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ABsTRACT 

GROENEVELD, H. T. and RElNECKE, R. K. A statistical method for comparing worm 
burdens in two groups of sheep. Onderstepoort J. vet. Res., 36 (2), 285-298, (1969). 

In groups of experimentally infested sheep, worm distributions are markedly skew. In con
trolled anthelmintic tests , the worm burdens of treated and control sheep have different distributions 
and this invalidates the use of transformations. 

Five experiments are described, of which the first three describe the evolutionary steps taken 
to find a suitable method for interpreting the data. A non-parametric method was evolved and 
the last two experiments demonstrate the use of this test to interpret the results. The entire method 
is explained and tables are included which simplify its use for biologists with no statistical training. 

INTRODUCTION 

For some years, experiments have been carried 
o ut at Onderstepoort in an attempt to produce 
uniform worm burdens in sheep. The optimal con
d itio ns for the infestation of worm-free sheep with 
infective larvae of their common gastro-intestinal 
ne matodes have been described (Reinecke, 1963, 
1966 a , b, 1967, 1968 ; Reinecke & Anderson , 1967; 
Reinecke, Horak & Snijders, J 962; Reinecke, Snij
ders & Horak , 1963). Normal distribution , however 
has not been achieved . 

The assessment of an anthelmintic's efficacy de
pends on a comparison between the worm burdens 
of a group of treated sheep with those of an un
treated control group. In common with most other 
wo rkers, we have done this by comparing the mean 
worm burdens of the two groups, and have expressed 
the results in terms of percentage reduction. This 
method only takes into account a reduction of the 
mea n worm burdens of a flock ; it makes no allow
ance for the erratic effect of the anthelmintic on 
the worms in individual sheep. As the worm popu
la tion before treatment is unknown the actual reduc
tio n in any individual sheep cannot be determined. 
Moreover, the individual worm burdens of the 
treated sheep, arranged in ascending order, cannot 
be directly compared with the controls in the same 
order. If thi s was the case, the consistency of red uc
tio n of worm population could be determined . 

Egerton , Ott & Cuckler ( 1963) have shown that 
sheep with natural infestations have worm distri
but ions that are markedly skew. They stated: "Sta
tistical tests of significance such as 't', 'Z' and 'F' 
tests, estimates of confidence limits, potency ratios 
a nd others, are based on normally distributed popu
lations . The validity of such procedures, therefore, 
is dependent upon the normalcy of the experimental 
data" . Our experiments with artificial infestations 
have repeatedly confirmed this observation. 

In an attempt to comply with the requirements 
of parametric methods, Egerton et a/. (I 963) used 
a logarithmic transformation. It appears, however, 
tha t the worm burdens of controls and treated sheep 
have different distributions and this, in our view, 
inva lidates the use of transformations. 

(') Department of Agronomy and Biometry, University of 
Pretoria, Pretoria 

(2) Veterinary Research lnstitute, Onderstepoort 
Received for publication on J 5 August 1969. - Editor 

285 

In attempts to solve this problem five experiments 
were carried out. The first three depict the evolu
tionary steps taken to find a suitable method for 
interpreting the data. A non-parametric method 
was ultimately chosen and the last two experiments 
were designed and carried out to demonstrate its 
use to interpret the results. 

EXPERIMENT J 

Materials and Methods 
I. Eighteen weaned Dorper (Dorset Horn X 

Black Head Persian) sheep, born , reared and main
tained worm-free were used. They were infested 
with infective larvae of Oesophagostomum colum
bianum (Curtice, 1890) using the methods described 
by Reinecke ( 1968). 

7. . The experimental design is summarized in 
Table I . 

3. After slaughter the worms were recovered a nd 
total worm counts were carried out by the methods 
described by Reinecke (1967). 

4. The larval stages were identified according to 
the descriptions given by Veglia (I 923), the moults 
being classified with the previous larval stage (Rei
necke, J 968) . 

Results 
These are summarized in Table 2. 
The parasites recovered from Sheep 1 killed on 

Day 0 indicate the stages of development of worms 
on the day of treatment. Usually this worm burden 
is not included with those of the control group 
when estimating the mean, because fewer worms 
are recovered from it than from the controls kill ed 
two or three days later, and the proportion o f the 
various larval stages differs from those in animals 
slaughtered subsequently (Reinecke, 1968). In thi s 
case, Sheep 1 had only nine less worms than Sheep 4 
killed three days later and the proportion of the 
larval stages in it compared favourably with those 
in the other controls . 

If the means of the total worm burdens o f the 
three groups are compared in an analysis of vari ance 
procedure, a highly significant F-value is obtained. 
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Day 

- 27 
- 18 
- 14 
- II 
- 9 
- 7 
- 5 
- 3 
- I 

Total 

TABLE I. - Experiment 1. Experimental design 

No. of infective larvae of 0 . columbianwn dosed to each sheep 

:::: :: :: :: :: :: :::: ::: :::: ::::::: :: ::::: ::::: :: I 
:: :::::: :::::::::::: :: ::: :: ::::: ::: ::::::::: ::I 

80 
80 
80 
80 
80 
80 

150 
150 
150 

1,010 
·----------- ·-- ------ -------------· - ----·-·---------'-------------------------------------- -·--

Slaughtered Sheep I, Day 0 Control 
0 Treated Sheep 7- 12 inclusive with haloxon at 100 rngjkg intraruminally. 

Treated Sheep 13- 18 inclusive with haloxon at 200 mgfkg intraruminally. 
----------- -------------------------- -----------·--------------- ---------------------------------

+ 2 
Slaughtered Sheep 2 & 3, D ay + 2 controls 
Sla ughtered Sheep 7, 8 & 9, treated on Day 0 at 100 mg/kg 
Slaughtered Sheep 13 , 14 & 15, treated on Day 0 at 200 mg/kg 

---------------1------------

+ 3 
Siaughtered Sheep 4, 5 & 6, Day + 3 controls 
Slaughtered Sheep 10, 11 & 12, treated on Day 0 at 100 mg/kg I Slaughtered Sheep 16, 17 & 18, treated on Day 0 at 200 mg/kg 

TABLE 2. - Number of Oesophagostomum co lumbianum recovered at autopsy 

Group Sheep No. 

I 

Controls 
Killed on Day 0 . . .. . . ... . .. . ... I 
Killed on Day + 2 .... . ... ........ 2 
Killed on Day + 2 ... . . .. . . ...... . 3 
Killed on Day + 3 • • • • • • • • 0 • • • • • • • 4 
Killed on Day + 3 .. . . .. .. . ... . . .. 5 
Killed on Day + 3 . ... . . .. . . . . . . . 6 

! 

I Mean 

---

Treated on Day 0 with haloxon at 100 mg/kg 

Killed on Day + 2 ...... .. ·-... -.·I 7 
Killed on Day + 2 ::::::::: ::::: ::1 8 
Killed on Day + 2 9 
Killed on Day + 3 ... .. . . . . ..... .. 10 
Killed on Day + 3 .. . .. .. .. . ...... I I 
Killed on Day + 3 . .. .. . . .. ... .. .. i 12 

I 
I 

I 
j Mean Reduction 

Treated on Day 0 with haloxon at 200 mgjkg 

Killed on Day + 2 ... ... . . .. . . . .. . 13 
Killed on Day + 2 .. .. . . . . . . . .. .. . 14 
Killed on Day + 2 .... . . .. . .... . . . 15 
Killed on Day + 3 . . ... . . . . . . .. . . . 16 
Killed on Day + 3 ... ..... . ....... 17 
Killed on Day + 3 . .. . .. . . . .. . .. .. 18 

Mean 

Mean Reduction I 

* LJ - third stage larvae 
L4 - fourth stage larvae 

5 - fi fth stage 
**s.d.- standard deviation 

I 

I 
Stage of Development 

~--

\ I 
LJ* L4 5 

30 30 59 
65 63 73 
20 118 46 
24 95 9 
50 145 20 

3 69 80 
----------------- -----------

32.0** S.d. 22.2 86.6 S.d. 29 .2 47 .6 S.d. 28 .6 

-------- ------·--- - ----·----

10 50 0 
22 23 0 
26 80 8 
15 59 4 
10 53 0 
64 62 0 

----------
24.5 S.d. 20 . 3 54 . 5 s.d . 18 .9 2. 0 s.d. 3 . 3 

---------
23.4 % 37.1% 95 . 8 % 

- ---

i 
72 9 0 
20 22 0 
64 34 4 

3 37 0 
13 I 25 0 
43 45 

I 
0 

35 .8 s.d. 28. 3 28. 6 S.d. 12. 7 0 .6 

- 67 .0 % I 98 .7 % 
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Tota l 

119 
201 
184 
128 
215 
152 
-------

166.0 s.d. 39.5 

60 
45 

114 
78 
63 

126 
---------

81.0 S.d. 32.2 

51 .2 % 

-

81 
42 

102 
40 
38 
88 

65 .2 S.d. 28.4 

60.7 % 
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TABLE 3. - Experiment 2. Experimental design. Larval viability controls 

I 
~--

No. of infective larvae dosed 
----------------,,------------------ - -- - · ----- ---

1 

I Oesophagostomum Dictyocaulus 

I 
columbianum filaria 

Day 

---------------------------------------------------1-----------------------------------·-----
l Sheep 19 larval viability control Day-18 to Day- 13 

I .. ....... .. .... .. .. . - 18 
-15 
- 13 

Total 

- 10 1 Sheep 19 slaughtered 

302 
318 
318 

938 

212 
274 
274 

760 

______ ! ___________________________________________ ----------------------------------------

Sheep 20 larval viability control Day-11 to Day-7 

- II 
- 9 
- 7 

Total 

- 4 Sheep 20 slaughtered 

320 
96 
84 

500 

Sheep 21 larval viability control Day-6 to Day- I 

- 6 
- 5 
- 4 
- 3 
- 2 
- 1 

Total 

+ 3 Sheep 21 slaughtered 

168 
126 
126 
123 
146 
146 

835 

With the aid of a multiple comparison technique 
like the Student-Newman-Keuls test, it can be shown 
that the mean of the control group differs signi
ficantly from the other two but that there is no signi
ficant difference between the means of the two 
treated groups. 

Comment 
The large coefficients of variation in this experi

ment immediately attracted our attention. This 
phenomenon appears to be quite common in anthel
mintic tests (e.g. see data in Pretorius, 1967; Shone 
& Philip, 1967). These large variations may be due 
to differing host-parasite reactions or to inefficient 
worm recoveries. 

A further experiment, with more efficient anthel
mintics and using larger groups of sheep, was car
ried out. 

EXPERIMENT 2 

Materials and Methods 
1. Thirty-three weaned Dorper sheep born, reared 

and maintained worm-free were used. 
2. Instead of a single Day 0 control, three animals 

287 

274 

274 

(Sheep 19, 20 and 21) were used as indicators of 
larval viability (larval viability controls). The number 
of infective larvae of 0. columbianum and Dictyo
caulus filaria (Rudolphi, 1809) dosed and the time 
of slaughter are shown in Table 3. 

3. The remaining 30 sheep were dosed with the 
number of infective larvae of 0. columbianum and 
D. filaria and the time of treatment and slaughter 
are shown in Table 4. 

4. Each specimen was re-examined by a worker 
other than the one who had recovered the worms 
from the first examination, otherwise all procedures 
were identical to those described in Experiment 1. 

Results 
1. Larval riability controls: Examination of the 

mesenteric lymph nodes and lungs of Sheep 19 
yielded only seven D. filaria worms out of a total 
of 760 larvae dosed. Since the vast majority of the 
larvae in the culture was not viable the infestation 
of Sheep 20, and of the balance of the surviving 
sheep in the experiment, with this parasite was 
discontinued on Day 11 and they were not examined 
post mortem for this species. 



A STATISTICAL METHOD F OR COMPARING WORM BU RDENS IN TWO GROUPS OF SHEEP 

TABLE 4. - Experiment 2. Experimental design continued 

No. of infective larvae dosed to each sheep 

Day 

- 18 
- 15 
- 13 
- 11 
- 9 
- 7 
- 6 
- 5 
- 4 
- 3 
- 2 
- I 

--------·-----

Total 

Oesophagostomum 
columbianum 

151 
159 
159 
160 
48 
44 
44 
44 
44 
41 
48 
48 

990 

---- ~----------

Dictyocaulus 
filaria 

106 
137 
137 
137 

517 

-------------- -------

0 Sheep 32 to 41 inclusive treated at 15 mg/kg with dl-tetramisole intraruminally 
Sheep 42 to 51 inclusive treated at 85 mgj kg with thiabendazole intraruminally 

---- - - --------------------- --- -
Slaughtered Sheep 22 , 23 & 24, Day + 3 Controls 

+ 3 Slaughtered Sheep 32, 33 & 34, treated on Day 0 with dl-tetramisole 
Slaughtered Sheep 42, 43 , 44 & 45, treated on Day 0 with thiabendazole 

Slaughtered Sheep 25 , 26 & 27, Day + 4 Controls 
Slaughtered Sheep 35, 36, 37 & 38, treated on Day 0 with dl-tetramisole 
Slaughtered Sheep 46, 47 & 48 , treated on Day 0 with thiabendazole 

Slaughtered Sheep 28, 29, 30 & 31 , Day + 5 Controls 
+ 5 Slaughtered Sheep 39, 40 & 41, treated on Day 0 with dl-tetramisole 

Slaughtered Sheep 49, 50 & 51 , treated on Day 0 with thiabendazole 

Sheep 19, 20 and 21 yielded 14, 41 and 72 0 . 
columbianum respectively, distributed between the 
third and four th stage. The real reasons for these 
poor recoveries are not known, although some 
specimens were accidentally discarded. Such acci
dents were avoided subsequently in the main part 
of this experiment. 

2. Anthelmintic test : The results are summarized 
in Table 5. Since the number of worms recovered 
exceeded the number of infective larvae thought 
to have been dosed it is obvious that more were 
dosed than were shown in Table 4. 

Since more than 990 larvae were dosed, it is not 
surprising that there was a great range in the worm 
burdens of the controls, i.e. from 193 to 1 ,280 with 
a mean of 801 .4 and a standard deviation (s.d.) 
of 370.9. A similar range has already been noted 
where more than 2,000 larvae were dosed (Rei
necke 1966b); more uniform worm burdens resulted 
when only 600 to 900 infective larvae were dosed 
(Reinecke, 1966a; 1967). 

An F-test revealed highly significant differences 
among the means and a subsequent Student-New
man-Keuls test showed that all three means differ 
highly significantly from each other. 

Comment 
The anthelmintics used are known to eliminate 

the fifth stage of 0 . columbianum, which accounts 
for their absence. Although a comparison of the 
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means showed a reduction varying from 61.9 to 
71 .9 per cent with tetramisole and 85.0 and 90.9 
per cent with thiabendazole, both groups contained 
sheep whose worm burdens greatly exceeded those in 
some of the controls. 

Third stage larvae in the various groups could 
not be compared with any confidence because they 
were present in such small numbers in most of the 
controls, and completely absent in Sheep 22. 

Larvae in the fourth stage, however, formed the 
bulk of the infestations present and were reflected 
in the total counts. These total counts showed that 
five sheep in the group treated with tetramisole 
(Sheep 32, 33, 35, 36 and 39) and one in the thia
bendazole group (Sheep 51) had worm burdens 
within the range of the controls. In the tetramisole 
group three exceeded the second lowest and two 
the third lowest worm burden of the controls. When 
these facts are taken into account the reductions 
on the means by 71.9 per cent for tetramisole and 
90.9 per cent for thiabendazole may lead to false 
interpretations of the results . 

The interpretations of these results by comparing 
the means could hardly be used for the assessment 
of anthelmintic efficacy. The coefficients of variation 
were even larger than in the previous experiment. 

A third experiment was planned in which two 
groups of sheep were infested at two different levels. 
No anthelmintics were used . 



H . T . GROENEVEL D & R . K . REINECKE 

TABLE 5. - Number of Oesophagostomum columbianum recovered at autopsy 

Stage of development 
Group Sheep No. ------·--- -· Total 

L a L . 5 
------- - ------ ---------- - --- - ---- --- - ----- - ------ - -

Controls: 
Killed on Day + 3 . . . . . . . . . . 22 0 1,155 125 1,280 
Killed on Day + 3 .... . . . . . . 23 29 1,068 0 1,097 
Killed on D ay + 3 . . . . . .. .. . 24 10 718 32 760 
Killed on D ay + 4 • • • • 0 • • • • • 25 103 311 0 414 
Killed on D ay + 4 . . . . . . . . . . 26 180 960 18 1,158 
Killed on D ay + 4 .. .. . . . ... 27 63 793 0 856 
Killed on Day + 5 . . . . . ... .. 28 78 275 0 353 
Killed on Day + 5 . . . . . . . . . . I 29 13 150 30 193 
Killed on D ay + 5 . . . . . . . . . . 30 33 1,016 11 1,060 
Killed on D ay + 5 . . . . . . . . . . 31 37 788 18 843 
----- --------- --- --- - - - - - ---- - --- -----

I 
Mean 

I 
54.6 s.d. 54.5 723.4 s.d. 113.3 23.4 S.d. 37.9 801.4 S.d. 370.9 

·- - · -------

Treated on Day 0 with dl-tetramisole at 15 mg/kg 

Killed on Day + 3 .. . . . .. . .. 32 22 432 0 454 
Killed on Day + 3 • • • • • • • 0 • • 33 28 238 0 266 
Killed on D ay + 3 ....... .. . 34 0 53 0 53 
Killed on Day + 4 • •• • •• • 0 • • 35 76 410 0 486 
Killed on Day + 4 • • • 0 • • • • •• 36 43 331 0 374 
Killed on D ay + 4 . . . . . . . . . . 37 5 61 0 66 
Killed on D ay + 4 .. ... .. ... 38 4 21 0 25 
Killed on Day + 5 . . .. . . . . .. 39 7 244 0 251 
Killed on Day + 5 . . . . . . . . .. 40 7 89 0 96 
Killed on D ay + 5 • • • • • • 0 • • • 41 16 168 0 184 

- - - ----- -
Mean 20.8 s.d. 23.5 204.7 S.d. 150.8 0 225.5 S.d . 169.4 

Mean 
Reduction 61.9 % 71.7 % 100.0 % 71.9 % 

--- -
Treated on Day 0 with thiabendazole a t 85 mg/kg 

Killed on Day + 3 .... . . .. . . 42 0 8 0 8 
Killed on Day + 3 .. . . . .... . 43 16 67 0 83 
Killed on D ay + 3 . . . .. .... . 44 6 43 0 49 
Killed on D ay + 3 .. . . . . . ... 45 0 13 0 .13 
Killed on D ay + 4 .. ..... .. . 46 11 109 0 120 
Killed on D ay + 4 . . . . . . ... . 47 22 71 0 93 
Killed on Day + 4 • • 0 • •• •••• 48 7 43 0 50 
Killed on D ay + 5 . . . . . . . . . . 49 2 34 0 36 
Killed on D ay + 5 . . . . . . . . . . 50 10 61 0 71 
Killed on Day + 5 ... . . .. .. . 51 8 197 0 205 

- ---- - - - --
Mean 8.2 S.d. 7.0 64.6 S.d. 55.1 0 72.8 s.d. 58.2 

Mean 
Reduction 85 .0 % 

I 
91.1 % 100.0 % 90.9 % 

I 
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Day 

- 14 
- 12 
- 10 
- 8 

TABLE 6. - Experiment 3. Experimental design. Larval viability controls 

No. of infective larvae of N. spathiger dosed 

Sheep 52, larval viability control , Day-14 to Day-8 

Total 

613 
636 
600 
608 

2,457 

- 5 Sheep 52 slaughtered 

-------------------------------------------

- 6 
- 4 
- 2 

+ I 

Day 

- 14 
- 12 
- 10 
- 8 
- 6 
- 4 
- 2 

Sheep 53 , larval viability control, Oay-6 to Day-2 

Total 

I Sheep 53 slaughtered 

600 
562 
592 

1,754 

TABLE 7. - Experiment 3. Experimental design continued 

Total 

No. of infective larvae of N. spathiger dosed to each sheep 

Group 1 

613 
636 
600 
608 
600 
560 
592 

4,209 

Group 2 

292 
318 
300 
304 
300 
280 
296 

2,090 

------------- ---------------------------- ---------------~---------------------------------

0 Slaughtered Sheep 54, Group 1 
----------------------------------------------------------------------------------------------+ I Slaughtered Sheep 55 to 59 inclusive, Group 1 

Slaughtered Sheep 64 to 69 inclusive, Group 2 
------------ ----------------------------------------------------------+ 2 Slaughtered Sheep 60 to 63 inclusive, Group I 

Slaughtered Sheep 70 to 74 inclusive, Group 2 
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TABLE 8. - Number of Nematodirus spathiger recovered at autopsy 

Stage of development 

I Group Sheep No. I I 

L a I L . 5 I Adult I Total 
- - - - I I Group 1 Total No. of infective larvae dosed = 4,209 

Killed on D ay 0 . .. . 54 172 1,249 265 51 1,737 
Killed on Day + 1 . ... 55 250 1,434 507 82 2,273 
Killed on D ay + 1 . . . . 56 149 894 585 93 1,721 
Killed on D ay + I . . . . 57 267 1,041 436 90 1,834 
Killed on D ay + I .. . . 58 496 1,866 507 89 2,958 
Killed on D ay + .1 .... 59 274 1,004 517 88 1,883 
Killed on D ay + 2 • •• 0 60 138 877 307 56 1,378 
Killed on D ay + 2 . .. . 61 94 235 1 0 330 
Killed on D ay + 2 62 162 1,115 727 276 2,280 
Killed on D ay + 2 .. . . 63 60 695 524 184 1,463 

-------------- -
. .. . 1 

Mean 206.2 S.d . 124.4 1,041.0 S.d . 435.0 437.6 S.d. 201.7 100.9 S.d . 76.8 1, 785.7 S.d. 688.3 
----- --- -- -----; - ------ ----- ----
Group 2 Total No. of infective larvae dosed = 2,090 
Killed on D ay + 1 . .. . 64 45 495 334 65 939 
Killed on D ay + 1 . .. . 65 53 516 248 46 863 
Killed on D ay + 1 . . . . 66 170 647 186 114 1,117 
Killed on D ay + 1 . . .. 67 127 665 346 84 1,222 
Killed on Day + 1 .. . . 68 172 466 197 4 839 
Killed on D ay + 1 .... 69 27 631 342 64 1,064 
Killed on D ay + 2 . . .. 70 75 712 122 19 928 
Killed on D ay + 2 ... . 71 67 613 396 95 1,171 
Killed on D ay + 2 .... 72 197 579 186 40 1,002 
Killed on D ay + 2 .. .. 73 150 655 171 44 1,020 
Killed on D ay + 2 . ... 74 123 750 300 ll5 1,288 

--- - ----
Mean 109.6 S.d. 58 .7 611.7 S.d. 89.8 257.1 S.d . 90.3 62.7 S.d . 36.6 J l ,041.2 s.d. 146.5 

E XPERIMENT 3 

Materials and M ethods 
1. Twenty-three weaned Merino sheep born , 

reared and mainta ined worm-free were used . 
2. Two larval viability controls (Sheep 52 and 53) 

were dosed with infective larvae of Nematodirus 
spathiger (Railliet, 1896) and slaughtered as shown 
in Table 6. 

3. The remaining 21 sheep were divided into two 
groups, infested at different levels with infective 
larvae of N. spathiger. The number of larvae dosed, 
days of dosing and slaughter are indicated in the 
experimental design (Table 7). 

4. After slaughter worms were recovered by the 
methods of Shone & Philip (1967) and Reinecke 
(J 967) and heat-killed as described by Reinecke 
(1968). 

5. Larval stages were identified according to the 
description of K ates & Turner (1955). 

Results 
Larval viability controls: In Sheep 52, I30 third 

stage and 780 fourth stage larvae were present and 
in Sheep 53, 146 third stage and 535 fourth stage 
larvae. Th is highly satisfactory result indicated that 
the infective larvae dosed throughout the period of 
infestation were viable. Since these larvae were 
harvested from a single culture, which was used 
~or all sheep in thi s experiment, any large variations 
~n the. worm burdens were not due to inability of the 
mfectlve larvae to develop in the host. 

Group 1 (See Table 8) : The range varied from 330 
worms in Sheep 61 to 2,958 in Sheep 58, with a 
mean of 1785.7 and a s.d. of 688.3. As it had been 
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shown that the larvae were fully viable th is range 
was apparently the result of host reaction. In Sheep 
61 there was obviously a host reaction to the detri
ment of all stages of development, especially the 
fifth stage, in which there was only one worm, and 
the adult stage, which was absent. 

Group 2 (Table 8) : The range varied from 839 
(Sheep 68) to I ,288 (Sheep 74) and the mean and 
s.d. were 1,041.2 and 146.5 respectively. These 
results demonstrate that it is possible to get a rea
sonable coefficient of variation in a group of untrea
ted sheep. Whether this would still be the case after 
treatment is doubtful. 

Two procedures described in the materials and 
methods materially assisted in the achievement of 
accurate counts. 

I. Worms killed with heat relax and do not bunch 
together in knots, as in the case when they are killed 
with iodine (Reinecke, I 967). This means that all 
the worms were free and could be counted indi
vidually. 

2. Almost all the larval stages of N. spathiger 
migrate through the nylon mesh into the filtrate 
in common with other species (Reinecke, 1967): 
In this trial, however, a mean of 8.4 per cent remain
ed in the residue, although in two animals (Sheep 
65 and. 56) thi s figure rose to 26.4 and 30.1 per cent 
respectively. Although most of the worms were in 
the fifth stage, it is obvious that if we had neglected 
to carry out the laborious examination of the residue 
these worms would have been missed. 

Comment 
In the previous experiments there is evidence 

that the number of helminths in a group of sheep 
does not follow a normal di stribution. This inva-
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lidates the use of statistical techniques based on 
the normal distribution. Moreover, it appears that 
the distribution of the worm burdens of treated 
animals d iffers from that of untreated controls . 
Therefore, transformations are also impracticable. 

The use of a non-parametric method, employing 
population percentiles, seems the safest course, 
rather than the use of means and other moments. 
The followi ng method was therefore evolved . 

A method for evaluating results 

General theory 
The method proposed deals with a case in which 

it is impossible or impracticable to measure a res
ponse more than once on the same animal, e.g. 
when the individual ha,s to be killed before its 
response can be measured and it cannot therefore 
serve as its own controL 

Two populations, known as the 'control' and 
' treated' populations respectively, will be con
sidered. The former is the hypothetical population 
of all untreated individuals while the latter is the 
hypothet ical population of all the treated indi
viduals. A comparison has to be made between 
certain distributional p roperties of a variable in 
the control population with those in the treated 
population . More specifically, we wish to determine 
by means of this comparison whether the treat
ment was effective or not. 

Let the variable under consideration be x and 
the distribution function of x in the control popu
lation, be denoted by fc(x) and in the treated 
population by ft(x) . 

A useful criterion of efficacy may be stated as 
follows:-

A treatment t is effective if at least lOO.p' per 
cent of ft(x) is smaller (or greater) than q.Gp ; where 
Gp is the 100.p' per cent point of fc(x) and q,p 
and p ' (0 < p, p' < 1) are arbitrarily stated con
stants. A treatment is regarded as ineffective if it 
does not measure up to this standard . 

This cr iterion must now be investigated using 
the experimental results from two groups of 
animals, the control and the treated animals. 

We thus have samples of fc(x) and ft(x) from 
which we must decide whether or not the treatment 
was effective. A method of arriving at a decision 
will now be proposed. Since this method is non
parametric no assumptions are necessary as re
gards fc(x) and ft(x) or their parameters, except 
a minor one which will be mentioned below. 

First the lower or upper confidence limit for 
Gp from the control sample must be calculated. 
If the criterion of efficacy specifies that the least 
lOO.p' per cent of ft(x) must be smaller than q.Gp 
the lower limit (LL) is calculated. [Conversely, 
if ft(x) must be larger than q .Gp, the upper limit 
(Lu) is calculated, but this does not apply to 
anthelmintic tests.] The lower limit, LL, rather 
than a poi nt of Gp, is used to ensure that the mini
mum requirements of the criterion are being met. 

Walsh (1962, p. 205) described a method using 
the "interpolated confidence interval" to calculate 
these limits. In this method it is necessary to 
assume t hat there is continuity of x in the Gp 
point. The method proceeds as follows:-
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Let X [l]c, X[2]c, . . .. . . , X[nc]c 
arranged from the smallest value to the largest, 
be the sample from the control population. The 
probability that X[u]c is smaller than Gp is 

I: nc 1 pi (1 - p) 
nc ( \ nc - i 

i= u i / 
nc nc - i 

thus: P[X [u]c < lip] ~ I: (n.c) p i (l - p) . . . (1) 
I = U I 

In future this function will be referred to as b(u). 
Suppose 1 - a was chosen as the probability 

that LL < 8p or that Lu > Gp. (The probability 
that Lu < Gp will then be a. ) Now u or u' m ust 
be determined so that b(u) > 1 -a 2 b(u + 1) 
or b (u') :::::: a > b(u' + 1) respectively for the 
lower and upper limits. According to Walsh 
(1962) LL will now be given by the equation : 

[(Kl-a - Kb(u+1>)/(K b(u) - Kb(u+ 1>)] X [u] + 
[(Kb(u)- K 1_a)/ (Kb(u)- K b(u +IJ)J X [u + l] ; . . . (2) 
P[LL < Gv] ~ 1 -a 
where K¢ is the (1 -</>).100 percentage point of 
the standardised normal frequency distribution ; 
and Lu will be given by 
[(Ka - Kto(u '+ l))/(Kb(u') - K b(u' + l))] X [u' ] + 
(Kb(u'>- Ka)/(Kb(u 'J) - K bcu'+ Il)] X [u' + 1] ; .. . (3) 
P[Lu > Gp] ~ 1 - a 

Note: The desired probability, l - a, is only 
approximately satisfied by the estimates of LL 
and Lu. The true value, however, is bounded 
between two known values which are usuall y at 
least moderately close together. 

We have now calculated LL or Lu from the con
trol sample. The next step is to determine from 
the treated sample whether it can be assumed 
that at least lOO.p ' per cent of ft(x) is smaller 
than q.LL, or greater than q.Lu whichever of 
the two hypotheses is of interest. 

Let v be the number of observations in the 
treated sample smaller than q .LL. Under the null 
hypothesis that JOO.p' per cent of ft(x) is smaller 
than or equal to q.LL, the probability of obtaining 
v or more observations smaller than q.LL in a 
treated sample consi sting of nt individuals is : 

nt ( ) . I: n · , i , nt - 1 
. . t (p) (1 - p ) . .. . .. .. .. .... (4) 
J = V I 

The null hypothesis is rejected if this probabi
lity is equal to or smaller than a specified small 
value, a', such as a' = 0.05. In its place we accep t 
the alternative hypothesis, namely that q .LL is 
larger than the IOO.p ' percentage point of ft(x) 
and , therefore, that more than IOO.p ' per cent 
of ft(x) is smaller than q.LL. The treatmen t may, 
therefore, be regarded as effective. 

If we wish to determine whether at least lOO.p' 
per cent of ft(x) is larger than q . Lu, the number 
of observations smaller than q .Lu must be deter
mined . Let v' be this number. Under the n ull 
hypothesis, in this case that 100.(1 - p') per cent 
of ft(x) is smaller than or equal to q .Lu, the pro
bability of getting v' or less observations smaller 
than q.Lu is : 
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lf we reject the null hypothesis we must accept 
the a lternat ive hyp othes is, namely tha t q. Lu is 
smaller than the 100. (1- p)' percentile of f1(x) 
and therefore that more t han I 00. p' per cent is 
la rger than q.Lu . 

A defect of th is method is th at t he p roba bil ities 
o f inco rrect ly defining the treatment either as 
effective or ineffective a re unknown. T his is beca use 
the eva luatio n is carr ied o ut in two steps, na mely 
the estimatio n of LL or Lu, a nd thereafter a test 
to determine whether more than 1 OO.p ' per cen t 
o f the treated populat ion has sma ll er values tha n 
LL o r la rger va lues than Lu . 

The proba bility of incorrectly defi ning the 
trea tment as effective is rather small if a la rge 
va lue (0.95) is chosen fo r I - a a nd a small value 
(0.05) fo r a ' . However, the p roba bility o f inco r
rectly defi ning the treatment as ineffect ive is la rger, 
and may be very la rge, pa rti cul arly if nc and nt 
a re small. T he la t te r can be overcome to some 
extent by:-

(i) choosi ng a sma ll er value fo r I - a (e.g. 0 .90) 
and/o r choos ing a larger value for a ' (e.g. 
0. 10). 

(i i) I ncreasing the number of a nimals in both 
groups. 

E1•aluation of Anthelmintics 
An anthelmintic may, fo r insta nce, be rega rded 

as highly effective if mo re than 80 per cent of the 
treated ani ma ls have worm burde ns less tha n 
two tenths of t he med ia n of the control popula
t ion, i.e. the anthelmintic causes a n 80 per cent 
reduction of the med ian worm burden. 

T hese empirical constants can, of course, be 
modified to cover those compounds which are 
110t h ig hl y effect ive. 

T he arbi trary constants a re:
p = 0.5 (the med ia n) 
p' = 0.8 
q = 0.2 

With the aid of the equa tio ns ( I) a nd (2) men
tioned previo usly, the lower limi t L L for the 
median may be calcul a ted from the control gro up. 
Ta ble 9 g ives va lues of u and u ' fo r a number 

TABLE 9. - Constants for det ermining the positions of 
LL and L U (p = 0 .5) 

nc I I- .:X = 0.95 l- a = 0.90 
u U ' u U ' 

- -----

I 
5 I 4 I 4 
6 I 5 I 5 
7 I 6 2 5 
8 2 6 2 6 
9 2 7 3 6 

10 2 8 3 7 
11 3 8 3 8 
12 3 9 4 8 
13 4 9 4 9 
14 4 10 5 9 
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of values of nc (i.e. the n um ber of cont rols) with 
p = 0.5 and 1 - a = 0.95 and 0.90. 

Writing the equatio n (2) as K ' (X [u]') + K " 
(X [u + l]) , the values of K ' and K " fo r di fferent 
numbers of controls nc wi th p = 0.5 and I - a 
= 0.95 and 0.90 a re g ive n in Ta ble I 0. Due to 
the sym metry of a no rmal di stribution and of a 
binomia l d istributio n with p = 0.5 , the expres
sio ns in sq uare brackets in the equation (3) a re 
the same as K ' and K " in reversed o rder for the 
esti mati on of t he upper lim it of the median. 

T ABLE 10.- Values fo r the interpolation of LL and 
L u (p = 0.5) 

nc l- a = 0.95 l- a = 0.90 
K ' K" K ' K" 

------- ---------

5 0.78 0.22 0.40 0.60 
6 0.46 0.54 0.05 0.95 
7 0. 13 0.87 0.68 0. 32 
8 0.79 0.21 0.29 0.7 1 
9 0.42 0.58 0.90 0. 10 

10 0.07 0.93 0.51 0.49 
II 0.70 0.30 0.1 0 0 .90 
12 0.32 0.68 0.71 0.29 
13 0.90 0.10 0.28 0.72 
14 0.55 0.45 0.89 0.11 

The number of treated a nimals with worm 
burdens sma ller tha n the lower limit LL of the 
media n must now be determined. 

This number wi ll be denoted by v and if p ' = 0 .8 
the equation (4) is used to calculate the proba
bility of obtaining v o r m ore observations smaller 
than L L. Table 11 gives the minim um value of v 
that must be a ttained befo re the proba bili ty ca l
cul ated by ( 4) will be sma ller than o r equal to 
0.05, where p ' = 0.8 a nd fo r different num bers 
(nt) of trea ted an imals. 

TABLE !I .-Minimum values of v 
n0 14 I 5 16 17 18 19 20 21 22 23 

v 14 15 16 17 18 19 20 21 21 22 

Comment 
R eferring back to the fi rst eq uat ions ( 1), il 

there are less tha n fi ve a nimals in the controf 
group, b(l ) will be sma ller tha n 0.9 5 and b(5) 
will be larger than 0.05 . T he lower limi t of the 
media n LL lies under X [I] a nd the upper limit 
Lu above X [5]. It is thus impossible to o btain 
interpolated values for LL a nd Lu with a ::0::: 0.05 
and p = 0 .5. Therefore a minimum of five animals 
is essen tia l in the contro l group . 

In a t rea ted group with 13 or less a nimals and 
p'= 0.8 the equat io n (4) canno t be smaller tha n 
0.05. A min imum of 14 animals m ust therefo re 
be treated before t hi s level ca n be obta ined . 

T a ble 12 gives the minimum number of treated 
a nimals necessa ry to o bta in significance at the 
0 .05 and 0.10 levels for diffe rent va lues of p '. 

It must be stressed that the minimum num bers 
referred to above will of necessity res ult in tests 
with low power and hence a re not recommended . 
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TABLE 12.- The minimum number of animals required 
to be treated for significance at two le vels 

p ' a' = 0.05 a' = 0.10 

0.5 5 4 
0.6 6 5 
0.7 9 7 
0.8 14 II 

It was mentioned in the previous section that 
there must be continuity of the variable x in the 
8p point. The number of parasites per animal is 
the variable in the evaluation of anthelmintics 
and this variable is not continuous. However, it 
usually covers a wide range of the population , 
from zero to several thousands, and the discon
ti nuities are either small or very small. This method 
should therefore give good approximations for 
the estimation of LL and Lu. 

In order to demonstrate this method Experi
ments 4 and 5 were set up. 

TABLE 13.-Experiment 4. Experimental design 

N umber of infective larvae of 0 . columbianum 
Day dosed to each sheep 

-----------

- 6 
- 5 
-4 
- 3 
- 2 
- 1 

0 

+ 7 

+ 8 

+ 9 

122 
114 
110 
104 
105 
105 

Tota l 660 

K illed Sheep 75 , Day 0 control. 
Treated Sheep 82 to 95 inclusive with 
thiabendazole at 85 mg/kg intra ruminally 

I Killed Sheep 76 to 81 inclusive, Day + 7 controls 

Ki lled Sheep 82 to 88 inclusive, treated on Day 0 

Ki lled Sheep 89 to 95 inclusive, treated on Day 0 

ExPERIMENT 4 

Materials and Methods 
I. Twenty-one weaned Dorper lambs were 

transferred from pens with earth ·floors to pens 
with concrete floors which were maintained free 
from worms. They were weighed and treated on 
Day - 31 with dl- tetramisole at 30 mg/kg per os. 
On Day - 21 all faecal examinations for worm 
egg counts were negative. 
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TABLE 14.- Experiment 4. No. of Oesophagostomum 
columbianum recovered at autopsy 

Stage of 
Sheep development 

Group No . -I Total 

La L, 

Controls 
Killed on Day 0 75 187 2 189 

Killed on Day + 7 76 108 191 299 
Killed on Day + 7 77 82 269 351 
Killed on Day + 7 78 67 343 410 
Killed on Day + 7 79 75 150 225 
Killed on Day + 7 80 76 138 214 
Killed on Day + 7 8 1 71 197 268 

Mean 79.8 2 14.7 294.5 
S.d. 14.7 24.6 75.6 

Treated on Day 0 with thiabendazole 
a t 85 mgfkg 

Killed on Day + 8 82 43 44 87 
Killed on Day + 8 83 18 26 44 
Killed on Day + 8 84 62 86 148 
Killed on Day + 8 85 35 11 46 
Killed on Day + 8 86 18 49 67 
Killed on Day + 8 87 38 76 114 
Killed on Day + 8 88 73 53 126 
Killed on Day + 9 89 18 17 35 
Killed on Day + 9 90 36 22 58 
Killed on Day + 9 91 47 20 67 
Killed on Day + 9 92 60 46 106 
Killed on Day + 9 93 29 14 43 
Killed on Day + 9 94 18 28 46 
Killed on Day + 9 95 59 25 

I 
84 

I Mean 39.6 36.9 76.5 

I 
S.d. 18.6 23 .1 35.4 

2. They were weighed again and split into two 
groups, one containing seven sheep to be used 
as controls and the other 14 sheep to be treated. 
They were divided in such a way that the average 
weight of the sheep in the control group and that 
of the treated group was the same. 

3. Details of the infestation, treatment and 
times of slaughter of these animals are summarized 
in the experimental design (Table 13). 

4. After slaughter worms were recovered simi
larly to those in the first two experiments. In 
addition total counts were made on the filtrates 
and digests and the worms were removed and 
identified. Another worker checked the filtrates 
and digests for any worms which had been missed. 
A one tenth aliquot of the residues was examined 
microscopically. If positive, the balance of the 
residue was also examined microscopically. 

5. Worms in the third moult were classified 
as third stage larvae. 

Results 
These are summarized m Table 14. 



T he Day 0 control (Sheep 75) showed that the 
la rvae were viable and a lm ost entirely in the thi rd 
stage. Wi th the exception of one infective larva 
of 0 . co!umbianum in the ingesta, a ll the worms 
were recovered from the gut wa ll. The data from 
th is animal are not included in the analysis of the 
res ults beca use it was sla ughtered a week before 
the other contro ls. 

The number of worms recovered from the six 
controls slaughtered on Day + 7 varied fro m 
214 to 410. In one ani mal only (Sheep 81) was a 
si ngle fourth stage larva recovered from the one 
tenth aliquot of the resid ue a nd the balance of 
the aliquot yielded a single fourth stage la rva 
of 0 . co/umbianum. Aliquots from t he residues 
of the other 20 sheep were all negative. T his 
showed that almost a ll the la rvae of 0 . co/um
bianum migrated into the fil trate in co ntrad is
t inction to N. spathiger, where a sma ll percen tage 
was consistently recovered from the residue. 

Interpretation of Results 
T he first step is to esti mate the lower li mit LL 

of the controls. T here were six con t ro ls in Experi
ment 4 (Ta ble 13 ). T he consta nts for ca lcu lating the 
pos ition of LL are given in Table 9: 

95 % Confidence 90 % Co nfi dence 
nc u u 

6 

LL lies between the lowest wo rm b urde n (2 14 in 
Sheep 80) and seco nd lowest worm burden (225 
in Sheep 79) for both confide nce lim its . 

I n Table 10 the va lues for interpolation of LL are: 

95 % Confidence 90 % Confi dence 
nc K ' K" K ' K " 
6 0.46 0.54 0.05 0.95 

LT. = 214 (0.46) + 225 (0.54) or 214 (0.05) + 225 (0.95) 
= 219.94 i.e. 220 or 224.45 i.e. 224 

Thus the lower limit of the median is so estima
ted that it can be stated with 95 or 90 per cent cer
tainty that the median lies above it. 

The nex t step is to est imate the figure for 80 per 
cent reducti on in the worm burdens. The trea ted 
sheep must have less tha n two tenths of the lower 
limit of the media n ; hence less tha n 

LL-(0.2) = 220 (0.2) 
= 44 for 95 % confide nce 

and LL-(0.2) = 224 (0.2) 
= 44.8 i.e. 45 for 90 % confide nce. 

If p ' = 0.8, both at the 0.05 a nd 0.10 significa nce 
levels, a ll 14 ani mals treated must have worm burde ns 
lower than 44 worms. 

As o nly three out of the 14 treated sheep have 
worm burden s which meet thi s requirement, it ca n
not be sta ted that more t han 80 per cent of the 
treated population wi ll have worm burdens lower 
than LL. (0.20). 

If, for instance, q was chosen as 0.40 a nd p ' as 
0.60, q. LL wou ld have been 88 at the 95 per cent 
and 90 at the 90 per cent confidence l imit. In both 
cases fo ur of t he sheep do not meet these require
ments and the appli cation of formula (4) reveals 
that neither at the 0.05 nor at the 0.10 significance 
levels can it be stated t hat more than 60 per cent 
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of the treated popula ti on will have worm burden s 
lower tha n LL. (0.40) . 

With p ' a nd q both equal to 0.50 we have q .LL 
= II 0 a nd J 12 respecti vely for 95 a nd 90 per cent 
co nfi dence. T hree sheep have higher burdens than 
either of these fig ures and wi th the aid of ( 4) the 
probability of obta in ing thi s or a more extreme 
resul t was found to be 0.029. Hence it may be con
cl uded that mo re than 50 per cent of the treated 
populati on will have less worms than LL-(0.50). 

Another experiment was carried out to demon
strate the use of thi s method. 

TABLE 15.- Experiment 5. Experimental design 

I
. No. of infect ive larvae dosed to each sheep 

Day -~------,~ 

I 
0 . columbianum Ostertagia spp. 

; 
-------------~------------·-

- 18 125 
- 16 !08 
- 14 11 3 
- 12 96 270 
- I I 295 
- 10 !08 300 
- 9 270 
- 8 108 285 
- 7 246 
- 6 204 

Killed Sheep 96: la rva l viab ility control 

- 5 
- 4 

230 
240 

-------1
1 

Tota l 658 [ __ 2,340- --------

0 Killed Sheep 97 to 102 inclusive: Day 0 Controls 
1 Treated Sheep I 03 to 117 inclusive with laevo

ro ta tory tet ra misole a t 7.5 mg/kg int raruminal 1y 

+ 6 Ki lled Sheep 103 to 110 

-~-~ Killed Sheep I ll to 117 
I 

EXPERIM ENT 5 

Materials and Methods 

1. Twenty-two weaned D orper lambs were pl aced 
in wormfree pens a nd treated with thiabendazole 
at 100 mgfkg o n Day - 25 a nd subsequently with 
rametin a t 50 mg/ kg on Day - 2 1. Faecal exam ina
tion after t he last treatment was negative for worm 
eggs. 

2. T hey were dosed with infective larvae of 0 . 
columbianum a nd a mixture of Ostertagia circum
cincta (Stadelm an n, 1894) and Ostertagia trifurcata 
Ransom, 1907. D eta ils of the days of infestation , 
treatment and ti me of sla ughter are summarized 
in Table J 5. 

3. T he pr oced ures used post mortem have been 
described in Experiment 4. The larval stages of 
Ostertagia sp p. we re identified according to the 
description of Douv res (1956). 
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TABLE J 6. - Experiment 5. Worms recovered at autopsy 

Ostertagia spp. I Oesophagostomum co/umbianum 
Sheep - - -
No. Stage of development I I Stag~ of development I Total 

---- ----- --- - L a-, L, ~-5--,-~..--~ Total L a ! L, I 5 I 

Group 

Controls 
Killed on Day 
Killed on Day 
Killed on Day 
Killed on Day 
Killed on Day 
Killed on Day 

0 
0 
0 
0 
0 
0 

. I -- ----~----,--------~----~----------

• . .. . ... .. [ 97 I 51 681 I 263 I! 0 I 995 I 29 136 I 0 165 
. . . . . . . . . . 98 o 797 I 283 o 1,o8o 13 214 o 221 
. . . . . . . . . . 99 3 733 95 I 0 831 J I 154 0 165 
. . . .. ... .. 100 o 652 I 165 5 822 23 118 o 141 
. . . .... ... 101 20 I 526 163 .

1 

o 709 11 107 o 118 
.. .... . . . . 102 0 908 202 0 1, 110 23 124 0 147 

Mean 12.3 1 716~~~95."2~ 0 .83 1 924.5 I 18.3 1 142.2 I 0 1. 160.5 
s.d. 21.0 119 . 1 69.8 2.04 160.8 7.7 38 .7 0 1 37.0 

T~eated on Da;O~ithlaevo-rotatory tetramisol~~7 ~ mg/kg ----~.----~----'---- - - -- - ------ -

Killed on Day + 6 .. . ... . .. ·r 103 I' 600 0 12 0 12 
Killed on Day + 6 . . . . . . . . . . 104 375 0 1 0 1 
Killed on Day + 6 . . . . . . . . . . 105 591 0 18 0 18 
Killed on Day + 6 . . . . . . . . . . 106 386 0 6 0 6 

0 219 I 245 136 
0 182 

I 
127 66 

0 220 293 78 
0 235 I 129 22 

I 
Killed on Day + 6 . . . . . . . . . . 107 549 I 25 0 26 0 239 I 253 57 I Killed on Day + 6 . . . . . . . . . . 108 740 1 0 43 0 43 0 385 I 197 158 
Killed on Day + 6 . . . . . . . . . . 109 557 0 10 J I J 0 208 I 306 43 I ! Killed on Day + 6 . . . . . . . . . . 110 487 3 21 0 24 0 233 210 44 I 

I Killed on Day + 7 . . . . . . . . . . 111 292 0 16 1 17 0 42 146 104 
KilledonDay + 7 . . . ... .. .. 112 227 0 37 39 76 0 10 116 101 

I 
Killed on Day + 7 . . . . . . . . . . 113 818 I 23 2 26 0 323 31 1 184 
Killed on Day + 7 . . . . . . . . . . 114 659 0 67 20 87 0 161 237 261 
Killed on Day + 7 . . . . . . . . . . 115 604 0 16 10 26 0 169 320 115 

I 
KilledonDay + 7 . ..... . .. . 116 259 1 33 2 36 0 71 114 74 
Killed on Day + 7 . . . . . . . . . . 117 386 J 40 9 50 0 66 216 104 

·- - - - ---
Mean 
s.d. 

184.2 1 214.7 
103.1 74 . 5 

103.1 502 .0 
62.3 176 . 6 

0.47 
0 .08 

24 . 5 
17 . 1 

5 . 6 
\0.8 

30.6 
24 .6 

In terpretation of results 
The viability of the initial larval doses was con

firmed by fi nding larval stages of both genera in 
Sheep 96. 

The numbers of worms recovered from the other 
sheep are summarized in Table 16. The worms reco
vered from the controls indicated that fourth stage 
larvae of both genera were predominant on the day 
of treatment. 

The lower limits of the median can be estimated 
from Tables 9, and 10. In the controls they are :-

Probabi lity 
0.95 
0.90 

Ostertagia spp. 
777.15 
816.35 

0 . columbianum 
130.65 
139.85 

Reductions on the lower limit at the two limits of 
probability in the treated sheep are :-

Probability Reduction Ostertagia 

0.05 80 % 
0.05 60 % 
0.05 50 % 

0.10 80 % 
0.10 60 % 
0.10 50 % 

spp. 
] 55.430 
310.860 
388.750 

163.270 
326.540 
408.175 

0. colum-
bianum 

26.130 
52.260 
65.325 

27.970 
55.940 
69.925 
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The reduction in the mean of the total worm 
burdens was 45.7 per cent for Ostertagia spp. and 
80.93 per cent for 0 . columbianum. It is apparent 
that 1-tetramisole is not effective against 4-day to 
12-day old Ostertagia spp. However, against 8-day 
to 18-day old 0. columbianum the compound is more 
successful. In 13 out of 15 treated sheep there are 
less than the 52.3 and 55.9 worms requi red for the 
60 % : 60 % category at both probability intervals 
by the non-parametric method . 

SUMMARY 

1. A non-parametric statistical method is described 
to interpret the results of controlled anthelmintic 
tests. 

2. Tables are included which indicate the constants 
for determining the positions of the limits of the 
median, the values for interpolation of these limits 
and the minimum number of animals required to 
be treated for significance at two levels. 

3. The effect of the anthelmintic can be simul
taneously analysed in two ways:-

(a) The percentage reduction of worm burdens and 
(b) the percentage of the treated flock that is 

affected by the anthelmintic. 
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