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Abstract

Is well known the taurine and zebuine susceptibility to Rhipicephalus microplus. Few are the reports regarding tick popu-
lation dynamics between the same herd/breed, and because of this, two experiments were performed. In the 1st, the cattle
tick population dynamics in dairy nursing calves (reared collective and individually), weaning calves (4—16 months), heif-
ers (17-29 months), cows in lactation and dry cows (=30 months) from the same herd, tick burden and milk production
correlation were performed, for two years. R. microplus females (4.5-8.0 mm) counts and the milk production were per-
formed every 28 and 14 days, respectively. In the 2nd experiment, bovines belonging to different categories/age (newborn
without previous contact with tick; 12—13 months with tick contact since birth; and 23—24 months with tick contact since
birth) were experimentally infested with 30,000 R. microplus larvae, to quantify the number of fully engorged females
detached from these animals. In the 1st experiment, when the mean counts of tick were >30 all animals of the group were
treated. Nursing calves showed 3—4 peaks of ticks, animals reared individually showed smaller (p <0.05) tick burden than
those reared collectively. Weaning calves (4—8 months) showed 5 tick peaks/year and higher mean tick burden was found
than other categories. On the other hand, animals with 17-29 months of age showed smallest (p<0.05) tick burden, with
3 tick peaks/year. When the animal become lactating the tick burden increase, and 5 peaks/year occurred, and decrease
again in dry cows (p<0.05) showing 4-5 tick peaks/year. Weaning calves and lactating cows received more acaricide
treatments (p<0.05), 18 and 15, respectively. Nursing calves reared individually, and heifers (21-29 months) were the
categories that received two acaricide treatments. The more milk the cow produce, more ticks it has (p<0.05). In the 2nd
experiment, more (p<0.05) fully engorged females were recovered from younger animals than older ones. So, different
tick control strategies need to be adopted in different dairy cattle categories, and the tick burden should be considered,
once the effect may be more inherent to the animal rather than the strategy adopted.
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Introduction

The cattle tick, Rhipicephalus microplus, is widely distrib-
uted in tropical and subtropical regions where the dairy
production is an important activity causing sanitary and
economic problems due to its hematophagy, transmission of
pathogenic agents to the host and costs with treatments and
labor (Jonsson et al. 1998; Grisi et al. 2014; Perez de Leon
et al., 2020). Depending on the region, the cattle tick can
complete until five generation per year (Hernandez-A et al.
2000; Cruz et al. 2020; Nicaretta et al. 2021a).

It is well known that taurine (Bos faurus taurus) breeds
are more susceptible to tick burden than zebu breeds (Bos
taurus indicus) (Jonsson et al. 2014). In addition, the physi-
ological state of different animal categories, sex, fur color,
can be more vulnerable to cattle tick parasitism (Silva et al.
2010; Silva et al., 2013). Tick strategic control measures are
set up regarding epidemiological and biological knowledge.
Life cycle bionomic aspects and population dynamics are
some of important ones (Rodriguez-Vivas et al. 2018; Nica-
retta et al. 2021b).

Journal articles about seasonal and population dynamics
of R. microplus usually assessed a single animal category
(Nava et al. 2013; Rocha et al. 2019; Nicaretta et al. 2021a).
There is no specific study about tick population dynamics
assessing all different categories from the same herd. In
addition, there is little information regarding tick burden
impact on milk production. Therefore, there were performed
two experiments in the present work. The first aimed to ver-
ify the cattle tick population dynamics in nursing calves,
weaning calves, heifers, and cows from the same herd and
its tick burden and milk production correlation. The second
experiment, aimed to quantify the fully engorged females of
R. microplus detached from experimentally infested bovines
belonging to different categories/age (newborn without pre-
vious contact with tick; 12—13 months and 23-24 months
old both with tick contact since birth).

Materials and methods

Experiment 1 -Population dynamics ofRhipicephalus
microplusin dairy cattle.

Study location, season of the year, animals and
paddocks management

This study was conducted from September 2015 to August
2017, on a dairy farm located in the municipality of Sdo
Jos¢ do Rio Pardo state of Sdo Paulo, Brazil. According
to the Koppen-Geiger classification (Alvares et al., 2013),
the climate of the region is subtropical with annual rainfall
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of approximately 1430 mm concentrated from October
to March (spring—summer). A purebred Simmental cattle
(n=302) for milk purposes created in a grazing area were
used. As the objective of the study was to evaluate the
dynamics of R. microplus in different categories/ages, it was
decided to use the Simmental breed that is a pure taurine
breed with high susceptibility to the tick.

The animals were evaluated by category: nursing calves
(until 3 months of age); weaning calves (4—16 months);
heifers (17-29 months of age) and cows (=30 months of
age). The nursing calves were kept in individual (tropical)
or collective rearing system, each animal received 4 L of
milk daily until 2 months and 2 L of milk until the wean-
ing plus 3 kg of feed and 5 kg of corn silage. The wean-
ing calves were separated by age (=4-8, 9—12 and 13-16
months of age), each receiving daily 1.5 kg of feed and
10 kg of corn silage. The heifers were subdivided in two
groups, able to reproduction (= 17-20 months of age) and
pregnant (=21-29 months of age) receiving 2.5 kg of feed/
animal/day and 25 kg of corn silage/animal/day. The cows
were separated in lactating and dry, both receiving Coast
cross pasture and 3.5 kg of feed/animal/day plus 35 kg of
corn silage/animal/day and 2.5 kg of feed/animal/day plus
30 kg of corn silage/animal/day, respectively. Each animal
category described received water ad libitum and kept in
different paddocks, as shown in Fig. 1.

Over the two years of study each dairy category had a
mean number of animal and stocking rate (animal unit per
hectare - AU/ha). The mean number of animals and AU/ha
for each dairy cattle category is in board 1. The vegetation
of each paddock, over the 23-24 months of the trial, was
similar between the different category/paddock. Between
the months of June and September, the forage mass of the
pastures of all the paddocks became drier, due to the dry
period of the year since low occurrence of rains during this
time of the year. Anyway, there was the presence of for-
age mass during the whole period. This occurred because
the animals were supplemented with corn silage and feed
throughout the study. Although the animals in the older cat-
egories had a higher stocking rate, the amount of silage and
feed for these animals was also higher, allowing paddocks
to remain similar in relation to forage mass between groups
throughout the study. There was no shaded area (natural or
artificial) in any of the paddocks.

Dairy cattle category Mean number AU/

of animals ha
nursing calves - individual (=3 months) =15 1.39
nursing calves — collective (=3 months) =20 1.88
weaning calves (=4-8 months) =25 1.77
weaning calves (= 9-12 months) =25 2.13
weaning calves (= 13—16 months) =25 4.20
heifers (= 17-20 months) =25 5.87
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Fig. 1 Farm area showing the
different paddocks where the
animals were raised. Legend:

1 — nursing calves in individually
rearing up to 3 months of age;

2 —nursing calves in collective
rearing up to 3 months of age;

3 - weaning calves with 4 up to

8 months of age; 4 - weaning
calves with 9 up to12 months of
age; 5 - weaning calves with 13
up to 16 months of age; 6 - heif-
ers able to reproduce with 17 up
to 20 months of age; 7 - pregnant
heifers with 21 up to 29 months
of age; 8 - lactating cows =30
months of age; 9 - dry cows =30
months of age and 10 — corral
facilities. Image from Google
Earth

Dairy cattle category Mean number AU/
of animals ha
heifers (=21-29 months) =25 7.32
lactating cow (=30 months) =104 13.55
dry cow (=30 months) ~38 13.20

During the 24 months of the study, the animals were
managed for the different paddocks according to their age/
category. For example, the animal X when born remained in
the paddock “nursing calves” up to =3 months. After that,
this same animal was transferred to the “weaning calves”
paddock, where it remained until =8 months; and so on
until the female gave birth for the first time, when they
were placed in the “lactating cow” paddock. After the first
calving, the animals were alternating between the paddock
“lactating cows” (during lactation) and “dry cow” (during

the dry period and pre-calving of the next lactation). That
is, this management occurred with all animals, during the
entire experimental period, and was conditioned to the date
of birth of each animal evaluated during the study. However,
every 30 days there were animals that were being managed
for different paddocks, according to age or lactation status.

Weaning calves and heifers up to 20 months of age
received preventive albendazole-based anthelmintic (Val-
bazen®, Zoetis) every four months according to the farm
routine. Vaccines against Foot and Mouth Disease, Rabies
and Clostridiosis (Clostridium tetani, Clostridium botuli-
num and Clostridium perfringens) were administered. In
addition, all females were vaccinated against Brucellosis at
4 months of age and received in the months of May and
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November of both years vaccine against Foot-and-Mouth
disease.

Ticks counts, treatment, tick peaks observation,
rainfall, and environmental temperature

Counts of partially engorged females of R. microplus,
between 4.5 and 8.0 mm in length, were quantified on the
left side of each animal every 28 days, according to the
methodology recommended by Wharton and Utech (1970).
The tick counts in each category were performed synchro-
nously to prevent differential tick exposure due to the tem-
poral variation of tick abundance. When the mean counts
of R. microplus females in the respective category were
>30, all animals of the group were treated with flumethrin
(1mg/kg, Bayticol®, Elanco Animal Health) as the manu-
facturer recommendations. This product was chosen due to
the absence of residual effect that could interfere in the tick
population during the study (Nicaretta et al., 2021b).

The determination on the tick peaks were based on
the high tick counts observed during the study period. In
December 2016, categories that showed the higher (wean-
ing calves with 4 to months) and lesser tick burden (heif-
ers 20 to 29 months) had females ticks (n=10) collected to
verify their biological parameter such as: female weight (g),
egg mass weight (g), larvae hatchability visually estimated
using a stereomicroscope with an ocular grid to compare the
proportion of larvae in relation to the proportion of whole
eggs for each group and reproductive efficiency X% hatch-
ing x 20,000, where 20,000 being a constant corresponding
to an estimate of the number of R. microplus larvae con-
tained in 1 g of eggs - Labruna et al. 1997. In addition, rain-
fall and temperature records were obtained in the farm. For
rainfall was used a pluviometer equipment (Incoterm 4755)
and for environmental temperature was used HOBO data
logger (MX2305).

Animal milk production

The cows were milked twice a day, in the morning (04:00 to
06:00h) and afternoon (14:00 to 15:30h), during the whole
experimental period (two years). Every 14 days the milk
produced per cow/day were measured, and the milk produc-
tion of each animal and the lactation curve at 305 days of
lactation were evaluated. The lactation curve considering
each month of lactation was calculated in accordance the
methodology described by Molento et al. (2004). The values
of milk production were expressed in mean total per animal/
month, for example: cow X in the 14th days of lactation pro-
duced 16.5 liters and with 28 days of lactation it produced
21.6 liters, corresponding to a daily mean value of 19.05
liters of milk produced during this period, or corresponding
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a total of 571.5 liters (19.05 liters x 30 days) produced in
the first month of lactation. This value was calculated for
each month of lactation for each animal, and subsequently
the curve of lactation of cows throughout lactation was
calculated.

The milk production of each animal at 305 days of lac-
tation was evaluated, according to pre-established criteria
by the IDEAGRI software (2021). This calculation was per-
formed to compare the milk production of cows in different
lactations. For both calculations, only milk data from cows
that completed lactation two months before the next calv-
ing were considered. Animals that demonstrated any con-
comitant disease during lactation, with mastitis for example,
were not included in this analysis.

In addition, to prevent a large infestation by Haema-
tobia irritans that could influence in the milk production,
each cow was treated with insecticide-containing ear tags
containing diazinon 6 g (Top Tag® - Zoetis, Brazil), which
were placed in the left ear of each animal. The ear tags were
replaced with new tags every six months until the end of
the study.

Experiment 2 - Experimental infestation of R. micro-
plus in '/, Girolando males of different categories/age

Due to the results obtained in the experiment 1, it was
decided to perform a second experiment to evaluate the
quantity of fully engorged females ticks detached from
experimentally infested animals with different ages and pre-
vious contact or not with R. microplus.

Location, animals, infestations and counting of
engorged R. microplus females detached from the
animals

This trial was conducted from October - December 2020
in the Large Animal Barn of the School of Veterinary Sci-
ence and Animal Husbandry of the Federal University of
Goias (EVZ-UFG). Twelve uncastrated male cattle (15/16
Girolando) of different categories/age from a dairy farm
(Céu Azul Farm) located in the municipality of Silvéania,
state of Goias were used. These animals did not receive any
antiparasitic treatment for the prior 90 days; in the case of
animals with seven days old (newborn), they did not have
contact with antiparasitic drugs since birth. All animals
were identified using numbered ear tags. At the beginning
of the experimental infestations with the cattle tick larvae,
four calves were 11 days old without previous contact with
R. microplus since birth, called newborns; another four with
12—13 months of age and with contact with the cattle tick
since birth; and four with 23—-24 months of age and rearing
in contact with R. microplus since birth.

The category of newborn calves (with seven days of life
at the beginning of the experiment) were born on the Céu



Veterinary Research Communications (2023) 47:539-557

543

Azul farm on a concrete floor, where they received colos-
trum, and within 48 h after that, they were transported to
the EVZ-UFG barn (D-35). All animals were housed indi-
vidually in pens of 9m? with slatted floor during the entire
experiment and these newborn calves received seven liters
of milk substitute (Nattimilk®-Auster) daily, in addition to
water and feed ad libitum. From the 20th day of life, silage
and 2 kg of commercial feed were provided ad libitum for
these animals as well. The animals aged 12—13 and 23-24
months old were brought newborn from the farm and kept
in pastures at EVZ-UFG where they have contact with ticks.
To this second experiment, on D-35 and were allocated indi-
vidually in pens with slatted floor in EVZ-UFG barn. The
animals received corn silage, feed, and mineral supplement
ad libitum during the entire period.

The period between D-35 and D-25 was considered as
the animals’ acclimatization period. After this initial stage,
all animals were infested with ~ 10,000 R. microplus lar-
vae (originating from 0.5 gram of eggs) with a mean age
of seven to 14 days, on days —24, —22 and -21. In total,
each animal received ~ 30,000 R. microplus larvae. The pen
door was opened, and the animal’s identification checked.
Then the animals were restrained (tied) to be infested with
ticks in the pen itself. Syringes with the tip cut containing
the larvae were applied gently along the dorsal and/or lat-
eral line of the animal. The bovines were restrained from
approximately 60 min to avoid the animal remove the lar-
vae and allowing them to move into the coat and choose an
attachment site.

The R. microplus strain used was GYN (Duque et al.,
2021) and is currently maintained in the Veterinary Para-
sitology Center — EVZ/UFG, fed on cattle during the
parasitic phase and allocated in a BOD incubator (27 °C,
80%RU) during the free-living stage. On days 0 until + 10,
fully engorged R. microplus females that detached from
each animal were counted. All pens were washed daily in
the morning period (between 08:00 and 09:00 a.m.). Then,
the engorged females were counted manually. At day+ 10,
the animal phase was finalized, and all animals received
spray acaricide treatment with cypermetrin+ chlorpyriphos
(Colosso® spray — Ouro Fino Animal Health), in accor-
dance with the test results of the Adult Immersion Test
(Drummond et al. 1973) performed.

Statistical analysis

Data obtained from the counts of R. microplus females
between 4.5 and 8 mm of length (experiment 1), or fully
engorged R. microplus females that detached from the
animals (experiment 2), were log transformed using the
equation In (x+1) and analyzed in an entirely random-
ized design. The data complied with the assumptions of

normality and homogeneity of variances and residuals after
the transformation. Means counts of R. microplus obtained
of each category during the two years of study, were com-
pared using Tukey’s test (Proc GLM, SAS, 2016). To the
total of treatments performed in each category in the two
years, was used the Fisher’s Exact Test.

Means of tick counts, prevalence of animals infested
with R. microplus and animal stocking rate were described
per month for each animal category. Month x prevalence
and stocking rate x prevalence data were analyzed within
each category, in a completely randomized design, using the
Kruskal-Wallis test. Correlation analyzes were performed,
within the same category, between mean tick count x preva-
lence x stocking rate.

In addition, the variables mean tick counts, animal cat-
egory and stocking rate considering over the two years of
the study were submitted to multiple regression analysis.
After that, the variables mean tick counts of each animal
category of the two years and the mean stocking rate over
the two years, for each animal category, were subjected to
linear regression analysis with the calculation of Pearson’s
correlation coefficients. Variables with P<0.05 and with the
highest coefficients of determination (R?>0.70) were con-
sidered the best descriptors, where R?>0.70 was considered
a strong correlation and R?<0.69 a not so strong correlation.

The data regarding milk production of the animals and
R. microplus counts met the prerogatives of homogeneity
of variance, normality and residue analysis. Subsequently,
three correlation and regression analyze were performed.
The first was between the curve of lactation (total milk in
liters produced per month per cow during lactation) and tick
counts; the second between the total milk in liters produced
by each cow in 305 days of lactation in different lactations,
with tick counts; and the third, was between the total of milk
in liters produced by each cow in 305 days of lactation, and
tick counts, independently of the lactation. The first and the
second analyses were performed to show if there is a cor-
relation between milk production and tick counts during a
lactation, or between the different lactations, and the third
analyze was performed to determine if the cows that more
produce milk are the ones that show more R. microplus.
For these linear regressions, variables with P<0.05 and the
highest coefficients of determination (R?=>0.70) were con-
sidered the best descriptors. The reliability level was 95%.
Only milk and tick count data from cows that completed
lactation two months before the next calving were included
in the correlation and regression analyzes.
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Fig.2 Mean tick count of each

Mean stocking rate over the two years
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Fig. 3 Mean tick counts performed during September 2015 to September 2017 in Simmental nursing calves. A: nursing calves individual rearing
up to 3 months of age; B: nursing calves collective rearing up to 3 months of age. * = Acaricide treatment; red arrow =tick peak

Results
Experiment 1

The mean tick counts, tick peaks, and acaricide treatments
performed in each group over the two years (September
2015 — August 2017) of the study are shown in Figs. 2, 3, 4
and 5, being Fig. 2 the results of mean tick count between
the categories including the two years. Figures 3, 4 and 5;
Tables 1, 2, 3, 4 and 5, showing the tick peaks and treat-
ments over the years of the study from, nursing calves,
weaning calves/heifers and lactating/dry cows, respectively.

The mean tick count of the categories including the two
years was statistically different (p <0.05), where the wean-
ing calves of 4-8 months of age showed the higher mean tick
burden than other categories (Fig. 2). Between the nursing
calves reared individually and collectively, the animals from
the first category showed a tick burden less than the second
category (p<0.05). Animals from 4 to 29 months (weaning

@ Springer

calves/heifers) showed a tick burden inversely proportional
to the age (p<0.05). In other words, younger animals from
these mentioned categories were more infested by R. micro-
plus. However, when the animal become lactating the tick
burden increase, and decrease again in dry cows (p<0.05)
(Fig. 2).

In some categories (both nursing calves and heifers 13—16
months of age) three and four tick peaks were observed in
the year 1 and 2, respectively. The tick peaks stood out in the
weaning calves of 4-8 months of age (Fig. 4 A), heifers of
9-12 months of age (Fig. 4B) and lactating cows (Fig. 5 A)
with five peaks per year each. While heifers with 17-20
(Fig. 4D) and 21-29 months of age (Fig. 4E) showed the less
quantity of tick peaks (n=3 peaks per year). The weaning
calves (4—-8 months of age, Fig. 4 A and Table 6) and lactat-
ing cows (=30 months of age, Fig. 5 A and Table 6) received
more treatments (p<0.05), being 18 and 15, respectively.
The nursing calves reared individually (until 3 months of
age, Fig. 3 A and Table 6) and the pregnant heifers (21-29
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cows. * = Acaricide treatment; red arrow =tick peak

months of age, Fig. 4E; Table 6) were the categories that
received only two acaricide treatments (p <0.05). The bio-
logical parameters of the ticks collected in December of
2016 from weaning calves 4-8 months of age were female
weight of 2.190 g, egg mass weight of 0.933 g, 98.3% of
hatchability and reproductive efficiency of 837,569.86. For
the heifers 20-29 months of age the same parameters were
2.193 g, 0.672 g, 72.60% and 444,935.70, respectively.
During the experiment period the rainfall in the year 1,
ranged from 1 to 451 mm and 5-321 mm in year 2 (Fig. 6 A).
In the year 1 the rain volume (2,269 mm) was higher than
the rain volume (1,659.25) of the year 2. However, the rain
was more constant in year 2. It was observed a lack of rain
in April of the year 1. The mean of the maximum tempera-
ture during the first year and second year of the study ranged

from 26 to 38 °C and 27-35 °C, respectively (Fig. 6B).
The mean of the medium temperature was 19-28 °C and
19-27 °C (Fig. 6 C). While the mean of the minimum tem-
perature was 11-21 °C and 11-19 °C (Fig. 6D).

There was no correlation (p>0.05) between the results
of mean tick counts evaluated per month with the preva-
lence of cattle infested by R. microplus, stocking rate and
prevalence. By the multiple regression analysis performed
considering the two years of study, no correlation was
observed between mean tick counts, animal category and
the mean stocking rate [ticks=32.93+(category*-0.64) +
(stocking rate*0.74); r=0.21; R?>=0.05; p=0.8682]. More-
over, through regression analysis, no correlation (r=0.1746;
R? = 0.0305; p=0.6529) was observed between mean tick
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Table 5 Month of the year, mean tick counts, range of the tick counts, number of animals with ticks, total of animals of the paddocks, prevalence
of animals infested by R. microplus and stocking rate of dry cows (>30 months) during the study

Dry cow >30 months

Month Tick mean count Range Number of animals  Total of animals Prevalence of Stock-
with ticks infested animals ing
rate
September 19.8 0to 223 46 53 86.8 16.6
October 12.3 0to 110 46 53 86.8 16.6
November 20.5 0to 111 53 54 98.1 16.8
December 11.7 0to 51 37 38 97.4 13.1
January* 33.6 20to 53 24 24 100.0 9.9
February 13.1 0to 56 41 50 82.0 159
March 8.9 1to 21 32 32 100.0 11.7
April 28.7 0to 145 38 51 74.5 16.1
May 253 3t078 49 49 100.0 15.7
June 10.3 0to 138 25 46 54.3 15.0
July 15.2 0to 150 31 53 58.5 16.6
August 1.3 0to7 12 34 353 12.2
September 0.7 0to6 12 32 37.5 11.7
October 15.1 0to 102 18 33 54.5 12.0
November 59 0 to 69 32 48 66.7 15.4
December* 36.3 0to 81 42 45 93.3 14.7
January 29.0 0to 134 28 38 73.7 13.1
February 28.6 0to 89 29 31 93.5 11.5
March* 63.3 45 to 85 23 23 100.0 9.6
April 134 9to 31 30 30 100.0 11.3
May* 81.1 3210175 30 30 100.0 11.3
June 15.8 10 to 31 21 21 100.0 9.2
July 3.1 0to23 19 26 73.1 10.3
August 1.3 O0to13 24 26 92.3 10.3
Mean 20.6 - - 38.3 - 13.2

Table 6 Number of acaricide treatment performed against the cattle
tick in the different dairy cattle categories during the experiment
period of two years

Dairy cattle category Total
of treatments*
nursing calves - individual 24
nursing calves - collective gbe
weaning calves (4 to 8 months) 18°
weaning calves (9 to12 months) 11°
weaning calves (13 to 16 months of age) 7be
heifers able to reproduce (17 to 20 months) 4¢
pregnant heifers (21 to 29 months) 24
lactating cows (=30 months) 15%
dry cows (=30 months) 4°
P value 0.0002
Coefficient of variation 36.5

*Total of treatments followed by the same letter in the column does
not differ (P >0.05)

counts of each animal category of the two years and the
mean stocking rate over the two years.

The lactation curve in liters of milk production and the
total of milk production in liters in 305 days per lactation of
the cows over a two-year period are describe in Figs. 7 and

@ Springer

8, respectively. The regression analysis regarding the curve
of lactation during one lactation showed a positive linear
correlation. It was observed that from the fourth month of
the lactation the milk production and the tick counts were
directly proportional (R?=0.99, r=0.99, p<0.0001) and
declined (Fig. 7). Evaluating the total of milk production
of cows for 305 days in different lactation, and total of tick
counts, there is a positive linear correlation too (R2:0.92,
r=0.96, p=0.0001). The third regression analysis per-
formed regarding of total of milk production and total of
tick counts of the lactating cows for 305 days, indepen-
dently of the lactation, showed a positive linear correlation
too (Y =0,2648*X +75,42; r=0.9814; R?=0.9632), in other
words, when more milk the cow produce, more ticks this
cow presented.

Experiment 2

Table 7 describes the results regarding the counts of R.
microplus fully engorged females detached from the ani-
mals. It was possible to observe that the mean count of
females quantified from newborn calves, 12—13 months
old and 23-24 months old was 447.61, 119.9 and 40.4,
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perature (°C); C: mean of the medium temperature (°C) and D: mean of the minimum temperature (°C)

Fig. 7 Multiple regression analysis for milk production during
one lactation (lactation curve) and Rhipicephalus microplus
burden in relation to the month of lactation of the cows over a
two-year period

Milk production — mean total per animal (liters)

respectively. The younger the cattle, the greater (p<0.05)
was the number of ticks quantified.

Newborn calves were treated with the spray formulation
based on cypermethrin+chlorpyrifos on D +6, due to the
high tick burden on these animals by ticks (mean of 779.7
fully engorged females/animal). In bovines aged 12—13 and
23-24 months, tick recovery occurred until D+ 10, when
these animals also received acaricide spray treatment con-
taining cypermethrin + chlorpyrifos.

Milk —Tick

650 milk=1493.75+(-0.08*tick)+(-108.07*month of lactation) 200

R?=0.99- r=0.99 - p <0.0001
550 150

450 100

350 50
250 25
150 15

Count of R. microplus — mean total per animal

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Month of lactation

Discussion

This study brings new results regarding tick counts, tick
peaks and acaricide treatment in nine different categories
from the same herd, including nursing calves to dry cows
raised in the same production system. In addition, a correla-
tion between tick burden and milk production was evalu-
ated. It was verified that the tick count and the population
dynamic varied according to the animal category within
the same property. Other point is that the more productive
cows showed higher tick burden. It is important to highlight
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Milk —Tick

7000 milk=131.30+ (0.24*R. microplus) + (-6.48*N. of lactation); = 2000
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Fig.8 Multiple regression analysis for total milk in liters production in
305 days of lactation and Rhipicephalus microplus burden in relation
to the number of the cow’s lactation over a two-year period

that some of these results has been seen in practice, but not
yet scientific reported. Moreover, this fact limits the trial
finding’s utility for herds managed in a different way. Even
that, it was observed that newborn animals are more suscep-
tible to tick burden than older ones after an experimentally
infestation.

In the current study, different dairy cattle categories pre-
sented different tick burden. The weaning calves of 4-8
months of age showed a higher tick count than others and
the tick counts reduced until calving. However, the num-
ber of ticks found in the lactating cows increased being
statically equal to the weaning calves of 4-8 months, and
different from the dry cows. Possibly the susceptibility to
tick parasitism, in the same breed, can be explained by the
age, physiological and immunological state that the animals
are as caused by intrinsic (hormones) and extrinsic fac-
tors (environment, management) (Jonsson 2006; Silva et
al. 2010; Silva et al., 2013; Rocha et al. 2019). More ticks
found in newly weaned category may be related to stressful
factors that these animals suffer in the field, for example the
milk diet. Nursing calves ingest about 20% of body weight
per day and reach up to 1 kg of daily weight gain (Flower
et al., 2001). Preventive management measures, such as the
gradual withdrawal of milk from the calf are adopted to
avoid health problems after weaning (Lorenz et al. 2011).
Regardless, the simple removal of milk already reduces the
mean daily weight gain of post-weaning calves (Jasper and
Weary, 2002), in addition to these animals are usually modi-
fied from environment/paddock. Possibly these aspects end
up depressing the immune system of the animals in this cat-
egory, what make them more susceptible to tick parasitism
and tickborne diseases (Souza et al. 2021).

On the other hand, in the present study, as the weaned
animals became older, the tick burden decreased. The heif-
ers able to reproduce (17-20 months of age) and the preg-
nant heifers (21-29 months of age) demonstrated lower tick
burden and fewer peaks of R. microplus. Three peaks of R.

@ Springer

microplus were identified in years 1 and 2 of these catego-
ries, and in addition, following the pre-established criteria
in this study, for the heifers able to reproduce one tick treat-
ment was needed in year 1, and three treatments in year 2.
For the pregnant heifers category, only one tick treatment
was performed each year of the study. It is well known the
differences in the immunological response of Bos t. taurus
and Bos t. indicus breeds related to the cattle tick parasitism
(Carvalho et al. 2008; Piper et al. 2009, 2010; Constantinoiu
et al. 2010). However, in the literature known to us, there
are no studies that have observed these aspects in different
categories of the same herd/breed, which makes it difficult
to discuss the results found in the present study. Anyway, a
possible explanation regarding the degree of infestation of
the different categories may be related to some immunologi-
cal/hormonal factor in animals between 17 and 29 months of
age, which is responsible for maintaining a low tick burden
in these animals, when compared to other more susceptible
categories. Other aspect observed in the current study which
can reinforce this hypothesis are the biological parameters
obtained from the engorged females ticks recovered from
the most parasitized cattle in experiment 1 (weaning calves,
4-8 months) and the less one (heifers, 21-29 months) and
the results obtained in the experiment 2.

In the present study, by experiment 2, possibly for
immunological reasons of the host, ticks have greater dif-
ficulty in completing their life cycle, and becoming a fully
engorged female in older animals (£ 23-24 months of age)
than in younger cattle. It is known that the host can develop
an acquired resistance to tick after repeated infestation in
which result in decreased numbers of engorged ticks or
tick death (Wikel 1996; Piper et al. 2010; Karasuyama et
al. 2020). Consequently, this situation could provide less
environmental contamination by larvae. In other words, less
larvae on pastures, keeping the tick burden on these animals
lower. These findings are extremely important for the field,
warning that the tick control in the same property needs to
be performed in a personalized way for the different animal
categories. Despite exist different tick susceptibility within
the same breed as verified in the present study and by other
works (Wambura et al. 1998; Verissimo et al., 2002; Silva et
al. 2010) and the tick burden should be considered when a
control method is proposed (Nicaretta et al. 2021b). Some-
times the farmers prejudge the efficiency of a control mea-
sure adopted, however they do not consider the animal tick
burden or animal category when choose this method. The
results of the current study suggest that the effect may be
more inherent in the animal rather than the strategy adopted.
However, new studies are necessary to evaluate the process
in each dairy cattle category.

In addition, the increase in the stocking rate can increases
the herd tick burden (Labruna and Verissimo 2001; Nava
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et al. 2013; Teel et al. 1998, Nicaretta et al., 2020). In the
present study, there was no correlation between the stock-
ing rate of the animals and the tick burden. It is important
to reinforce that probably the stocking rate is a factor that
can influence the tick burden if we consider the same cat-
egory/age of animal, and the period that these categories are
in paddocks with high or low stocking rate. In the present
study, the greatest variation in stocking rate within the same
category occurred in lactating cows (8.5 to 16.7 AU/hect-
are; mean deviation of 1.7 including the entire study period)
and dry cows (9.2 to 16.8 AU/hectare; mean deviation of
2.3 including the entire study period), while in the other
categories the mean stocking rate during the study varied
by approximately 0.5 AU/hectare. However, it is important
to highlight that the lowest stocking rates observed for the
lactating and dry cows occurred during a short period of
time. For example, in October, November and December
2015, the stocking rate of lactating cows was 12.9, 9.5 and
13.9 AU/hectare, respectively. A scenario like this, occurred
again for this same category between June, July, and August
2017. That is, the period of 30 days in which the animals
maintained a lower stocking rate, possibly, was not enough
to change the tick load on the animals of this category during
this period. The results found by Nicaretta et al., (2020), in
the same property in which this study was carried out, help
to reinforce the hypothesis described above. In the work
published by these researchers, the tick burden increased
significantly in the group of cattle that were subjected to a
higher stocking rate (considering only the grazing area/day),
after approximately 60 days of grazing. Moreoever, if only
grazing area/day is considered in the work of Nicaretta et al.
(2020), the stocking rate designated to animals with more
ticks, was 20.9 times higher compared to the other group
of animals.

The calves raised individually showed less ticks than the
calves raised collectively. The dairy calves raised individ-
ually, in a tropical system, has a limited area while those
raised collectively has free access to the paddock area in
which allow them a higher contact with ticks spread on the
pasture by different animals. In addition, studies reported
that collective housing is a risk factor to increase the prob-
lem caused by parasites in the herd (Cruvinel et al., 2020),
while animals at individual system can limit the spread of
diseases (Waele et al. 2010; Weiller et al. 2020). Possibly, it
could explain why calves raised individually had less tick
burden. Regarding the number of tick peaks and treatments,
weaning calves (4-8 months) and lactating cows were the
most treated animals during the experimental period. It is
important to highlight that the acaricide treatments were
performed when animals from the same category showed
a mean tick burden>30 females ticks (4.5-8 mm). In some
categories, the tick peaks varied between the experimental

@ Springer

years. This could be related with the different levels of
rainfall in each year of the study, besides the animal tick
susceptibility, once the non-parasitic stage of the cattle tick
is influenced by temperature and humidity/rainfall and can
accelerate the egg incubation, for example (Cruz et al. 2020;
Nicaretta et al. 2021a). A hypothesis that could explain this
in the current study, is that the constancy of rainfall occurred
between September to May was more relevant than the vol-
ume of rainfall in this same period. In the first year of the
study, despite the more volume of rainfall (2,269 mm), no
rainfall occurred in April. While in the second year, a total
volume of rainfall was lesser than year (1,659.25 mm), but
there was a constant volume of rainfall between September
to May. Probably, this may have influenced in more peaks of
the tick in some categories in July in the second year.

In the lactating cow category, the most productive animals
were the most parasitized ones as observed in other studies
(Jonsson et al., 2006; Silva et al., 2013). An effect of peri-
partum, defined between five weeks before and five weeks
after the cow birth (Silva et al., 2013), did not influenced the
tick burden in the present study. In beef cattle, Hereford and
Braford, was concluded that in general, the tick counts did
not show relationship with productivity (Biegelmyer et al.,
2017). Maybe it could be related to the age of the animals
once in the study performed by these authors, the animal’s
age was about 18 months. In the current study, the animals
with 17 up to 29 months of age naturally presented a smaller
tick burden, and possibly it can be influenced the results.
However, future studies should be performed. Mapholi et
al. (2016) studying markers associated to host resistance
to ticks in Nguni cattle (South Africa) detected polymor-
phisms genomic in regions associated with variation in tick
burden highlighting that the genetic approach to tick con-
trol need to be carefully evaluated to select markers to have
productivity animals. These results highlight that the inter-
relationships between genes influencing tick resistance and
animal productivity until now are not yet well understood,
which makes clear the need for further studies related to
this subject. An alternative that could help to better under-
stand this theme would be the use of commercially avail-
able products that evaluate the genome of dairy and beef
cattle for productive characteristics (Carvalho et al. 2019;
Lima et al. 2019), which aims to select genetically more and
less productive animals, and then carry out studies of tick
experimental infestations. In addition, these same cattle can
be genetically evaluated for the presence of chromosomal
segments associated to a phenotypic characteristic of resis-
tance to ectoparasites (Gasparin et al. 2007; Regitano et al.
2008; Machado et al. 2010; Turner et al. 2010; Porto Neto et
al. 2011; Mapholi et al. 2014).
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Conclusion

In the present study, the weaning calves (4-8 months of
age) and the lactating cows were the dairy cattle catego-
ries which presented the higher tick burden, and five tick
peaks per year were observed in these categories. On the
other hand, the animals with 17 to 29 months of age showed
the smallest tick burden, with three tick peaks per year. Into
the lactating cow’s category, the animals most productive in
milk were those that presented more ticks. In situations such
as verified in this work, different control strategies against
R. microplus should be adopted in different categories. For
example, weaned calves 4 to 8 months and lactating cows
need more acaricide treatment than the nursing calves —
individual; heifers between 17 and 29 months and dry cows
like discussed in this study. These results were reinforced
by the results obtained in the experiment 2, where less
fully engorged R. microplus detached from older animals
(£23-24 months old), than compared to youngers animals
(newborn and 12—13 months old).
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