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ABSTRACT

Rhipicephalus (Boophilus) microplus tick is one of the most important parasite afflicting cattle,
mainly in taurine breed. Chemical application is still the most widely used way of control, although
there are reports of tick resisting to many active principles in different countries. The goal of this
study was to obtain the in vitro sensitivity profile of dairy cattle ticks to six commercial acaricides in
five small farms in northwestern Sao Paulo state, located in Bady Bassitt and Ipigua municipalities,
and to investigate the productive characteristics and tick control methods applied in these farms.
R. (B.) microplus engorged females were collected from naturally infested cattle and subjected to
adultimmersion test using the following drugs: amitraz, cypermethrin, deltamethrin, chlorpyrifos/
cypermethrin mix, dichlorvos/cypermethrin mix, and dichlorvos/chlorpyrifos mix. In each farm,
a questionnaire was also administered. Considering the mean efficacy level from all farms, there
was no product with appropriate efficacy level. Pyrethroids had the worst results (cypermethrin
and deltamethrin having mean efficacy of 17% and 27% respectively), with resistance observed in
all farms. Conversely, amitraz (73%), chlorpyrifos/cypermethrin (79%), and chlorpyrifos/ dichlor-
vos (76%) exhibited the highest mean efficacies. The ticks were resistant to all formulations in two
herds. The cattle farmers were not aware of tests that detect ticks susceptibility to acaricides and
did not adopt proper technical procedure when using chemicals. These indicate the need to edu-
cate cattle farmers on considering resistance as a product choice criterion. A constant monitoring
of resistance is also relevant. Further investigations in the region should be conducted to better
understand the resistance levels.
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RESUMO

PERFILDESENSIBILIDADE DE CARRAPATOS RHIPICEPHALUS (BOOPHILUS) MICROPLUS
DE BOVINOS LEITEIROS A CARRAPATICIDAS EM PEQUENAS PROPRIEDADES DO
NOROESTE DO ESTADO DE SAO PAULO. O carrapato Rhipicephalus (Boophilus) microplus é um
dos parasitos mais importantes em bovinos, principalmente nos deraga taurina. O controle quimico
ainda é a forma mais utilizada para o seu controle, porém, hd relatos de resisténcia dos carrapa-
tos a varios principios ativos em diversos paises. O presente trabalho objetivou obter o perfil de
sensibilidade in vitro de carrapatos de bovinos leiteiros a seis carrapaticidas comerciais em cinco
propriedades do noroeste paulista, localizadas nos municipios de Bady Bassitt e Ipigud, além de
investigar as caracteristicas produtivas e métodos de controle de carrapatos empregados nestas
propriedades. Fémeas ingurgitadas de R. (B.) microplus foram coletadas de bovinos naturalmente
infestados e submetidas ao teste de imersao de adultas frente aos seguintes principios ativos:
amitraz, cipermetrina, deltametrina, associagdo clorpirifés/cipermetrina, associacdo diclorvés/
cipermetrina e associacdo diclorvés/clorpirifés. Em cada propriedade, também foi aplicado um
questiondrio. Considerando-se a eficidcia média entre todas as propriedades, nenhum produto
mostrou eficacia desejavel. Os piretroides obtiveram os piores resultados (eficacias médias de 17 %
e 27%, respectivamente, para cipermetrina e deltametrina), sendo que em todas as propriedades
havia resisténcia. Ja amitraz (73%), clorpirifés/cipermetrina (79%) e clorpirifés/ diclorvos (76 %)
mostraram as maiores eficicias médias. Em dois rebanhos os carrapatos foram resistentes a todas
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as formulagdes. Os produtores ndo conheciam o biocarrapaticidograma e aplicavam carrapaticidas
sem critério técnico. Os resultados mostram a necessidade de orientagdo aos produtores quanto a
utilizacdo do biocarrapaticidograma como critério para escolha do acaricida. Um monitoramento
constante daresisténcia também é relevante. Outros estudos naregiao devemser feitos paramelhor

caracterizacdo do nivel de resisténcia.

PALAVRAS-CHAVE: Carrapato, Rhipicephalus (Boophilus) microplus, bovino, resisténcia, Sdo Paulo.

INTRODUCTION

The Rhipicephalus (Boophilus) microplus tick is one
of the most important parasites of cattle in tropical
and subtropical regions of the world, and it is present
in America, Africa, Asia and Australia (LEAL et al.,
2003). The damage to the animal health is caused
by direct action of the tick or by transmission of
etiologic agents of diseases, among which stands
out Babesia bigemina, Babesia bovis and Anaplasma
marginale (PEREIRA et al., 2008).

Economic losses related to the parasite are the
decrease in the production of meat and milk, leather
damage, costs of tick control (labor, equipment,
facilities, acaricides) and loss or treatment of animals
with tick-borne diseases (LEaL etal., 2003). Grist et al.
(2002) estimated that the direct and indirect losses
could exceed $ 2 billion per year in Brazil.

The application of chemicals is still the most
effective method of ticks control (LEAL et al., 2003).
The first chemicals systematically used were arsenic
compounds in the nineteenth-century. Along time,
organochlorines, organophosphates, carbamates,
synthetic pyrethroids and amitraz have been used
sequentially. Recently, the avermectins, growth
regulators, fipronil and spinosad were introduced
(GeorGg, 2000; Perelra et al., 2008). However,
uncontrolled applications of commercial acaricides
may have accelerated the emergence of ticks
resistance to several active ingredients available
(PerEIRA etal., 2008). In Brazil, resistance to chemicals
hasbeen observed in many states, such as Bahia (BA)
(Camros JuNIOR; OLIVEIRA, 2005), Minas Gerais (MG)
(ARANTEs et al., 1995; LEITE et al., 1995), Parana (PR)
(MERLINI; YAMAMURA, 1998), Rio Grande do Sul (RS)
(CamiLro et al., 2009) and Sao Paulo (SP) (MENDEs et
al., 2001; PEreIra, 2006).

The aim of the present work was to evaluate the
in vitro efficacy of six commercial acaricides on R.
(B.) microplus from five dairy herds in northwestern
Sao Paulo.

MATERIAL AND METHODS

From April 2007 to February 2008, five dairy farms
were visited in the northwestern region of Sao Paulo
State near Sao José do Rio Preto City. Four farms
located in the municipality of Bady Bassitt (latitude

20°55’05" south, longitude 49°26'43” westand 510 m
altitude) and one inIpigua (latitude 20°39'24” south,
longitude49°23'14” westand 508 maltitude). Ineach
farm, a questionnaire was applied about productive
characteristics and practices of tick control, and at
least 200 engorged female ticks of R. microplus were
manually collected directly from naturally infected
cattle. The collecting ticks was done at least 30 days
after the last acaricide application on the property.

The properties were small areas with low milk
production, which was the main economic activity
for all of them.

Collected ticks were placed in perforated plastic
containers and sent immediately to Instituto Bio-
l6gico’s Laboratory of Animal Parasitology, where
they were tested by adult immersion test according
to DruMMOND et al. (1973) modified technique.

Groups of ten healthy females were weighed
and immersed into six different acaricide products
for 5 minutes, with the exception of cypermethrin,
where they were immersed for 10 minutes
(MeNDEs et al., 2000). The acaricides were diluted
as recommended by manufacturers. The following
principles were tested: amitraz 0.25 mg/mL,
deltamethrin 0.025 mg/mL, cypermethrin 0.15
mg/mL, association chlorpyrifos 0.83 mg/mLand
cypermethrin 0.1 mg/mL, association dichlorvos
1.125 mg/mL and cypermethrin 0.125 mL mg/
mL, and association dichlorvos 1.5 mg/mL and
chlorpyrifos 0.5 mg/mL. One group was used
as control and immersed in distilled water. Each
group, including the control, was subjected to
one repetition. After immersion, the females
were dried on absorbent paper, placed in Petri
dishes and incubated in BOD (biochemical oxygen
demand) incubator at 28° C and relative humidity
of 80% for 2 weeks to perform the posture. Then
the eggs were weighed, transferred to test tubes
and incubated under the same conditions for 2
weeks for larval eclosion. The hatched eggs were
counted to determine the percentage of hatching.

The efficacy of the treatments was evaluated by
calculating the estimated reproduction (ER) and
efficacy of the product (EP), according to the formulas
(DrUMMOND et al., 1973):

ER = egg weight x% hatching x 20,000

engorged female weight
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EP =ER of control group - ER of treated group x100

ER of control group

Theefficacy of the product was considered optimal
when the percentage was higher than or equal to
95%, according to the criteria of Ordinance No. 48
of 1997 determining the conditions for licensing of
antiparasitic products (Brasit, 1997).

The average efficacies for each active ingredient
were compared by paired t-test using Minitab 4.0
software and assuming a confidence level of 5%
(P <0.05).

RESULTS

Thefrequencies of responses to the questionnairein
the five properties are shown in Table 1. All properties
had less than 22 hectares, were intended for the
production of milk and raised animals with some
degree of Holstein blood. Most of the farms (60%)
had less than 50 head of cattle in the herd and 80%
were using only family labor. The daily milk production
was under 100 L in two properties, while in the other
three, it was between 100 and 400 liters. All farms
performed rotational grazing, and 40% (2/5) had
irrigation system.

Table 1 - Frequencies of answers to the questionnaire applied in five dairy cattle farms in northwestern Sao Paulo State,

Brazil, 2009.
Question Answers Frequency of answers
Labor familiar 80% (4/5
) employee 20% (1/5
Size of the property less than 10 ha 20% (1/5
10-22 ha 80% (4/5
Rotational grazing yes 100% (5/5)
no 0
Pasture irrigation yes 40% (2/5
no 60% (3/5
Number of cattle on the farm less than 50 60% (3/5
o 50-110 40% (2/5
Exploitation milk 100% (5/5)
. . . beef 0(0 57
Daily milk production less than 100 1 40% (2/5
100-400 1 60% (3/5
Breed Holstein blood 100% (5/
Period when greater infestation is observed summer 100% (5/5
) o other seasons 0(0/5
Choice of acaricide indication of shopkeeper 20% (1/5
indication of other farmers 20% (1/5
indication of technician 20% (1/5
no criteria 40% (2/5
Frequency of acaricide application every 15 dias 20% (1/5
) when animals are infested 80% (4/5
Treated animals applies to all animals of the herd 80% (4/5
o applies only in the most infested animals 20% (1/5
Application method backpack pump 100% (5/5)
injectable product 80% (4/5
our on 60% (3/5
Bath method athes the whole body of the animal 80% (4/5
bathes only the more infested body sites 20% (1/5
Chemicals already used formamidine 40% (2/5
amitraz 40% (2/5
pyrethroids 100% (5/5
éy][:)ermethrin 100% (5/5
eltamethrin 40% (2/5)
organophosphate/organophosphate association 20% (1/5
dicghlorgos / Ehlort{envgmphlcg)s P 20% (1/5
dichlorvos/chlorpyrifos 20% (1/5
organophosphate/ pyrethroid association 80% (4/5
Ch%orp}g‘ifos}; cyper}r)r}l,ethrin 80% E4 / 5;
avermectins 80% (4/5
ivermectin 60% (3/5
abamectin 20% (1/5
rowth inhibitors 20% (1/5
iflubenzuron 20% (1/5
Chemical most recently used cypermethrin 40% (2/5
d}ilchlorvos / chlorpyrifos 20% (1/5
chlorpyrifos /cypermethrin 40% (2/5
Knowledge of the adult immersion test no 100% (5/5)
ves 0(0/5)
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Table 2 - Efficacies of six acaricides on Rhipicephalus (Boophilus) microplus ticks in five dairy herds in northeastern Sao

Paulo state, by adult immersion test, Brazil, 2009.

Property/ Efficacy of chemical (%)

Municipality amitraz ~ cypermethrin deltamethrin chlorpyrlfos. N dichlorvos + chlc.)rpyrlfos
cypermethrin ~ cypermethrin  + dichlorvos

1 - Bady Bassitt 93.21 25.72 24.54 88.56 58.42 52.62

2 - Bady Bassitt 76.28 1.71 5.31 77.24 77.66 98.38

3 - Bady Bassitt 96.59 20.15 56.64 100 97.64 100

4 - Bady Bassitt 50.25 20.43 24.43 100 79.86

5 - Ipigua 45.28 18.90 2211 28.77 19.42 48.72

Mean 73.32¢ 17.38" 26.61" 78,91° 63.28" 75.92

Means followed by differentletters were statistically significant (P <0.05), except for a*and b*, which showed no difference.

Farmers observed higher infestation by ticks in
the summer for all properties. Choosing an acaricide
was at random in two properties (40%), while
the indication by shopkeeper, other farmers and
technicians corresponded at20% (1/5) of the answers
each. In most of the properties (80%) the application
of acaricide was made after viewing the ticks, and in
one property it was held every 15 days. In80% of the
farms, acaricide treatment was done on all animals
intheherd, and in 20%, the treatment was done only
on those considered mostinfested. All five properties
applied acaricides with manual spray pump, four
(80%) also used injectable products and three (60%)
used pour on products. Bathing the entire body of
the animal was the sprinkling method used in 80%
(4/5) of the properties, but 20% (1/5) bathed only
the more infested body parts.

Among the active principle already used by
farmers, cypermethrin was cited by 100% of them,
the chlorpyrifos/cypermethrin association was
cited by 80%, ivermectin by 60% and deltamethrin
and amitraz by 40%. Abamectin, diflubenzuron and
the dichlorvos/chlorfenvinphos and dichlorvos/
chlorpyrifos associations were less commonly
reported with20% each. Whenasked about the active
principles currently used (last chemical applied
before theinterview), cypermethrinand chlorpyrifos/
cypermethrin association were cited by 40% (2/5)
of the producers, and dichlorvos/chlorpyrifos by
20% (1/5). None of the farmers knew the adult im-
mersion test or existence of any laboratory method
to estimate the efficacy of the product.

The property 4 could notbe tested for dichlorvos/
cypermethrin due tolack of sufficient ticks; the other
five acaricides were tested.

The pyrethroids cypermethrin and deltamethrin
did notobtain satisfactory efficacy percentagesinany
farm. Amitrazand the organophosphate/ pyrethroid
(dichlorvos/cypermethrin) association showed
good efficacy in only one property, while another
combination of pyrethroid and organophosphate
(chlorpyrifos/cypermethrin) and an association of
two organophosphates (chlorpyrifos/dichlorvos)

demonstrated desirable efficacy in two properties.
The average efficiency for cypermethrin and delta-
methrin showed statistically significant differences
compared to the averages for amitraz, chlorpyrifos/
cypermethrinand chlorpyrifos/dichlorvos (Table 2).

Two farms (40%) did not have tick population
satisfactorily susceptible to any of the products
tested, two (40%) showed ticks susceptible to two
acaricides, and one (20%) had ticks susceptible to
four products (Table 3).

Table 3 - Frequency of herds whenactive principles showed
efficacy lower than 95% on dairy cattle ticks from five
properties in northeastern Sdo Paulo state, Brazil, 2009.

% herds with resistant

Chemical ticks (efficacy < 95%)
amitraz 80 (4/5)
cypermethrin 100 (5/5)
deltamethrin 100 (5/5)
chlorpyrifos + cypermethrin 60 (3/5)
dichlorvos + cypermethrin 75 (3/4)
chlorpyrifos + dichlorvos 60 (3/5)

DISCUSSION

Pyrethroids showed the worst average efficacies
(17.38% tocypermethrinand 26.61 % to deltamethrin),
and was the only chemical group that resistance was
presentinall properties. Works in other regions also
had low levels of efficacy for this class of acaricide.
MENDEs et al. (2001) observed an average efficacy
for pyrethroids slightly higher (42.18%) in the same
region of the present study (Sao José do Rio Preto
region), and 33.4% of efficacy level in Sao Paulo
state, similar to average efficacy for cypermethrin
observed by PErerA (2006) in Vale do Paraiba, SP
(31.10%), and by LErTE et al. (1995) in Minas Gerais
and Bahia (31.97%). AraNTEs et al. (1995) and CamILLO
et al. (2009) reported 41.74% and 44% of efficiencies
for cypermethrin respectively in Uberlandia (MG)
and in Rio Grande do Sul. As for deltamethrin,
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PErEIRA (2006) reported efficacy of 25.39% in Vale do
Paraiba, similar to our work, and AranTES etal. (1995)
reported in Uberlandia 45.66%. In Minas Gerais and
Bahia, LEITE et al. (1995) detected 51.65% of efficacy
level for deltamethrin. Elsewhere, the averages were
higher. Innorthern Parana average for deltamethrin
was74.58 % (MERLINI; Y AMAMURA, 1998) and in Ihéus,
BA, was 65.04% (CaMPOs JUNIOR; OLIVEIRA, 2005). The
high prevalence rates of farms with ticks resistant to
pyrethroids have been found in other countries such
as Mexico (RODRIGUEZ-V1vAs et al., 2006a), Australia
(JonssoN et al., 2000) and New Caledonia (BiancH et
al.,, 2003). The emergence and spread of resistance
to pyrethroids occur faster than organophosphate
and amitraz (ForL et al., 2004). JonssoN et al. (2000)
observed that the use of pyrethroids for fly control
can increase the risk of resistance, but this issue was
not raised in the questionnaire of the present study.

The average efficacy of amitraz in this study
(73.32%) was slightly lower than observed in the
sameregion (81.42%)and inSao Paulostate (86.19%)
by MENDEs et al. (2001), in Minas Gerais and Bahia
(80.01%) by Lerre etal. (1995), in Uberlandia (86.53 %)
by ARANTES et al. (1995), in the south of Rio Grande
do Sul (92%) by Farias et al. (2008) and in northern
Parana (93.51 %) by MERLINI; Y AMAMURA (1998). Lower
levels, however, were reported by Perera (2006),
CaMPOs JUNIOR.; OLIVEIRA (2005) and CaMILLO et al.
(2009), in Vale do Paraiba (47.19%), in Ilhéus, BA
(30.95%) and inRioGrande doSul (48.3%), respectively.
The resistance to amitraz seems to spread slower
compared to the pyrethroids resistance, even after
years of use (JonssoN et al., 2000), reflecting in the
levels of resistance. In Mexico the prevalence of
19.4% of properties with ticks resistant to amitraz
was detected (RoDRIGUEZ-VIvas et al., 2006b) and
in Australia, the prevalence was 10.3% (JonssoN et
al., 2000), both values lower than the prevalence of
resistance to pyrethroids, also observed in this work.

On the associations of organophosphate and
pyrethroid, thecompound chlorpyrifos/ cypermethrin
showed an average efficacy (78.91%) higher than
dichlorvos/cypermethrin (63.29%). Similar results
for chlorpyrifos/cypermethrin were found by PEREIRA
(2006) in Vale do Paraiba (88.98%) and by CamiLLO
et al. (2009) in Rio Grande do Sul (80.8%). The average
dichlorvos/cypermethrin efficacy observed by
ARANTEs et al. (1995) in Uberlandia (70.16%) and
Campos JUNIOR.; OLIVEIRA (2005) in Ilhéus (75.73%)
were slightly higher than those found in this study,
but LEITE et al. (1995) showed similar level (65.44 %)
in Minas Gerais and Bahia.

The association of two organophosphates
(chlorpyrifos/dichlorvos) had an average efficacy
of 75.92%, similar to the average of 79.29% to
coumaphos found by MEeNDEs et al. (2001) in the
same region and below the average of 96.63% to

chlorfenvinphos/dichlorvos found in Uberlandia
(ARANTEs et al., 1995) and 92.85% found in the
nineties in Minas Gerais and Bahia (LEiTEetal., 1995).

In all properties the herd had varied degrees of
Holstein blood, common in dairy cattle. The taurine
breeds are naturally more susceptible to tick
parasitism than zebuine breeds, and this susceptibility
increases with the degree of European blood of the
animal (SANTOs JuNIOR et al., 2000).

All farmers reported greater infestation in the
summer, which is consistent with the observations
madeby Fariasetal. (1995) in Aracatuba,amunicipality
near the area of this study and with similar climate.
Thehighertemperaturesand rainfall inspring, summer
and autumn favor free-living stage of ticksand allow
the occurrence of four generations per year (FArias
et al., 1995; PEreIrA et al., 2008).

The rotational grazing was performed on all
properties in order to make better use of grass.
However, to aid ticks control, the pasture should
remain atleast 60 days resting, which does not occur
in the usual rotation schedules (PEreIrA et al., 2008;
SANTOS JUNIOR et al., 2000).

Thechoice of acaricide was madewithoutlaboratory
testings, through the suggestion of shopkeepers, oth-
er farmers, technicians, orevenrandomly. No farmer
was using or had knowledge of laboratory tests to
detect ticks resistance to acaricides. The strategy
for tick control was performed without technical
criteria, disregardingthe parasite populationdynamics,
with applications being made irregularly according
to visual assessment of the level of infestation, or
regularly with high frequency throughout the year.
The same observations were made in Passos, MG
(RocHaetal., 2006), Rio de Janeiro (SANTOSs JuNiOR etal.,
2000) and Australia (JonssoN; MatscHoss, 1998). The
influence of the quality and frequency of treatments
on the rate of emergence of resistance is not yet well
understood (PERERA et al., 2008), but it is generally
accepted that alarge number of treatments resultsin
an earlier development of resistance (JonssoN et al.,
2000). JonssoN et al. (2000) observed an association
between the resistance to amitraz and more than
eight applications of acaricide per year. The same
authors found an association between resistance to
pyrethroids, acaricidal use more than 5 times a year
and regular treatment with more than three weeks
interval; on the other hand, irregular applications
increased the probability of resistance to flumethrin.
RopRIGUEZ-VIvasetal. (2006a) also found anassociation
between the resistance to pyrethroids and more than
5 applications per year.

All farmers used manual backpack pump for the
applicationof acaricidesinliquid formulation. There
is a disagreement about the influence of the type
of equipment in the development of resistance to
acaricides. Some studies observed a higher prevalence
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of resistance to chemicals used on properties that
utilized spray race compared to manual spray (Bian-
cHI et al., 2003; JonssoN et al., 2000), while in others
the manual application increased the risk of resis-
tance (SPIcKETT; Fivaz, 1992). However, other factors
related to quality of application, such as equipment
conditions, dilution, amount administered, and
agitation can accelerate the process of resistance and
lead to failures in the control of ticks (GEORGE, 2000).

The principles most used were the pyrethroids,
followed by the organophosphate/pyrethroid
associationand macrocycliclactones, which reflected
in low levels of efficacy found for pyrethroids.
Surveys conducted in other regions, however,
showed that amitraz is the main principle used, asin
Passos, MG (RocHa etal., 2006), south of the RS (Farias
etal., 2008) and Australia (JonssoN; MATCHOsS, 1998).
In these places, pyrethroids, organophosphate/
pyrethroid association and macrocyclic lactones
appear after amitraz in the preference of producers.
In the present study, however, amitraz is cited
by only 40% of producers, while the frequency of
properties in which the principle has notreached the
minimum efficacy was 80%. This discrepancy could
be explained by possible memory bias when answering
to the questionnaire, or the entry of animals on the
property already parasitized by ticks resistant to
amitraz that reproduced on the property. It was
found that some farmers used macrocyclic lactones
and growth inhibitors, products not recommended
for lactating cattle (JoNssoN; MAaTscHoOss, 1998).

Given the widespread resistance, the use of adult
immersion testasa criterion for choosing an acaricide
should be encouraged among farmers as well as
the rational application of chemicals, considering
the ecology and tick population dynamics and the
correct dilution and application of medications. In
addition, other methods should be evaluated for
use in association with chemical control, such as
the selection of breeds or individuals resistant to
parasites, quarantine and vaccination (GEORGE, 2000;
PEREIRA et al., 2008). It is necessary also a constant
monitoring of tick resistance to chemicals.

Comparison with other studies should be done
with caution, because in this survey few farms were
visited, and they do not statistically represent the
number of properties in the region. Other works
covering bigger areas and larger number of properties
are needed to better characterize the situation of
resistance in the region.

CONCLUSIONS

Considering only the averages of the farms, no
tested active ingredient showed sufficient efficacy,
and pyrethroids had thelowest values, whileamitraz

and theassociations chlorpyrifos/cypermethrinand
chlorpyrifos/dichlorvos had the highest average
efficacies.

The farmers did not know adult immersion test
and administered acaricides disregarding the biological
and ecological characteristics of ticks.

The results show the need for guidance to
producers on the use of adultimmersion test, chemi-
cal control strategy, the correct use of acaricides and
the use of non-chemical ways to control ticks, in
addition to regular monitoring of resistant ticks.

Further studies are needed to better understand
the situation of resistance in the region.
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