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Abstract

Since 2011, period of the livestock invasion by the cattle tick Rhipicephalus microplus in Burkina Faso (BF), tick-control
problems were exacerbated. Based on farmer’s reports, most commonly used commercial acaricides were found to be inef-
fective in Western South part of the country. To investigate the occurrence and extent of such acaricidal ineffectiveness, we
performed the standardized larval packet test (LPT) with commercial deltamethrin (vectocid) and cypermethrin (cypertop),
on two cattle tick species, the native Amblyomma variegatum and the invasive R. microplus. The resistance ratios (RR) were
computed with susceptible Hounde strain of Rhipicephalus geigyi as reference. The R. microplus population showed resist-
ance to the two acaricides tested with the highest lethal concentration (LC) values, and different resistance ratios higher than
4 (deltamethrin: RRy,=28.18 and RRy,=32.41; cypermethrin: RR5,=8.79 and RRg,=23.15). In the contrary, A. variegatum
population was found to be highly susceptible to acaricides tested with low lethal concentrations and resistance ratio values
(deltamethrin: RRs;,=0.5 and RRy,=0.48; cypermethrin: RR5,=0.68 and RRy,=0.79). These data demonstrate high syn-
thetic pyrethroid resistance in R. microplus strain, leading to conclude that the acaricide ineffectiveness in tick populations

control remains a concern in BF.
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Introduction

About 17 Ixodidae ticks, belonging to the genus Ambly-
omma, Hyalomma, and Rhipicephalus, have been identi-
fied in West Africa (Biguezoton et al. 2016; Diarra et al.
2017; Ouedraogo et al. 2021). These obligate hematopha-
gous arthropods have direct and indirect effects on livestock
health and production in most parts of Sub-Saharan Africa
(Stachurski 2000). But, by far, the most important indirect
impact of ticks is the transmission of hemopathogens, which
cause tick-borne diseases (TBD) that can result in high live-
stock mortalities (De Meneghi et al. 2016). The species R.
microplus and A. variegatum are known to be involved in the
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main constraints for bovine production system development
in the West African context. Amblyomma variegatum is an
efficient vector of Ehrlichia ruminantium, agent of heartwa-
ter (cowdriosis). It directly impairs animal growth, tending
to heavily reduce milk production (Stachurski 2000; All-
sopp 2015). Rhipicephalus microplus is the efficient vector
of Babesia bigemina and B. bovis, main agents of bovine
babesiosis in tropical region (Adehan et al. 2016; Lempereur
et al. 2017). Its introduction into an unaffected area can
induce the emergence of its acaricide resistant population
(Muhanguzi et al. 2020). For several livestock breeders in
West Africa, particularly in BF, tick control is carried out
by an increasingly used of acaricidal compounds (Adakal
et al. 2013b). The occurrence of the invasive tick species
in BF (Adakal et al. 2013a) has increased such tick-control
method application, with many cases of misuses reported
(Adakal et al. 2013b). As a result, resistance in R. microplus
population to some commercial acaricidal compounds has
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been reported (Kande 2014). Since it has been shown (in
cattle infestation in BF) that the incidence rate of R. micro-
plus significantly increases in the presence of A. variegatum
and vice versa (Biguezoton et al. 2016), the assessment of
the acaricidal resistance of the native species (A. variega-
tum) and invasive species (R. microplus) is of paramount
importance. For this purpose, the commercial grade syn-
thetic pyrethroids, deltamethrin (vectocid) and cyperme-
thrin (cypertop), widely used in tick control in BF have been
tested on larvae of A. variegatum and R. microplus.

Materials and methods
Study area and gorged female collection

Sampling was carried out during September 2020, in Kimini
(N 10.07162; W 4.808), a rural commune located in “Nian-
goloko,” a department belonging to “Cascades” region, one
of the 13 subdivisions of BF territory. This region borders
the north of Ivory Coast (Fig. 1). It covers an area of 18,405
km? with about 531,808 habitants active mainly in agri-
culture and livestock farming. The cattle population was
estimated at 654,273 heads in 2013 and represents a source
of income for many households (INSD 2018). According
to the Adakal et al. (2013b) survey, the most widely aca-
ricide compound used in tick population control in this
region is deltamethrin. Farmers involved in this study were
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requested not to apply any acaricide treatment on cattle at
least 2 weeks before the collection date. With the owners’
consent, cattle were kept in lateral decubitus and the whole
skin was inspected. All engorged females seen were manu-
ally removed, stored in collection jars with lids previously
drilled, and closed with compress. Containers were then
placed in a plastic bin, with a damp mop on the bottom, in
order to allow ticks survival until they reach laboratory at
CIRDES (International Research and Development Centre
on Livestock in Sub-humid Areas). Once in the lab, ticks
were identified, sorted, and about 15-20 live specimens per
tick species were placed in an incubator at 27 +2 °C with a
relative humidity of 85+ 5% for egg-laying. Eggs obtained
were weighed and divided into batches of 0.5 g in different
containers. They were then maintained in the same condi-
tions until their hatching.

Bioassays

The larvae aged between 14 and 21 days were used for the
standardized LPT (FAO 2004). The assay was carried out
with commercial grade deltamethrin and cypermethrin
(respectively Vectocid™ and Cypertop™, LAPROVET,
France). For each acaricide, serial dilutions were (Table S1).
Different concentrations with a mix ratio of 1 volume olive
oil for 2 volumes trichloroethylene (Miller et al. 2002) as
solvent were applied. Thereafter, Whatman filter paper
was cut into packets of 7.5x 8.5 cm size and 0.67 ml of
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Fig. 1 Map showing the geographic location of Burkina Faso, sampling points, and the origin of reference strain
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each acaricide concentration was applied on each piece of
paper filter. The assays were performed in duplicate. For
each test, two paper filters were impregnated with solvent
(combination of olive oil and trichloroethylene) alone and
used as controls. Papers impregnated were placed for 2 h in
a fume hood for solvent evaporation. They were then filled
with about 100 ticks larvae and incubated at 27 +2 °C with
85 + 5% relative humidity. After 24 h of acaricide exposure,
larvae able to move were considered alive, and non-moving
one were considered dead. They were counted and mortality
rate (death total/total) has been computed for each group/
concentration and tick species.

Reference susceptible strain

The susceptible laboratory strain used as reference was
R. geigyi. It has been collected at Hounde (N 11.48333;
W 3.51667), in the south-western BF in 2005. Engorged
females were placed under optimal conditions of tempera-
ture (27 + 2 °C) and relative humidity (85 +5%) for egg-lay-
ing (Adakal et al. 2013b). This strain is currently maintained
in the laboratory of acarology at CIRDES. Over the years,
its generations are continuously renewed by artificial infesta-
tions on the same cattle breed, Zebu X N’Dama crossbred.

Data analysis

The package Dose—Response Curves (DRC) was used to
perform a non-linear regression analysis of dose-mortality
data in R 3.6.3 software. The choice of the model was
based on that giving the lowest residual variance through
the function mselect (Ritz et al. 2015). The four parame-
ters (b: slope, c: lower value, d: upper value, and e: ED50)
were computed with the generalized log-logistic function
LL.4 (Ritz et al. 2015). Data were then imported and fit-
ted in GraphPad Prism® 8.0 (GraphPad Software, San
Diego, CA, USA) for dose-response curves visualization.

The lethal concentrations, LCs, and LCy, and their 95%
confidence intervals (95% CI) were estimated using the
effective dose (ED) command. The resistance ratios (ratio
between the studied strain ED and that of the reference
strain) at 50% (RRs,) and 90% (RRy,) of A. variegatum
and R. microplus were computed relatively to the suscep-
tible reference strain R. geigyi, with the function ED (Ritz
et al. 2015). The resistance status was assessed regarding
the reference scale from Jonsson and Hope (2007): a tick
population is said to be sensitive to an acaricide when
RR < 4; moderately resistant if 4 <RR <10, and highly
resistant when RR > 10.

Results

Amblyomma variegatum and R. microplus resistance
status to deltamethrin

The strain of A. variegatum showed low LCy, and LCy,
values (0.0016 g/1 and 0.0031 g/1, respectively) (Table 1).
The highest values were found with the R. microplus strain
(0.0879 g/1 and 0.2142 g/1, respectively). The reference
strain R. geigyi revealed LCs, and LCgy, values lower
than the R. microplus one (0.0031 g/1 and 0.0066 g/1)
(Table 1). This is illustrated in Fig. 2a, where R. geigyi
dose—response curve is located between those of A. var-
iegatum (left) and R. microplus (right). The curve pat-
tern is also the result of the fairly close slopes (—2.9, -3,
and —2.4), reflecting a relatively parallelism. The RRy,
and RRy, values of A. variegatum (respectively 0.50 and
0.48) are considerably lower than 4. This leads to conclude
to a field strain very susceptible to deltamethrin. In the
contrary, R. microplus shows RRs, and RRy, values above
10 (28.18 and 32.41, respectively), indicating a deltame-
thrin highly resistant strain.

Table 1 Lethal concentrations (g/l) of Amblyomma variegatum and Rhipicephalus microplus and their resistance to deltamethrin and cyperme-

thrin regarding to strain Rhipicephalus geigyi as reference strain

Tick species LCy, (95% CI) LCy, (95% CI) RR5, (95% CT) RRy, (95% CT) Slopes
Deltamethrin
R. geigyi 0.0031 (0.0030-0.00323) 0.0066 (0.0064-0.0068) — — —2.934+0.125
A. variegatum 0.0016 (0.0015-0.0016) 0.0031 (0.0001-0.0032) 0.50 (0.48-0.53) 0.48 (0.43-0.53) —3.161+0.146
R. microplus 0.0879 (0.0776-0.0963) 0.2142 (0.1899-0.2385) 28.18 (24.93-32.41)  32.41 (25.24-45.25) —2.437+0.243
Cypermethrin
R. geigyi 0.0062 (0.0059-0.0065) 0.009567 (0.0091-0.010  — - —5.020+0.430
A. variegatum 0.0042 (0.0040-0.0044) 0.0076 (0.0073-0.0079) 0.68 (0.64-0.72) 0.79 (0.69-0.90) —3.706+0.255
R. microplus 0.0547 (0.0484— 0.0610) 0.2258 (0.2012-0.2504) 8.79 (7.83-10.02) 23.15 (18.43-31.10) —1.550+0.003

Legend: R, Rhipicephalus; A, Amblyomma; LC, lethal concentration; CI, confidence interval; RR, resistance ratio.
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Amblyomma variegatum and R. microplus resistance
status to cypermethrin

Regarding the LCs, and LCqy, values, the same observa-
tions were found as in the case of deltamethrin. The values
related to the reference strain R. geigyi are intermediate
to A. variegatum (low values, left curve) and R. microplus
(higher values, right curve) (Table 1, Fig. 2b). However,
the dose-response curves did not show any parallelism, as
their slopes values are quite dissimilar (—5;—3.7; —1.5)
(Fig. 2b). The RRs, and RRy, values of A. variegatum
(0.68 and 0.79) were lower than 4 indicating a high sus-
ceptibility to cypermethrin. On the opposite, R. microplus
strain shows RRy, value between 4 and 10 (8.79) and a
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RRy, value higher than 10 (23.15), leading to conclude to
a cypermethrin moderate to highly resistant strain.

Discussion

Farmers’ complaints on acaricidal treatment failures,
associated with heavy tick infestations in livestock, were
the first alert of R. microplus tick occurrence in south-
western BF (Adakal et al. 2013b). Even if the resistance
of R. microplus to some acaricidal compounds has been
evidenced in BF (Kande 2014), this study represents the
first investigation involving the native tick species, A.
variegatum. As suggested by Adakal et al. (2013b), we
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assumed that R. microplus ticks from Kimini have been
introduced in BF from Ivory Coast through transhumance,
as hypothesized by local farmers. Thus, the resistance sta-
tus evidenced here provides an explanation to previous
observation on tick-control failures following R. microplus
introduction in Ivory Coast (Madder et al. 2011). Accord-
ing to FAO (2004), emerging resistance can be suspected
when RRy is under 4, while RRy, is above, and the field
strain slope smaller than the reference strain one. Here,
both RRs, and RRy, values found for R. microplus Kimini
strain were above 4, both for the commercial grade del-
tamethrin and cypermethrin. Moreover, the dose-response
curve of this strain showed higher slope values than that
of the reference strain R. geigyi. This leads to conclude
to no emerging resistance in R. microplus tick popula-
tion in south-western BF but to an established resistance
previously existing in this tick population (Kande 2014).
Considering the RR values, R. microplus studied strain’s
resistance level is in line with that of other strains tested
in Brazil with the same compounds by LPT (Mendes et al.
2011; Klafke et al. 2017). Furthermore, some authors
(Barré and Uilenberg 2010; Guerrero et al. 2012) sug-
gest that mutations are favored by the rapid generation
successions occurring in some parasite species and that
could ease the selection of resistant subpopulations in
species such as R. microplus. Its parasitic phase on the
host lasts only 21 days and can have three or four genera-
tions per year (Cruz et al. 2020). In contrast, compared to
R. microplus, the life cycle characteristics of the native
tick species A. variegatum are different. It is a 3-host tick
species, showing a life cycle lasting between about 140
and 270 days (Pegram and Banda 1990; Yonow 1995).
The generation change is slow. Therefore, resistant muta-
tions induced by rapid generation successions occurring
in the case of R. microplus are less unlikely to happen.
This could partially explain the high susceptibility of this
strain. Moreover, R. microplus studied RR values are glob-
ally lower than that of some resistant strains reported in
Benin (Adehan et al. 2016). This could reflect the various
ways and habits in acaricidal compounds use among farm-
ers in the two countries. Indeed, misuses of acaracides,
such as the repeated use of the same acaricide, were high-
lighted in Benin (Achukwi et al. 2001). Furthermore, these
results indicate that the aggregation pattern between both
tick species on cattle in BF (Biguezoton et al. 2016) did
not influence their reaction to the studied acaricides. The
native tick species is highly susceptible, while the invasive
tick species is resistant to the two acaricides. On contrary
to our result, A. variegatum was found to be resistant to
organophosphates and toxaphene in Ghana, a bordering
country of BF (Turkson and Botchey 1999). Even if this
finding is not updated, it could suggest a monitoring of
tick acaricide resistance, mainly in bordering area in BF,

as risks of livestock invasion through transhumance move-
ments remain.

In conclusion, the study provides current resistance sta-
tus of A. variegatum and R. microplus regarding commer-
cial grade synthetic pyrethroids in BF. Considering these
results, there is a need of a wider investigation on acaricide
resistance of the West African R. microplus strain and other
tick species, for better control strategies of tick infestations.
There is also a need to set up a mechanism to monitor the
susceptibility status of A. variegatum strain to the most com-
monly used acaricidal compounds, as high selection pres-
sure, through repeated use of the same compounds could
lead to acaricidal resistance development.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11250-021-02849-2.
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