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ABSTRACT

COETZEE, BRIDGETTE B., STANFORD, G. D. & DAVIS, D. A. T., 1987 Resistance by the blue tick
(Boophilus decoloratus) to the synthetic pyrethroid, fenvalerate. Onderstepoort Journal of Veterinary Research,

54, 83-86 (1987).

The Shaw larval test, in conjunction with adult tick immersion and stall tests, was utilized to confirm that a
field strain of B. decoloratus, from Natal, is highly resistant to the ixodicide fenvalerate (Factor of resistance
4 744). This resistance developed over a reported 18 months of usage for cattle dipping.

INTRODUCTION

Larval tests undertaken on a field strain of Boophilus
decoloratus, submitted as part of the Company’s resist-
ance surveillance programme, indicated resistance to
fenvalerate. Since this was considered to be the first
verifiable indication in South Africa of resistance of a
strain of ticks to a pyrethroid, it was decided to investi-
gate the resistance status of this strain of tick to fenvale-
rate, and other pyrethroids, as well as certain organo-
phosphates and amitraz. Accordingly, extensive in vitro
and in vivo tests were carried out.

The work fell naturally into 2 parts: first, studies to
confirm the resistance to fenvalerate and validate the
larval test as a method of detecting resistance to pyreth-
roids, and second, the use of the larval and other tests to
establish the resistance spectrum of the strain. Certain
items in the second part were carried out simultaneously
with corresponding items in the first part but are
published separately.

MATERIALS AND METHODS
Ixodicides

1. Fenvalerate 10 % m/v emulsifiable concentrate (e.c.)
prepared by Formulation and Application Research,
Coopers Animal Health, Berkhamsted, UK.

2. Sumitik¥, an e.c. containing 20 % m/v fenvalerate.

Tick species and strains

1. A strain of B. decoloratus, ‘Pot-the-Red’, known to
be susceptible to organophosphates and never ex-
posed to pyrethroid chemicals, held at Kwanyanga as
a reference strain.

2. A strajn of B. decoloratus, ‘Bracmar’, suspected to
be resistant to fenvalerate, obtained from Izingolweni
District, Natal.

Experimental animals

Male Friesland calves (8 months of age) of similar
conformation, obtained from 1 property.

General plan

Larval tests were carried out to find the range of con-
centrations of fenvalerate required to establish lethal
concentration 99 % (LC 99 %).

Adult immersion tests were carried out to assess the
activity of the ixodicide against the reproductive ability
of the 2 strains. Stall tests were carried out to evaluate
the activity of the ixodicide against all stages of both
strains on infested calves.

Unfed larvae

The technique used was that described initially by
Shaw (1966) and later modified to include a longer hold-
ing period for the larval ticks after treatment (Shaw,
Cook & Carson, 1968). A further modification to this
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technique was used in this work whereby 1 operator
carried out the test in duplicate from a common reservoir
of larvae, as distinct from 2 operators each conducting a
test simultaneously.

Using the fenvalerate 10 % e.c., the susceptibility of
the ‘Braemar’ strain was compared with that of the sus-
ceptible ‘Pot-the-Red’ strain. In order to obtain the most
accurate regression line, larval tests on the ‘Braemar’
strain were carried out in 2 stages using a range of 14
fenvalerate concentrations instead of the usual 7. Be-
cause of the limitations in the number of concentrations
which can be included in 1 test of this nature, the first
stage included the use of 10 concentrations. This was
immediately followed by the remaining 4, in the second
stage.

Adult immersion test

Engorged female ticks, collected from donor animals
on which the relevant strains had been raised, were
divided into groups of 40, mass-measured as a group and
placed in copper tubes (length 100 mm/diameter 40 mm)
the lower ends of which were covered with fine-mesh
copper netting.

A volume of 50 m€ of wash per concentration was
prepared and poured into 50 mm wide-mouthed glass
jars. A range of 7 concentrations of the 10 % e.c., plus a
water control, was used.

Because of the gross disparity in the susceptibility of
the 2 strains, the definitive test was carried out on the
‘Braemar’ strain with a range of concentrations 10-fold
in strength compared with those used on ‘Pot-the-Red’.

The groups of 40 ticks, each group in its own con-
tainer, were immersed for 10 min each in the appropriate
wash. The copper tubes containing the ticks were gently
shaken every 30 s to ensure good dispersion of the wash.
After its removal from the wash each tube was placed
upright on paper towelling for a few seconds to absorb
any wash clinging to the copper mesh, and then sus-
pended for | hin order to dry.

The groups of ticks were placed in series onto sheets
of plastic laminate-covered plywood, each tick being
stuck in its group, on its dorsum onto the upper side of
double-sided sticky tape attached to the plywood. The
front quarter of the body of each tick was allowed to

roject beyond the edge of the sticky tape to avoid eggs
geing laid onto the sticky tape. The strips of tape were
arranged 4 cm apart and individual ticks were placed 2
cm apart. The boards holding the ticks were then placed
in a constant environment room (25 °C, 85 % RH).

Examinations were made 21 days after treatment to
determine inhibition of oviposition, calculated by com-
paring visually the size of the egg batches in the test
group with those of the water control. The following
scoring system was used:

100 % oviposition: 4 points

75 % oviposition: 3 points

50 % oviposition: 2 points

25 % oviposition: 1 point
0 % oviposition: O point
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Fitted parameter estimates, with ED50/ED99 values and 95 % fiducial limits and test for parallelism and factors of resistance
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. All variables have been converted to arcsins

B: Braemar

P: Pot-the-Red
NS: Not significant
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Where necessary, the size of the egg batch in relation
to the size of the tick was considered.

A corrected oviposition percentage was then calcu-
lated according to Abbott’s formula, as described by
Shaw.

%i — %oc 100
i.e.CM% = X
100 — %c 1

Where %i = % mortality in concentration i,
%c = % mortality in water control.
CM% = corrected mortality.

The masses of the batches of eggs of each group were
determined collectively without being mixed. Then the
egg batch of each tick was tubed separately in a glass vial
with a cotton wool bung and replaced in the constant
environment room for a further 35 days.

Fifty-six days after treatment each batch of eggs was
examined to assess the percentage hatch of eggs, using
the following scoring system:

Hatchrate %  Points

100 4
6699 3
33-65 2

1-32 1
0 0

The estimated reproduction (ER) was calculated using
the formula of Drummond, Emest, Trevino, Gladney &
Graham (1973), i.e.:

Mass of eggs X percentage hatch

Mass of females
Reproduction index (RI) which reflects the percentage
of control of ER was determined by comparing the ER of
treated ticks with that of untreated ticks, as under:
ER (control) — ER (treated)
X 100 =RI

ER control
Stall test

Two calves of approximately 160 kg live mass were
placed in the Tick House at Lge Kwanyanga Research
Station under conditions of naturally fluctuating tem-

ratures and humidity. The calves were restrained in
individual crates with head yokes to prevent self-groom-
ing. Each crate was placed in its own moated, walled
area, with the floor of the crate raised 40 cm from the
floor of the moated area.

The calves were infested twice weekly for 3 weeks
with approximately 1000 larvae (34 weeks old) of
either the ‘Pot-the-Red’ or the ‘Braemar’ strains.
Approximately 21 days after commencement of infesta-
tion (I+21) engorged female ticks began to drop from
the calves. Pre-treatment collections of detached
engorged female ticks were made on Day I+22 and
I+23 in order to monitor oviposition and egg viability of
the strains before treatment. They underwent the same
collecting and incubating procedures described below for
the post-treatment collections.

On Day I+24 the animals were handsprayed using a
high pressure spray system at an operating pressure of
275 kPa using gumitik at 0,02 %, the concentration of
fenvalerate specified by the makers. A volume of wash
of 15 € was used for each animal and every effort was
made to saturate the animals to skin level, utilising the
standard technique customarily used at the Kwanyanga
Research Station.

All ticks detaching between treatment (T) and T+1 h
were collected and discarded. Thereafter daily collec-
tions were made in order to monitor oviposition and egg
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