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Abstract

The cattle tick Rhipicephalus microplus causes significant economic losses to cattle pro-
duction systems and is a main barrier to the introduction of Bos taurus breeds and their
crosses in Brazil. These breeds have the genetic potential to generate animals that are more
productive, but they are also more susceptible to R. microplus. One of the alternatives for
conventional tick control is the use of strategic control, aiming at delaying or even pre-
venting the development of its resistance to acaricides. The present study aimed to evalu-
ate the economic losses caused by tick infestation on the productive performance of two
breeds of beef cattle and to evaluate the economic efficiency of tick strategic control and
its impacts on beef cattle production systems. Animal weights were obtained from the lit-
erature and were used to calculate the weight loss in kilograms (kg) and the economic loss
(US$) caused by R. microplus infestation. The cost/loss ratio of performing strategic con-
trol was also calculated. The data show that tick infestation causes economic losses to the
breeds and groups of animals evaluated and reduces animal performance (weight loss). The
results show a loss of US$34.61/animal in the backgrounding phase and US$7.97/animal
in the finishing phase for Brangus animals and its crosses. In conclusion, the data show that
strategic control is economically efficient for Brangus animals in the backgrounding phase,
independent of the methods used for acaricide application.
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Introduction

Brazil is one of the main beef-producing and beef-trading countries in the world. This posi-
tion is reflected in the country’s ongoing efforts to increase the productivity and quality of
the Brazilian product (Gomes et al. 2017).The cattle production systems used in different
farms differ in the quantity and quality of the technologies used (Euclides Filho 2008) and
in their environmental, social, and economic conditions (Costa et al. 2018). The systems
of commercial beef cattle production are divided into the cow-calf segment and the back-
grounding and finishing phases, during which the herd is part of the circulating assets of
the rural property (Wedekin 2017).

Central Brazil has favorable environmental conditions for the production of beef cat-
tle (Andreotti et al. 2018), which are better adapted to the environmental conditions of
this region (Euclides Filho 2008), as seen, for example, in crosses between Bos faurus and
Bos indicus breeds (Menezes et al. 2013). However, a main barrier to the introduction of
B. taurus and their crosses to the production system is the greater susceptibility of these
animals to the cattle tick, Rhipicephalus microplus (Acari: Ixodidae) (Madruga et al. 1985;
Andreotti et al. 2018).

The cattle tick is widely distributed in Brazil, and its main host is cattle. This parasite
is one of the greatest challenges to the livestock industry in Brazil, because as more cross-
bred animals are introduced, more changes will occur in the parasitological and economic
aspects of extensive farming (Andreotti et al. 2018).

Strategic control aims to reduce the tick population in the host or in pastures, and the
use of acaricides, although it is the main line of defense, is just one of the tools in the con-
trol process. The efficacy of acaricides is based on the knowledge of the parasite biological
cycle, which may result in better control, lower cost, and less impact on the environment by
reducing the amount of acaricides as well as slowing the progress of tick resistance to the
different products used, including populations of multiresistant ticks (Pereira 2008; Reck
et al. 2014; Higa et al. 2015, 2016; Andreotti et al. 2019). Recommendations for strategic
control involve a series of five treatments, with an interval of 21 days, at the end of the
periods unfavorable for tick development in the pasture (Andreotti et al. 2016a).

Taking the economic losses caused by R. microplus into consideration is important
when cattle production systems are being analyzed (Andreotti et al. 2016a). Estimates sug-
gest that the total economic loss attributable to R. microplus infestations in the Brazilian
cattle herd is approximately US$ 3.2 million per year (Grisi et al. 2014).

The present study aimed to evaluate the economic losses caused by tick infestation on
the productive performance of different breeds of beef cattle and to evaluate the economic
efficiency of tick strategic control and its impacts on beef cattle production systems.

Materials and methods

The economic losses caused by R. microplus infestations were evaluated for Nellore (B.
indicus), Brangus and/or their crosses (B. taurus), possible weight loss (kg) was considered
as a function of the average number of ticks. Considering that the weight loss caused by
tick infestation is related to the lack of chemical treatment (Andreotti et al. 2016a).

For this study, we examined a herd with 120 and 260 males in the backgrounding and
finishing phases, respectively, based on the study of Correa et al. (2006).
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Weight of animals

For the mean live weight (kg), the data in Table 1 were used.

Cost of infestation

According to Honer and Gomes (1990), the average weight loss caused by ticks is
0.22 kg/tick/year. This number was adapted since no specific data are available for cat-
tle in Brazil, and this value was based on a production system with standing cattle and
included the effect of parasitic anorexia (Andreotti et al. 2016b). For animals in the
backgrounding phase, we considered a weight loss of 0.22 kg/tick/year because animals
stay in this phase for one year. For finishing animals, a three-month finishing period was
considered; therefore, the loss was 0.055 kg/tick/year.

The average number of ticks per animal was based on Andreotti et al. (2018), who
evaluated the tick infestation (R. microplus) in Brangus and Nellore animals in Central
Brazil in a naturally infested herd, with reference values of 102 ticks/animal/year and 15
ticks/animal/year for Brangus and Nellore, respectively.

The weight loss was estimated using the following formula (Honer and Gomes 1990):

W=wxn (1)

where W is the total weight loss (kg), w is the weight loss (kg) per tick (0.22 kg/tick/year),
and n is the number of ticks/animal.

% Loss = (total weight loss (kg)/actual average weight) X 100 )

Cost of treatment

The cost of treatment was estimated according to the strategic control proposed by
Andreotti et al. (2016a); this strategic control includes five acaricide applications every
21 days to reduce tick populations. This strategy can prevent the development of larvae
for 105 days, larval populations in the pastures and, consequently, reducing infestations
on the animals. That number of treatments and the interval between treatments are rec-
ommended for contact acaricides (pour-on and spray). Injectable acaricides last 75 days,
and thus, fewer treatments are needed. The product dose followed the manufacturer’s
recommendation.

Several acaricides are on the market with different active principles, efficacies and
methods of application (spray, pour-on, and injectable). The commercial products were
chosen according to Higa et al. (2016), who evaluated the resistance of R. microplus
from several regions of Brazil to different acaricides. The methods of application and
the classes of the acaricides used in the analyses were as follows: (a) spraying (organo-
phosphates and pyrethroids), (b) pour-on (organophosphates and pyrethroids), and, (c)
injectable (macrocyclic lactones).

The price of the products was quoted in the city of Campo Grande, state of Mato
Grosso do Sul, Brazil, and converted to US dollars. The dollar value was estimated as

@ Springer



Experimental and Applied Acarology (2019) 79:459-471

462

SET8Y 901 o3eroAe / [eI0],
SLy 91 Surystury QIO[[ON X SNSUY [ (1002) 'Te 32 soprponyg
€8 ! Surystur] SN3uY X dI0[[PN (1107) Te 32 SopuodIe|y

¥S'S9t 81 Surystur] QI0[[ON X sn3uelq [A (6002) Te 32 03N

68505 09 Surystury QIO[[ON X sn3uerd [4 (800) '[& 12 0A®Y

9¢9v¢ ES a3eroAe / [B10],

6'98¢ 0¢ w:MUﬁ:Ovaﬂomm QIO[[ON A0~ONV ‘Te 30 Jomun( ayneuoyq
88¢
LLE
L9€
1L€ ST Surpunoisyoeq QI0[[PN (Z102) Te 30 meudg
91T 79 Surpunoisyoeq 10[[PN (6002) Te 10 Zn1)
0ge 001 Surpunoisyoeqg 10[[PN (8007) "Te 30 1addryy
LT LTg SurpunoiSyoeq I0[[PN (6661) ZoIronQ) pue ZIUnA
6£°0€€ SLY€9 a3erone / [el0],
¥voy 0¢ SurpunorSyoeq snuerg (6107) 'Te 10 ToTUN(
69°C7CE T68€El Surpunorgyoeq snguy (T102) 'Te 10 Surreag
61¢ $S Surpunoigyoeg QIO[[ON X snSuy (6007) ‘e 12 zn1)
10°LLE 88 sn3uy
So¢ 098°01 sn3uy
80¢ 081°0C N 8/¢
1233 €88°LI SurpunoIsyoeq N1 (8007) 'Te 32 11eddryy
€'L6T 0ST SurpunoISyoeq ("INTAET) AI0[[aN /T + (1802 par) sn3uerg /[
$'88C 43 SurpunoIsyoeq I0[[ON 7/ + (3800 or[q) snSuerd g/
81¢ 62T SurpunoIdyoeg ("INTOVT) RI0[[oN /1 + SnSuy-usaproqy /1 (6661) zoIong) pue ZIUnA
YoM AFeIoAy sordures jo roquinN K103918D paa1g oyiny

s[ewtue 9y) Jo (8Y) 1yS1om 95BI0AR 9} UTRIO O} Pasn 2INJeIal| Y} Wolj ele | d|qel

pringer

A s



463

Experimental and Applied Acarology (2019) 79:459-471

YI'LSY YT a3eIoAe / [eI0],
I'eLy
TLyY
6Y
STy
9%
8811
T'SLY
€LSY ¥S Surystur] SI0[]N (¥100) Te 10 oyreorg
61 4! Surystul] QI0[[ON (1102) 'Te 10 sopuodre|y
00°CEY 8 Surystur] I0[[aN (0107) 'Te 30 1woreqg
6'79% 81 Surystur] I0[[ON (6000) 'Te 10 01N
T8y 09 Surystur] I0[[ON (8007) 'Te 10 oa®lf
6991 T Surystury I0[[ON (S007) 'Te 10 dAuedreAe)
LEY 8 Surystury I0[[aN (€002) T2 10 s20D
JYS1op) 98BIAY sordures jo requinN K103918) paarg Joyiny

(ponunuoo) | sjqey

pringer

A's



464 Experimental and Applied Acarology (2019) 79:459-471

an average of values from 2016 to 2019, and these were obtained from the Center for
Advanced Studies in Applied Economics 2019.

The cost of control was estimated using the formula below (Honer and Gomes 1990),
which was adapted for the variables available for the calculations:

CT={(C,+C)xN,} xA 3)

where CT is the cost of treatment, C,, is the operational cost, C, is the product cost, N, is
the number of animals per application, and A is the total number of applications.

The labor force necessary for product application was included in the calculation of the
operational costs (C,):

C. = (S/WH)/AT 4)

where C; is the cost of labor, S is the salary, WH is the number of hours worked per day,
and AT is the number of animals treated/day.

The number of treatments was 120 and 260 applications/day for animals in the back-
grounding and finishing phases, respectively, according to the scenario stipulated for the
present study.

To estimate the economic loss, we used the formulas previously described by Mello
et al. (2019), adapted according to the information available for the present study.

VA = (weight estimate X yield estimate) X US$/kg )
VAI = (weight estimate X yield estimate) X US$/kg PV 6)
Lg. = VA — VAI @)

ImL = (CT/Lg,) X 100 ®)

where VA is the value of an uninfested animal, VAI is the value of an infested animal, PV
is live weight, weight estimate is the average weight in kg, yield estimate is the 50% car-
cass yield, USS$ is the price paid per kg of live weight, L, is the economic loss, ImL is the
impact of treatment costs on economic loss, and L is the estimated loss.

Results

The average weights of the animals were 482.35 and 330.39 kg for the Brangus, and
457.14 and 346.36 kg for the Nellore in the finishing and backgrounding categories,
respectively.

Economic loss relative to weight (kg)

The total weight loss (kg) is shown in Fig. 1. Brangus animals had the largest weight loss,
regardless of the category, with 1.2% live weight loss for finishing and 6.8% loss for back-
grounding animals. On the other hand, Nellore animals had a live weight loss of 0.2% and
1.0% for the finishing and backgrounding phases, respectively.
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Fig. 1 Estimated weight loss (kg) of animals infested with Rhipicephalus microplus
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Fig.2 Comparison of estimated revenue (US$) and economic loss (US$) in animals infested with Rhipi-
cephalus microplus for a herd with 120 backgrounding animals and a herd of 260 finishing animals

Figure 2 shows the economic losses caused by tick infestations for each breed and
animal phases. Tick infestations caused greater economic loss to Brangus animals than
to Nellore animals, and the animals in the finishing phase had an economic loss of US$
2071.40, whereas the animals in the backgrounding category had an economic loss of
US$ 4153.79. Tick infestations caused lower economic loss to Nellore than to Brangus

animals, regardless of the phase.
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Cost of infestation

The amount paid for animals in the finishing phase was US$2.84/kg regardless of the
breed. For animals in the backgrounding phase, the price was US$1.41/kg for Nellore and
US$1.54/kg for Brangus.

The estimated value of a Brangus animal in the finishing category was US$ 685.00/ani-
mal, with a loss of US$7.97/animal due to tick infestation. For animals in the background-
ing phase, the estimated value was US$ 509.64/animal, with a loss of US$ 34.61/animal.
Nellore animals had an estimated value of US$649.20/animal, with a loss of US$1.18/ani-
mal, and US$ 489.11, with a loss of US$ 4.66/animal, for the finishing and backgrounding
phases, respectively.

Cost of treatment

The cost of treatment was estimated for the three methods of application separately. For
spraying, the cost of treatment was US$2.25/animal, regardless of breed and phase because
the volume of acaricide applied per animal is not affected by the animal’s weight. Taking
into account the 260 finishing animals and one application in a three-month period, the
cost of treatment was US$107.89. For the 120 animals in the backgrounding phase and five
applications in a year, the total cost of treatment was US$ 269.60.

For Brangus animals, the cost of treatment relative to the economic loss was 5.6% and
6.5% for animals in the finishing and backgrounding phases, respectively, whereas for Nel-
lore animals, the cost of treatment relative to the economic loss was 38.4% and 48.2% for
animals in the finishing and backgrounding phases, respectively (Fig. 3).

The cost of pour-on control for animals in the finishing and backgrounding phases was
US$0.55/animal and US$1.85/animal, respectively. The relationship between the cost of
pour-on treatment and economic losses was 6.5% for Brangus animals, 39.7% for Nellore
animals in the backgrounding phase, and 145.1% for Nellore animals in the finishing phase
(Fig. 4).
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Fig. 3 Relationship between spraying costs and economic losses due to Rhipicephalus microplus infestation
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Fig.4 Relationship between the cost of pour-on treatment and economic losses due to Rhipicephalus
microplus infestation
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Fig.5 Relationship between the cost of injectable treatments and economic losses due to Rhipicephalus
microplus infestation

The costs of the injectable treatment for animals in the backgrounding and finishing phases
were US$2.09/animal and US$1.70/animal, respectively. The lowest cost/loss ratio was
observed for Brangus animals in the backgrounding phase, and the largest, for Nellore animals
(Fig. 5).

The figures above show the economic efficiency for all treatments for Brangus animals
regardless of the category.
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Discussion

The results of the present study demonstrate that Nellore and Brangus animals and their
crossbreeds lose weight when infested with R. microplus. The highest weight losses were
observed in Brangus animals, mainly in the backgrounding phase, during which they lost
6.89% of their live weights. By extrapolating the data to a herd with more animals, the
losses become more evident. For example, for 1000 animals in the backgrounding phase,
the loss would total 22,440 kg/year, and for the same number of animals in the finishing
phase, the total loss would be 5610 kg in three months. These data demonstrate a negative
effect on the animals’ meat production performance. Crosses between European (adapted
or not) and zebu breeds generally result in animals with good reproductive capacity in trop-
ical environments, and these animals are better at gaining weight (Filho 2008; Euclides
et al. 2014).

The results of the present study demonstrate that tick infestations cause economic
losses; thus, producers have lower profits, and these profits could be used for the purchase
of replacement animals, which comprise the most expensive item of the backgrounding-fin-
ishing system, followed by the expenditures for minerals and concentrates (Wedekin 2017).
Animals in the finishing phase had the highest revenues estimated in US$ 346,891.20, and
the economic loss caused by tick infestation in this same category was US$ 2376.00. For
animals in the backgrounding phase, the revenue was US$ 118,956.20, which is lower than
that found for the finishing phase, and the loss for animals in the backgrounding phase
was higher, totaling US$ 4713.03. We evaluated the backgrounding and finishing phases
because they represent two important stages in beef cattle production systems. The back-
grounding phase is when the animal develops muscle mass and bone structure, and finish-
ing is when the animal gains weight by faster deposition of muscle and fat. At slaughter,
the most important aspect of body composition is the proportion of muscle and fat in the
carcass because it determines most of the animal’s economic value and affects the effi-
ciency and costs of meat production (Berg and Butterfield 1979).

Nellore animals compose most of the beef cattle herd of Central Brazil because they are
more adaptable to tropical conditions (Wedekin 2017). In our study, Nellore animals had
little economic and weight loss due to tick infestation because this breed is more resistant
to ticks. According to Verissimo (1999), animals with 25 or fewer ticks on one side, which
would result in low or almost no economic loss, are resistant to ticks.

Strategic control aims to reduce the tick population on animals through lower appli-
cations of acaricides (Andreotti et al. 2019). The analyses of the strategic control costs
demonstrate that strategic control is economically viable for Brangus animals in the back-
grounding phase, regardless of the method of application. Thus, the strategic control
contributes to the development of the Brangus’ genetic potential and to a more efficient
production system. Bonatte Junior et al. (2019) reported that high tick counts in Bran-
gus animals coincide with the postweaning period, when the animals are highly stressed,
which may affect their immunological resistance and favor parasitism. Brangus animals
that received no treatment had the lowest weight gain, greater number of ticks and higher
expenses for bovine babesiosis and anaplasmosis prophylactic treatments and myiasis cura-
tive treatments (Bonatte Janior et al. 2019).

For the other categories, the relationship between the cost of treatment and economic
losses due to R. microplus infestation varies according to the method of application. In
Nellore animals, control is not necessarily economically efficient; thus, for Nellore ani-
mals, the use of acaricides should be analyzed case by case. According to Andreotti et al.
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(2018), in a situation where tick infestation has little effect on pure B. indicus animals such
as Nellore, acaricides should not be used; however, when B. taurus and Bos indicus ani-
mals are raised in the same environment, the tick population tends to increase, thereby
requiring the use of acaricides.

In 2018, Brazil produced 10.96 million carcass weight equivalents, which was an
increase of 12.8% over 2017. The state of Mato Grosso do Sul has a cattle herd of
21,670,275 head with beef genetic traits (Abiec 2019). Therefore, the potential exists for
beef production, and strategic control can help reduce tick infestations and, consequently,
increase productivity.

The hypothetical analysis performed in this study, which analyzed, in terms of the tech-
nical and financial performance of beef production, the economic losses caused by tick
infestation by considering weight loss in kilograms (Honer and Gomes 1990), while also
updating data on the number of ticks (Andreotti et al. 2018), corroborated other studies that
showed the tick R. microplus causes economic losses to the beef cattle production system
(Gomes 1990; Grisi et al. 2014; Andreotti et al. 2018). The data suggest that it is impor-
tant to compare the productivity loss to the economic efficiency of the strategic control
because, when the cost of control is compared to the economic losses caused by tick infes-
tations (cost/loss), the control may be economically efficient for reducing tick infestations.
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