s might be expeoted,
etrongly aesocclated with the weight at which it enters the experiment.
In othsr material tested for ehorter perlods it haas also been found to
be suffiolently cloaely associated with the initial epg count for the
use of this factor nlso in osloulating expeoted final welghts to glve
sdded precisicn to the compariscns. In the comparimone reported here
therefore Acocunt hag beesn taken of both faotors, although the kmikkx
initial erg counts contributed little to the finel preoision, aa ghould
parhapas have baen expuatad from the faoct that for fifteen weeka the
mh Jority of the sheep tested hed baen lnru_ar lesss thoroughly dig-
infected. The adjJustments for initial ug& counta ware tharafora small,
and make little differsnca to the final results. This polint 1s noted
in wview of the reasonable oriticlsm that mny allowance for inlitial
infestation 1a, 1f the treatment 1s sucoesaful, likely to be an owar-
sptimate at the large coges &nd penmllize the lightly Anfeated shesp
at these levels, while at low dosape levels the more heavily infeated
gheap will be put At an apparsnt disadventage. Binoe the shesp were
& glgned at random to treatments, no blas 1a introduced into the results.

but very much more elaborate calculatlomwould have been nesded to do Jdust
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Justloe %o the posalble sdvantage glven by inltial epg counta in im-

provingthe preolsion of welght comparlesona. With this defect, the com-
parisons available glve a standrnrd error of conly 44 lbs for the
individual sheep, which 1l & satiafnctory level for practlesal ex-
periments in antmal husbandry. For the sveraxe of slx flocks at any
one dosage level the standard error is Just leas than one pound Ik
live woight. Table §§ gives the adjusted final meesn live weight
in comparison with thet of the controls for each of the elx flocke
crnd for the averape of all at sach dosuge leval.

Table b

Inoreasea in live welght comporesd with untreated lambs, in
lba per sheep.

HoR&E

Winches FEdinburgh Cook Home  Rattenbury Scott  Average
Farm

z =l.0 3-99 3, 8. 1. 0.92
-1.% ,4.55 363 -u.g:; lu.ﬂl -1.?‘% -0.195
z. =0.28 oG 5.89 8.

g 1d 318
R R v S
.08 I 4.2@ E
The individual figures based on only 3 or 4 shesp ara somewhat

2.90 i-5) 5-49 12.34

irregular, and i1t should be notloed that,as each compariasocn ls mede
with the control sheep, all the wvalues glven for any flock will be
raieed or lowered slike according to the performence of thess. Over
the 6 flooks 1t may be observed that in avery ocase ths groups recelving
30, 40 or 50 grams inverisbly show an lmprovement compared wilth the
controls, and on the lﬁirtgn of the 6 flooks the gains in live welight
ngaribable to treatment are a=en to he large, mnd to ilnoreass rather
regularly with dosnge.

In view of the possibility that these live welght data should
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favour particular doeape levels, each flock was tested for linearity
of reasponse in live welght to welght of drug administred. Ip no oase
wére the departures from Xixmeeix proportionality estatistioally
significant. The mean response sxpreessd in podnda live weight per
10g %% unit of drug are indeed more concomdant than could have bwen
expsoted from t-e variations of indlviduel sheep. These arel

HeRam
!ipuhan Edinburgh Cook  Homa Rattenbury BSoott
arm

1.38 0.88 l.ﬂi- 1.15 1.19 0.73

The general average 1s l.ﬂﬁi‘f lbs live walght per 10 gs pheno-
thiarine, or approximstely A8 timee the weight of the drug, nearly
independently of doaage within the range explored. Since the differ-
ent flooks differed undoubtedly both in degrse nnd kind of infastetlon
t+8 ooncordance of thelr average resg enses is an indiention that simile
responses ocould have been cbtalned 1n practical conditions from &

very large number of commarclial flooks.



