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ABSTRACT

Ticks are obligate haematophagous arthropods present all over the world able to produce human diseases.
Several factors have increased the abundance, circulation and distribution of the pathogens transmitted by
ticks, contributing to the change in the vector-borne diseases epidemiology in the last years. This review
collects the most important measures for the prevention and prophylaxis of tick-borne diseases. The pre-
exposition measures to avoid tick-borne diseases are based on the prevention of tick bites by avoiding tick-
infested areas, using of protective clothing, repellents and controlling tick populations by physical,
mechanical, biological and chemical methods. It is also reviewed other measures as the utility of
educational programs and the use of human vaccines. On the other hand, we also review some key aspects
referred to the measures to carry out after tick bites as how to remove a tick correctly and the utility of

making an antibiotic prophylaxis.
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1. INTRODUCTION

Ticks are obligate haematophagous arthropods
present all over the world that require an animal host to
survive. They feed on different species of mammals,
birds and reptiles. Some tick species can bite people
and produce several diseases of Public Health
importance by different mechanisms (Table 1). There
are more than 850 tick species worldwide but only
about 45 of them are involved in the transmission of
human diseases (Oteo et al., 2001; Stafford, 2004).
Table 2 shows the main diseases, vectors, distribution
and disease agents related with ticks.

Ticks able to produce human diseases are divided in
two families: Ixodidae (hard-ticks and main vectors of
infectious diseases in the industrialized world),
Argasidae (soft-ticks that are generally nest inhabitants
associated with birds, bats or rodents and that are
associated to poverty and rural areas mainly in non-

developed countries). There is a third family called
Nuttalliellidae, only present in the southeast of Africa,
that does not cause disease. Tick life cycle has four
stages: egg, larvae, nymph and adult (female or male).
The last three stages can bite humans and transmit an
infectious disease (Oteo et al., 2001; Stafford, 2004;
Marquez-Jimenez et al., 2005) (Fig. 1).

There are good up-dates and clinical reviews about
the most important tick-borne diseases around the world
for the diagnosis and clinical management (Steere, 2001;
Parola et al., 2005; Oteo and Brouqui, 2005; Oteo and
Portillo, 2012; Walker et al., 2008; Dobler, 2010;
Labruna et al., 2011; Dantas-Torres et al., 2012). Several
factors as climate change or deforestation among others,
have increased the abundance, circulation and
distribution of the pathogens transmitted by ticks
contributing to the change in the vector-borne diseases
epidemiology in the last years (Parola et al., 2008;
Beugnet and Marie, 2009; Day, 2011).
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Table 1. Pathogenic mechanisms that cause tick diseases

Mechanism

Disease or agent

Blood loss

Inoculation of microorganisms

Inoculation of neurotoxins
Hypersensitivity

Local traumatism and loss of skin integrity

Anemia

Virus, bacteria, protozoa, funghi and nematodes

Tick paralysis

Pruritic papules, lymphocytomas, urticaria and anaphylasis
Pyogenic superinfection of skin flora

Table 2. Main tick-borne infectious diseases

Disease

Etiological agent

Main vector

Geographical distribution

Mediterranean Spotted Fever
Israeli Spotted Fever
Astrachan Fever

Indian tick typhus

Rocky Mountain Spotted Fever

Lymphangitis-associated
rickettsiosis (LAR)

Siberian Tick Thypus

Queensland Tick Typhus

Flinder’s Islands Spotted Fever
Australian Spotted Fever
African tick bite fever

Japanesse Spotted Fever

Far Eastern Spotted Fever

Innominate
Innominate
Innominate

Innominate
Innominate

Dermacentor-Borne Necrosis
Erythema and Lymphadenopathy/
TIck-Borne Lymphadenopathy
(DEBONEL/TIBOLA)

Lyme borreliosis

Rickettsia conorii subsp. conorii
Rickettsia conorii subsp. israelensis
Rickettsia conorii subsp. caspia

Rickettsia conorii subsp. indica

Rickettsia rickettsii

Rickettsia sibirica subsp.
mongolitimonae

Rickettsia sibirica
subsp. sibirica

Rickettsia australis

Rickettsia honei
Rickettsia marmionii
Rickettsia africae

Rickettsia japonica

Rickettsia heilongjiangensis

Rickettsia helvetica
Rickettsia aeschlimannii
Rickettsia parkeri

Rickettsia monacensis
Rickettsia massiliae

Rickettsia slovaca
Candidatus Rickettsia rioja

Rickettsia raoultii
Borrelia burgdorferi sensu lato

Rhipicephalus sanguineus complex
R. sanguineus
Rhipicephalus pumilio

R. sanguineus

R. sanguineus

Boophilus microplus
Haemaphysalis leachii
Dermacentor andersoni
Dermacentor variabilis
Amblyomma aureolatum
Amblyomma canjennense

R. sanguineus

Hyalomma asiaticum
Hyalomma truncatum
Hyalomma anatolicum excavatum
Rhipicephalus pussillus
Dermacentor nuttalli
Dermacentor marginatus
Dermacentor silvarum
Dermacentor pictus
Dermacentor sinicus
Dermacentor auratus
Haemaphysalis concinna
Ixodes holocyclus

Ixodes tasmani

Ixodes cornuatus
Amblyomma hydrosauri
Ixodes granulatus
Haemaphysalis novaeguinae
Ixodes holocytus
Amblyomma hebraeum
Amblyomma variegatum
Haemaphysalis flava
Haemaphysalis hystericis
Haemaphysalis longicornis
Dermacentor taiwanensis
Ixodes ovatus

D. silvarum

H. concinna

Haemaphysalis japonica douglasi
Ixodes ricinus

Hyalomma marginatum
Amblyomma maculatum (triste)
Amblyomma americanum

1 ricinus

R. sanguineus
Rhipicephalus turanicus

D. marginatus

Dermacentor reticulatus

1. ricinus

Ixodes scapularis
Ixodes pacificus
Ixodes persulcatus

Mediterranean Area
Israel, Portugal, Italy
Astrachan Kosovo, Chad

India, Pakistan

America

South Europe, Africa

Siberia, Mongolia

Australia

Australia, Thailand, Nepal
Australia
Saharan Africa, Guadalupe,

Turkey, Oceania
Japan, Thailand

Asia

Europe, Central Asia
Mediterranean area, Africa
America

Europe
Mediterranea Area, America

Europe

Europe
America

Asia
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Table 2. Continue

Relapsing fever Borrelia
infection

Human Monocytic
Ehrlichiosis Human
Granulocytic Anaplasmosis

Human Granulocytic
Ehrlichiosis Innominate

Tularemia
Babesiosis

Crimean-Congo
Hemorrhagic Fever
Colorado tick fever
Powassan encephalitis

Innominate
Tick-borne encephalitis

Louping ill

Omsk Hemorrhagic Fever

Kyasanur forest disease
Innominate
Innominate

Innominate

Innominate

Severe fever with
thrombocytopenia syndrome
Innominate

Borrelia miyamotoi

Ehrlichia chaffeensis
Anaplasma phagocytophilum

Ehrlichia ewingii

I ricinus Europe

I scapularis North America
L pacificus

I persulcatus Asia

A. americanum USA

I scapularis North America
L pacificus

1 ricinus Europe

I persulcatus Asia

A. americanum

North America, Africa, Asia

Candidatus Neoherlichia 1. ovatus Asia
mikurensis 1 persulcatus

1 ricinus Europe
Francisella tularensis Ixodidae America, Europe, Asia
Babesia divergens 1 ricinus Europe
Babesia microti 1. scapularis North America
Crimean-Congo Hemorrhagic Hy. marginatum Africa, Europe, Asia
Fever virus (Nairovirus gender) D. andersoni North America
Colorado tick fever virus (Coltivirus gender)
Powassan virus (Flavivirus gender) L cookei North America

I sxapularis Rusia
Eyach virus (Coltivirus gender) 1. ricinus Europe
Tick-borne encephalitis virus (Flavivirus gender) I ricinus Europe

I persulcatus Europe, Asia
Louping ill virus (Flavivirus gender) 1 ricinus Europe
Omsk Hemorrhagic Fever D. maginatus Asia

virus (Flavivirus gender)

Kyasanur forest disease virus (Flavivirus gender) Haemaphysalis spinigera

Bhanja virus

Dhori virus (Asfarviridae Family)

Thogoto virus (Orthomyxoviridae Family)

Avalon virus (Nairovirus gender)

Severe fever with thrombocytopenia
syndrome virus (Phlebovirus gender)
Heartland virus (Phlebovirus gender)

D. reticulatus

1 persulcatus

India, Sri Lanka
Africa, Asia, Europe
Europe, Asia, Africa

H. punctata
Hy. marginatum
Hyalomma dromedarii

Rhipicephalus spp. Africa, Europe
Boophilus spp.

Hyalomma spp.

A. variegatum

I uriae Canada, Russia
1 signatus

H. longicornis China

A. americanum USA

or
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Fig. 1. Life cycle of the hard tick Ixodes ricinus
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Tick bites do not mean that a person will get necessary a
disease or infection. To acquire a tick-borne disease certain
conditions must be met (Oteo et al., 2001):

e It is necessary that the tick is infected with the agent
able to produce a disease for which requires that the
reservoir is present (birds, mammals... or even the
tick in the case of rickettsioses and others)

e The tick species has to be competent for the
transmission

e The patient has to be susceptible to the agent that
produces the disease

Moreover, most of the tick bites are uncomplicated
and only produce cutaneous pruritic reactions and a prompt
removal of an attached tick can reduce the risk of getting an
infection as occurs with Lyme disease (Oteo et al., 2001).
It is easy to understand that the risk increases with the tick
feeding and engorging. Nevertheless, there are few studies

AJID



Lara Garcia-Alvarez et al. / American Journal of Infectious Diseases 9 (3): 104-116, 2013

based in animal (De Silva and Fikrig, 1995; Lindsay et al.,
1997; Katavolos et al., 1998; Zivkovic et al., 2007
Horka et al., 2009) or in vitro (Krober and Guerin, 2007,
Hojgaard et al., 2008) models that evaluate the time of
feeding for the transmission of tick-borne agents.

The aim of this review is to make a compilation of
the “State of the Art” about tick-borne diseases
prophylaxis emphasizing in pre-exposition and post-
exposition measures.

2. PRE-EXPOSITION MEASURES

The best method to avoid tick-borne diseases is
preventing tick bites. There are some steps than can be
taken to diminish, eliminate or avoid tick bites.

2.1. Avoidance of Tick-Infested Areas

One of the measures to prevent tick bites is to avoid
high risk habitats during the season peaks of activity of
the ticks (Piesman and Eisen, 2008). In case of going to
the countryside, being especially alert when doing some
activities in tick-infested habitats (hiking, camping), in
these cases, keeping to the center of trails could
minimize contact with adjacent vegetation were ticks are
more abundant (Fig. 2).

2.2. Use of Protective Clothing

Wearing protective clothing that limits the contact of
ticks with the body can be very effective to avoid tick
attachment. Studies carried out by Vazquez ef al. (2008) on
a conducted matched case-control study for nearly three
years, showed that the use protective clothing outdoors was
40% effective against tick-borne diseases as Lyme disease.

It is advisable wearing light-colored clothing to detect
the arthropod before attached to the skin, decrease the risk
that a tick finds a feeding site avoiding the exposure of the
body surface wearing cap, long trousers tucked into the
socks, long-sleeved shirt tucked into the trousers and do not
wear sandals or open-toed shoes (Fig. 3). It is desirable to
inspect for unattached ticks in on clothing because they can
turn into a later tick bite. Depending on the species, ticks
can survive for long temps, therefore wash and dry clothing
is a good practice (Oteo et al., 2001; Stafford, 2004;
Piesman and Eisen, 2008; Clark and Hu, 2008).

2.3. Use of Repellents

The use of repellents has also demonstrated the
decrease of tick bites incidence when applied to clothes
or bare skin. The same study of Vazquez et al. (2008)
showed that the use of repellents on clothing or skin had
a 20% of effectiveness.

,////4 Science Publications

A repellent has to achieve disruption of the contact
between the host and the arthropod parasite, death of the
arthropod, prevention of the feeding and interference with
egg fertility and development of its life cycle stage
(Halos et al., 2012). A good repellent should be effective
against various arthropods, no irritating after topical
administration, with pleasant odor or odorless, persistent
after washing and economic (Oteo et al., 2001).
Permethrin based products and DEET (N,N-diethyl-meta-
toluamide) have shown being efficacious repellents.
Others as picardin have also been used (Steere, 2001).

Ticks repellents containing DEET are available in a
wide variety of topical formulas providing most of them
up to 12 h of protection (optimal concentration ranges:
15-33%). It has been shown being the most effective and
broad spectrum repellent discovered (Stafford, 2004).
There are repellents for cutaneous wuse, for the
application on clothing or for both uses. Due to
permethrin toxicity it has to be used on clothing, it could
be effective for up several weeks and even supports the
washings. The effectiveness of this product has been
demonstrated. So, the use of permethrin-treated clothing
reduces significantly tick bites and tick-borne pathogen
transmission (Miller et al., 2011; Vaughn and Meshnick,
2011). Both repellents are also effective against insects
such as mosquitoes, flies or fleas (Vazquez et al., 2008).
However, despite these products are reasonable safe to use
many people display certain toxicity. This fact has
misguided in the use of repellents based on natural
products as garlic, citronella, eucalyptus oil, geranium oil,
lavender oil or Alaska yellow cedar oil (e.g., citriodiol or
p-menthane-3,8-diol available on the market as a tick
repellent) (Piesman and Eisen, 2008; Clark and Hu, 2008).

2.4. Tick Control

Actually, tick control is aimed on the concept of
integrated pest management. Nevertheless, to eliminate
absolutely ticks in infested areas is almost impossible.
The objective is controlling and reducing tick and tick-
infected populations with the aim of reducing the number
of human tick-bites and human diseases with the
resources available. Integrated pest management
involves economic, biological and sociological costs and
benefits (Stafford, 2004; Walker, 2011).

2.5. Physical and Mechanical Control

In order to the landscape management, modifications
can decrease the abundance of ticks present in the yard by
the creation of unattractive environment for ticks and their
hosts. Some strategies that could help are clearing leaf litter
and woodchip barriers, increase sunlight and decrease
humidity may produce a less hospitable area for ticks.
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Fig. 2. Detail of the present of the tick Dermacentor
marginatus in the adjacent vegetation of a trail

Fig. 3. Example of the recommended clothing for preventing a
tick attached

Therefore, in the case of residential tick management,
mow the lawn, prune trees and remove leaf litter, brush
along edges of the grass, driveways and stonewalls among
other strategies could reduce tick population adjacent to
homes (Stafford, 2004). These measures can also help to
decrease the number of rodents and other potential
reservoirs of infectious diseases agents.

Other  strategies based on  environmental
management, as controlled burns, have been carried out
with the aim of reducing the abundance of some ticks.
Years ago, these strategies shown to reduce the
abundance of some ticks on their different life stages
(Smith et al., 1946; Rogers, 1953; Hoch et al., 1972;
Drew et al., 1985; Wilson, 1986; Mather et al., 1993;
Stafford et al., 1998). However, despite controlled burns
of vegetation have initially shown to reduce the number
of ticks and the suitable vegetation for tick habitat, the
effects of this practice seem to be only temporary
(Wilson, 1986; Stafford et al., 1998). Furthermore, the
effect of vegetative destruction resulted in a reduction in
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the abundance of nymphal and larval stages, but the
abundance of adult ticks was not affected in the same
degree (Hoch et al., 1972; Stafford et al., 1998). More
recent studies have found that controlled burns have the
potential of increasing the abundance of some ticks due
to an increase of their preeminent host, as the case of white-
tailed deer for Amblyomma americanum (Allan, 2009).
These results suggest that the attraction of the host to
postburn habitats could result in recolonization rates of ticks
causing a higher abundance than before the controlled burn
(Allan, 2009). The implementation of this environmental
management does not appear effective unless done with a
high frequency (Stafford et al., 1998; Allan, 2009).

2.6. Biological Control

Different methods for biological control of ticks are
available. The use of natural predators as spiders, ants
and beetles, some parasites as mites, nematodes or other
insects, bacterial pathogens of ticks or sterilized males
have been used (Samish and Rehacek, 1999).

The use of pheromones and other semichemicals
compounds as kairomones and tick allomones could
be also interesting for tick control when applied to
tick-infested vegetation or directly to the body
surfaces of livestock or companion animals
(Sonenshine, 2004; 2006).

One strategy to the management of ticks is the
managing of their host such as deer, birds and small
rodent activity. In reference to deer, some studies have
shown that reduction of deer can reduce tick abundance
(Rand et al., 2004). However, this lethal management is
controversial not only because of the ethical aspects in
this respect, also due to the results showed by others
authors (Jordan et al., 2007). New approaches less
controversial have been carried out by the U.S.
Department of Agriculture to kill ticks of deer when
feeding using chemical products (Stafford, 2004).

Rodents and birds have been shown to be able to
transport ticks to the properties. Birds are the main hosts
form some ticks and they could spread infected ticks able to
cause human diseases as Lyme disease, anaplasmosis,
rickettsioses and others (Hubalek, 2004; Palomar et al.,
2012; 2013). Some studies suggest the involvement of birds
in the cycle of human tick-borne diseases and the role of
birds on the dispersion of vectors and microorganisms
(Palomar et al., 2012). Place feeders or birdhouses away
from houses and establish feeders when natural foods are
limited, on winter and late fall, are some strategies oriented
to the bird management (Stafford, 2004).

Regarding to mice, first rodent-targeted were
cottonballs treated with permethrin on a cardboard tube
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(Stafford, 2004). However the effectiveness of this
method depended on the cotton collected as nesting
material from the tubes around the mouse habitat
(Stafford, 2004). The use of rodent-targeted bait boxes
containing fipronil have been shown to eliminate ticks on
mice (Stafford, 2004; Piesman, 2006). Those boxes are
sealed, child resistant and containing food blocks and an
applicator with 0.70% fipronil and the impact of them on
tick population accumulates over time (Piesman, 2006).

2.7. Chemical Control and Deworming Animals

Tick control with chemical acaricides has been used
since the end of the nineteenth century with the
discovery of some substances such as arsenical solutions
(George et al., 2004). Although different kinds of
acaricides have been developed, many of them have
shown toxicity for humans, animals or for the
environment (such as DDT). Moreover, ticks have
developed resistance to several of those products (WHO,
1992; George et al., 2004, Mendes et al., 2011).
Chemical acaricides could be applicated to vegetation or
to hosts (wild or domestic). Those products act against
free-living stages of ticks when they are applied to
vegetation layers, acting over determinate stages
depending on the tick species and the season. In many
cases, the fumigation of the vegetation has shown to be
effective for tick population reduction and the potential
reduction for human/tick encounters in high-risk areas
(Stafford, 1991; Schulze et al., 1992; 1994; 2005; 2007;
2008; Piesman and Eisen, 2008). This technique has
been referred in public health programs (Korenberg and
Kovalevskii, 1999) but deworming of animals is more
common to control tick populations (Piesman and Eisen,
2008; Walker, 2011; Ahoussou et al., 2010).

As has been mentioned before, a tick bite does not
ensure the transmission of a disease in humans and
therefore in other animals. However, the contact between
humans and parasitized domestic animals could increase
the risk of a tick-borne disease acquisition. Generally,
ticks have been evolved as parasites of wild animals but,
the increase of frequent into wooded areas and others
wild environments and the closer association of wild
animals with human activity has increased the
prevalence of transmission of tick borne diseases to pets
and their owners (Shaw et al., 2001). These facts are
some of the responsible that cause changes in the
epidemiology. Transport facilities by earth, sea and air
have increased in the last years causing a big animal
movement because of the tourism or the animal
production. The open air activities, the creation of
recreational areas in the cities and the increase of private
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garden also contribute to establish of tick populations and
the peri-domestic hosts as rodents (Beugnet and Marie,
2009). Companion animals can act as sentinels of these
infectious diseases. Transmission of zoonotic infectious
diseases depends of the lifestyle of the pet and livestock and
it is influenced by vaccination and parasite control.

The tick control in domestic animals must be done
correctly to avoid animal, environmental or food
toxicity, even in humans, chemical resistance in ticks or
unnecessary costs (Walker, 2011). Treatments with
chemical acaricides are diverse and they must be applied
depending on the kind of substances, formulation, tick
species, season. Usually, the choice method is direct
application of chemical acaricides to host animals
(Mondal et al., 2013). Formamidines, chlordimeform,
clenpyrin, chloromethiuron and amitraz are effective
against ticks (George ef al., 2004).

To control tick populations on livestock is necessary
the involvement of the large majority of farmers in an
area (Walker, 2011). Moreover, tick control on livestock
and wildlife is influenced each other. Livestock and
wildlife share habitats and accordingly, some parasites
and diseases (Walker, 2011; Miller ef al., 2012). For this
reason, a good tick control management must be
contemplated in both, livestock and wild animals.

The main tick-borne infectious disease transmitted by
companion animals as dogs and cats that also infect man
are: borreliosis, bartonellosis, ehrlichiosis, rickettsiosis,
anaplasmosis, tularaemia, coxiellosis, tick-borne
encephalitis and Louping ill (Day, 2011). Although the
tick eradication is almost impossible in many situations
due to the maintenance of the tick life cycle on the hosts,
the most effective preventative measure arises in the use
of effective long-acting acaricides as permethrin, amitraz
or fipronil or lindano according to the manufacturers
instructions (Shaw et al., 2001; Berrada and Telford,
2009). Sometimes, topical acaricides will not work
preventing tick infestation therefore, control should be
based on the understanding tick ecology, tick distribution
and seasonal occurrence (Dryden and Payne, 2004).

Vaccines can also be used but currently commercially
available only exists for canine borreliosis and babesiosis
(Ma et al., 1996; Schetters et al., 1997; 2007; Schetters,
2005). Others experimental vaccines like the one against
canine monocytic ehrlichiosis, not commercially
available, have been reported (Shaw et al., 2001).
Vaccines should be considered for those animals that are
frequently exposed to infested habitats of risk.
Obviously, prevention on cats is relatively easy because
they should remain indoors (Berrada and Telford, 2009).
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2.8. Educational Training

Educational programs could be a good tool to
decrease the risk of acquiring a tick borne infectious
disease. There are institutional programs that alert on
tick infested areas all over the world (Fig. 4). In this
term, several groups have developed different studies to
evaluate the power of the educational programs.
Daltroy et al. (2007) realized a randomized study in
which analyzed the impact of an educational training in
tick prevention in a group of ferry passengers. They
observed that the risk of tick-borne infection was clearly
reduced among those who visit the same place for longer
than two weeks. Also, those receiving the educational
program were more likely to spend less time in infested
areas, use repellents, wear protective clothing and
perform tick checks than controls (Daltroy et al., 2007).
Other study carried out in Baltimore (Maryland), showed
that people receiving tick education were more likely to
perform tick checks and to use repellents, however, there
were not differences in serologic response respecting to
the group of people how received general health
education (Malouin ef al., 2003).

2.9. Human Vaccines

Vaccines were developed in past for preventing
rickettsiosis but to date commercial vaccines are not
available for humans.

In the early 1900s two Lyme diseases vaccines were
developed LYMErix developed by Smith-Kline
Beecham (now known as GlaxoSmithKline) and
ImuLyme by PasteurMérieux-Connaught (Poland, 2011;
Shen et al., 2011). Both were able to prevent Lyme
disease but not for others zoonotic diseases that could
coinfect the same tick (babesia and ehrlichia infections).
However, despite their efficacy and safety for Lyme
disease, one of them the first was withdrawn after only
three years in the market (in February 2002) and the
other before the regulatory review (Shen et al., 2011;
Aronowitz, 2012). In both vaccines the action
mechanism of them for protection again Lyme disease
was based on the outer surface protein A (OspA) of B.
burgdorferi. The subsequent develop of bactericidal
antibodies able to bind and neutralize viable spirochetes
when tick is feeding blood (Poland, 2011). Both vaccines
were tested in more than 10,000 participants each after
phase III of clinical trials, showing that both of them
reduced the number of clinical cases of Lyme disease
(Shen et al., 2011). The advisable administration of
LYMErix (30 ug, i.m.) was series of 3 injections at 0, 1
and 12 months followed by 2 booster doses at 1 and 12
months after primary vaccination. Results after phase III of
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clinical trial showed a 76% efficacy in preventing Lyme
disease confirmed by laboratory assays and 100% in the
prevention of the asymptomatic disease in the population
that completed the 3 series of doses (Steere et al., 1998).
The recommendation from the Advisory Committee on
Immunization Practices (ACIP) of the Centers for
Disease Control and Prevention (CDC) for the use of this
vaccine was for persons from 15 to 70 years who lived or
worked in infected areas (CDC, 1999), however vaccine
was not recommended for person who had animals or no
exposure to ticks infested areas. Meanwhile, ImuLyme
was evaluated by Sigal et al. (1998) according to the
same administration at 0, 1 and 12 months showed an
efficacy of the 68% after two injections and 92% after
the third one. Interesting is the fact that this last vaccine
was less effective for subjects older than 60 years of age.

These vaccines were only used in United Estates. In
Europe, never was indicated due to the greater sequence
diversity in the OspA among strains of the bacteria
circulating (Clark and Hu, 2008). Finally, the human
OspA vaccine was withdrawn from the market due to the
low sales because of the expensive cost, the need of
frequent revaccination and the relationship that involved
the vaccine with the development of resistant arthritis
related with immune response in certain patients
(Oteo et al., 2001; Clark and Hu, 2008). Furthermore,
the effectiveness of the vaccines was unknown in
pregnant women, patients younger than 15 years old or
older than 70, immunocompromised patients or in not
endemic areas (CDC, 1999; Oteo et al., 2001).

Fig. 4. Warning advertisement of tick presence
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Military have also contributed in this sense to the
development of vaccines. During the World War II, the
Joint U.S. Typhus commission was formed and one of
their recommendations was the immunization with the
Cox-type vaccine. However, this vaccine no longer
meets modern standards so there is no Food and Drug
Administration-licensed typhus vaccine. In the early
1980s the Naval Medical Research Institute developed
an effective modern subunit vaccine (Bavaro et al.,
2005). Furthermore, the first modern vaccine for Rocky
Mountain spotted fever was also developed by the U.S.
Army but despite it effective immunogen it result in
reactogenicity among vaccines (Bavaro et al., 2005). To
date, there are no licensed rickettsial vaccines by the
Food and Drug Administration (Bavaro et al., 2005).

In reference with other tick borne discases there is
only currently available one vaccine approved for Tick-
Borne Encephalitis (TBE), caused for a flavivirus
endemic in Europe, especially prevalent in Eastern and
Central Europe. There are different forms of the vaccine
available that use a standard dose (an initial injection, a
second dose in the next 1-3 months and a third dose 9-12
months after the second one) and an accelerated dose, used
mainly in travellers ( 3 doses on days 0, 7 and 21). The use
of this vaccine has shown being very effective in reducing
the incidence of the disease. There was also a TBE
immunoglobulin used in Russia as pre-exposure
prophylaxis and post-exposure, however it was withdrawn
due to the possible adverse effects (Clark and Hu, 2008).

To our knowledge, there are not others currently
vaccines for the prevention of other tick-borne infections
as anaplasmosis, babesiosis, or rickettsioses (Oteo et al.,
2001; Clark and Hu, 2008). Thereby, the development of
new strategies and targets for the design of new vaccines
could represent a major advance in the prevention and
prophylaxis of tick-borne diseases.

3. POST-EXPOSITION MEASURES

3.1. Tick Removal

Although using the appropriate clothing tick bites can
occur and they are usually painless, making important to
do an exhaustive exploration of the entire body in order
to look for any attached ticks and remove them. When a
person present an attach tick it is necessary to remove it
from the skin as soon as possible. Generally, a tick
require >24-48 h for the transmission of some diseases,
thereby this risk increases with the duration of
attachment. For example, in the case of the transmission
of B. burgdorferi it is needed 36-72 h of tick feeding to
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inoculate the spirochete, however, the transmission of
Ehrlichia spp. or the agent of the Rocky Mountain
Spotted Fever can occur in shorter time periods
(Piesman et al., 1987; Oteo et al., 2001).

The use of tweezers or forceps to remove ticks has
been shown significantly decrease the risk of
complications associated to the tick-bite or the infection
with the microorganisms they transmit (Oteo et al.,
1996). Matuschka and Spielman (1992) also considered
the use of tweezers as the choice method. Others popular
methods for removing ticks from skin as manual
extraction, oil, vaseline, petroleum, lighted cigarettes,...
despite being effective methods for removing ticks from
the skin, they are associated with an increase of
complications and transmission of infectious agents
(Oteo et al., 1996; 2001).

The correct extraction of ticks should be done using
thin-tipped tweezers or blunt, rounded forceps
introducing them between tick head and the skin to grasp
the mouth parts of ticks intact if possible. Pull the tick
straight upward with steady pressure, perpendicular to
the skin (Oteo et al., 2001; Parola and Raoult, 2001;
Stafford, 2004) (Fig. 5). If after the extraction any part of
the tick is retained in the skin it should be advisable to
perform a biopsy of the inoculation place in order to
avoid a neurotoxic paralysis due to the presence of the
arthropod salivary glands and the neurotoxin in the
patient (Oteo et al., 1990; 2001). After removal of the
tick the skin area should be disinfected with povidone
iodine or other skin disinfectant. Commercially available
tick removal devices have been shown being useful for
removing nymphal stages, especially to successfully
remove [. scapularis nymphs (Parola and Raoult, 2001;
Stafford, 2004). Ticks removed should be stored at
-20°C for future analyses for the detection or isolation of
the causative agent in case of the patient develops an
infectious disease (Parola and Raoult, 2001).

3.2. Antibiotic Prophylaxis After Tick Bite

There is not a consensus about the use of antibiotic
prophylaxis after tick bites. Usually, most of tick bites do
not cause any complication, except mild local pruritic
inflammatory reactions of short duration. Guidelines
carry out by the Infectious Diseases Society of
America (IDSA) in 2000 do not recommend the
routine use of chemoprophylaxis for the prevention of
Lyme disease (Wormser et al., 2000). The Centers for
Disease Control and Prevention (CDC) do not
recommend the routine use of antibiotic prophylaxis
for the tick-borne infections (CDC, 1991).
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Fig. 5. Extraction of a Hyalomma marginatum female from a
patient

Due to the possibility of complications most of the
studies in relationship with this topic have been made
regarding to Lyme disease (Oteo et al., 2001) A study
carried out by Warshafsky et al. (1996) suggest that the
antibiotics used for the prophylaxis showed more
adverse effects than the benefits that they may cause.
They also published that only one case was prevent of
Lyme borreliosis of each 83 patients treated with
antibiotics as prophylactic measure. In the case of using
doxycycline as prophylaxis measure for Lyme
borreliosis, that administration of the antibiotic should be
done in the first 48 h after the tick bite in order to avoid
the entrance of the spirochete according to studies
carried out in an animal model (Shilh ez al., 1992). Other
authors demonstrated an 87% of effectiveness for the
prophylaxis of Lyme borreliosis with a single dose of
doxycycline in an endemic area from North America,
fact that motivated the published of an editorial based
on the use of topic antibiotics for the prevention on
Lyme disease (Nadelman et al., 2001; Shapiro, 2001).
Studies carried out by our group with topic
oxytetracycline 2% show significant differences
versus the topic administration of vaseline. The
patients who administrated topic oxytetracycline twice
a day for two days do not developed infection or
related disease (Oteo et al., 1998).

Donovan et al. (2002) suggest that the use of a single
dose of doxycycline, according to its efficacy and mild
adverse effects, should be limited to areas with high risk
of exposure (Donovan et al., 2002). Other authors also
say that the use of weekly doses of prophylactic
doxycycline can prevent scrub typhus infection in
endemic areas (Olson et al., 1980; Twartz et al., 1982).
However, the use of chemoprophylaxis is uncertain to
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prevent the acquisition of other rickettsioses. Although
some papers suggest that the use of prophylactic
antibiotics, especially doxycycline, reduce the risk of
tick borne diseases, there are controversial data to ensure
that the prophylaxis is beneficial for patients to prevent
rickettsioses or Lyme disease (Dobler, 2010). Despite
all these studies, is important to consider that the use of
prophylactic antibiotics depends on the degree of tick
engorgement and the time of attachment of the tick
(Oteo et al., 2001; Parola and Raoult, 2001). The risk
of infection of B. burgdorferi is higher when the tick
has been attached more than 48-72 h. However
ehrlichial and rickettsial infections can be transmitted
in few hours. Lamentably, in most cases, is not possible
to asses those aspects (Piesman et al., 1987; Piesman,
1993; Sood et al., 1997; Des Vignes et al., 2001).

In our experience, we do not advise the general use of
antibiotics for the prophylaxis of tick bites. However,
when the tick has been manipulated, the tick is engorged
or the patient has a high level of anxiety, the prophylaxis
with doxycycline could be offered (Oteo et al., 1996).

4. CONCLUSION

The best way for preventing tick-borne diseases is to
avoid tick bites. There are several pre-exposition and post-
exposition measures that can be effective and usseful to
decrease tick-bites and tick related disorders. Wearing
apropiate clothing, using repelents, looking for tick
attaches and an early apropiatte removal have been used
with different grades of succes. Interventions in hosts and
in selected infested areas to control tick populations can
also be performed. There are few evidences to extend the
use of antimicrobials after tick-bites as prophilaxis.
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