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The Styx Field-Trial
A Study on the Application of Control Measures Against Hydatid Disease

Caused by Echinococcus granulosus

M. A. GEMMELL'

An assessment was made of the effectiveness of the generally accepted methods recom-
mended for controlling hydatid disease during the course of a field-trial, initiated in 1943
in an isolated region of New Zealand. The results obtained during the first 21 years are
described.

Basically, the trial was an attempt to compare the effectiveness of a general public
health educationalprogramme andan anthelminticprogramme using arecoline hydrobromide
for treatment of dogs with that of a specific educational programme using this compound
as a diagnostic agent.

Arecoline hydrobromide was found to be too uncertain in its action to be ofpractical
value as an anthelmintic. The development of diagnostic techniques, described in this
paper, made it possible to use the compound for diagnostic purposes and thus for educa-
tional purposes, since each dog could be examined for tapeworms in the presence of
the owner.

Using changes in the annual prevalence rate in sheep of the cysts of E. granulosus and
those of T. hydatigena as the principal indicators, the conclusion has been reached that the
specific diagnostic approach achieved more success than the general educational and treat-
ment programme. The principal reason for this appears to be that the former approach
induced a greater awareness in owners of the need for strict management to prevent dogs
gaining access to infective raw offal than that stimulated in the community when the dogs
were dosed but not examined.

For many years, it has been considered that the
incidence of hydatid disease in man, caused by
Echinococcus granulosus, could be reduced, either
by treating dogs regularly with arecoline hydro-
bromide, or by preventing or controlling their ac-
cess to raw offal, or by a combination of both
measures. If these measures were applied over a
long-enough period, and provided no infected ani-
mals were introduced and no feral animals were
.nvolved in the cycle, there seems no a priori
reason to doubt that the prevalence of hydatid
disease should be reduced. Almost certainly, how-
ever, the time required to bring about any reduc-

1 Director, Hydatid Research Unit, New Zealand Medical
ltesearch Council, University of Otago Medical School,
4unedin, New Zealand.

tion of hydatidosis in an isolated area in which
" home-killing " of sheep is an established practice
and in which no restrictions can be placed upon
the numbers of dogs kept, will be dependent upon
the efficiency with which the measures are
applied.
The field-trial reported in this paper was initi-

ated in 1943 to study these problems in an area
where a dog-sheep cycle is exclusively respon-
sible for the continuing existence of E. granulosus.
A correlation between the methods used and the
results achieved during the first 21 years sheds
new light on the problems of control. From this
correlation, an assessment is made of some of the
major requirements needed to achieve effective
control.
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METHODOLOGY

THE STYX FIELD-TRIAL

The location of the field-trial and the farm stock
and other animals present in the area
The selection of an ideal area for an extensive

study was by no means easy. The area finally
chosen is isolated and has certain natural bounda-
ries, but is not closed to the movement of stock.
The trial was initiated on 48 farms in the south-

west corner of the Maniototo County of Otago
Province in the South Island of New Zealand. The
area is bounded on the west side by the Rough
Ridge Range, which separates it, as far as move-
ment of stock is concerned, from the next valley
(Ida Valley). On the east side, the Rock and Pillar
Range forms the boundary. The southern bound-
ary is formed by the Lammerlaw and Lammer-
moor ranges. On the north side, a more open
boundary exists. This of necessity has to follow
individual farm boundaries between the Rough
Ridge Range and the Taieri River.

The Styx Valley, in which a comprehensive
study was made during the third phase of the trial,
is situated at the south-west corner of this locality.
The valley was settled for farming in 1902 and has
a human population of about 70. The only access
to this valley for movement of stock is through a
low ridge to the north. There are 11 farms; 6 on
the west side and 5 on the east side of the Taieri
River which flows through the centre of the val-
ley (Fig. 1). The floor of the valley lies at an
altitude of 1800-2000 feet (550 m-610 m), and
has a recent alluvial soil of high fertility. The
pastures are sown with rye grass (Lolium perenne),
cocksfoot (Dactylis glomerata), white clover (Tri-
folium repens) and red clover (T. pratense). A
proportion of this floor on each side of the Taieri
River is swampland. Rising from the valley are
warm steep faces with a dominantly hard tussock
(Festuca nova-zealandiae) and a silt loam soil be-
longing to the Pukerangi type of yellow-grey to
brown-grey earths. These hills carry sheep

FIG. 1
SKETCH OF THE STYX VALLEY, LOOKING SOUTH a

Rock and PiUigoe

2'. W~~~~~~~~~~~~~~~~~~~W

a The letters A to E refer to farms lying below the Rock and Pillar Range, the letters F to K to farms below the Rough- Ridge
Range. These two ranges of hills are contiguous with the Lammerlaw Range and thus there is a barrier to stock movement at the
head of the valley.

74



HYDA ID DISEASE CONTROL IN NEW ZEALAND OVER A 21-YEAR PERIOD 75

TABLE 1
NUMBER OF SHEEP a ON EACH FARM IN THE STYX

VALLEY

AreaI
Farm (square 1945 1950 1955 1960

miles) b

A 11.9 3 350 3 150 3 000 3 450

B 5.9 2 250 2 350 2 100 2 750

C 4.7 1 900 1 600 2100 2 400

D 12.0 2 400 2 600 2 700 2 700

E 10.6 2 000 2 300 2 700 2 700

F 8.0 1 800 1 750 1 800 2 050

G 4.5 NAC 1750 1650 1800

H 4.9 1800 1750 1800 1800

3.8 2 350 1 800 2 000 3 800

J 7.7 2 050 1 600 1 900 2 350

K 6.0 NAC 1 250 2 000 4 000

Average { 7.3 ] 2211 1 991 2159 { 2709

a To the nearest 50.
b I square mile = 2.59 km2.
c NA = Not available.

throughout the year at an altitude of 2000-3000
feet (610 m-915 m). Sheep graze above 3000 feet
(915 m) for only part of the year. The climate is
continental and snow lies in the valley basin for
only short periods during the winter months.
There is a uniform annual rainfall of about 28
inches (0.75 m).
The Styx Valley is a fat-lamb and wool-produc-

tion area carrying mainly Corriedale and Cor-
riedale-Merino half-bred sheep. The rate of
stocking is 3 ewe equivalents per acre (0.4 ha) on
the improved pastures and an over-all carrying
capacity of 1 sheep to 2 acres (0.8 ha). Table 1
records the number of sheep carried on each farm
in the Styx Valley during the course of the experi-
ment. Only farms I and K (see Fig. 1) showed any
unusual increase during the period; this was due
to the purchase of additional land.
The numbers of sheep given in Table 1 include

rams, breeding ewes, ewe-hoggets (as replace-
ments) and a varying proportion of-wethers. The
products from each farm include wool, fat-lambs,
store-lambs, cull-hoggets, varying proportions of
store- or fat wethers and an annual draft of cast-

for-age ewes.' Rams, and some adult ewes and
lambs, are introduced periodically.
Some 300 beef cattle are pastured, but not

slaughtered, in the Styx Valley. Horses are kept
for stock work. Wild and feral animals include
rabbits (Oryctolagus cuniculus), hares (Lepus eu-
ropaeus), ferrets (Putorius putorius), possums (Tri-
chosurus vulpecula), cats (Felis catus), hedgehogs
(Erinaceus europaeus), rats (Rattus rattus), mice
(AMus musculus), and a few deer (Cervus elaphus).
None of these species is involved in the hydatid
cycle in New Zealand, but deer are hosts for T.
hydatigena (Sweatman & Williams, 1962).
The number of dogs in the whole trial was not

determined but the numbers treated varied from
270 to 366 in the first period; numbers treated in
the Styx Valley in the third period also fluctuated
from 40 to 60. The number of owners presenting
dogs at each treatment varied from 51 to 73 in the
first period and was consistently 11 in the third
period (Table 2). These fluctuations were not
significantly different for either numbers of dogs
presented for treatment or numbers of owners
presenting dogs within each period.

Planning and management of the field-trial
The first period of the field-trial lasted 9 years.

All dog-owners in the area were requested not to
feed any raw sheep offal to dogs, and a regular 3-
mQnthly programme to treat dogs with arecoline
hydrobromide was undertaken by a livestock in-
structor from the New Zealand Department of
Agriculture (Miller, 1957). Dogs beyond the field-
trial boundary were also dosed. Advice was given
to farmers on the construction of dog-proof sheep-
killing facilities and on the importance of burying
dead sheep but these measures were not enforced.
There was then a period of 6 years during which

no supervised dosing of dogs was undertaken, but
arecoline hydrobromide was made available to
owners to treat their own dogs. Attempts to pre-
vent dogs from gaining access to raw sheep offal
during this second period were continued.

1 Definitions of these farming terms are:
lamb = a sheep from birth to 9 months old;
hogget = a sheep about 9-18 months old;
ewe = a female sheep;
ram a male sheep;
wether = a castrated male sheep;
cull = a sheep with faults necessitating its elimina-

tion from the flock;
store = a sheep in need of additional feeding to im-

prove its condition before marketing;
cast-for-age = sheep sold as uneconomic in the particular

district.
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TABLE 2
DOGS AVAILABLE FOR TREATMENT WITH ARECOLINE HYDROBROMIDE DURING THE STYX FIELD-TRIAL

1st Dosing 2nd Dosing 3rd Dosing 4th Dosing

Period Year No. of Av. No. of No. of Av. No. of No. of Av. No. of No of Av. No. of
PeriodYr

owners
o

dogs per owners dogs per owners dos per owner dogs peronr owe owesowner owner owne rs owner

Ist a 1 60 5.07 56 5.18 62 5.27 57 5.25

2 67 4.73 68 4.71 73 4.88 61 5.71

3 60 5.47 66 5.45 60 5.82 63 5.81

4 56 5.16 56 5.55 58 5.45 57 5.47

5 59 5.00 58 5.00 51 5.29 57 4.83

6 55 5.44 55 5.87 53 5.23 54 5.43

7 55 5.36 NA b NA b NA b

8 NAb NA b NAb NA b

9 NA b NAb NA b NAb

2nd 10-15 No organized dosing programme

3rd c 16 11 4.55 11 4.55 11 4.64 11 4.18

17 11 4.09 11 5.45 11 4.82 11 5.18

18 11 5.45 11 5.27 11 5.09 11 4.55

19 11 4.73 11 4.82 11 4.55 11 4.45

20 11 4.73 11 4.09 11 4.64 11 -

21 11 5.09 11 4.36 11 4.09 11 3.64

a Records in the first 9 years include dogs in the whole trial area.
b NA = Data no longer available.
c Records for the period between the 16th and 21st years include dogs in the Styx Valley only; the remainder of the dogs on

the farms in the original area were also dosed, but the data are excluded, since no examinations of sheep were made.

In the third period (1958-63), dogs were again
dosed with arecoline hydrobromide regularly every
3 months for the owners. In addition, the faeces
collected following each treatment were examined
for tapeworms.

It appeared, from data collected during the
earlier period, that dog-owners found it more
difficult to prevent dogs gaining access to raw
intestinal offal infected with cysticerci of Taenia
hydatigena than to lungs and livers infected with
cysts of E. granulosus (Gemmell, 1958b). No prac-
tical supervision could be taken to ensure that
dogs were properly controlled or that raw offal
was made unavailable to- them at all times. It was
then decided in the third period to include T.
hydatigena specifically in the dog-testing 1pro-
gramme as an educational measure. This was done
to emphasize that control of dogs gaining access to
any raw sheep offal was important, because if

good control could be achieved, even in an area
where home-killing of sheep was permitted, the
chances of accidental infections with E. granulosus
would be minimized. Also, sheep livers were con-
demned by the health authorities for damage asso-
ciated with wandering larvae of T. hydatigena as
well as for the presence of hydatid cysts. A reduc-
tion in the prevalence of the latter only would
make little difference to the over-all loss of sheep
livers for human consumption. In other words, a
substantial financial incentive would be involved
only if the prevalence of both cestodes was re-
duced.

Since the only food then readily and economi-
cally available to dogs was sheep-carcass meat, a
study of T. ovis was also made. The main purpose
was to determine whether or not any change in the
prevalence rate for T. ovis would occur and there-
by cause the rejection of carcasses. Not only might
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an increase in the prevalence rate of T. ovis be
associated with an increased amount of sheep-
carcass meat fed to dogs, but also resistance to T.
ovis might be lower in animals which had little
exposure to other cestodes than in those which
had acquired some immunity from previous expo-
sures to heterologous species. If this occurred, any
financial gain from livers suitable for human con-
sumption might be offset by losses due to an
increase in rejection.

Criteria for the assessment of progress
In the first 9 years of the field-trial, livers of

lambs and sheep were examined by meat inspec-
tors of the New Zealand Department of Agricul-
ture at three central killing-establishments. The
prevalence rate for infection with " tapeworm "

cysts was determined by the macroscopic damage
observed on the surface of the liver. No differenti-
ation was made, however, between cysts or asso-
ciated damage caused by E. granulosus and T.
hydatigena.

In the third period the same procedure was
adopted, but differentiation of " parasitic " lesions
in the liver and also in the lungs was attempted by
the writer at one killing-establishment. In addi-
tion, randomly selected sheep of known ages were
autopsied in the laboratory and carefully exam-
ined for tapeworm cysts. Difficulties were experi-
enced in determining the etiology of " parasitic "
lesions in livers. Previous observations indicated
that there were 6 types of lesions (Gemmell, 1961)
which, on macroscopic examination, could be as-
sociated with tapeworm larvae in sheep in New
Zealand.' These were: (1) viable cysts of E.
granulosus; (2) viable cysticerci of T. hydatigena;
(3) dead cysts of E. granulosus which were either
necrotic, caseous or calcified; (4) dead cysticerci of
T. hydatigena, these also were either necrotic,
caseous or calcified; tracks, pits and scars asso-
ciated with migratory larvae of R. hydatigena;
(6) " white-spot ".
The first five types of lesions presented a few

problems of identification (see Fig. 2). "White-
spot" lesions are responsible for a varying propor-
tion of damage to sheep livers; their etiology was
difficult, and sometimes impossible, to determine.
The following classification was, therefore,
adopted: White-spot lesions between Glisson's

1 Liver fluke of sheep (Fasciola hepatica) occurs in cer-
tain areas of New Zealand but does not occur in the Styx
Valley or in the surrounding area.

capsule and the surface of the liver substance
subcapsular) or in juxtaposition to a definite
" track I, " scar " or " pit " were recorded as being
associated with migratory cysticerci of T. hydati-
gena. Those white-spot, or early cystic, lesions
within the liver tissue substance and unassociated
with migratory larvae were classified as having
an " unknown" etiology; among these lesions
there may be a number of immature or abortive
cystic forms of E. granulosus.

Studies on the prevalence rate for T. ovis in-
volved the dissection of all striated and unstriated
muscles of a number of randomly selected sheep
of known age.

DETECTION OF TAPEWORMS

Methods were developed for detecting the pre-
sence of tapeworms in the faeces of dogs treated
with arecoline hydrobromide.
Numbers of E. granulosus may vary from a

single unsegmented organism, 0.5 mm long, to
massive infections of 30 000 or more gravid
worms, 7 mm in length. Other species of tape-
worms may be several feet long, but sometimes a
scolex only is present.
The amount and consistency of the faeces may

vary from less than an ounce (28 g) of clear
mucus to a pound (450 g) or more of material
mixed with wool, hair and a variety of other
detritus. Before diagnosis could be undertaken,
therefore, small tapeworms had to be separated
from this debris; to do this, 3 methods were devel-
oped and studied. One method was concerned with
immediate diagnosis, but the other two could only
be undertaken in the laboratory. Before any of
these methods could be employed, however, it was
necessary to sterilize the faeces.

Sterilization of infective material
No effective chemical means of destroying E.

granulosus eggs has so far been recorded (Nosik,
1952; Boray, 1954; Meymerian & Schwabe, 1962;
Williams, 1963 ; Hercus et al., 1962; Parnell, 1965;
Mackie & Parnell, 1967; Laws, 1965, 1967). The
eggs are killed by boiling (Williams, 1963) but heat
penetrates dog faeces relatively slowly. Swales &
Froman (1939) recorded that single-cell eggs of
Ascaris lumbricoides were killed within 0.44 sec-
ond when placed in water at 68°C. Assuming that
there is a similar lethal temperature for E. gran-
ulosus eggs, it was found by a single experiment

6
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FIG. 2
EWE LIVERS INFECTED WITH CYSTICERCI OF T. HYDATIGENA a

|c- .. _l 1 *1 --:;

a A: liver with heavily encapsulated viable cysticerci. B: liver with a viable
cysticercus and excessive host-tissue reaction. C: liver heavily damaged
by T. hydatigena; most of the lesions have resolved, leaving pits and scars,
several abortive " parasitic " white-spot lesions still remain on the surface.
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that dog faeces should remain in the water for at
least 5 minutes, since the temperature of the water
may fall below boiling-point when the faecal ma-
terial is added (Fig. 3).
The apparatus developed for boiling faeces as

soon as they were passed by the dog is illustrated
in Fig. 4. Primarily, it consists of a boiling-tank
heated by a butane-gas unit with 4 burners.

Flotation technique
Details of the apparatus developed for the diag-

nosis of tapeworm infections in the field are illus-
trated in Fig. 4. Each mass of faeces, together
with the underlying soil, was placed directly into a
fine-mesh wire basket (8) and boiled in the tank (1).
An inner coarse-mesh basket (7) was used if large
amounts of colonic material were present. The
contents of this basket may subsequently be dis-
carded before proceeding further with the diag-
nosis, since E. granulosus pass to the outer, fine-
mesh basket during the boiling.

After the boiling, a stainless steel collecting-pan
(5) with a cone in the centre having a 2-inch
(5-cm) opening at the apex was attached to the
top of the fine-mesh outer basket (6). The basket
and pan were then slowly and completely im-
mersed in a saturated solution of common salt
(35% w/v). Tapeworms floated upwards through
the opening in the cone and were collected in
the pan as this was lifted out of the salt solution.
The contents of the pan were then poured into
a plastic tray and examined with a dissecting
microscope. If no worms were detected the first
time, the flotation was repeated at least twice.

Sieving technique
The technique developed for separating E. gran-

ulosus from boiled faeces required special labor-
atory equipment. The model developed for study
during the field-trial had 8 working units (Fig. 5).
The frame consisted of a rectangular steel box with
the front side removed to allow for the loading of
each container. On the top surface of the frame
and covered by a wire-mesh screen were spaces
into which plastic containers for faeces fitted. The
screen was fixed on to the upper surface of the
steel box by means of a steel plate. A watertight
seal was made between the screen and the open
end of the container with a rubber gasket. Each
container was kept in position against the rubber
gasket by means of heavy-duty springs fitted below
the platform on which the containers stood.

FIG. 3
TEMPERATURES REACHED AT THE CENTRE OF DOG
FAECES AFTER IMMERSION FOR VARIOUS LENGTHS OF
TIME IN WATER MAINTAINED AT HIGH TEMPERATURES a

100

80
0

E 60

40

0 4 6
Time (mins)

10

a A: water temperature 100'C; B: 95'C; C: 90'C.

A nozzle connected to a water supply passed
backwards and forwards over each wire screen,
and sprayed water at a controlled rate of flow
and a. pressure of 25 lbf/in2 (1.75 kgf/cm2) into
the containers. The pressure of water forced
particulate material up through the screen and
over the back of the steel frame into the effluent
pan which was connected to the main sewerage
system. Tapeworms, and other material too large
to pass through the screen, were retained in the
plastic container. Each screen required cleaning
before being reloaded, to avoid cross-contamina-
tion of samples.

Effect of the screen mesh
It was found that the fineness of the mesh used

for the screen was a prime factor in determining
the time required to wash a faecal mass and it also
determined the number and the size of the worms
retained on the screen (see Fig. 6). When a screen
of 30 meshes to the linear inch (approx. 2.5 cm)
was used, the whole worm burden could be lost,
sometimes even when the sample contained as
many as 50 worms. Whereas, at 40 meshes to the
inch, a " false negative" diagnosis rarely occurred,
even when only one 5-week-old worm with 3 seg-
ments was present in a sample that was washed for
10 minutes.
When the infection comprised at least 50 worms

of no less than 3 weeks old, screen meshes of
between 40 and 60 to the inch almost invariably
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FIG. 4
APPARATUS FOR SEPARATING TAPEWORMS FROM BOILED DOG FAECES BY FLOTATION IN SALINE

:,:_

1: Boiling-tank for sterilizing faeces. 2-5: Diagnostic equipment, including a salt-tank (2) fitted into a
collapsible table, a carrier-tray (3) for baskets, a draining-tray (4) and a collecting-pan (5). 6: Basket
attached to collecting-pan. 7-9: Outer (7) and inner (8) baskets to hold faeces for boiling, and handle (9)
to manipulate outer basket.
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FIG. 5

APPARATUS FOR SEPARATING TAPEWORMS FROM BOILED DOG FAECES

t*Qj*Kt* E%E

0O°°a 90- °I*El * OD, a.. 0. - ............ @b
0 00 jc0.~~~~~~~~

0 0 0

0 ..... . . e... e-

t --:---:: el

g

WHO 80475

a: Plan ofPtop plate holding wire mesh and rubber gasket to top of frame.
b: Plan of top of frame showing spaces for the insertion of plastic containers.
c: Plan of bottom of frame showing bushes for retaining containers.
d: Front elevation of A, B and C assembled and showing bushes and container platform.
e: Plan of moving arm to carry water nozzle for each unit.
f: Cross-section of steel frame showing plastic container held in place by hand-operated

heavy-duty springs.
g: Cross-section of frame showing bush in position.
h: End elevation of completed assembly.
The length of plate a Is 41 in (104 cm); the rest of the drawings are on the same scale except f
which is on twice the scale.
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FIG. 6
LOSS OFE. GRANULOSUS OF SPECIFIED AGES DURING THE WASHINGa OF FAECES UNDER SCREENS

OF VARIOUS MESHES

Age of E. granulosus

5 weeks 3 weeks

Washing time (mins)

a Pressure of water, 25 Ibf/ in2 (1.75 kgflcm2).
b Meshes used ranged from 30 to 90 per linear inch (1 in = approx. 2.5 cm):

--- 30 meshes / in. -.-.- 60 meshes / in. _.._.. 90 meshes / in.

40 meshes / in.

WHO 80476

...... .80 meshes / in.

retained a few worms, irrespective of the length of
the washing period. Where fewer than 50 worms
were present, their retention was a matter of
chance. If a screen size of 80 meshes per inch was
used, for a sample that contained not less than
10 worms, at least 1 worm was retained, even if
the sample was washed for 10 minutes.
A screen of 90 meshes to the inch generally

retained some worms when more than 10 unseg-
mented scolices were present. Most of the worms
were lost within the first 2 minutes of the washing;
the proportion of scolices lost is shown in Fig. 7.

Screens of 100-120 meshes to the linear inch
almost invariably held back some scolices. How-
ever, unless only part of the faeces was used, or

the large faecal mass was divided into several
samples, washing time was often excessively long
and even then some samples were only partially
cleaned.

Sedimentation and dilution
The apparatus and techniques described above

were developed to cover the practical need to
determine the presence or absence of tapeworms,
particularly E. granulosus, and to give an approxi-
mate idea of the worm load in dogs during a field-
treatment programme.
When exact quantitative data were required, for

example to assess the efficiency of arecoline hydro-
bromide in worm removal, a sedimentation and
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FIG. 7

LOSS OF SCOLICES OF E. GRANULOSUS DURING WASHING
OF DOG FAECES THROUGH A SCREEN OF 90 MESHES

TO THE INCH b

1oor

80

'1
.i 60
5

340
2

u1
. .
*- 6

I A I a a a a a *.

2 4 6 8 10

Time of washing(mins)
a Pressure of water, 25 lbf in2 (1.75 kgf/cm2).
b 1 in = approx. 2.5 cm.

dilution technique was employed. This was done
in the following way. Faeces passed after treat-
ment, or the contents and scrapings of the small
intestines from autopsies, were suspended in normal
saline. The worms were allowed to sediment and

the supernatant was decanted and the worms
were resuspended in saline. This procedure was

repeated several times. When most of the light
flocculate material had been removed in the
supernatant, the sediment was examined for worms
by pouring a small amount into a glass dish con-

taining normal saline. If a large number of worms
was present, the final suspension was made up to
1 1 and divided into aliquots. Counting was con-
tinued up to the first 2000 worms and an estimate
made of the remainder. Worms with scolices were
distinguished from isolated segments. Where no
worms were found at the first examination, all the
material was re-examined.
This technique gave far more accurate results

than the two methods previously described, but it
was found to be too costly to apply in handling
the large numbers of samples produced by the
treatment of dogs with arecoline hydrobromide in
the field.

The need for microscopy

When large numbers of boiled gravid worms
were present in the washed faeces, they were read-
ily seen. However, difficulties were encountered in
detecting an infection when immature worms, or
small numbers of mature worms, only were pre-
sent in the washed material. From the results of a
trial carried out to determine the need for micro-
scopy, it appeared that the size of the worms,
rather than their number, presented the greater
difficulty when no visual aids were employed
(Table 3).

TABLE 3
VARIATION IN THE EFFICIENCY OF EXAMINERS IN DETECTING

ECHINOCOCCUS GRANULOSUS IN DOG FAECES WITHOUT THE USE OF VISUAL AIDS

Age of No. of faeces | E. granulosus | No. of faecal No. of faecalAge of No. of faeces massesnsalted masses in EfficiencyE. granulosus samples placed in each wasses sae which of diagnosis
(weeks) in the trial salted faecal E.wrautsu E. granulosus (%(weeks) in the trial

mass
E. granulosus

was present

5 900 5 48 43 89.6 a

5 1794 5 61 56 91.8
3 173 20 20 12 60.0 a

3 230 50 10 4 40.0

2 180 500 20 0 0.Oa

a Examiners informed of test prior to the trial.
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LIMITATIONS OF ARECOLINE HYDROBROMIDE

Studies on the efficiency of arecoline hydro-
bromide in the removal of tapeworms have been
recorded by Lentz (1921), Hall & Shillinger (1923),
Clunies-Ross (1924, 1929) Reinhardt (1933), Kork-
haus (1933), Batham (1946), Nevenic et al., (1955),
Enzie, Foster & Colglazier (1958), Gemmell
(1958a). The speed of action of this drug was

studied by Forbes (1961) and Forbes & Whitten
(1961). The anthelmintic value of the compound
was reviewed by Gibson (1965).

Limitations for treatment

In a comprehensive study, Batham (1946) re-

corded that a dose rate of 0.4 mg or more per kg
of body-weight was 95% effective in. removing
E. granulosus, but that worms may still remain
in situ in some dogs after 6 treatments.
The practical limitations of arecoline hydro-

bromide in the treatment and diagnosis of E. gran-

ulosus are illustrated by the results obtained from
further extensive laboratory trials carried out dur-
ing the third period of the Styx field trial.

In the first trial, 30 young dogs, experimentally
fed with an aliquot portion of protoscolices of
E. granulosus (about 50 000), were repeatedly

FIG. 8
PROPORTION OF DOGS a NOT FREED FROM

E. GRANULOSUS BY TREATMENT WITH ARECOLINE
HYDROBROMIDE
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a Solid shading indicates the proportion of dogs with

negative results in this test but which were found to be infected
at another treatment 2 days later.

b In doses of not less than 3.5 mg per kg of body-weight.

treated every second day with arecoline hydro-
bromide at a dose rate of no less than 3.5 mg
per kg of body-weight in a sugar solution as
described by Forbes & Whitten (1961). An exami-
nation of the faeces collected during the 24 hours
after each treatment showed that 20% of the
dogs may have been freed from infection by only
I treatment (Fig. 8), 17 dogs (57%) were still
infected after 3 treatments, and 1 dog required
9 treatments before E. granulosus were no longer
detected in the faeces. The sex and age of the
dog, and the maturity of the infection, did not
appear to influence the results.

Limitations for diagnosis
Failure to find E. granulosus in the faeces

passed during a period of 24 hours following each
of 2 consecutive treatments spaced 48 hours apart,
however, does not imply freedom from infection.
This was confirmed from the results recorded in
more detail in another critical trial (Table 4). In

TABLE 4
VARIABILITY OF ARECOLINE HYDROBROMIDE a

IN REMOVING ECHINOCOCCUS GRANULOSUS
FROM EXPERIMENTALLY INFECTED DOGS

No. of E. granulosus detected following
Identification treatments b
No. of dog 1st 2nd 3rd 4th 5th 16th

423 59 c 162 c 6 c o 'C c 108 e

735 35 c 300 c 510c 0 c 2 e

804 0 d 0 c 0 c 358 e

80 1 527 c 422 d 905c o c 0c e

810 6 415 c 1 c 23 e

560 0 c 0 c 1 e

1275 1 268 c 3d 1 d oe

582 1d 3e

728 2c oc oc oc

775 2 c oC oc e

836 1 d oc od oc oe

730 1c o0

a In doses of not less than 3.5 mg per kg of body-weight.
b Interval between each treatment was 2 days.
c Sample with small intestinal mucus obtained within the

24 hours following treatment.
d Poor sample comprising only colonic debris, or no sample

obtained within the 24 hours following treatment.
e Post-mortem examination. The rules separate "positive"

post-mortem and treatment data from "negative"post-mortem
and treatment data.
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TABLE 5

PROPORTION OF DOGS FAILING TO BE PURGED FOLLOWING TREATMENT
WITH ARECOLINE HYDROBROMIDE a DURING THE STYX FIELD-TRIAL, 1958-63

Dogs failing to be
No. of No. of dogs purged within

Year Method possible treated and 3 hours Range
of treatment treatments re-treated of treatment (/0

each yearNo

16 Capsules 4 197 50 25.4 18.0-37.0

17 Capsules 4 215 45 20.9 6.7-40.4

18 Liquid'and enema 4 224 14 6.3 3.6-11.7

19 Liquid and enema 4 204 17 8.3 2.0-11.5

20 Liquid and enetna 3 148 4 2.7 2.0- 3.8

21 Liquid and enema 4 189 12 6.3 0.0-15.0

a In doses of not less than 3.5 mg per kg of body-weight.

this trial, 12 experimentally infected dogs, includ-
ing some from the first trial, were autopsied
2 days after an arbitrary number of treatments.
The data show that some dogs were still infected
With E. granulosus at autopsy when the faeces
from 2 consecutive treatments gave negative re-
sults. Further trials (the data from which are not
given) with higher dose rates of arecoline hydro-
bromide, or in divided doses, also gave similar
erratic results.

Significance of effective purgation under field con-
ditions
During the 16th and 17th years of the field-trial

arecoline hydrobromide was administered to dogs
in the Styx Valley in tablet form per os. The dose
rate again was no less than 3.5 mg per kg of body-
weight, and the drug failed to 20 % of the dogs
treated purge within 3 hours (Table 5). The
records of the 10 dogs which failed to be purged
following treatment on at least 3 of the possible 8
occasions are illustrated in Fig. 9. It appeared,
during the course of the trial, that some dogs were
more prone to resist purgation than others, and
that the purgative efficiency of the drug may vary
in the same dog from one treatment to the next,
irrespective of sex or age.

In the last 4 years when the drug was adminis-
tered as a liquid (Forbes & Whitten, 1961) and an
enema was administered to those dogs which
failed to respond to the oral dose (Forbes, 1961),
the proportion of dogs failing to be purged within

3 hours was markedly reduced to less than
10 % each year. This increased response was due
primarily to the enema. The drug given by this
route has few, if any, anthelmintic properties. It
follows, then, that the use of the enema, while
increasing the number of samples for diagnosis,
may give " false samples" and thus produce a
further dilution effect on the prevalence rate for
tapeworms, if these enema-induced samples are
included in an analysis.

AVAILABILITY OF DOGS FOR TREATMENT

During the first, 9-year, period, it was observed
that there was a marked variation in the number
of dogs treated from one treatment round to an-
other. The significance of this was studied in the
last 6-year period.

During the 16th and 17th years of the field-trial,
dogs were treated on each farm. The number
available for each treatment varied, e.g., from 45
at the first round of the 17th year to 60 at the next
round only 3 months later. During the last 4 years,
dogs were dosed at a central site and again there
was a similar variation. The number of dogs dosed
was always less than that registered each year
(Table 6); the discrepancy had two main causes.

Changes in the dog population
During the 6 years of the third period, alto-

gether 156 dogs were registered. Only 7 (11.7 %)
of the original 60 dogs available during the 16th
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FIG. 9
RECORDS OF DOGS ABSENT FROM TREATMENT, OR
FAILING TO BE PURGED WITHIN 3 HOURS OF TREATMENT,
WITH ARECOLINE HYDROBROMIDEa ON AT LEAST
3 OCCASIONS DURING YEARS 16 AND 17 OF THE FIELD-

TRIAL
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a In doses of not less than 3.5 mg/per kg of body-weight
A = Absent.

* = Possibly effective purgation.

D = Failure to be purged.

year survived throughout the period. Of the regis-
tered dogs, only 21 (13.5 %) died from accidental
causes or from old age, but 63 (40.4 %) were
destroyed by shooting and 24 (15.4 %) were trans-
ferred from the trial area. The age at which dogs
were transferred or were destroyed, or died from

TABLE 6
VARIATION BETWEEN NUMBER OF DOGS REGISTERED AND
NUMBER TREATED WITH ARECOLINE HYDROBROMIDE

DURING THE STYX FIELD-TRIAL, 1958-63

No. of dogs NO. of dogs available at treatmentsYear registered 2nd 3rd 4th

16 60 50 50 51 46

17 81 45 60 53 57

18 83 60 58 56 50

19 68 52 53 50 49

20 70 52 45 51 -

21 64 56 48 45 40

accidental causes, varied. Of the 63 dogs which
were destroyed, 31 failed to reach a sufficiently
high level of performance in their work to be
retained beyond the age of 3 years. The accidental
deaths, with few exceptions, resulted from eating
rabbits poisoned with sodium fluoroacetate.
These losses were compensated for by the intro-
duction of 103 replacements. Almost all replace-
ments were young dogs and they were usually
submitted for dosing when 3-6 months old. Only
21 dogs 1 year old or more were introduced into
the valley. This continuous change accounted for
the major discrepancy between the number regis-
tered and the number available for each treat-
ment.

Absences from treatment

Of the 156 dogs registered during the last
6 years, 42 (26.9%) were females. In all, 16 of
these dogs were unavailable for treatment on at
least one occasion, but 9 of them were unavailable
on more than one occasion on account of preg-
nancy or oestrus.1 Of the 223 possible treatments
for these 16 bitches only 190 (85.2%) were given.
Male dogs were rarely unavailable for treatment,
but absences were recorded for illness in 5, tem-
porary transfer in 2, and unavailability of the
owner in 3 instances.

1 Abortion after treatment with arecoline hydrobromide
has been observed at the Hydatid Research Unit. Thus,
bitches were not treated during pregnancy or oestrus.
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RESULTS

CHANGES IN THE PREVALENCE RATE FOR TAPEWORMS
AND CYSTS

Changes in over-all numbers in dogs
No comprehensive studies on tapeworm infec-

tions in dogs were made during the first, 9-year,
period of the Styx field-trial.
During the last 6 years of the field-trial, a total

of 112 tapeworm infections with their cystic
phases in sheep was detected in dogs in the area.
Only 6 of these infections were caused by E. gran-
ulosus (Table 7) and one of them was in a dog not
normally resident in the area.
Too few dogs were infected with E. granulosus

for any differences related to age or sex to be dis-
covered. However, for T. hydatigena and T. ovis,
both the proportion of animals infected and the
proportion of infections detected were signifi-
cantly greater in females than in males; the reason

for this difference was not determined.
Dogs found to have E. granulosus infections

were re-treated up to 5 times between testing pe-

riods; at these treatments, no diagnostic tests were

made. Dogs infected with T. hydatigena and
T. ovis were given no further treatments until the
next testing period. In several animals, tapeworm
infections were found only at lengthy intervals; in
others, however, infections were detected at two or
more consecutive tests, or with only one treatment
separating the infections.
A study of the treatment records for T. ovis

(Fig. 10) suggests that some infections may have
been part of an original infection which was not
removed by 1 or 2 treatments. Similar results were
obtained for T. hydatigena. Further evidence was
found to support the possibility that some of the
infections recorded were part of an original infec-
tion. On farm C, a single treatment indicated that
only 2 of 7 dogs were harbouring T. ovis; how-
ever, a further treatment given 3 weeks later re-

vealed that one of the infected dogs still carried a
gravid T. ovis. In addition, 3 dogs which had been
purged by the oral treatment and an arecoline
enema at the first test with negative results, ex-

pelled gravid T. ovis following the second treat-
ment.

TABLE 7
PROPORTION OF DOGS FOUND TO BE INFECTED WITH TAPEWORMS BETWEEN THE 16TH AND 21ST YEARS

OF THE STYX FIELD-TRIAL

No. and percentage of dogs infected on the following
SpeciexDogs infected Infections number of occasions

Species Sex
D g ine td

recorded

of cestode of dog 1 2 3 4 or more

No. %a No. %a No. %b No. %b No. %b No. %

E. granulosus Females 2 4.8 2 4.8 2 100.0 0 0.0 0 0.0 0 0.0

Males 4 3.5 4 3.5 4 100.0 0 0.0 0 0.0 0 0.0

Total 6 3.8 6 3.8 6 100.0 0 0.0 0 0.0 0 0.0

T. hydatigena Females 11 26.2 17 40.5 7 63.6 2 18.2 2 18.2 0 0.0

Males 23 20.2 27 23.7 19 82.6 4 17.4 0 0.0 0 0.0

Total 34 21.8 44 28.2 26 76.5 6 17.6 2 5.9 0 0.0

T. ovis Females 20 47.6 33 78.6 11 55.0 7 35.0 1 5.0 1 5.0

Males 19 16.7 29 25.4 13 68.4 3 15.8 2 10.5 1 5.3

Total 39 25.0 62 39.7 24 61.5 10 25.6 3 7.7 2 5.1

a Proportion of the dog population (42 females, 114 males).
b Proportion of infected dogs.
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FIG. 10
RECORDS OF DOGS THAT PRODUCED TAPEWORMS ON
MORE THAN 1 OCCASION WITHIN 8 CONSECUTIVE
TREATMENTS WITH ARECOLINE HYDROBROMIDE
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Annual and seasonal variations of tapeworm
infections in dogs

With the emphasis being placed on preventing
dogs gaining access to all raw offal, only 2 dogs
infected with E. granulosus were found in the first
2 years, and 4 infected dogs in the last 2 years of
the third period of the field-trial. Too few infec-
tions were observed to determine any annual or
seasonal variation in the prevalence rate of this
parasite (Fig. 11).
The number of infections with T. hydatigena de-

If] creased from 32 in the 16th to 18th years, inclu-
E* sive, to 12 during the last 3 years. Concurrent with

jfJ| this decrease, there was a striking increase in T. ovis
infections. Only 6 infections with T. ovis were

,~ , detected between the 16th and 18th years, whereas
56 occurred during the last 3 years. There was also
a seasonal variation in the prevalence rate for

]jfl T. hydatigena as well as for T. ovis. The former
6 7 8 was detected more frequently after treatments given

in the summer and autumn (31 cases) than during
the other two seasons (13 cases). In contrast,

WHO 80478 T. ovis was detected far more frequently during
the autumn and winter (44 cases) than during the
spring and summer months (18 cases). The rea-
sons for these changes in frequency and seasonal
differences are discussed in a later section.

FIG. 11
VARIATION IN THE PREVALENCE RATE FOR E. GRANULOSUS, T. HYDATIGENA AND T. OVIS IN DOGS

DURING THE THIRD PERIOD OF THE FIELD-TRIAL
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HYDATID DISEASE CONTROL IN NEW ZEALAND OVER A 21-YEAR PERIOD

FIG. 12
PREVALENCE RATE FOR
"PARASITIC" LIVER DAMAGE IN
LAMBS AND ADULT SHEEP DURING
THE FIRST 21 YEARS OF THE
FIELD-TRIAL
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Changes in over-all numbers in sheep
During the first 9 years, 57 846 lambs and 9790

adult sheep were examined. No differential diag-
nosis was made between liver damage due to
T. hydatigena and that due to E. granulosus. The
annual prevalence rate for damage due to
"parasitic" lesions in lambs' livers ranged from
35% to 50%. There was no striking reduction dur-
ing the 9 years. In contrast, the prevalence rate for
damage to the livers of adult sheep decreased with
some fluctuations from year to year from 70% to
about half this amount during the period
(Fig. 12).
During the last 6 years of the trial, 47 081 lambs

and 5011 adult sheep were examined using similar
methods to those employed for the first period. In
contrast to the results obtained during the first
9 years, there was a reduction in the prevalence
rate for " parasitic " lesions in lambs' livers, but no
change in that for adult sheep; these sheep, how-
ever, were born during the second period of the
trial.

Annual variation of E. granulosus infections in
sheep
The results of detailed autopsies carried out

during the third period of the trial are shown in
Fig. 13. Of 260 adult sheep born in the 11th year
of the field-trial and maintained in the Styx Valley
until autopsied during the 16th year, only 29
(11.2%) had hepatic hydatidosis. In contrast, of

3557 sheep of similar age reared in the Maniototo
Plain outside the trial area, 50% had hydatid
cysts in the liver.
A further observation confirmed that the preval-

ence rate for E. granulosus had been reduced dur-
ing the first 2 periods. Of 66 sheep (6 from each
farm) born in the 13th year and autopsied in the
18th year, 9% had hepatic hydatidosis. Similarly,
those born in the 15th year were also affected
(8.8%). If lung cysts are included, the prevalence
rate for hydatidosis exceeded 20% for the sheep
born before the start of the third period of the
trial.
The prevalence rate for hydatid infection of the

liver was 1.8% in sheep born in the first year of the
third period, when autopsied 5 years later. There-
after, hydatid cysts were not detected in the lungs
or livers of adult sheep born in subsequent years.
However, the cycle had not been completely inhib-
ited during the third period, since 5 of 1041 lambs
born in the 19th year had hydatid cysts; these
5 animals were born and reared on farm H.
Almost all sheep in the Styx Valley are killed

before they are 10 years old. The prevalence rate
of hydatidosis for sheep of this age (cohort of 10-
years-old sheep) is also given in Fig. 13. This
hypothetical prevalence rate in sheep of specified
age is based on the assumption that no further
contact with infected dogs will occur during the
period these sheep survive. If this is the case, it
may follow that E. granulosus should be elimi-
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FIG. 13
ACTUAL AND THEORETICAL PREVALENCE RATES FOR E. GRANULOSUS IN THE LUNGS AND LIVER OF ADULT

SHEEP DURING THE FIELD-TRIAL
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The two graphs on the left with small circles adjacent to them indicate the prevalence rate in sheep 5 years old at the time
of autopsy; the numbers inside the circles indicate the year of the field-trial in which the sheep were born. The two graphs on
the right with small squares adjacent to them indicate the theoretical prevalence rate in sheep 10 years old, assuming no further con-
tact with infected dogs after the 17th year of the field-trial.

nated from the indigenous sheep population in
about the 30th year of the trial or about 15 years
from the beginning of the intensive educational
programme.

Annual variation of T. hydatigena infections in
sheep
While there is no evidence for the assumption

that all unidentified lesions observed in lambs'
livers were due to T. hydatigena, it appears
that most were due to this parasite. For the
first 9 years, the average prevalence rate for
"parasitic " liver damage exceeded 20% before
the lambs were 4 months of age. For the last
6 years of the trial, this rate was exceeded only
when the lambs were 6 or more months of age
(Fig. 14). There was also a shift in the prevalence
rate for " parasitic " lesions in the livers of lambs
during the last 6 years of the trial (Fig. 15). The
rate did not exceed 20% until the lambs were 5, 6,
8 and 9 months of age during the 16th, 18th, 20th
and 21st years of the trial, respectively.
Although the proportion of adult sheep having

liver lesions had not substantially changed be-
tween the first and third periods, there was a

change in the prevalence rate for viable cysticerci
of T. hydatigena. An examination of 5-year-old
sheep born before the 16th year showed that
32% harboured viable cysts. In the .5-year-old
sheep born in the 17th year, the rate was 13%.
This change in the survival rate was probably due
to the smaller number of eggs comprising the
initial and sensitizing infection. This is also sug-
gested by the much lighter damage to the liver in
lambs in the third period than in the first period.
In the first 9 years, livers frequently had more
than 10 lesions. In the last 3 years of the third
period, it was uncommon to find more than 1 or 2
lesions. Thus, in the last 3 years, more than
95% of the lambs' livers had a good enough ap-
pearance, following the removal of minor blem-
ishes on some of them, to be sold for human
consumption.

Annual variation of T. ovis infections in sheep
The hearts, diaphragms, tongues and masseter

muscles of 66 sheep (6 from each farm) born in
the 13th year of the field trial were examined in
the 18th year. Cysticerci of T. ovis were found
in these sites in only 3 (4%) animals.

b/ II
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HYDATID DISEASE CONTROL IN NEW ZEALAND OVER A 21-YEAR PERIOD

FIG. 14
AVERAGE PREVALENCE RATE OF " PARASITIC "

DAMAGE TO THE LIVERS OF LAMBS DURING THE FIRST
AND THIRD PERIODS OF THE FIELD-TRIAL
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FIG. 15
CHANGES IN THE PREVALENCE RATE FOR " PARASITIC "
DAMAGE TO THE LIVERS OF LAMBS DURING THE FIRST

AND THIRD PERIODS OF THE FIELD-TRIAL
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Unlike those changes recorded for T. hydati-
gena and E. granulosus, a significant increase oc-
curred in the prevalence rate for T. ovis during
the last 6 years of the trial. Of 70 sheep (10 from
each of 7 farms) born in the 17th year and
examined as adults 5 years later, 14 (20%) har-
boured cysticerci in the hearts or diaphragms, or
tongue or masseters. The skeletal muscles of these
animals were also carefully dissected and it was
found that 24 (34%) of them were infected with
1 or more cysts. Of the 46 cysts recovered from
these adult animals, only 4 were viable (Table 8).

BIOLOGICAL FACTORS

Biotic potential of E.- granulosus
Insufficient dogs were infected with E. gran-

ulosus for any correlation between the prevalence
rate for cysts in sheep and adults in dogs to be
observed, except that cysts were found less fre-
quently in adult sheep born after the 16th year.

Biotic potential of T. hydatigena
Correlations were not always obtained between

the number of dogs infected and the prevalence
rate for " parasitic " lesions in lambs' livers on the
same farm (Fig. 16). For example, T. hydatigena
was not detected in the dogs on farm E during the
last 6 years of the trial, yet each year " parasitic "
lesions were observed in the lambs' livers and
viable cysticerci were identified in the lambs and
adult sheep born after the 16th year on this farm.
However, dogs were frequently infected with
T. hydatigena on farms C and D during this pe-
riod. The distance between farms C and E is about
2 miles.

Both endemic- and epidemic-type patterns for
the prevalence rate for "parasitic" liver damage
were evident. Generally, but not invariably, en-
demic-type patterns were associated with observed
infections in dogs on the same farm or on a
neighbouring farm. A hyperendemic type of pat-
tern occurred on farms C and H in the 18th and
19th years.
On farms C, D and H, the annual prevalence

rate for liver lesions in the lambs exceeded
50% on at least one occasion. A study of the
treatment records on these farms showed that in
6 instances a bitch was harbouring T. hydatigena.
These bitches showed a history of being absent
from treatment through pregnancy or of persistent
failures to be purged following treatment. Two
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TABLE 8

SITES OF ELECTION OF TAENIA OVIS IN 5-YEAR-OLD SHEEP BORN IN THE 17th YEAR OF THE STYX FIELD-TRIAL

Number of cysticerci in muscles of:
p-

No. Right side Left side Toa
Heart Diaphragm Tongue Head of carcass of carcass

1 3 0 0 1 0 1 5

2 1 3 0 0 1 3 5

3 1 0 0 0 0 0 1

4 1 0 0 0 0 0 1

5 1 0 0 0 0 0 1

6 1 0 0 0 0 0 1

7 1 0 0 0 0 0 1

8 0 1 0 0 3a 0 4

9 0 1 0 0 2 0 3

10 0 1 0 0 0 2 3

11 0 1 0 0 0 0 1

12 0 0 1 0 1 2 4

13 0 0 1 0 1 0 2

14 0 0 1 0 1 0 2

15 0 0 0 0 2 0 2

16 0 0 0 0 1 1 2

17 0 0 0 0 1a 0 1

18 0 0 0 0 1 0 1

19 0 0 0 0 1 0 1

20 0 0 0 0 1 0 1

21 0 0 0 0 1 0 1

22 0 0 0 0 1 0 1

23 0 0 0 0 0 1 1

24 0 0 0 0 0 1 1

Total [ 9 4 - 3 - 1 18 i 11 46

a Viable.

male dogs on these farms were also found to have
T. hydatigena infections. One dog failed to be
purged at consecutive treatments prior to the re-
moval of a tapeworm and the other was not treated
until it was 6 months old. These dogs MJay then
also have carried patent infections for consider-
able periods. It seems likely that these long-term
infections contributed to the high prevalence rate
for "parasitic" lesions in young lambs on the
three farms, since the rates fell in the following
year.

These observations suggest that a gross accumu-
lation of eggs of T. hydatigena resulting from
long-term infections may give rise to a hyperen-
demic type of pattern in which the majority of
lambs are exposed to infection relatively early in
life. Tapeworm infections of shorter duration may
also give an endemic type of pattern, but not all
lambs may have been exposed to the eggs by the
time of slaughter.
Epidemic-type patterns were more frequently

observed in lambs when no dog infected with
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FIG. 16
ASSOCIATION BETWEEN THE PREVALENCE RATE FOR
" PARASITIC " DAMAGE TO THE LIVERS OF LAMBS AND
T. HYDATIGENA IN DOGS a BETWEEN YEARS 16 AND 21

OF THE FIELD-TRIAL
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a The numbers in each box indicate the number of dogs
found infected with T. hydatigena during the year.

T. hydatigena was found on the same farm, or
when the tapeworms were removed before they
became patent, than when patent worms were pre-
sent. For example, tapeworms were rarely detected
in the dogs on farm B and in most years there was
no obvious trend for the prevalence rate of
"; parasitic " lesions to increase with age in the
lamb population.
The epidemic type of pattern observed when

few dogs were infected, particularly in the
21st year of the trial, suggests an exposure of a
proportion of the lamb population during a short,
defined period. It is not clear, however, if, in
addition to the natural spread of eggs by dogs,
arthropods (Schiller 1954) or wind (Sweatman
& Williams, 1963) played a part in the introduc-
tion of eggs into the Styx Valley or in the trans-
mission of eggs from onie farm to another. Nor is
it clear whether these epidemic-type patterns re-
sulted from the infection of lambs brought into
the farm buildings (where the concentration of
eggs may be high) to be marked, or whether they
originated from residual eggs spread over a wide
area, and re-exposed for a short period, perhaps
during the flush of grass in the early spring, when
the lambs were being 'weaned.
The factors responsible for the observed differ-

ences in the epidemiological patterns could not be

evaluated fuliy, since not all autochthonous tape-
worm infections may have been detected. How-
ever, the widespread infection rate in the lamb
population, even when few dogs harboured
worms, is consistent with a high egg-production,
an efficient egg-dispersal mechanism, and a long
survival time for the eggs of T. hydanigena.

Biotic potential of T. ovis
There was an even less clear-cut relationship

between the number of dogs infected and the
proportion of sheep carrying cysticerci of T. ovis
than was found for T. hydatigena. For example,
on farm I, 7 infections of T. ovis were detected in
the dogs between the 17th and 21st years, but
none of the 10 sheep born in the 17th year and
examined 5 years later as adults were infected
with cysticerci. Likewise, only 2 of 10 sheep on
farm C were infected with cysticerci, although 15
patent infections of T. ovis were detected in the
dogs on this farm. In contrast, 6 of 10 sheep on
farm J were affected, but only 2 dogs harboured
T. ovis during the period.

Host immunity: sheep
The prevalence rate for "parasitic " lesions in

the lambs' livers, even when only a few dogs were
infected, emphasizes the very great biotic potential
of T. hydatigena. Since there was no increase in
the prevalence rate for " parasitic " liver damage
in adult sheep from that in lambs, a mechanism
must exist to prevent superinfection. The existence
of such a mechanism has been demonstrated for
T. hydatigena by Sweatman (1957). The role
of antibodies in this reaction at the intestinal
level has recently been reviewed by Gemmell
& Soulsby (1968).
Concomitant with the decrease in the number'

of dogs infected with T. hydatigena, there was a
marked increase in the number infected with
T. ovis. It might be expected that a marked rise in
the prevalence rate for T. ovis and in the number
of cysticerci per animal in the sheep population
should have preceded, or at least followed, this
rise in the number of infected dogs. This is being
investigated since, although an increase in the
number of sheep lightly infected with cysticercosis
was observed, no heavy infections requiring the
rejection of carcasses were observed.
Although the number of cysticerci of T. ovis

becoming established in sheep is associated in
a limited way with the number of eggs com-

7
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TABLE 9
SITES OF ELECTION OF TAENIA OVIS IN 6-MONTH-OLD LAMBS REARED ON PASTURE OR IN THE LABORATORY a

Number of cysticerci in:
Rearing- _-_ -To

conditions
Heart Diaphragm Tongue and Forequarters Hindquarters Of rst Total

masse
.

of carcass

Lambs reared on
pasture heavily
contaminated
with
T. hydatigena b

Lambs reared in
Styx Valley c

Lambs reared in
tapeworm-free
environment

1

O
O

0

0

0

0

0

5

3

2

0

16

9

24

9

19

17

4

9

9

7

0

0

0

0

0

0

0

0

4

5

0

2

0

0

22

19

19

13

30

18

13

21

6

17

2

0

0

0

0

0

0

0

10

7

4

0

2

0

13

15

17

12

10

29

13

7

1 1

6

2

3

O
0

0

0

0

52

33

21

0

1
0

78

45

68

61

37

25

39

33

27

13

4

0

0

0

0

0

0

60

31

7

0

0

45

38

46

63

34

46

41

36

20

38

0

0

0

0

0

0

0

0

61

48

9

2

34

78

23

15

23

12

32

23

17

16

9

4

2

1

10

0

0

192

129

44

6

6

208

204

197

173

153

147

142

129

90

97

a All lambs dosed with 2500 eggs of T. ovis.
b No. of " parasitic " lesions observed in the livers of 7 untreated lambs on the same pasture (controls): 26, 21, 18, 18, 12,

7, 3 (mean, 15). No. of cysticerci of T. ovis observed in 7 untreated lambs: 0.
c No. of " parasitic " lesions observed in the livers of 12 untreated lambs on the same pasture (controls): 8, 5, 4, 3, 3, 2, 1,

1, 0, 0, 0, 0, (mean, 2.4). No. of cysticerci of T. ovis observed in 12 untreated lambs: 0.

prising the initial and sensitizing dose, a further
factor involving the suppression of T. ovis by
T. hydatigena may also account for the resistance
of sheep to heavy infections of T. ovis. This is
suggested by the following preliminary trial in
which 3 groups of lambs 6 months old were given
aliquots of 2500 eggs of T. ovis. The results
shown in Table 9 demonstrate that the lambs
reared in a tapeworm-free environment were sus-

ceptible to T. ovis and that all were condemned
for cysticercosis. The pasture-reared lambs, which
had been exposed previously to T. hydatigena in
the field, were, however, almost insusceptible to
the establishment of T. ovis. Lambs reared in the
Styx Valley in the 18th year of the trial showed a
variation in susceptibility to the establishment of
T. ovis. Half of them showed a susceptibility simi-
lar to that in lambs reared in a tapeworm-free
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environment, but the remainder showed a resis-
tance similar to that in lambs reared on pasture
contaminated with the eggs of T. hydatigena only.

Host immunity: dogs
In the Styx Valley, where sheep provided the

only source of food for dogs, allowing dogs to eat
only meat and not offal resulted in a change in the
proportions of the species of tapeworm parasit-
izing dogs. Two main observations appear to be
significant. Firstly, there was a seasonal variation
in the incidence of T. hydatigena and T. ovis in
dogs. The former was detected more frequently in
the summer, whereas the latter occurred more
frequently in the autumn or winter. A possible
explanation for the higher incidence of T. hyda-
tigena during the summer may be that control
measures were less rigidly applied during the sum-
mer holiday period than at other times of the year.
The higher incidence of T. ovis during the winter
period might be due to cysticerci of T. ovis re-
maining viable in the hoggets that died during the
cold weather. The parasites are found throughout

the carcass; if the meat from these sheep was fed
to dogs, as in the previous period of the trial, a
greater proportion of dogs may have become in-
fected during this period with T. ovis than with
T. hydatigena, the larva of which is restricted to
the abdominal cavity of sheep.

Secondly, there was a striking increase in the
number of dogs infected with T. ovis during the
last 3 years of the trial and this coincided with
the decrease in the number infected with T. hyda-
tigena. The increase in the amount of sheep meat
fed to dogs during the last 3 years of the third
period, when the practice began, could not be
measured but the meat was mostly from adult
animals with a low prevalence rate for viable cys-
ticerci. Therefore, there does not appear to be a
satisfactory explanation in terms of the diet to
account completely for the increase in T. ovis in
dogs.1 This increase may, therefore, also require
an explanation involving an altered susceptibility
of dogs to T. ovis following a reduction in the
number of exposures to T. hydatigena, particu-
larly during the winter months.

ASSESSMENT

SOME REQUIREMENTS FOR THE PROSECUTION
OF A CONTROL PROGRAMME

The Styx field-trial, involving a changing po-
pulation of some 20000 sheep and 60 dogs on 11
farms covering an area of about 80 square miles
(207 kM2), is being carried out under almost
ideal conditions of co-operation with dog-owners.
The experiences gained from this trial may assist
agricultural and public health authorities to assess
the value of, and some of the requirements needed
to implement, a realistic programme to control
E. granulosus in regions where no sylvatic cycle
exists.

Organization
No short-term programme can succeed, since

survival of the parasite is associated with, inter alia,
the longevity of the infected intermediate host. In
the Styx Valley, a sheep may be kept for about
10 years but in other regions, the period may
exceed 15 years.
Of prime importance, therefore, is the need to

obtain co-operation from the dog-owning com-

munity. In any plan to achieve and maintain co-
operation, attention should be given to the need to
provide a high standard of training for, and sub-
sequent supervision of, technical personnel. The
training should include aspects of veterinary pub-
lic health, including meat inspection, management
of animals, sampling procedures and record-
keeping.

Educational requirements
The use of posters carrying information and

advice, together with modern mass-media for edu-
cation, provide an important background for the
technical part of a control programme, both be-
fore it is started and during its course.
Although dog-owners may be repeatedly re-

quested not to feed lungs, livers or even abdomi-
nal viscera of sheep to their dogs and although a
dosing programme may be carried out concur-
rently, these requests and contacts with a technical

1 In the absence of a manufactured dog food, satisfactory
from the point of view of both nutrition and cost, it has been
found necessary from the 23rd year of the trial to treat all dogs
in the Styx Valley with bunamidine hydrochloride every month
to reduce the number of dogs infected with T. ovis.



M. A. GEMMELL

officer appear to be insufficient, on their own, to
produce effective sustained efforts to control the
access of dogs to raw offal. To meet the extensive
educational requirements needed for the conduct
of a control programme it seems to be necessary
to employ a technical officer for approximately
every 2000 dogs and to use arecoline hydro-
bromide as a diagnostic agent. Where possible, the
diagnosis should be made in the presence of the
owner and should always be followed by the in-
spection of facilities and methods used to prevent
dogs gaining access to raw offal. The inclusion of
T. hydatigena in the project emphasizes to the
owner the difficulties which can be encountered in
preventing dogs from gaining access to raw sheep
offal and the need for extremely careful control of
dogs.
Even these intensive efforts carried out over

many years, however, may not result in the elimin-
ation of E. granulosus, since accidental infections
and introductions may occasionally occur. There
is, therefore, likely to be a limit to the speed of
progress which can be achieved in an educational
control programme. It is for this reason that any
scheme using an educational approach for the
control of E. granulosus should be designed, man-
aged and financed so that it can be continued
indefinitely.

Methods for assessing progress

Human infections. Sampling the population, by
means of immunodiagnostic tests, has not been
developed. There is often a long interval between
infection and the discovery of a cyst. The
prevalence rate for hydatid disease may vary in
different occupational and social groups and a
determination of the incidence of clinical infec-
tions by age, occupation and race on a quinquen-
nial basis provides a more useful measure for
assessing progress in control than a determination
of the annual index of cases within the total popu-
lation (see, for example, Foster (1958) for an ana-
lysis of clinical cases in New Zealand). While such
data provide the ultimate measure of progress in a
large-scale national control scheme, they do not
measure the effectiveness of a small project such
as the Styx field-trial, since, because of high stan-
dards of education, health and general hygiene,
few or no clinical cases may occur.

Intermediate animal hosts. Although the ulti-
mate aim of a control project may be only the
elimination of E. granulosus, there is great value

in making observations on other cestodes that
have a similar life-cycle.
Cyst growth of E. granulosus varies enormously

(Gemmell, 1966); small cysts may be overlooked
and in the field it is impossible to distinguish an
initial infection from a superimposed one. The
sirmilarity between the lesions associated with
E. granulosus and T. hydatigena in lambs' livers,
so readily available during routine meat inspection
procedures, preclude their use for determining the
progress' of measures against E. granulosus. A
careful examination of both the lungs and livers of
adult sheep, or other intermediate hosts of known'
age, from a randomly selected number of farms,
together with a less exact study on larger groups
of adults for hydatid cysts during commercial
slaughtering procedures each year, gives an indica-
tion of progress. Although a reasonable extrapola-
tion can be made, the data collected are not alto-
gether satisfactory for epidemiological studies,
~ince they refer to an earlier period of a control
programme. The data, however, give an indication
of the prevalence of viable infective material cur-
rently available, and this can be used to plan an
economic treatment programme fo'r dogs in the
defined control region.
Examination of the livers of sheep up to 1 year

old at commercial slaughterhouses, as well as the
examination of a limited number in greater detail,
is of some value in establishing prevalence and
incidence rates for T. hydatigena. An examination
of the viscera of adult sheep for the presence of
viable cysticerci is time-consuming and does not
provide additional information of practical value.
An examination of readily accessible organs,

such as the diaphragm, heart, tongue and mas-
seters, provides a practical method for studying
changes in the proportion of sheep infected with
T. ovis. However, the data obtained from these
organs alone do not reveal the full extent of the
changes in the prevalence rate, since only a pro-
portion of the possible sites of infection are exam-
ined (see Tables 8 and 9).

Definitive host. One, two or even more tests
with negative results from an examination of the
faeces obtained following treatment with arecoline
hydrobromide do not imply freedom from infec-
tion. A proportion of the animals fail to be purged
and a further proportion, particularly bitches, are
unavailable for treatment. It would therefore be
possible for a tapeworm infection to reach patency
and be naturally eliminated, perhaps 2 years later.
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without being detected even when treatments are
carried out every 3 months.
The testing of dogs with synthetic arecoline hy-

drobromide, although of value for educational
purposes, is too inaccurate to replace surveys of
the prevalence rate of tapeworm cysts in the inter-
mediate host as the standard sampling procedure
for a control scheme. Apart from the gross defi-
ciencies of arecoline hydrobromide, it is quite pos-
sible to double or halve the observed incidence of
tapeworms in dogs by varying the testing proce-
dure. To be meaningful, surveys of the incidence
of tapeworms in dogs should be accompanied by
information on the following points : (1) the tech-
nique used for treatment; (2) the interval bet-
ween treatments; (3) the thoroughness with which
doubtful samples were eliminated from the ana-
lysis; (4) the amount and type of material exa-
mined; (5) the method used for separating the
worms from debris; (6) the visual aids employed
for examining samples.

Control of and feeding of dogs
It seems important, in designing a control

scheme, to limit " home-slaughtering " of sheep
for human consumption in order to lessen the
chances of hydatid infections in dogs. This was
apparently done in the control scheme for hydatid
disease in Iceland (Dungal, 1946, 1957). But in the
Styx field-trial, this could not be achieved. In both
projects, the prevalence of E. granulosus was re-
duced over a period, but in neither project was the
prevalence of T. hydatigena altered markedly. It
appears that such a step as the prohibition of
home-slaughtering may not be necessary if there is
adequate control of dogs and if dog-proof sheep-
killing facilities and offal-disposal units are built
and always used.

*An important additional measure, which has not
yet been tested, is the provision of a manufactured
dog food, since, if sheep meat only is fed to dogs,
the incidence of T. ovis may increase in dogs and
under certain circumstances may lead to the rejec-
tion of sheep carcasses.

Frequency of anthelmintic treatments
Arecoline hydrobromide. Major emphasis should

be placed on an educational rather than an
anthelmintic approach if arecoline hydrobromide
is used. The failure of the drug to remove infec-
tions, and the unsuitability of this compound for
pregnant animals, ensures the survival of tape-
worms and a level of egg-production only slightly
less than if no treatments were given. There is
therefore no evidence for the assumption that
more frequent treatments with this compound
would reduce the prevalence rate of metacestodes
in sheep more effectively in a control-project area,
if dogs are regularly gaining access to raw sheep
offal.
Bunamnidine hydrochloride. Until recently, when

bunamidine hydrochloride was reported as having
an effect (Baltzly et al., 1965; Gemmell &
Shearer, 1968), the only compounds available
for treating dogs were the arecoline salts.
Although little field experience has yet been
gained with bunamidine hydrochloride, laboratory
results suggest that treatment of dogs each month
with this compound may reduce the prevalence
rate for hydatidosis in domestic livestock more
quickly than a 3-monthly schedule with arecoline
hydrobromide. It is emphasized, however, that
field-trials may show that such an approach will
succeed only if the educational approach has par-
tially succeeded and if efforts to prevent dogs
gaining access to raw offal are continued.

CONCLUSIONS

The methods used in the Styx field-trial have dog-owning community, is of limited value in re-
been evolutionary and exploratory. The experi- ducing the prevalence rate of E. granulosus.
ences gained indicate: (3) The application of methods to prevent dogs

(1) Techniques for the control of E. granulosus gaining access to raw offal is fundamental for the
and for the assessment of a programme are not successful prosecution of a project.
ideal and are difficult to apply effectively. (4) A high standard of housing for dogs and the

(2) A general dosing programme with arecoline provision of efficient sheep-slaughtering facilities
hydrobromide, whether carried out for or by the on farms is also essential.

97



M. A. GEMMELL

(5) The use of arecoline hydrobromide as a
diagnostic agent, particularly when the diagnosis is
made in the presence of the owner, has a signifi-
cant value in achieving a high standard of dog-
control.

(6) Although it is uncertain, at the present stage
of knowledge, whether such a project should be
carried to the stage of attempted eradication, the
inclusion of T. hydatigena in the project assists in
emphasizing the need for very strict control of
dogs at all times.

(7) The fact that the cycle for E. granulosus
may not be completely inhibited by this intensive
educational approach emphasizes the long-term
nature of a control project and the high standards
of educational and technical assistance required,
even when co-operation is almost ideal.

(8) Assuming a survival time for sheep of 10
years on a farm, and assuming that no patent
infections occur in dogs either by introduction or
by accident, the parasite may, under ideal condi-
tions, be eliminated from an indigenous sheep po-
pulation in about 15 years from the start of an
intensive educational programme.

Before a successful conclusion to the Styx field-
trial can be achieved, the following problems
have still to be overcome.

(1) Although 95 % of the lambs' livers were of
exportable quality, following a reduction in the
number of dogs infected with T. hydatigena
during the last 3 years of the third period of the
trial, there was an increase in the' prevalence of
T. ovis.

(2) This increase in T. ovis may be accounted
for not only by an increase in the amount of

carcass meat fed to dogs, but also by a change in
the susceptibility of animals little-exposed to other
cestodes; this is a matter for further investig-
ation.

(3) As the control programme proceeds, even
adult animals may not have received an initial
sensitizing infection at 5 years of age and it may
follow that a single accidentally infected dog may
produce a devastating effect on the incidence of
tapeworm cysts in sheep of all ages.

In addition, assuming a successful conclusion to
the trial, methods will have to be found to prevent
the reintroduction of tapeworms.
Current techniques only permit a disruption of

the cestode life-cycle by use of arecoline salts as a
diagnostic measure and there is no certainty that
all infected dogs will be detected. No serological
techniques have been developed for detecting or
differentiating tapeworm infections in animals. In
addition, no means are available for preventing
the development of infections following accidental
loss of control or from the introduction of in-
fected animals, other than by the mass-treatment of
all dogs, whether or not they are infected. There is
therefore a real need for a greater understanding
of the sociological aspects of hydatid disease and
for basic and applied research on the biology of
tapeworms, on immunodiagnostic techniques and
immunopreventive approaches, as well as on che-
motherapy including the development of medi-
cated dog-foods.
These conclusions from this small field-trial in-

dicate the magnitude of some of the administra-
tive, educational and technical problems associated
with any large-scale attempt to limit the public
health significance of hydatidosis in regions where
domestic animals only are involved in the cycle.
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RESUME

On ne dispose encore d'aucun moyen sp6cifique pour
prevenir 1'hydatidose chez l'homme, en dehors de
conseils d'hygiene generale. Cependant, dans de nom-
breux pays, les responsables de la sante publique et de
l'agriculture recommandent certaines mesures preven-
tives et curatives qui visent 'a reduire l'incidence d'Echi-
nococcus granulosus chez les animaux domestiques.

L'essai de la vallee du Styx a commence en 1943, dans
une r6gion isolee de Nouvelle-Zelande; il avait pour objet
d'etudier les problemes poses par I'application de mesures
de ce type qui comportaient notamment un programme
de traitement des chiens par le bromhydrate d'arecoline et
un programme d'education sanitaire.

L'essai peut se diviser en trois periodes distinctes.
Pendant les neuf premieres ann6es, les pouvoirs publics
se sont charges du traitement des chiens dont les pro-
prietaires ont ete pries de ne pas leur donner d'abats a
manger. L'hydatidose a considerablement diminue parmi
la population ovine, sans toutefois que l'on ait deter-
mine exactement dans quelle proportion.
Au cours des six annees suivantes, le bromhydrate

d'ar6coline a ete mis a la disposition des proprietaires
pour qu'ils traitent eux-memes leurs chiens, tout en
continuant & supprimer les abats crus de leur alimentation.
Environ 20% des moutons nes dans un certain nombre
d'elevages durant la deuxieme periode ont ete trouves
porteurs de kystes hydatiques lorsqu'ils ont ete examines,
adultes, pendant la troisieme periode. Le taux de pre-
valence de l'hydatidose chez les moutons eleves dans une
zone contigue oa aucune mesure n'avait e prise a
depass6 50%.

Durant la troisieme periode, ce sont A nouveau les
pouvoirs publics qui se sont charges du traitement des
chiens. En outre, on a examine les feces emises apres
chaque traitement, devant les propri6taires des chiens,
pour voir si elles contenaient des tenias. Dans les resultats
obtenus, on a toujours particulierement insist6 sur la
presence de Taenia hydatigena afin de mieux faireressortir
la necessit6 de prendre des mesures efficaces pour em-
pecher les chiens de manger des abats de mouton crus.
Ce programme d'dducation sanitaire intensif semble

avoir eu de l'effet puisque les proprietaires de chiens ont
ameliore les chenils et les installations d'abattage des
moutons et pris des mesures plus energiques qu'aupara-
vant pour empecher leurs betes de se nourrir d'abats crus.
Cette action a eu pour resultat de faire baisser le taux de
prevalence de l'hydatidose parmi la population ovine.
Des la deuxieme annee de cette troisieme pdriode, on n'a
plus trouv6 de kystes hydatiques chez les moutons
choisis par 6chantillonnage aleatoire et examines A
l'age adulte, cinq ans plus tard. On n'est cependant pas
parvenu A interrompre completement le cycle durant
cette p6riode, puisque cinq agneaux ont ete trouves
porteurs de kystes au cours de la quatrieme annee de ce
programme intensif.

Les efforts deployes pour supprimer totalement les
abats de l'alimentation des chiens ont eu pour effet de
reduire le taux d'incidence de T. hydatigena parmi la
population canine. Mais cette diminution s'est accom-
pagn&e d'un accroissement important du nombre des
animaux infectes par T. ovis.
Aucun cas clinique d'hydatidose humaine n'a ete

signale dans la vall6e du Styx pendant la duree de 1'essai.
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