


of Hamel & Gothe (1978). Gothe & Budelmann (1980)
and Gothe & Lammler (1982a). They are:
L I—slight degree of leg weakness, unco-ordinated
gait.
L II-medium degree of leg weakness, moderate to
high degree of body sway, buckling of the
limbs, strong impairment of mobility.

L IMl—high degree of leg weakness, animal still
attempts to rise to its feet but cannot stand.
Crawling forward motions.

T.P.—total paralysis, animal permanently lying on its
side, no further attempt to rise, head raising still
possible, gnashing of the teeth.

T.P.(d)—total paralysis ending in death,

In this investigation, one population from Rwanda
plus the following 15 wild strains of R. evertsi evertsi
were used:

1. Duncan (North-western Cape Province)
Heidelberg (Transvaal-Highveld)
Pretoria (Transvaal-Highveld)
Warmbaths (Transvaal-Bushveld)
Boschpoort (Transvaal-Bushveld)

. Bezuidenhout (Transvaal-Bushveld)
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8. Boshof (Orange Free State)

9. Warrenton (Orange Free State)
10. Sweetwater (Orange Free State)
11. Jordaan (Transvaal-Highveld)
12. Tzaneen (Transvaal-Highveld)
13. Cullinan (Transvaal-Highveld)
14. Athlone (Transvaal-Highveld)
15. Nelspruit (Transvaal-Lowveld)

RESULTS

By simultaneously infesting 3—6-month-old Black-
head sheep with male and female R. evertsi evertsi, it
was shown that all 15 South Affican strains as well as the
Rwanda strain can induce paralysis (Table 1). A compa-
rison of the number of female ticks in the repletion mass
range of between 15-21 mg/kg sheep body mass (SBM)
and the corresponding paresis or paralysis showed that
there are no differences in toxicity between the strains.
The time needed for the first clinical symptoms to mani-
fest themselves different between strains, however. Only
4 days were required for the Warmbaths strain to pro-
duce clinical symptoms, compared with at least a 5-day
period for all other strains.

TABLE 1 A comparison between the maximum degree of paresis and the infestation rate of females with an engorgement mass between 15 and 21
mg (A) as well as the total infestation (B) per kg sheep body mass of 15 wild strains of Rhipicephalus e. evertsi populations from South

Africa and 1 from Rwanda

. . . (A) Infestation rate during . .
Population Incuba(tilon period Maximum degree of engorgement between 15-21 ® S’flg;al ;)r;%est{z:::;x;/kg

(days) paresis mg/kg sheep body mass pbody
Duncan 5 LI 1,85 2,01
Heidelberg 5 LI 0,22 0,92
Pretoria 5 LI 0,4 0,4
Warmbaths 4 L1 2,1 2,1
Warmbaths 4 TP (d) 3,3 3,3
Warmbaths 4 TP 1,4 1,43
Warmbaths 4 TP 2,27 2,46
Boschpoort 5 LIII 1,95 2,05
Bezuidenhout 5 LI 0,23 0,42
Mkuze 5 TP (d) 1,5 1,5
Boshof 5 TP (d) 1,5 1,5
Warrenton 5 LI 0,22 0,29
Sweetwater 5 LII 0,23 0,94
Jordaan 7 LIl 0,3 0,31
Tzaneen 6 LI 0,11 2,0
Cullinan 5 LII 0,53 2,14
Athlone 6 LI 0,3 2,1
Nelspruit 5 TP 1,4 L6
Rwada 5 LI 0,31 1,3
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*- phalus e. evertsi from South Africa and 1 from Rwada regarding the mean mass of female ticks (mg)

arance of the first clinical symptoms of paresis

Days after infestation

3 4 6 7 8 9 10
10,2 11,8 18,7 184,6 400 700,2
10,2 13,4 20,6 80,4 320,2 635,7
10,3 14,5 20,0 70,4 343,8 732,6
12,0 19,4 Ticks removed
12,2 14,7 45 | 1799 618,1
12,9 18,5 39,2 Sheep died
14,3 17,1 58,6 Ticks removed

9.2 12,0
11,1 14.8
10,2 141
11,2 13.8
11.1 144

9.6 11,2

9.4 10,4
11,0 12,8
10,4 12,6
11,0 11,5

9,6 12.8
10,8 12,8

20,4 Ticks removed
17,51 | 282 | 1236 412,8 702,6
20,4} Ticks removed
20,5 Sheep died

) 5 ;
19,5 40,8 74,4 329,5 677.4

17,3 24,0 183,4 638,6

16,3 52.0 167,3 7134

12,4 [ l9.6] 40,0 70,6 232,6 715,4
134 17.6 62,4 282.5 697,5

[16,8] 58,7 115,5 234,1 657,1

12,8 36,0 127,7 638,4

18,6 8,6 213,4 344,4 712,2




Whichever strain was used, the females initially en-
gorged at the same rate, increasing continuously from
7,2-9 mg on the first day of infestation to 8,2-10,3 mg
after the 2nd day of the engorgement period. After the
2nd day, however, the engorgement rate of the Warm-
baths strain was substantially accelerated and the females
reached 12,0-14,3 mg on the 3rd day, 14,7-19,4 mg on
the 4th and 39,2-58,6 mg on the 5th day after infestation
(Table 2). Initial paretic or paralytic symptoms appeared
only after attainment of an engorgement mass of appro-
ximately 15 mg. This is indicated by the boxed figures in
Table 2.

The induction, duration and intensity of the clinical
manifestations are, correspondingly, not dependent on
the period of infestation by female R. evertsi evertsi, but
are determined only by the number of ticks with indivi-
dual masses of 15-21 mg. The mean infestation rate of
ticks in this mass range increased progressively for all
tick strains from 0,11-0,3 females/kg sheep body mass,
which produced a slight degree of leg weakness, to
0,23-0,53 ticks and 1,85-2,1 ticks for a medium and
high degree of leg weakness, respectively, to 1,5-3,3
ticks for total paralysis (Table 1). Analogously, the ave-
rage total tick mass in this engorgement range changed
from only 2,1-3,4 mg/kg sheep body mass, for a slight
degree of leg weakness to 2,5-9,8 mg and 29,6-38,7 mg
for medium and high degree of leg weakness, respec-
tively, to 21-60 mg for total paralysis.

DISCUSSION

To clearly understand the involved clinical symptoms
of tick paralysis one has to take into consideration both
the biotic and the abiotic factors which may affect both
the vertebrate host and the responsible tick species.
These determine the severity of paralysis or paresis as
well as its persistence, seasonal occurrence and geo-
graphical distribution. As far as the host is concerned,
factors playing a role are its susceptibility, age, beha-
viour and the position of the reaction as well as its degree
of immunity. In the case of the ticks, their population
density, dynamics and pathogenicity, as these affect the
degree of infestation, sexual activity, stage of develop-
ment, site of attachment, and state of engorgement, are
of prime importance (Gothe, 1981). As far as these bi-
otic aspects with their changing and complex interactions
are concerned only a few rather unsatisfactory
investigations have been reported on single tick strains
inducing paralysis. This applies especially to differences
in the paralysis inducing-ability of different populations
of tick species and thus also to R. e. evertsi.

The present study, based on 15 strains from South
Africa and 1 from Rwanda, shows that, contrary to the
opinion of Neitz (1964), there are no population or
strain-dependent differences in the toxicity of R. e.
evertsi. These results were obtained after comparing the
onset of paresis or paralysis with certain phases of en-
gorgement. The extent and intensity of clinical signs
were almost identical when ticks in their toxic phase
were compared. Gothe & Limmler (1982a) found that,
with the Nelspruit strain, engorging females become
toxic only when they had reached a mass of 15-21 mg.
Moreover, the clinical signs that develop are also related
to the number of females of this size/kg body mass of
sheep (Gothe & Budelmann, 1980).

This classification of ticks into groups of increasing
toxicity, based on the work done on the Nelspruit strain
by Gothe & Lammler (1982 a), is also applicable to the
other tick strains we have now tested. Clinical symptoms
appeared only when female ticks had reached an en-
gorgement mass of 15-21 mg. Furthermore, paresis and
paralysis followed the same course as regards the time
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period and the intensity of reaction after the removal of
all female ticks from affected sheep. This was studied in
the case of females from the Mkuze, Boschpoort and
Warmbaths strains which, after reaching this engorge-
ment state, were removed in order to save the sheep.

Thus, regardless of the origin of the ticks, the intensity
of symptoms always increased directly in proportion to
the infestation rate of female ticks with an engorgement
mass of 15-21 mg. Experiments with Tzaneen, Culli-
nan, Athole and Heidelberg strains also showed that tox-
icity is dependent on the restricted uniformity of the
present, which does not support the assumption of
or population differences in the paralysis-inducing
ity of this tick species. In spite of a high total infestation,
only a low or medium degree of leg weakness was pro-
duced. However, taking into account the fact that: vy
the ticks with an engorgement mass of 15-21 mg are
toxic, it is always possible to equate infestation values/
kg sheep body mass when the different strains are com-
pared.

A comparison between R. evertsi and other paralysis-
producing Ixodidae can be made only with certain reser-
vations. This is mainly because in vivo studies have not
been done, and also because published data are in some
cases contradictory. Because of the regional distribution
of Dermacentor andersoni paralysis, intraspecific differ-
ences in paralysis-inducing capacity is accepted (Parker,
Philip, Davis & Cooley, 1937; Farquharson & Bly,
1939; Gregson, 1943, 1953, 1956, 1962, 1966, 1973;
Abbott, 1944; Ransmeier, 1949; Jellison & Gregson,
1950; Brunetti, 1965; Loomis & Bushnell, 1968; Rich,
1971). These differences in paralysis-inducing ability
have been ascribed to mutation and/or to specific ecolo-
gical conditions (Mail & Gregson, 1938; Neitz, 1962;
Wilkinson & Lawson, 1965; Gregson, 1973). Besides
environmental influences and ecological interactions
(Gregson, 1936), both strain differences in the settle-
ment areas (Wilkinson, 1972) and changes in the |-
vary secretion (Gregson, 1957) were considered, or
referred to in general, as reasons for the variation in
pathogenicity of this species (Gregson, 1936; Stiller,
1946; Boffey & Paterson, 1973; Bennett, 1974;
Mongan, 1979). An initial, short-lived increase in 3
pathogenicity of these ticks, which were supposed to
have originated in the north-western part of this strain’s
distribution area, was also discussed (Gregson, 1962,
1973; Rich, 1971).

Dermacentor occidentalis is widely distributed in Cali-
fornia but is supposedly responsible for paralysis in a
limited area only (Brunetti, 1965; Loomis & Bushnell,
1968). Dermacentor variabillis is found in the western
part of the USA, as far as the Rocky Mountains, but
cases of paralysis caused by this species were almost all
described from the south-eastern part of its distribution
zone (Mulherin, 1940; Ransmeier, 1949; Gregson,
1962). In this case also, an intraspecific difference in
paralysis-inducing capacity was postulated (Wells, 1935;
Randolph, 1947; Gregson, 1952). Furthermore, a de-
cline in the toxicity of this tick species in the northern
part of its distribution area was discussed (Gregson,
1962, 1973).

In the case of Ixodes rubicundus it has been assumed
that only certain populations have the ability to cause
paralysis or paresis (Anon., 1923; Neitz, 1964). It was
shown that some animals of the same species could tole-
rate up to 100 ticks (Van Rensburg, 1928; Neitz et al.,
1971) while others were paralysed by a single tick (Van
Rensburg, 1928). However, the frequency of occurrence
of these potent ticks was difficult to quantify because it
varied with respect to locality and time (Stampa & Du
Toit, 1958; Stampa, 1959).
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