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ABSTRACT

The aim of the present study was to evaluate the resistance of tick populations on 16 family farms that were members of the
agricultural producers’ cooperative of the Sdo Pedro region of the state of Sdo Paulo (COOPAMSP). Bioassays were conducted
on nine commercial products in 2018 and 2019. Their active agents were as follows: deltamethrin, amitraz, cypermethrin +
chlorpyrifos + citronella, cypermethrin + chlorpyrifos + fenthion, cypermethrin + chlorpyrifos + piperonyl butoxide, dichlorvos
+ chlorpyrifos, cypermethrin, chlorfenvinphos + dichlorvos, and ivermectin. On some farms, a larval packet test (LPT) was also
performed. Overall, four acaricides presented mean efficacy greater than 89%, among which two were associations of pyrethroids
+ organophosphates and two were associations of organophosphates + organophosphates. Deltamethrin, cypermethrin and
ivermectin presented mean efficacy lower than 50%. In the bioassays using the LPT, all five farms showed resistance to diazinon,
while only one farm presented resistance to cypermethrin. The results were handed over to each farmer with appropriate
guidance for treatments. This study demonstrated that the important points to be implemented related directly to use control
strategies, based on direct assistance for farmers and diagnosis of tick population sensitivities.
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INTRODUCTION

Rhipicephalus (Boophilus) microplus is one of the main ectoparasites of major health and economic impact for
cattle-rearing worldwide. It inhabits tropical and subtropical countries, including Brazil. It is also an important vector
for Babesia spp. and Anaplasma marginale, which cause babesiosis and anaplasmosis, respectively (GUGLIELMONE
et al., 2010; GUGLIELMONE; NAVA, 2014). Ticks cause direct skin lesions and injuries in their hosts by means of
hematophagy, and this gives rise to an environment that is ideal for attracting flies that cause myiasis (RECK et al., 2014).
The losses caused by R. microplus are of the order of 3.24 billion dollars per year (GRISI et al., 2014).

The chemical groups organophosphates, pyrethroids, formamidines, macrocyclic lactones, fipronil and fluazuron
are commonly used for controlling R. microplus in Brazil. Since the end of the 20th century, there have been reports of
resistance to all these products. In a review conducted by HIGA et al. (2016), occurrences of the resistance of R. microplus
in 15 regions of Brazil were listed. According to KOLLER et al. (2019), the greatest concentration of reports of resistance
was in the central-southern region of the country, especially in the state of Rio Grande do Sul, where resistance to all
chemical classes was present, including among associations of classes.

According to LE GALL et al. (2018), knowledge of resistance mechanisms may aid in seeking new strategies to
mitigate resistance. These authors also reported that ABC transporters, which are proteins in the family of esterases,
glutathione S-transferase (GST) and cytochrome P450, play an important role in the elimination of chemical molecules
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from the organism of ticks (BAFFI et al., 2008; COSSIO-BAYUGAR et al., 2018; FEYEREISEN et al. 2015; HEMINGWAY
et al., 2004; ROSARIO-CRUZ, 2009).

To effect rational management of resistance, it is firstly essential to detect this phenomenon, through monitoring and
containment of resistant populations, with the aim of diminishing the costs and environmental damage (HIGA et al.,
2016; KLAFKE et al,, 2017; MENDES et al., 2001). Performing in vitro immersion bioassays on engorged females once a
year provides data that may indicate the presence of resistance to commercial acaricides. At the same time, this may aid
in making better decisions towards implementing effective treatment (GASPAR et al., 2018). Thus, these bioassays can be
considered a tool for use on dairy farms.

According to ARAUJO (2007), agricultural extension comprises the mission of using educational methods to transfer
and disseminate technology and useful sustainable methods for work, production and commercialization to farmers. Thus,
people implementing extension actions are the key element in this process and all the attention of the extension system
needs to be concentrated on these individuals. The results that can be expected largely depend on these individuals’ actions
(PETTAN, 2005).

The aim of the present study was to evaluate the resistance of tick populations on family dairy farms that received
agricultural extension actions relating to tick control and to the problem of resistance to acaricides that are available on
the market.

MATERIAL AND METHODS

Farms and location

This experiment was conducted on 16 family farms that were members of the agricultural producers’ cooperative of the
Sao Pedro region of the state of Sdo Paulo (COOPAMSP). The Sdo Pedro region is located in the Piracicaba mesoregion of
the state of Sdo Paulo. These farms were participating in a technical assistance program for milk production through the
Sustainable Rural Development Coordination (CDRS) office (CDRS/CATTI), in Piracicaba.

This region has a climate of type Aw (tropical climate with a winter dry season), according to the KOPPEN; GEIGER
(1928) classification. It is at an altitude of 550 m, with an annual mean temperature of 21.9 °C and annual mean precipitation
of 1307.5 mm (CEPAGRYI, 2018).

Collection of tick samples

All the collections were performed in the summers of 2018 and 2019. On eight of the farms, two collections
were performed (2018 and 2019), while on the other eight farms only one collection was performed. On five of
the latter eight farms, collection was performed in 2018. The number of ticks per collection was approximately
100 engorged females.

After collection, these ticks were stored in 500-mL plastic flasks. The flasks were identified with the name and address
of the farm and were stored in the isothermal boxes. They were then sent to the Animal Parasitology Laboratory of the
Instituto Bioldgico.

Over a 14-day period before the scheduled collection day, the herds did not receive any treatment with acaricides.

Bioassays

In vitro immersion test on engorged adult females

In the laboratory, the engorged females were washed in distilled water, dried and divided into groups of ten, which
were then weighed. Following this, they were immersed in commercial acaricides for 5 min. After immersion, they were
dried and laced on Petri dishes that were properly identified, and these were kept in a biochemical oxygen demand (BOD)
chamber at a temperature of 28 °C and humidity of 80%, for oviposition to take place. Fifteen days after oviposition, the
eggs were removed, weighed and placed in assay tubes that were identified and closed using dampened absorbent cotton.
After another 15 days, the percentage hatching of larvae was determined. The efficacy of the products was calculated as
described by DRUMMOND et al. (1973).
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Bioassays were performed using nine commercial products in which the active agents were as follows: deltamethrin,
amitraz, cypermethrin + chlorpyrifos + citronella, cypermethrin + chlorpyrifos + fenthion, cypermethrin + chlorpyrifos
+ piperonyl butoxide, dichlorvos + chlorpyrifos, cypermethrin, chlorfenvinphos + dichlorvos, and ivermectin. The f
irst five of these products were tested both in 2018 and in 2019, on eight farms. For seven farms, only one test was
performed (five in 2018 and two in 2019). Three of these products (cypermethrin, chlorfenvinphos + dichlorvos,
and ivermectin) were only tested on 10 farms, in 2019. The products with the active agents dichlorvos + chlorpyrifos and
cypermethrin were only tested on 13 farms, in 2018.

Larval packet test (LPT)

Larval packet tests (LPTs) were performed on larvae from ticks collected on five farms. One of these farms did not
present sufficient ticks for the immersion test. The LPT used the active agents cypermethrin and diazinon to characterize
the phenotypic resistance to the chemical groups pyrethroids and organophosphates, respectively.

Filter papers Whatman No. 1 (85 x 75 mm) were impregnated with a volume of 0.67 mL containing the following
concentrations of the active agents, using acetone as the solvent: 0.05, 0.1, 0.2, 0.4, 0.6, 0.8, 1.2, 1.6, 2.4 and 3.2 ug-cm™ for
diazinon; and 1.6, 6.4, 25.6, 102.4 and 409.6 pg-cm™ for cypermethrin. The control groups were exposed to filter paper that
had only been impregnated with the solvent. The tests were performed in triplicate.

On the test days, the filter papers were taken out of the refrigerator, folded in the middle and sealed with metal clips on
each side to form packets. Approximately 100 tick larvae were transferred to each packet using a brush. The packets were
sealed with a third clip at the top and were incubated in a BOD chamber at 28 °C and relative humidity of 80%, for 24 h. The
packets with the larvae were then opened and inverted over a piece of white filter paper so that the dead larvae would fall
out. The packets were then closed again and placed in a freezer (-20 °C) until the survivors also died. The larval mortality
rate was determined by counting the total numbers of dead and live individuals. The mortality data were analyzed using
the Probit model in the POLO-PC software (LEORA SOFTWARE, 1987).

Dissemination of technology

Between 2017 and 2019, three meetings were held to disseminate technical knowledge regarding the biology, ecology
and strategic control of cattle ticks. These meetings were held in the evenings, at the main building of the cooperative, and
the farmers were free to attend. The first meeting was in September 2017 and had the sole aim of presenting the topic of
strategic control of ectoparasites and explaining the importance of tests for choosing the product to be used for control
measures. At subsequent meetings, the results from the tests conducted on the farms were handed over to the farm owners
and discussed with them, with guidance regarding treatments.

RESULTS

The efficacy results obtained from each farm were handed over to the farmers in person. The farmers were advised
to only use acaricides that presented efficacy greater than 90% (Table 1). Information regarding time intervals between
treatments and the correct methods for applying each product was also provided.

Among the efficacy results from the five acaricides that were only tested with tick samples from farms on which the immersion
test was done both in 2018 and in 2019, the following points presented in Table 1 and Figures 1 and 2 can be highlighted:

 On farm “A’, only the active agent cypermethrin + chlorpyrifos + piperonyl butoxide presented diminished efficacy,
going from 100% (2018) to 59% (2019);

« On farm “D’, the three associations of pyrethroid (PI) + organophosphate (OF) maintained 100% efficacy in both years;

» On five farms, the product cypermethrin + chlorpyrifos + citronella presented 100% efficacy in both years, and this
was also seen on three farms regarding the formulation cypermethrin + chlorpyrifos + fenthion;

« Two associations of PI+OF (cypermethrin + chlorpyrifos + citronella and cypermethrin + chlorpyrifos + fenthion)
presented mean efficacy of 100% in 2018 with reductions of 9.7% and 29.6% respectively in 2019. The first of these
was the only commercial product with mean efficacy greater than 90% in 2019 (Fig. 1);

« The mean efficacy of the pyrethroid deltamethrin was 29.1% (standard deviation of 32.5%) in 2018 and 21.8% (standard
deviation of 20.6) in 2019; Amitraz presented mean efficacy of 84.5% in 2018 and 71.5% in 2019 (Fig. 1). Percentage
mean efficacy of five acaricides on samples of the tick R. microplus from eight farms (A-H) in the Sdo Pedro region
of the state of Sdo Paulo, in 2018 and 2019.
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Figure 1. Percentage mean efficacy of five acaricides on samples of the tick Rhipicephalus microplus from eight farms (A-H) in the

S3o Pedro region of the state of Sao Paulo, in 2018 and 2019.
Note. 1: deltamethrin; 2: amitraz; 3: cypermethrin + chlorpyrifos + citronella; 4: cypermethrin + chlorpyrifos + fenthion; 5: cypermethrin +
chlorpyrifos + piperonyl butoxide.
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Table 1. Mean percentage efficacy of acaricides on samples of the tick Rhipicephalus microplus from fifteen farms in the Sdo Pedro
region of the state of Sdo Paulo, in 2018 and 2019.

1 2 3 4 5 6 7 8 9
Farm
2 ¢ @2 ¢ @ ¢ 2@ & 2 @& 2 e @ & @ e @ @
Q Q Q Q Q Q Q Q Q Q Q Q Q R Q Q Q Q

A 1 35 82 87 100 100 100 98 100 59 100 - - 67 - 100 - 70
B 64 5 100 81 100 100 100 7 100 45 100 - - 7 - 100 - 72
C 53 13 51 93 100 73 100 100 100 87 100 - - 19 - 100 - 52
D 10 42 100 50 100 100 100 100 100 100 100 - - 64 - 100 - 41
E 82 18 88 80 100 100 100 100 91 73 100 - - 66 - 100 - 36
F 21 3.6 96 86 100 80 100 58 82 58 100 - - 52 - 89 - 28
G 1 57 75 25 100 69 100 43 78 51 100 - - 49 - 926 - 59
H 1 1 84 70 100 100 100 57 82 59 100 - - 25 - 100 - 10
| 1 - 7 - 92 - 100 - 82 - 100 - - - - - - -
J 8 - 100 - 100 - 100 - 1 - 100 - - - - - - -
L 35 - 95 - 100 - 100 - 87 - 100 - - - - - - -
M 3 - 17 B 100 - 100 - 100 - 100 - - - - B . -
N 24 - 95 - 100 - 100 - 77 - 100 - - - - - - -
(o] - 18 - 100 - 56 - 100 - 83 - - - 100 - 100 - 67
P - 22 - 100 - 39 - 100 - 100 - - - 9 - 100 - 46
MEAN

29.1 218 845 715 100 903 100 704 916 665 - - - - - - - -
(A-H)
SD (A-H) 325 206 16.2 23 0] 13.8 0] 348 9.7 18.8 - - - B = - - -
MEAN

234 215 762 77.2 994 817 100 76.3 83.1 715 100 - - 45.8 - 98.5 - 48.1
(general)
SD

273 182 316 236 2.2 22.1 (o] 332 263 20 (0] - - 30.2 - 3.6 - 20
(general)

1: deltamethrin; 2: amitraz; 3: cypermethrin + chlorpyrifos + citronella; 4: cypermethrin + chlorpyrifos + fenthion; 5: cypermethrin + chlorpyrifos
+ piperonyl butoxide; 6: dichlorvos + chlorpyrifos; 7: cypermethrin; 8: chlorfenvinphos + dichlorvos; 9: ivermectin.

100 100

Figure 2. Percentage mean efficacy of five acaricides on samples of the tick Rhipicephalus microplus from farms in the Sdo Pedro
region of the state of Sdo Paulo, in 2018 and 2019.

Note. 1: deltamethrin; 2: amitraz; 3: cypermethrin + chlorpyrifos + citronella; 4: cypermethrin + chlorpyrifos + fenthion; 5: cypermethrin +
chlorpyrifos + piperonyl butoxide.

Overall, four acaricides presented mean efficacy greater than 89%, among which two were associations of PI+OF and
two were associations of OF+OF. Deltamethrin, cypermethrin and ivermectin presented mean efficacy of less than 50%.
The standard deviations in seven products ranged from 17 to 30 (Fig. 3).
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Figure 3. Percentage mean efficacy and standard deviation of nine acaricides on samples of the tick Rhipicephalus microplus from

farms in the Sdo Pedro region of the state of Sdo Paulo.
Note. 1: deltamethrin; 2: amitraz; 3: cypermethrin + chlorpyrifos + citronella; 4: cypermethrin + chlorpyrifos + fenthion; 5: cypermethrin +
chlorpyrifos + piperonyl butoxide; 6: dichlorvos + chlorpyrifos; 7: cypermethrin; 8: chlorfenvinphos + dichlorvos; 9: ivermectin.

In the bioassays using the LPT (Tables 3 and 4) all samples showed resistance to diazinon. Farm Q had the lowest
resistance factor (2.66) and two farms (D and O) jointly had the highest factor (23). Only farm D presented a resistance
factor (1.58) to cypermethrin.

DISCUSSION

Agricultural extension consists of taking scientific and technical knowledge to farmers in accessible language and is a task
that is mainly the responsibility of government bodies. It has great importance because it is reflected in improved public health
and growth of the Brazilian agricultural and livestock sector. The presentations on cattle ticks that were made to farmers in
the municipality of Aguas de Sdo Pedro, before the bioassays were performed and afterward, with the results from the tests,
were very valuable for both the technicians involved and for the farmers. From among the various products tests, each farm
owner was able to ascertain which acaricides were most suitable for use on their herd and what the correct strategy for the
treatment would be. This study demonstrated that the efficacy of a given agent could diminish from one year to the next and
that monitoring of this using in vitro immersion tests is an important aid in achieving correct control over ticks.

HIGA et al. (2015) reported that the states of Sdo Paulo and Mato Grosso do Sul presented similar resistance status, i.e.,
ticks were resistant to the same classes of active agents: organophosphates, pyrethroids, amidines, fipronil and associations
between organophosphates and pyrethroids. The data obtained in the present study corroborate their findings.

The efficacy results from the present study showed that seven of the nine products tested (Fig. 2) had large standard
deviations. These values demonstrate the sensitivity profiles for the populations of each farm, consequent to their histories
of acaricide use. The mean efficacy for pyrethroids was 45% but there were some farms with 100% efficacy for cypermethrin.
Similar results were found by HIGA et al. (2016) in an analysis on ticks on farms in Mato Grosso do Sul.

The resistance factor regarding cypermethrin that was present on just one of the five farms analyzed raises the possibility
that the commercial products were of low quality.

Although organophosphates and associations of agents that included organophosphates were shown to be efficient in
relation to other products, it is known that the development of resistance to organophosphates occurs over a seven to eight
generations to obtain a homozygous resistant tick (FOIL et al., 2004). The resistance to diazinon that was observed on five
farms, despite its efficacy in the in vitro immersion test, is a situation of concern.

Resistance to ivermectin was first reported in the state of Sdo Paulo in 2006, in ticks from farms in the Paraiba Valley
region, in a study by KLAFKE et al. (2006). Accelerated resistance to ivermectin may have arisen through the use of this
product for controlling both endoparasites and ectoparasites, and because this is a chemical group that has long persistence.

In a review on resistance to acaricides in Brazil, published by HIGA et al. (2015), amitraz presented varying levels of
resistance in 13 states, including Sao Paulo. In the present study, this active agent showed mean efficacy of close to 80%
(Fig. 3). Therefore, although it is well established that resistance to amitraz is present, it is lower than that of other products
such as pyrethroids and macrocyclic lactones. Thus, it may still be an important tool for tick control.
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CONCLUSION

Considering all the factors involved in achieving successful control over cattle ticks, the present study demonstrates
that the important points that need to be implemented relate directly to using control strategies based on providing direct
assistance to farmers and diagnosing the sensitivity of the tick population.
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