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Abstract

Lyme disease (LD) is a zoonosis caused by bacteria of the genus Borrelia. LD is one of the most frequent
diseases transmitted by ticks, being the most common in Europe and the United States. The geographical
distribution of Borrelia is the reason why this is one of the most common borreliosis, which is also related
to the habitat of its vectors (mostly the genus Ixodes). However, Borrelia is not the sole pathogen of this
vector. As a consequence, some regions of northern Spain are considered to be borreliosis endemic areas,
particularly of LD, due to the biogeochemical conditions of the area. Nevertheless, this zoonosis is widely
spread throughout the country, due to the ubiquitous presence of mammals and other vertebrates carr-
ying the vector (hosts). Although LD is very frequent across the Iberian Peninsula, the heterogeneity of
clinical manifestations and vectors complicates its detection. Consequently, diagnosis is delayed and the
disease develops, which leads to clinical complications.
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1. Introduction

Lyme disease (LD) is an infection that mainly affects
animals, but can also be transmitted to humans (i.e.
a zoonosis). This disease is caused by bacteria of the
genus Borrelia (1), which belong to the phylum Spi-
rochaetes (2). In Spain, the predominant species are
B. burgdorferi and B. garinii, whose infections cause
similar symptoms (3-5).

LD is transmitted by inoculation of the pathogen
Borrelia through the chelicerae of the tick, which are
appendages of the genus Ixodes mouthparts. These
chelicerae cause a lesion in the epidermis of the host
and, as a result, the hypostome is pulled into the skin,
allowing its attachment. This leads to the infection of
the host due to the pathogens carried by the tick (6).
In Spain, the main vector of LD is Ixodes ricinus, which
carries Borrelia burgdorferi and other species of this
genus (4). The type of pathogen causing the infection
is related to the biotic and abiotic conditions of the
geographical area being studied (7). Therefore, it is
essential to know both the climatic conditions and the
type of vertebrates living in a region in order to iden-
tify the agent of the infection. Large vertebrates, inclu-
ding livestock, are the ideal hosts for most tick species.
Furthermore, the movements and migrations of lives-
tock are one of the factors that enables the spread of
borrelioses in neighboring areas (7).

Although LD presents a wide variety of clinical ma-
nifestations, fever of unknown origin is not usual in
this type of infections in a pediatric population (4).

In fact, it has been reported that most people with
borreliosis do not show fever as a symptom, unlike
infections caused by other types of pathogens that
are also transmitted by ticks (4). In the case of an
atypical clinical picture, various types of borreliosis
should be considered, even in the absence of fever
in children (8). Since there is an under-diagnosis of
LD, the presence of risk factors makes it necessary
to perform a screening for the disease (3). This zoo-
nosis is frequent among the pediatric population,
with a peak incidence for children between 3 and 12
years old, which implies the need for an active diag-
nosis (4). This literature review collects data from
a variety of sources in order to evaluate whether
a correct differential diagnosis is performed in the
presence or absence of risk factors for LD among
people susceptible of being infected by pathogens
of the genus Borrelia.

2.Lyme Disease Prevalenceand Incidence

The incidence of Lyme borreliosis in Spain is esti-
mated at 0.25 cases per 100,000 inhabitants/year
(3)- Men are the most affected by this disease (3, 4),
as they are more engaged in agricultural activities
than women (3). At the same time, the incidence
rises in high rainfall and coppice areas, since they
favor the proliferation of hosts that can be coloni-
zed by ticks (4). Climatic factors are also important
in pathogen transmission regarding its connection
with the size of Ixodes colonies (4). Thus, more tick
will live in areas with the most favorable factors.
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This explains the significant difference in incidence
found between Asturias (maximum incidence) and
the rest of autonomous communities, with the excep-
tion of Ceuta, where the rate is also higher than the
Spanish average(3). Nonetheless, a study conducted
on pediatric population in Galicia showed an ave-
rage incidence of 5.5 cases per 100,000 inhabitants/
year (4). In terms of incidence throughout the year,
a higher infection rate of Borrelia is reported during
the warmest months, between June and October (3,
4). The increase on the number of ticks in these mon-
ths is associated with both the favorable climate for
their breeding and the rise in the amount of possible
vertebrate hosts (7). In spite of this, due to the small
size of Ixodes (Figure 1) (1, 4), the tick bite is painless
and less than half of the patients remembers being
bitten (3, 4, 9). Consequently, it is estimated that the
LD prevalence data in Spain are underrated due to
the limitation of its sources, such as the Spanish Mi-
nimum Basic Data Set (MBDS). This data set exclu-
sively gathers information of inpatient treatments
and excludes minor cases treated by primary health
care services, and those without any clinical contact.
This information strongly depends on the quality of
the medical report. Regardless of its limitation, the
MBDS allows the estimation of prevalence in large
populations (2, 10).

3. Etiological Variability of Vectors

Pathogen transmission in a certain geographic area
will depend on the tick population of that specific
region. There are several tick species, including Ixo-
des ricinus, one of the prevailing species in Europe
(10). There is evidence that Ixodes ricinus can be co-
lonized by different Borrelia species (Figure 2) such
as B. burgdorferi, B. garinii, B. miyamotoi, B. afzelii, and
B. lusitaniae (10).

Biotic and abiotic factors of a specific area have to
be considered in order to study the connection be-
tween types of Borrelia and infection prevalence. It
has been proved that the relationship of ticks wi-
thin their habitat mainly depends on climate and
the diversity of vertebrates they can colonize. As a
consequence, the greater the variety of vertebrates,
the more colonies of Ixodes will live in that speci-
fic region (7). Furthermore, studies reveal that the
presence of large mammals living in nature reser-
ves enables tick population to increase (9). These
conditions lead to a higher incidence rate of LD
in rural areas with high diversity of host vertebra-
tes during the warmest period of the year (3). In
this respect, the northern regions of Spain are of
great interest in terms of studying the prevalence
of borreliosis in present mammals, and therefore
a possible increase of tick population and human
infection.
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The relationship between hosts and ticks (inters-
pecies relationship) is essential in order to unders-
tand pathogen transmission. In contrast, migration
of vertebrates among different areas may explain
the variability of species of genus Ixodes within a
certain region. Thus, the migration of vertebrates
which carry a particular species of Borrelia to an en-
vironmentally optimal region may allow this par-
ticular species to proliferate and develop in areas
where they were not previously endemic (7).

The same species of vertebrates can be colonized by
different types of ticks, which in turn can be hosts to
different species of Borrelia. In fact, B. burgdorferi has
been found not only in samples of Ixodes ricinus, but
also in Haemaphysalis concinna, Haemaphysalis puncta-
ta, Rhipicephalus bursa and Dermacentor reticulatus (9).
This can be explained by the fact that some Borrelia
present a higher infectivity rate than others (7).

These interspecies relationships illustrate the diver-
sity of pathogens which cause LD (7). According to
a study which used network analysis, the amount
of ticks and pathogen transmission could be limited
by insufficient availability of vertebrates (7).

4. Geographical Distribution and Climatic
Characteristics

Geography plays an important role in the distribu-
tion of this disease. Thus, eastern and northern re-
gions of Spain are endemic zones of the vector, and
consequently, of Borrelia (11). Rural and mountain
areas are highly susceptible for three reasons: con-
tact with mammals is more frequent, there is more
vegetation, and the climate is appropriate for Ixodes
to spread (11).

A greater number of diagnoses has been reported
between June and October, as there is a time lag of
some months since patients remember being in con-
tact with ticks and the appearance of clinical ma-
nifestations. Regarding these conclusions, a higher
prevalence of tick infestation in animals between
May and July has been observed (11).

5. Host Characteristics

No statistically significant differences regarding sex
in the northeast area of Spain have been observed
in the literature (11). This stands in contradiction to
other data from Spain, which shows that it is more
frequent among men (3). Hence, the geographical
distribution is an important factor in determining
the prevalence of LD. Significant differences have
been found with regard to age, being the incidence
of LD higher in people over 65 (11). Nevertheless,
other studies report another peak incidence among

children aged between 3 and 12 (4).
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6. Clinical Presentation and Treatment
6.1. Clinical presentation

LD presents a wide variety of symptoms, being
erythema migrans (66.7%), fever (44.4%), extremi-
ties pain (38.9%), facial palsy (11.2%), paresthesias
(11.2%), and joint pain (11.1%) (9) among the most
frequent. Due to these non-specific symptoms, phy-
sical examination of patients does not reveal preci-
se data. Symptoms appear before diagnosis in 66%
of cases, with an average duration of 19.6 + 9.3 (SD)
days. Even though most clinical manifestations are
not severe, 77.2% of cases required hospitalization,
which highlights the need for a correct diagnosis and
treatment (9). In short, the most common clinical ma-
nifestations are neurological, cutaneous, musculos-
keletal and cardiac (4). These manifestations present
a temporal progression through several LD stages.
In the first stage (early localized LD), the most fre-
quent manifestation is cutaneous, being erythema
migrans a pathognomonic manifestation of the di-
sease (12). In the pediatric population this symptom
predominates in the upper half of the body, whereas
in adults it is more common in the lower half (4). In
the second stage (early disseminated LD), neurolo-
gical symptoms and carditis appear. Furthermore,
meningitis is a frequent complication caused by Bo-
rrelia infection, presenting a predominance of mo-
nonuclear cells and an increased cerebrospinal fluid
(CSF) protein concentration. The third stage (late dis-
seminated LD) is characterized by the development
of chronic rheumatic conditions (4). It should also be
noted that there is a high percentage of pediatric pa-
tients diagnosed with LD that do not develop a fever.
This distinguishes borrelioses from other tick-borne
diseases, which usually present recurrent fever.

With regard to neuroborreliosis, i.e., neurological in-
volvement in LD, lymphocytic meningitis is the most
usual manifestation, along with an increase in CSF
proteins and lymphomonocytic pleocytosis. Radicu-
loneuritis and cranial neuropathy can also be present
as early manifestations of the disease (13).

6.2. Treatment

Antibiotic therapy is the treatment choice for LD and
there is a high response rate to it (4). Oral antibiotics
are used in the early stages of the disease. Doxycycli-
ne is mostly employed in adults and amoxicillin in
children under 8 and pregnant women. Moreover,
ceftriaxone, cefuroxime, and amoxicillin-clavulanic
acid have also been used with variable response ra-
tes (9). Intravenous treatment is reserved for severe
cases of central nervous system involvement. Due
to a possible chronification of symptoms, antibiotic
therapy is long-lasting, although there is controversy
regarding its duration (13).

7. Need for Diagnosis Confirmation

Serological confirmation is necessary in order to
establish a diagnosis of borreliosis, except in pa-
tients with erythema migrans, a pathognomonic
sign of LD. In cases of clinical suspicion, the poten-
tial infection is to be confirmed through validated
microbiological assays such as: IFA, ELISA (total
antibodies, IgG and IgM), CLIA, PCR or culture
(14). If positive or borderline antibodies are detec-
ted by IFA, ELISA or CLIA, these are to be confir-
med by a Western blot (WB) assay (14). Due to the
crossed reactions in ELISA or IFA serodiagnosis,
a confirmation by WB (antibodies against IgG or
IgM) is necessary. In addition, WB helps to know
the specific antigens the antibody synthesis is di-
rected towards.

Both a positive WB and the interpretation of the
bands used on it (which depend on the analyzed an-
tigens) are of great importance. This would help to
know whether it is an active, persistent or past infec-
tion, and whether there are any infectious syndro-
mes or cross-reactivity with other microorganisms.

PCR and culture of skin samples (skin biopsy) are
extremely cost-effective in Reference Centers (14).
This cost-effectiveness applies to the early stages of
the disease, when patients still have negative au-
to-antibodies.

Blood samples are usually required for the abo-
ve-mentioned assays, whereas CSF is required in ca-
ses involving signs of meningeal irritation or confir-
med meningitis. Once the samples are collected, they
are sent to the Reference Centers for analysis (14).

As previously explained in the section about the
etiological variability of vectors and pathogens,
ticks also carry other bacteria, especially Borrelia
miyamotoi. To confirm a laboratory diagnosis, the
presence of Borrelia miyamotoi must also be conside-
red. This mainly applies to cases with a high level
of suspicion for diagnosing LD, but testing negative
for B. burgdorferi (10). Despite not being examined
in conventional assays, spirochetes can be observed
by darkfield microscopy (10).

8. Discussion and Conclusions

Some LD cases caused by other pathogens different
from B. burgdorferi such as B. garinii are currently
being reported in Spain. Nevertheless, there are not
any confirmed cases of B. Miyamotoi up until now,
since this species is not included into the conventio-
nal serologies. As a consequence, a new diagnostic
protocol for LD is required, including new pathogen
species to avoid delay in the diagnosis as well as the
higher complication rate this inevitably implies.



In the differential diagnosis of a clinical picture
with no obvious manifestations, LD should be con-
sidered as a possibility in patients with skin mani-
festations caused by confirmed or suspected tick-bi-
te. This applies to cases involving no febrile clinical
picture or a febrile clinical picture with no obvious
origin, and/or to cases involving neurological sy-
ndrome without further explanation. A borreliosis
screening is also required in cases involving mus-
culoskeletal or cardiac manifestations with no ob-
vious diagnosis, since patients may be in the late
disseminated LD stage.

Large mammals are the main carriers of the genus
Ixodes and, consequently, of potential borrelioses.
Thus, a correct primary prevention by performing
tests of livestock and household pets in the vete-
rinary field is fundamental. Reducing the number
of susceptible hosts (by means of a proper parasite
treatment) will result in reducing the number of tick
colonies. In addition, creating campaigns for the ex-
ternal parasite treatment of these animals would
help to decrease the risk of livestock work, which is
one of the main risk factors.

Primary prevention campaigns are also necessary
in rural endemic areas, especially in coppice areas
where climatic conditions are favorable for tick-bi-
tes. The campaigns should include recommenda-
tions to avoid human-tick contact, in particular for
tourists and locals who are not used to the coun-
tryside. These recommendations should focus on
wearing appropriate clothes such as trousers and
closed shoes, so that the legs and feet are not expo-
sed to the tick-bites. Furthermore, it is necessary to
raise awareness on the importance of seeing a doc-
tor after a tick-bite. The geographical area and the
environment in which the patient lives, as well as
the season of the year, can also be considered risk
factors for a tick-bite. Both a correct veterinary epi-
demiological surveillance (mainly focused on the
livestock field) and an adequate description of the
endemic areas facilitate the access to these data for
medical personnel, facilitating a correct diagnosis.
I A notification system of LD cases in which con-
firmed and suspected cases can be exhaustively
registered would also be beneficial. Thus, the pre-
valence of LD in Spain could be determined more
precisely.
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Figure 1. Example comparing the size of Ixodes ricinus with a 2 euro cent coin.

Annex I: Figures

Vector: Ixodes Vector: Ivodes
Ricinus

Ricinus

Burreho burgdorfert Barrelio miyomotoi

Figure 2. Example of Ixodes ricinus as the host of Borrelia burgdorferi and I. ricinus as the host of Borrelia miyamotoi.
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