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Abstract This study was designed to obtain data on the
farmer’s approach to tick control and to determine whether
Rhipicephalus appendiculatus Neuman, Amblyomma
variegatum (Fabricius), and Rhipicephalus (Boophilus)
microplus (Canestrini) were resistant to amitraz and
cypermethrin acaricides, in Isoka District, Zambia. Prevailing
tick control practices were documented by administering a
semi-structured questionnaire to 80 randomly selected small-
holder livestock farmers from four agricultural camps (Longwe,
Kantenshya, Kapililonga, and Ndeke) in Isoka District. Modi-
fied larval packet test (LPT) bioassay experiments were used to
determine the resistance status of the common tick species
against amitraz and cypermethrin acaricides. Fifty percent of
respondents practiced chemical tick control with amitraz
(27 %) and cypermethrin (23 %) being the acaricides in use,
and were applied with knapsack sprayers. Less than 3 l of spray
wash per animal was used which was considerably lower than
the recommended delivery rate of 10 l of spray wash per ani-
mal. No significant susceptibility change to amitraz at 95 %
confidence level was observed in R. appendiculatus and
A. variegatum against amitraz. However, a significant change
in the susceptibility of R. (Bo.) microplus tested with amitraz
was detected at 95 % confidence. The test population had a
lower susceptibility (LD50 0.014 %; LD90 0.023 %) than the

reference population (LD50 0.013 %; LD90 0.020 %). The re-
sults indicated that resistance to amitraz was developing in R.
(Bo.) microplus. For cypermethrin, no significant susceptibility
change at 95 % confidence was observed in any of the three
species and thus resistance to this chemical was not observed.

Keywords Acaricide resistance . Tick control . Bioassay .

Susceptibility . Amitraz . Cypermethrin

Introduction

Ticks (Acari: Ixodidae) are by far the most important external
parasites that attack livestock. They have been implicated as
voracious blood suckers that cause heavy blood losses
resulting in low-quality hides (Rajput et al. 2006), secondary
bacterial infections (Muchenje et al. 2008), lowered produc-
tivity in terms of weight gain (Estrada-Pena and Salman 2013)
and milk yield (Sajid et al. 2007), and increased mortality due
to tick-borne diseases (TBD) (Esemu et al. 2013). Luguru
et al. (1987) identified Rhipicephalus appendiculatus
Neuman, Amblyomma variegatum (Fabricius), and
Rhipicephalus (Boophilus) microplus (Canestrini) to be the
most important tick species infesting cattle in Isoka District.

Although a number of techniques such as grooming (Moor-
ing et al. 1996), genetic manipulation through increase of Bos
indicus content in progeny (Ayres et al. 2013), biological con-
trol through the use of entomopathogenic fungi (Pirali-
Kheirabadi et al. 2007), immunological control using anti-
tick vaccines (Freeman et al. 2010), and the use of ethno-
veterinary practices (Zaman et al. 2012), the application of
acaricides in dips and sprays to control cattle ticks still remains
the cornerstone of tick control in the developing world. Che-
motherapeutic control has provided a rapid and efficient meth-
od of controlling livestock ticks, and has consequently
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influenced livestock productivity through the significant re-
duction in the prevalence of tick infestations and tick-borne
diseases (Abbas et al. 2014). However, the progressive evolu-
tion of resistance of ticks to almost every available class of
acaricide continues to frustrate the efforts of cattle farmers
(George et al. 2004).

Acaricide resistance is an inherited phenomenon that stems
from a directional selection pressure caused by the toxic ef-
fects of the chemical (Roush and McKenzie 1987). This re-
sults in the selection of a strain of individuals that posses
specific genetically determined biochemical mechanisms that
enable them to survive treatment (Meyer et al. 2012 and
Corley et al. 2013). Resistance leads to the failure of control
programs undertaken at recommended procedures (Kunz and
Kemp 1994), and its development has been exacerbated by the
misuse of drugs and the use of incorrect doses (Bianchi et al.
2003). In fact, the injudicious use of acaricides may represent
the greatest threat to the livestock industry in many countries.

Periodic monitoring of the effectiveness of drugs and the
identification of resistant strains is essential for an effective
chemical control strategy. Therefore, this study was designed
in order to obtain data on the farmer’s approach for tick con-
trol and to determine whether R. appendiculatus ,
A. variegatum, and R. (Bo.) microplus tick species in Isoka
District were resistant to amitraz and cypermethrin.

Materials and methods

The study area

The study was conducted in Isoka District (10° 24’ S, 32° 61’
E), which is located in the North Eastern part of Zambia. This
district is bordered by Nakonde District in the north, Chinsali
District in the west, and Chama District in the south. Malawi
borders its eastern boundary. A tropical climate prevails which
is characterized by high rain fall (1000 to 1500 mm annually)
and is restricted to the period of November to April with tem-
peratures ranging from 17 to 28 °C. May to July is cool and dry
with temperatures ranging from 11 to 25 °C. August to October
is hot and dry and temperatures range from 13 to 30 °C.

Farming is dominated by smallholder farmers who practice
a mixed crop livestock production system, with cattle, goats,
and poultry being the major livestock. The main breed of
cattle is the Angoni, a short-horned Zebu animal originating
from the Eastern Province of Zambia (Yambayamba et al.
2003). Cattle are kraaled overnight for protection and are re-
leased in the morning for communal grazing.

Acaricide survey

A preliminary survey of smallholder cattle farmers was con-
ducted using a semi-structured questionnaire that was

administered to a sample of 80 respondents. This sample size
was determined using the formula adopted from Campbell
(2005); n ¼ Z

SE

� �
2 Pð Þ 1−Pð Þ where n is the sample size; Z

is the confidence level which is 1.96 for 95 % confidence; SE
is the standard error, taken as 10 %; P is the expected propor-
tion of farmers applying acaricides, taken to be 30 %; and 1-P
is the expected proportion of farmers not applying acaricides.

Interviews with 80 farmers (20 randomly selected from
four agricultural camps; Longwe, Kantenshya, Kapililonga,
and Ndeke) were conducted using semi-structured question-
naires in November 2011 to January 2012 as described by
Moyo and Masika (2009). Data collected was mainly on the
importance of tick-borne diseases, the major acaricides in use,
and dosage and methods of acaricide application to cattle.

Experimental cattle

A total of 80 Angoni cattle from four agricultural camps in
Isoka District (Longwe, Kantenshya, Kapililonga, and Ndeke)
were randomly selected for the purpose of tick collection. No
consideration was given to the sex and age of cattle as
treatments with acaricides was done indiscriminately. A
similar sampling procedure was used by Yilima et al. (2001)
who detected organophosphate resistance in R. (Boophilus)
decoloratus (Koch) in Central Ethiopia.

Test and reference ticks

Fully engorged female tick species were randomly collect-
ed from the four agricultural camps, during the peak oc-
currence period of adult ticks (January to March, 2012),
from which R. (Bo.) microplus, R. appendiculatus, and
A. variegatum were identified using the pictorial guide
provided by Walker et al. (2007). To facilitated oviposition
and harvest of sufficient larvae, 10 clean ticks of each
species were placed in separate 150-mm glass rearing
tubes which were closed firmly with a ventilated stopper.
These rearing tubes were then incubated at a temperature
of 27±1 °C and a relative humidity of 85–95 %, as per
standard procedures recommended by FAO (1984).

Reference tick strains (susceptible populations) of R. (Bo.)
microplus, R. appendiculatus, and A. variegatumwere collect-
ed from Sansamwenge agricultural camp where acaricide us-
age was confirmed to be minimal or nil. Acaricide usage in
this area has been absent since the breakdown of subsidized
government dipping services in 1996, a fact that was con-
firmed by key informant interviews with lead livestock
farmers and agricultural extension officers. The two kraals
selected for sample collection were located 45 Km from the
nearest cattle herds to the north and east while the Kalungu
River separates them from other camps to the east and south.
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Chemicals

The acaricides used in the study were formulated amitraz
12.5 % m/v (Milbitraz - Bayer Animal Heath Pty Ltd), regis-
tration number G2084 and formulated cypermethrin 15%m/v
(Cydip-United Phosphorous Ltd), registration number G505.
Both acaricides were registered according to Act 36/1947,
South Africa.

Bioassay techniques

All tick strains were assayed using modifications of the larval
packet test (LPT) (FAO 1984). For amitraz, the standard LPT
does not produce dose-mortality relationships that can be used
to discriminate between susceptible and resistant individuals
(Ducornez et al. 2005). The cause for this lack of a dose-
mortality relationship has been attributed to an inadequate
exposure time, possible interaction of technical amitraz and
the paper substrate, and the instability of technical amitraz
which maybe degrading during the bioassay (Miller et al.
2002). Therefore, the bioassays used for amitraz involved in-
creasing the exposure time from 24 to 48 h and replacing
technical amitraz with formulated amitraz. Therefore, in
amitraz assays, a top dose was prepared by adding a volume
of formulated amitraz to a 2:1 ratio mixture of chloroform and
olive oil diluent. Serial dilutions using the 2:1 chloroform and
olive oil diluent were made in order to produce eight dose
levels including the control (diluent only), with each dose
level having three replicates. A volume of 0.67 ml of each
dilution was applied to a 5 cm×10 cm piece of Whatman
541 filter paper. Treated papers were hung on a rack in a fume
hood for 2 h to allow the chloroform to evaporate. The filter
papers were then folded in half and sealed with metal spring
clips on both sides. Fourteen to 21-day-old larvae were used in
the bioassays. Approximately 100 larvae of each tick species
were introduced into the packets with a fine brush, and the top
was sealed with another metal spring clip. The packets were
then incubated at 27±1 °C and a relative humidity of 85–95%
for 48 h. A similar procedure was used in cypermethrin assays
except packets were incubated for 24 h.

Determination of mortality

Dead larvae were easily detected after exposure to
cypermethrin as many were desiccated and obviously dead.
For amitraz, mortality wasmore difficult to determine asmany
larvae did not desiccate after exposure and appeared to be
alive. Therefore, we considered larvae that could walk across
treated papers after incubation to be alive, but larvae that did
not move or could only move legs without walking as dead
(Miller et al. 2002).

Statistical analysis

Probit analysis was used to analyze the bioassay results with
the aid of Polo Plus Probit and Logit Analysis 2.0 software (Le
Ora Software 2002). This analysis included probit transforma-
tions of percentage mortality and natural logarithm transfor-
mations of dose. Assessment of goodness of fit was done
using the chi-square goodness of fit test and the heterogeneity
factor (chi-square divided by the degrees of freedom) of each
bioassay. When the heterogeneity factor was greater than 1.0,
the data was assumed not to follow the probit model used in
the analysis. Lethal dose ratios at LD50 and LD90 were used to
estimate resistance ratios relative to reference tick strains. Sig-
nificance of each comparison was determined when the num-
ber 1 was not contained in the 95 % confidence interval of the
lethal dose ratio (Robertson et al. 2007).

Results

Acaricide survey

All respondents acknowledged that ticks were the major prob-
lem in their farming systems causing diseases such as East
Coast fever (100 %), babesiosis (23 %), and anaplasmosis
(17 %). Acaricide application was the main tick control meth-
od (50 %), with amitraz (27 %) and cypermethrin (23 %)
being the most commonly used acaricides. All respondents
applied acaricides to cattle using knapsack sprayers at weekly
(3.5 %), biweekly (35 %), monthly (5 %), bimonthly (2 %),
biannual (1.5 %), and annual intervals (1.5 %). Application
was done during the peak tick season, November to April.
Farmers were able to follow the recommended dosage of
20 ml of acaricide to 10 l of water for amitraz and 10 ml of
acaricide to 10 l of water for cypermethrin. An average of 2.5 l
of spray wash per animal was used.

Susceptibility to amitraz

The results of the bioassays for each tick species tested
for amitraz susceptibility are summarized in Table 1. Data
for all assays except for the test population of R. (Bo.)
microplus fitted the probit model used in the analysis as
the heterogeneity factors calculated were all less than 1.0
(Table 1). For R. (Bo.) microplus, the 95 % confidence
interval of the lethal dose ratios at LD50 and LD90 did not
include the number 1 (Table 1). This indicated that the
susceptibility of the reference and test populations was
significantly different at P=0.05, with the test population
exhibiting a lower susceptibility. Therefore, the log-dose
probit-mortality line of the test population showed a shift
to the right of that of the reference population (Fig. 1) as
a result of higher values of LD50 and LD90 estimates, and
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an increase in the slope of the test population. Resistance
ratios at LD50 and LD90 at 95 % confidence level were
estimated at 1.10 (1.04–1.16) and 1.14 (1.08–1.22)
respectively.

For R. appendiculatus and A. variegatum, the 95 %
confidence interval of their lethal dose ratios at LD50

and LD90 both included the number 1 (Table 1). This
indicated that for the two species, the susceptibility of
the reference and test population were not significantly
different at P=0.05. Therefore, the LD50 and LD90 esti-
mates and slopes of the reference and test populations
were not significantly different.

Table 1 Bioassay results for larval tick species tested for amitraz susceptibility

Species Number Slope (S.E.) X2 (d.f) H.F. LD50 (95 % CL) LD90 (95 % CL) LDR 50 (95 % CI) LDR 90 (95 % CI)

R (Bo.) microplus

Reference 1757 6.45 (±0.34) 11.56 (19) 0.61* 0.013 (0.012–0.013) 0.020 (0.019–0.021) 0.91 (0.86–0.96) 0.88 (0.82–0.93)
Test 1638 5.93 (±0.30) 24.74 (19) 1.30 0.014 (0.013–0.014) 0.023 (0.022–0.024)

R. appendiculatus

Reference 1524 7.67 (±0.43) 16.08 (19) 0.85* 0.011 (0.010–0.011) 0.016 (0.015–0.016) 1.00 (0.95–1.05) 0.99 (0.94–1.05)
Test 1677 7.44 (±0.42) 14.25 (19) 0.75* 0.011 (0.010–0.011) 0.016 (0.015–0.016)

A. variegatum

Reference 1723 6.34 (±0.40) 7.44 (19) 0.39* 0.009 (0.009–0.010) 0.015 (0.015–0.016) 1.00 (0.93–1.07) 0.98 (0.92–1.03)
Test 1612 6.14 (±0.38) 9.72 (19) 0.51* 0.009 (0.009–0.010) 0.015 (0.015–0.016)

Lethal dose estimates are presented as percent of active ingredient

S.E. standard error, d.f. degrees of freedom,H.F. heterogeneity factor, 95% CL 95% confidence limits, LDR lethal dose ratio relative to reference strain,
95 % CI 95 % confidence interval

*The data followed the probit model (P<0.05)

Percent 

response

Dose (logarithmic scale) (% Amitraz)

Fig. 1 Assay of amitraz reference
(left) and test (right) populations
of Rhipicephalus (Boophilus)
microplus using modifications of
LPT with formulated amitraz
being exposed to larvae for 48 h
on filter paper
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Susceptibility to cypermethrin

Bioassay results for each tick species tested for cypermethrin
susceptibility are summarized in Table 2. Data for all assays
fitted the probit model used in the analysis as the heterogene-
ity factor for each assay was equal to or less than 1.0. The
95 % confidence interval of the lethal dose ratios at LD50 and
LD90 for all three species included the number 1 (Table 2).
This indicated that for all the three species, the susceptibility
of the reference and test population of each species was not
significantly different at P=0.05. Therefore, for each species,
the LD50 and LD90 estimates and slopes of the reference and
test populations were not significantly different.

Discussion

Measurement of amitraz susceptibility in ticks using the tradi-
tional FAO LPT technique is not suitable because it produces
dose-mortality lines with extremely high slopes (Li et al. 2004
and Miller et al. 2007). It is for this reason that Miller et al.
(2002) developed a modified LPT for amitraz where formu-
lated instead of technical amitraz was used on nylon substrate
instead of filter paper. In the same study, it was also shown that
assays using formulated amitraz on filter paper incubated for
48 h instead of 24 h produced reliable lethal dose estimates at
50 and 90 % mortality. The latter two modifications seem
appropriate for rural laboratories with limited capacity and
were therefore used in this study. In cypermethrin assays, for-
mulated instead of technical cypermethrin was used in order to
evaluate the commercial product that was being used by
farmers.

Amitraz bioassay results indicated that the reference and
test populations of R. appendiculatus and A. variegatum pro-
duced data that fitted the probit model. For R. (Bo.)microplus,

only the reference strain indicated good fit. However, the chi-
square test for goodness of fit for the test strain suggested that
the departure from linearity was not sufficient enough to ex-
clude the data from analysis (Heong et al. 2010). In
cypermethrin assays, the data for all reference and test strains
for the three tick species fitted the probit model. Therefore,
since these data fitted the probit model used in the analysis, we
can conclude that the modified bioassays used in the study
produced valid results (Robertson et al. 2007 and Heong
et al. 2010).

The susceptibility of the reference and test strains of R.
(Bo.) microplus to amitraz was found to be significantly dif-
ferent, with the test strain having a lower susceptibility. This
was indicative of resistance development, as a higher dose of
amitraz was required in the test strain in order to illicit a sim-
ilar level of response as in the reference strain (Yilima et al.
2001; George et al. 2004 and Abbas et al. 2014). However, the
resistance ratio estimates at LD50 and LD90 were low.
Ducornez et al. (2005) reported amitraz resistance ratio in R.
(Bo.)microplus to be as high at 29.4 (23.1–37.3) while Cutullé
et al. (2012) reported the resistance ratios of two field isolates
of the same tick from Argentina to be 32.5 and 57.0, respec-
tively. The detection of low order resistance indicates that
amitraz resistance in R. (Bo.) microplus populations in Isoka
District was in the initial or emerging phase of development.
The detection of emerging amitraz resistance in R. (Bo.)
microplus in the present study is similar to the findings of
Ntondini et al. (2008) who detected emerging amitraz resis-
tance in this tick on communally grazed cattle, in the eastern
region of the Eastern Cape Province of South Africa. The
detection of fully susceptible strains of R. appendiculatus also
agreed with the results of Ntondini et al. (2008) who reported
fully susceptible strains of this tick to amitraz.

All three tick species were also shown to be fully suscep-
tible to cypermethrin. The lack of detected resistance to

Table 2 Bioassay results for larval tick species tested for cypermethrin susceptibility

Species Number Slope (S.E.) X2 (d.f) H.F LD50 (95 % CL) LD90 (95 % CL) LD50 R (95 % CI) LD90 R (95 % CI)

R (Bo.) microplus

Reference 1787 2.16 (±0.12) 10.29 (19) 0.54* 0.021 (0.018–0.024) 0.084 (0.074–0.096) 0.89 (0.72–1.09) 0.88 (0.73–1.07)
Test 1801 2.16 (±0.13) 17.10 (19) 0.90* 0.024 (0.021–0.028) 0.095 (0.084–0.109)

R. appendiculatus

Reference 1613 1.90 (±0.11) 16.21 (19) 0.85* 0.014 (0.012–-0.016) 0.068 (0.059–0.079) 0.95 (0.77–1.18) 0.83 (0.66–1.03)
Test 1723 1.74 (±0.11) 20.23 (19) 1.00* 0.015 (0.012–0.018) 0.082 (0.070–0.101)

A. variegatum

Reference 1582 1.88 (±0.11) 15.53 (19) 0.82* 0.017 (0.014–0.019) 0.080 (0.070–0.094) 0.91 (0.74–1.12) 0.82 (0.66–1.01)
Test 1740 1.75 (±0.10) 18.37 (19) 0.98* 0.018 (0.015–0.021) 0.099 (0.084–0.119)

Lethal dose estimates are presented as percent of active ingredient

S.E. standard error, d.f. degrees of freedom,H.F. heterogeneity factor, 95% CL 95% confidence limits, LDR lethal dose ratio relative to reference strain,
95 % CI 95 % confidence interval

*The data followed the probit model (P<0.05)
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cypermethrin resistance in R. (Bo.) microplus was in contrast
to the results reported by Caracostantogolo et al. (1996) who
reported high levels of cypermethrin resistance in R. (Bo.)
microplus in the Eastern parts of Argentina. Recently,
cypermethrin resistance in R. (Bo.)microplus has been report-
ed in Brazil (Mendes et al. 2007) and Iran (Enayati et al.
2010).

The results of the present study support the general notion
that resistance development in ticks is not a universal phenom-
enon but is more common in the one-host tick species (Abbas
et al. 2014). This is because multi-host ticks develop resis-
tance more slowly as they have longer generation times, less
acaricidal exposure of immature stages, and an availability of
alternative hosts that reduces their overall exposure to acari-
cides (Jongejan and Uilenberg 2004). On the other hand, one-
host ticks are subjected to considerably high selection pressure
at all parasitic stages, even in poorly implemented acaricide
treatment regimes (Abdullah et al. 2012).

The results of the acaricide survey suggested that the de-
velopment of amitraz resistance in R (Bo.) microplus in the
study area could be attributed to inadequate delivery of dip
wash to cattle (less than 3 l instead of the recommended 10 l of
dip wash per animal) and erratic treatments. Studies by
Mekonnen (2002) support this assertion as they reported the
highest percentage of confirmed resistance among farmers
that delivered inadequate amounts of acaricide spray washes
in South Africa. Brito et al. (2011) also attributed the reduction
in efficacy of several synthetic pyrethroid and amidine acari-
cides to inadequate spraying and underdosage. Use of higher
doses of amitraz at recommended delivery rates may serve to
eliminate heterozygous resistant individuals (Thullner et al.
2007 and Adakal et al. 2013) but will further increase the cost
of cattle tick control. Alternatively, another chemical, such as
ivermectin or coumaphos, both of which belong to different
chemical classes than the amidine and pyrethroid tested, can
be used (George et al. 2004 and Abbas et al. 2014).
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