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CHAPTER 1
INTRODUCTION

ESTEFAN MIRANDA-MIRANDA!,
RUBEN HERNANDEZ ORTIZ!, SACHIN KUMAR?
AND RAQUEL COSSIO-BAYUGAR!

'Entomology Laboratory, Division of Parasitology, ICAR-Indian
Veterinary Research Institute, Izatnagar, Bareilly — 243122, Uttar
Pradesh, India.

2 Centro Nacional de Investigacion Disciplinaria en Salud Animal e
Inocuidad, INIFAP. Carretera Federal Cuernavaca-Cuautla No. 8534,
Progreso, 62574, Jiutepec, Morelos, México.

Ticks represent one of the most important parasitic arthropods in
biomedical research, second only to mosquitoes for their impact on public
health and livestock production (de la Fuente et al., 2008), and play an
important role in the transmission of a variety of lethal pathogens to many
animal and human hosts (Dantas-Torres et al., 2012; Yu et al., 2015).
Their combined action as pathogen vectors and blood sucking capacity
inflicts billions of dollars in worldwide losses to the cattle, milk, beef and
leather industries and a larger amount of money in medical investment to
prevent and treat tick-borne diseases in livestock, domestic animals, and
humans (Bulman, 2012; Narladkar, 2018; Narladkar, 2018).

Among the 900 species of ticks reported to date, some have adapted to
conditions generated by humans to infest domestic animals and livestock.
Those classified in the Ixodidae family and Rhipicephalus sp. genus are
obligate hematophagous ectoparasites that may be found around the world,
producing massive infestations on strayed dogs, wild cervids and freely
grazing cattle (Tan et al., 2021). The Rhipicephalus (Boophilus) microplus
tick has selected cattle as its preferred host, hence earning the name of the
common cattle tick. It is a single-host tick, which means that it develops
its entire parasitic phase on a single animal, which gives it greater chances
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of survival; therefore, it is feasible to develop four to five tick generations
over the course of a year. The economic losses caused by R microplus
infestation with its associated diseases and control costs have been
calculated at USD $13.9-18.7 billion per year worldwide (Jaime Betancur
Hurtado and Giraldo-Rios, 2019). In some countries, such as Mexico,
economic losses due to Rhipicephalus sp. ticks on livestock depend on
conditions such as herd size, breed, age, and tick species, since the
environmental conditions of livestock exploitation are different in each
country, with estimated average annual losses attributed to R. microplus
infestations of 3.24 billion USD in Brazil (Grisi et al., 2014) and 570
million USD in Mexico (Rodriguez-Vivas et al, 2017). Other
nonenvironmental factors that contribute to livestock economic losses may
be attributed to tick infestation levels, from moderate to high infestations
inflicting losses due to blood ingestion by R. microplus ticks (Abbas et al.,
2014; Rajput et al., 2006), adversely impacting cattle weight gain in
different parts of the world. These types of losses attributed to cattle-tick
infestations in nations such as Australia, Argentina, and Mexico range
from 40 to 50 kg per head per year tick-loss assessment in the livestock
industry (Abbas et al., 2014; Rajput et al., 2006).

Tick control may be achieved in several ways, but in the last 100 years,
chemical control has been the most commonly used procedure for that
particular purpose (George et al., 2004). However, chemical control of
ticks has severe drawbacks, such as gradual loss of acaricide efficacy
resulting in an ever-increasing economic cost, in addition to a higher
impact on public exposure to pesticides and environmental pollution
because these toxic chemicals are a source of soil and water contamination
(De Meneghi et al., 2016). Furthermore, ixodicide residues in meat and
milk from treated animals are commonly found tainting the food supply
(Alvarado Vega et al.,, 2022; Camoni et al., 1990). Perhaps the most
dreaded consequence of frequent use of pesticides is the selection of
acaricide-resistant populations of ticks diminishing the efficacy of
commonly used acaricide formulations (George et al., 2004; Cossio-
Bayugar et al., 2021), which prevents us from continuing to use the same
acaricide formulations indefinitely, forcing us to change formulations over
time and selecting new types of acaricide-resistant tick populations
(Thullner et al., 2007). Alternative procedures to pesticide treatment are
necessary and require systematic study and in-depth knowledge of the
parasite’s morphology, biological physiology and molecular characterization
of their biochemical phenotypes and tick strain properties against man-
made acaricides.
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The book “Rhipicephalus microplus: a laboratory manual” is a guide to
study different biological aspects of the cattle tick R. microplus. It is our
goal to detail procedures related to tick isolation, taxonomical classification,
morphological identification and life cycle (Chapter 2), tick-rearing
conditions and maintenance of reference strains on confined and restrained
bovine hosts, as well as laboratory maintenance of different developmental
stages of R. microplus strains, destined to provide a sustained supply of
high-quality ticks for scientific studies and toxicological assays at any
moment under rigorous laboratory conditions (Chapter 3). Detailed
procedures for FAO-approved acaricide bioassays for acaricide resistance
detection on field-isolated ticks are compared against reference acaricide-
resistant strains of R. microplus (Chapter 4). These types of toxicological
bioassays are designed to study the effect of acaricides on ticks; however,
they may be useful for scientific assessment of plant extracts or the effect
of tick pathogen microorganisms on ticks under rigorous experimental
conditions.

It is also our purpose to elaborate a comprehensive guide to specific
dissection procedures of R. microplus internal organs and describe specific
bioassays that are useful to assess the physiological effects of new
acaricide-like molecules on dissected tick organs (Chapters 5). Internal
tick fluids are a crucial medium for tick-borne diseases and a steady
supply of specialized tick cells. It is our goal to detail optimized protocols
to extract R. microplus hemolymph (Chapter 6) and, saliva in addition to a
comprehensive description of how to extract organs or tissue samples for
further studies such as tick biology, physiology, in vitro cell culture,
proteomic, transcriptomic or genomic studies (Chapter 5) (Xavier et al.,
2018; Schwarz et al., 2014; Esteves et al., 2017; Cossio-Bayugar et al.,
2015; Mosqueda et al., 2008).

In vitro tick cell culture, growth and maintenance of R. microplus
embryonic cell lines and primary and permanent tick cell cultures may be
useful for in vitro testing of new generation acaricides and readily
available at any time to study different aspects of tick biology, such as the
relationship between ticks and tick-borne diseases, which will help to
identify new strategies for tick control (Al-Rofaai and Bell-Sakyi, 2020;
Escobar-Chavarria et al., 2021; Cobaxin-Cardenas et al., 2019) (Chapter
7).

Chapter 8 describes a procedure designed to analyze the physiological
response of the R. microplus smooth muscle as a predictor of acaricides
and related molecules; these types of procedures are useful for the
assessment of the effect of experimental molecules on ticks as potential
muscle contraction disrupters, analogous to currently used acaricide
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effects on cholinesterase and irreversibly impeded nervous impulse
(Chapter 8). Alternatively, these procedures may be used to discover
physiological evidence that the presence of mutations in acaricide-target
molecules correlates with resistance in maintaining contractibility in
muscle, despite the presence of pesticides as a new type of acaricide-
resistance bioassay (Cossio-Bayugar et al., 2015; Cossio-Baytigar et al.,
2020).

Embryology is an important tool in cattle-tick control. Most acaricides
are designed to affect egg development and parameters such as egg mass
weight, hatching rate and egg mortality, which are complemented by
comprehensive egg staining using embryology-specializing procedures;
DAPI egg staining for the description and study of tick embryology is
used to assess acaricide effects on egg development as described in
Chapter 9 (Iturbe-Requena et al., 2020).

We are in the molecular biology age, and DNA and omics technologies
involve molecular tools for handling of nucleic acids and proteins specific
for R. microplus dedicated studies. Chapter 10 provides a thorough
description of obtaining the nucleic acids and proteins used in studies of
specialized proteomics transcriptomics and genomics of the cattle tick.
Chapter 11 describes the current use of bioinformatics sequence data
mining for the discovery of critical genes and their protein expression
products (Xavier et al., 2018; Schwarz et al., 2014; Xavier et al., 2019;
Esteves et al., 2017).

Acaricide resistance has dominated scientific research on cattle ticks
for the last 40 years, and an abundance of molecular markers have been
proposed as indicators according to the type of acaricide resistance in each
country where it has been detected (Gupta et al., 2016; Fular et al., 2020;
Miranda-Miranda et al., 2009; Cossio-Bayugar et al., 2018). Zymography
procedures as well as biochemical analysis and PCR acaricide resistance
identification by laboratory assays are covered in Chapter 12, complemented
by the identification and analysis of R. microplus xenobiotic metabolizing
enzymes by zymography and transcriptome-based bioinformatics that may
be applied to taxonomical classification, tick acaricide resistance diagnosis
and acaricide resistance gene discovery by bioinformatics. On the other
hand, Chapter 13 contains traditional bioassay laboratory methods designed
to characterize acaricide resistance from the well-proven methods of the
larval packet test, adult immersion test, and larval immersion test
compared to novel emerging biochemical and molecular bioassays.

Tick-control and tick-acaricide resistance are the major challenges to
the cattle industry since the first reports of acaricide-resistant strains of the
cattle tick were published and made evident that the complete control of
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R. microplus by massive use of acaricides was inevitably going to fail,
and it was just a matter of time. These simple facts made a priority in the
search for alternatives to acaricides destined for tick control, such as
entomopathogenic microorganisms (Castro-Saines et al., 2021; Miranda-
Miranda et al., 2010; (Fernandez-Ruvalcaba et al., 2010; Miranda-Miranda
et al., 2012; Fernandez-Ruvalcaba et al., 2010). Other studies have focused
on tick depredatory arthropods (Miranda-Miranda et al., 2011) and the
acaricidal properties of plant extracts (Ghosh et al., 2013; Kumar et al.,
2016; Kumar et al., 2021). Biocontrol is a major scientific trend and an
important research topic for cattle-tick control, both of which are
thoroughly described in Chapter 14, complemented with a complete guide
for the identification of naturally occurring R. microplus entomopathogenic
microorganisms; additionally, some useful methods for the extraction of
natural products against the tick R. microplus as alternatives to acaricide
tick control are described in Chapter 15.

Tick-borne diseases are probably the costliest factor affecting the
bovine herd affected by cattle-tick infestations, and the loss in cattle, meat,
milk, and leather production must add to medical intervention and drug-
treatment costs. A complete description of the diagnosis of Anaplasma sp
and Babesia sp procedures as well as scientific efforts to survey tick-borne
diseases are necessary before pharmaceutical herd treatment; most tick-
borne pathogen diagnostics are made by drawing blood from cattle and
making lab procedures that increase in precision, cost and complexity
(Shimada et al., 2004; Torioni de Echaide et al., 1998; Mosqueda et al.,
2012; Bock et al.,, 2004; Kocan et al., 1980; Kocan et al., 2002).
Identification of tick parasites and microorganisms by traditional and
recently developed techniques is covered in Chapter 16, and diagnosis of
Babesia sp. and Anaplasma sp. in fluids obtained from cattle ticks is the
subject of Chapter 17, where the most used diagnostic procedures as well
as the most recent and technologically advanced procedures are analyzed
and detailed.

It is the objective of this book to provide in a single source the
laboratory methods necessary to study the biology and control of the cattle
tick, for which there already exists excellent specialized information from
different sources (Cossio-Bayugar et al., 2015; Seixas et al., 2012; Granda-
Garcia et al., 2014; Mosqueda et al., 2008; Miranda-Miranda et al., 2009;
Miranda-Miranda et al., 2010; Miranda-Miranda et al., 2012; Tidwell et
al., 2021; Gupta et al., 2016; Aguilar-Diaz et al., 2018; Fular et al., 2020;
Miranda et al., 2005; Martinez Ibafiez et al., 2021; Aguilar-Diaz et al.,
2022). Therefore, the purpose of this book is to compile in a single volume
a guide for most of the subjects related to the systematic study of cattle
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ticks by laboratory and bioinformatic procedures. We hope that the
Manual will be useful for academics, students, and researchers in the daily
activities they develop in the laboratory: if we can approach this goal, we
will have fulfilled the task we have set for ourselves.
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Abstract

Rhipicephalus (Boophilus) microplus, the tropical cattle tick, mainly
infests cattle, deer and buffalo, but it can also be found on horses, goats,
sheep, donkeys, dogs, pigs and some wild mammals. R. microplus is found
worldwide in subtropical and tropical regions. This tick is endemic in the
Indian region, much of tropical and subtropical Asia, northeastern Australia,
Madagascar, southeastern Africa, the Caribbean, and many countries in
South and Central America and Mexico. R. microplus is a vector of
protozoans (Babesia bovis and B. bigemina) and the rickettsia Anaplasma
marginale, which have a severe impact on the cattle industry. Previously,
this tick species taxonomically was classified as Boophilus microplus, but
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it was reclassified based on its morphological characteristics. This is
important to differentiate it from other tick species such as Rhipicephalus
annulatus.

In this chapter, we examine the most important features of the
classification and morphology of R. microplus, including relevant taxonomic
aspects, using original figures and drawings, as well as the identification of
proper features of this tick species.

Rhipicephalus microplus is a member of the family Ixodidae (hard
ticks). Hard ticks have a dorsal shield (scutum), and their mouthparts
(capitulum or gnatosome) protrude forward when they are seen from above.
Rhipicephalus ticks have a hexagonal basis capitulum. The spiracular plate
is rounded or oval, and the palps are very short, compressed, and ridged
dorsally and laterally. Males have adanal plates and accessory plates. The
anal groove is absent or indistinct in females and faint in males. There are
no festoons or ornamentation. R. microplus adults have a short, straight
capitulum. The legs are pale cream, and there is a wide space between the
first pair of legs and the snout. The body is oval to rectangular, and the shield
is oval and wider at the front. The snout is short and straight. The nymphs
of this species have an orange—brown scutum. The body is oval and wider
at front. The body color is brown to blue—gray, with white at the front and
sides. R. microplus larvae have a short, straight capitulum and a brown to
cream body. Larvae have six legs instead of eight.

Keywords: taxonomy, tick biology, larvae, nymph, engorged female,
growth.

1. Introduction

Ticks (Acari: Ixodida) are blood-feeding ectoparasites second only in
importance to mosquitoes as vectors of human diseases, and their
importance as vectors of animal diseases is widely recognized (Strickland,
1976; Balashov et al, 1983; Bautista, 2016). Ticks are distributed worldwide
as parasites of wild and domestic vertebrates except fishes. These parasites
belong to the phylum Arthropoda, class Arachnida, subclass Acari, order
Parasitiformes and suborder Ixodida. Ticks share the order Parasitiformes
with the suborders Holothyrida, Mesostigmata (commonly known as mites)
and Opilioacarida. Ixodida contains three families: Argasidae (soft ticks that
have a dorsum without chitin), Ixodidae (hard ticks that have a dorsum
totally or partially covered with chitin) and Nuttalliellidae (an ill-known
monotypic family represented by Nuttalliella namaqua). In turn, according
to morphological characters, the family Ixodidae is subdivided into the
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Prostriata group (genus Ixodes) and Metastriata group (all other genera in
Ixodidae).

Ticks parasitizing animals have existed for at least 99 million years
(Pedialver et al., 2017). Its external structures are very similar to those of
present ticks (Figure 1). Ticks probably transmitted pathogenic microorganisms
to vertebrates millions of years ago. In this context, Poinar (2015) found
rickettsial-like cells in the 15-million-year-old tick Cornupalpatum
burmanicum.

2. General external morphology of ticks

Hereafter, figures show the process to identify Ixodidae members and
how to differentiate in a fast and simple form, R. microplus ticks from other
genres and species that may be found infesting cattle. The differences
between hard (Ixodidae) and soft (Argasidae) ticks are shown in Figure 1
and 2 (dorsal view).

Gnatosome {

& Palp
Basis of gnatosome

¥
& ¢

L — Leg

Festons

Figure 1. Ixodid tick external morphology.
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HARD TICK (IXODIDAE) SOFT TICK (ARGASIDAE)

NOT VISIBLE

Figure 2. Differences between hard and soft ticks. Panel A) Morphological
differences between a hard tick, Ixodes scapularis, (Ixodidae) and a soft tick, Argas
persicus (Argasidae). Panel B) Left, Amblyomma mixtum, a hard tick (Ixodidae);
right, Otobius megnini, a soft tick (Argasidae).
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3. Identification of Rhipicephalus microplus based
on external morphological features

The next figures show a process for the easy identification of R.
microplus, starting with an unknown tick (Figure 3) and following the red
arrows, based on the appearance of the capitulum and the presence of
scutum.

Unknown tick

=

Visible oral Visible oral
apparatus apparatus
(Ixodidae) (Argasidae)

I+ |

Gnatosome and Scutum

A
= 4

Amblyomma  Rhipicephalus  Rhipicephalus
sanguineus microplus

Figure. 3. First step of identification of Rhipicephalus spp. ticks. Identification of
Rhipicephalus spp. based on the gnatosome and scutum. To differentiate R. (B)
microplus from R. annulatus; other characteristics are observed and pointed out
later.
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After identification as a hard tick based on the capitulum and scutum,
the differentiation of males and females of R. microplus and R. annulatus is
carried out following the red arrows (Figure 4, panel A). Based on the
presence of a caudal appendage or caudal process on male ticks of R. (B)
microplus (Figure 4 panel B) and spurs in the second and third coxae on
female ticks (Figure 4, panel C).

¢

Rhipicephalus Rhipicephalus
(Boophilus) annulatus

Male  microplus Female Male Female

; 3 ‘ i‘ a ’ %
t N J 1 i
With caudal process  With spurs in Coxae Il Without caudal With no spurs in
process. Coxae Il
Male Mal
B Rhipicephalus (Boophilus) ole

Rhipicephalus annulatus

Sy
Q;
N t
Y

Without
With caudal process caudal process

microplus

1

c Rhipicephalus (Boophilus) microplus Rhipicephalus annulatus

With spurs in Coxae Il and 11l With no spurs in Coxae Il and 11l

Figure 4. Second step of identification of ticks. Panel A) Identification of
Rhipicephalus (Boophilus) microplus and R. annulatus males and females. Panel B)
Main difference between R. (B) microplus and R. annulatus males (dorsal view).
Panel C) Main difference between R. (B) microplus and R. annulatus females
(ventral view).
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A schematic guide in colors for the identification of the most important
parts of the anatomy of R. microplus adult female (Figure 5) and male ticks
(Figure 6) is presented in the following figures to help distinguish each

segment. The key parts for taxonomic identification are marked with an
asterisk (*).

Dorsal view Ventral view

Lateral view

Palp B Capitulum (gnatosome) *

[ } | Y B Genital groove
s Basis capitul (gnatosome) * [lj  Cervical groove Basis capituli (gnatosome) * [lj  Anal orifice
8 M saum W tateralgroove = I ypostome* W Analgroove
c
Il Hypostome* W Festoons € M Gentalorifice [l Anal marginal groove
7}
>
= [M comen: B coacn® W e
o M coxens B coaen
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Figure 5. Adult female R. microplus, key external characteristics for identification.
The capitulum (capituli or gnatosome) has a slightly more protuberant hypostome
than the palps. The basis of the gnatosome has a hexagonal shape (dorsal view).
Second and third coxae have an inverted heart shape (ventral view). Spiracular plate
(respiratory stigma) is located a few millimeters caudal to the fourth coxae. Festoons

are barely distinguished in adults and not identifiable in completely engorged
females.
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Dorsal view

Ventral view

gl

Palp B caudal process *
Basis capituli (gnatosome)  [l]  Genital orifice
Hypostome * Adanal plate *

Legs Bl Accesorial plate *

Palp B caudalprocess *
Basis capituli (gnatosome) [l Cervical groove
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Figure 6. Adult male R. microplus, key external characteristics for identification. In
addition to female ticks, the capitulum (capituli or gnatosome) has a slightly more
protuberant hypostome than the palps. The basis of the gnatosome has a poorly
defined shape. The second and third coxae are not key for identification. Scutum
occupies the majority of the dorsal space of the body. The presence of adanal plates
(or shields) and accessory plates are key for the identification of R. microplus male
ticks, as well as the presence of the caudal process (appendage).
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Finally, Figure 7 shows the comparative size among a blood-replete
female, adult male and larvae (dorsal view).

Figure. 7. External morphology of Rhipicephalus microplus. Left, adult engorged
female; center, adult male; right, larvae.

4. Life cycle of Rhipicephalus microplus ticks

Rhipicephalus (Boophilus) microplus is a single host tick; it spends all
its life stages on a single host. Ticks in general go through four stages of
development: egg, larva, nymph and adult (Figure 8). The larval stage is
different from the nymph and adult stages by having only three pairs of legs,
and nymphs and adults have four pairs. There are also two intermediate
phases of development known as mutant phases, which are characterized by
the detachment of the outer skin or cuticle (molt) of the larva in its passage
to nymph and of the nymph in its passage to adult. Both events occur after
taking a blood meal from the host (Anderson and Magnarelli 2008;
Sonenshine et al. 2002).
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Life Cycle
Rhipicephalus (Boophilus) microplus
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Figure 8. Life cycle of R. microplus. Nonparasitic life begins at the moment adult
engorged ticks drop from bovines and start oviposition until larvae emerge from the
eggs and start looking for a bovine to feed on; this period is known as the encounter
phase (when the larvae have matured from their food reserve and are able to climb
onto the host). Once on the cattle, the larvae molt into nymphs, and these molt into
adults without leaving the host. Usually, the vegetation that the females look for is
grasses less than 30 cm high; if the grasses are tall, the females do not oviposit.

The life cycle of R. microplus ticks begins with the hatching of the egg
laid by the gravid female tick in a moist and protected site, from which the
larva emerges. Oviposition lasts from 14 to 24 days as a general range from
the moment the first to the last egg is laid. This period varies depending on
climatic conditions from summer to winter (Senbill et al., 2018; Nufiez et
al., 1985). The number of eggs laid also varies, between 2500 and almost
5000 eggs were counted. Eggs usually take between 15 and 60 days before
larvae start to emerge. These numbers vary according to climatic conditions
(Senbill et al., 2018). Of these eggs, under field conditions, usually only
80% or fewer yield live larvae (Lahille, 1917).



