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Abstract
The tick-borne protozoan parasite Theileria annulata causes tropical theileriosis, a severe disease
of cattle that occurs across the Mediterranean littoral, the Middle East and Southern Asia. In the
Mediterranean region, the disease has long been perceived as being a constraint to livestock
production in North Africa and Turkey but was believed to have minimal impact in Southern
European countries. It has recently been demonstrated that in
Southern Portugal the prevalence of T. annulata is approximately 30%. While the population
genetics of the parasite and the multiplicity of infection in the bovine host have been studied in a
number of countries, no information is currently available on the composition of the parasite
population in Southern Europe or its relationship to populations in bordering regions. A parasite
genotyping system, based on micro- and mini-satellite amplification, was used to perform genetic
analysis of T. annulata populations from T. annulata infected cattle in twelve farms in Southern
Portugal. A diversity of genotypes and a high multiplicity of infection were found, suggesting that
the parasite possesses a panmictic population in this region. In comparison with genotypes found
in Tunisia and Turkey, parasites from Portugal form a genetically distinct group and show lower
genetic diversity.

1.

Introduction

Theileria annulata is a tick-borne parasite that
causes tropical or Mediterranean theileriosis, an
economically important disease of cattle that
occurs around the Mediterranean region, the
Middle East and Southern Asia (Gubbels et al.,
1999; Garcia-Sanmartin et al., 2006).
The parasite is transmitted by two- and threehost ticks of the genus Hyalomma (Ghosh et al.,
2008; Gharbi et al., 2013). T. annulata
sporozoites enter the bovine host during tick
feeding and rapidly invade cells of, primarily,
myeloid lineage. After several rounds of
schizogony linked to host cell division,
merozoites are produced, released upon host
cell destruction and subsequently invade
erythrocytes (Dobbelaere and Heussler, 1999).
Piroplasm-infected erythrocytes are ingested by
ticks where the sexual phase occurs, followed by
the production of thousands of infective haploid
sporozoites in the salivary glands. The parasite
has a primarily haploid life-cycle with a brief
diploid phase in the tick corresponding to the
zygote and kinete stages (Mehlhorn and Schein,
1984).
In Portugal, the importance of theileriosis is
becoming increasingly recognised (Branco et al.,
2010; Silva et al., 2010) and a recent
epidemiological study determined an increased
prevalence in the south of the country. In a crosssectional study in Southern Portugal, around
30% of cattle were found to be infected within an
area that represents around 50% of this country's
cattle population (Gomes et al., 2013). The
majority of reported clinical cases occur in young
calves or imported animals, and a state of
endemic stability is presumed to occur. In the
northern part of the country, where infected
animals and vector ticks are also known to coexist, the disease is less common and tick
challenge is presumed to be relatively lower.
Animals that survive acute disease become

carriers of T. annulata and play an important role
as reservoirs for the maintenance of the parasite
population (D'Oliveira et al., 1995). Vaccination
with
a
live
attenuated
vaccine
and
chemoprophylaxis with buparvaquone are
available in certain countries. However, neither
of these control measures is available in
Portugal. The only available intervention is the
use of acaricides for tick control.
A number of studies have shown
considerable levels of genetic diversity in the T.
annulata population using a variety of
serological and molecular approaches (Ben
Miled et al., 1994; Shiels et al., 1986; Gubbels
et al., 2000; Schnittger et al., 2002; Weir et al.,
2010). Population genetic studies of T.
annulata have previously been performed
using a panel of micro- and mini-satellite
markers (Weir et al., 2007). This genotyping
approach has also been applied to other
Apicomplexan species such as Plasmodium
falciparum (Anderson et al., 2000) and
Theileria parva, a phylogenetically close
relative of T. annulata (Oura et al., 2005;
Muleya et al., 2012). A study within Tunisian
and Turkish
T. annulata populations demonstrated that
genetic differentiation could be detected
between geographically separated populations
(Weir et al., 2007). Although a moderate level
of differentiation of populations between
countries was shown, complete genetic
isolation between Tunisia and Turkey was not
observed. The level of genetic differentiation
within
Turkish
sub-populations
was
comparable to that observed within Tunisia
sub-populations with both countries evidencing
linkage disequilibrium and some geographical
sub-structuring.
The present study aims to investigate the
genetic diversity of T. annulata in Portugal and
perform a comparative analysis with the data
available from Tunisia and Turkey. We

analyzed samples from twelve farms with
infected cattle from four distinct regions of
Southern Portugal. To investigate the structure
of parasite population in relation to the different
geographical regions and to evaluate the
multiplicity of infection in the cattle host, we
used a panel of micro- and minisatellites. Such
information may provide important baseline
data upon which suitable control policies for
this parasite may be developed in the future.
2.

Materials and methods

2.1. Sampling

and DNA extraction

One hundred and fifty bovine blood samples
were collected into EDTA tubes between
January and June 2012 from 16 large farms in
Southern Portugal, each comprising an
average of 120 animals. All samples were
taken from animals older than six months and
without clinical signs of theileriosis. A total of
800 μl of whole blood was used for DNA
extraction. Red cells were lysed using distilled
water and centrifuged at 4500 g (2 cycles of 5
min). The supernatant was discarded and the
remaining pellet reconstituted with 200 μl of
water. DNA was extracted using the High Pure
PCR Template Preparation Kit (Roche,
Switzerland) according to the manufacturer's
instructions. Samples were tested for the
presence of T. annulata DNA using real-time
PCR (Santos et al., 2013). Ninety samples,
collected from bovines from twelve farms within
four regions, yielding positive results for the
presence of T. annulata were selected for
genotyping. The Ankara (D7) clone (Shiels et
al., 1992) was used as a parasite-positive
control sample. DNAse free water (GIBCO)
was used as a negative control.

2.2. Genotyping

and allele calling

Genotyping of DNA samples was performed
by PCR amplification of four previously
described micro-satellites (TS5, TS9, TS12
and TS16) and five mini-satellite markers (TS6,
TS8, TS15, TS20 and TS25) under the
conditions described by Weir et al. (2007). The
amplified products were separated on a
capillary automated sequencer (ABI 3100
Genetic Analyser). DNA fragment size was
determined by comparison with a set of ROXlabeled size standards (GS500 markers, ABI).
The electrophoretograms obtained for each
sample were analyzed using the Peak Scanner
Software v1.0 (ABI) in order to identify and
quantify peaks representing amplicons. Only
peaks with an area greater than 32% of the
largest peak area were recorded. Traces were
manually inspected and artifactual peaks,
considered to be due to either a stutter or an
untemplated ‘A’ effect, were eliminated. For the
construction of multilocus genotypes (MLG) for
each sample, we identified the predominant
peak (predominant allele) at each locus in each
sample and assigned it to a bin. The
genotyping of a cloned parasite isolate (Ankara
D7) in this study allowed the MLG dataset to be
harmonized with and compared to a previous
Tunisian and Turkish dataset (Weir et al.,
2011).
2.3. Data

analysis

Allelic frequencies and expected (gene
diversity) heterozygosity were calculated using
the Excel Microsatellite Toolkit (Park, 2001).
Unbiased allelic richness was calculated using
HP-RARE 1.0 using the rarefaction statistic
(Kalinowski, 2005). As T. annulata is haploid
during the blood stages, the Multiplicity of
Infection (MOI) can be determined by the
number of different alleles detected within each

sample. Since multiple loci were genotyped,
the mean number of alleles per isolate was
used as a proxy-estimate of MOI for
comparisons between regions of Portugal and
countries and differences were tested by
ANOVA.
Population differentiation analysis was
performed with MLG data. Estimates of Wright
fixation index (F ST ) were made according to Weir
and Cockerham (1984) with the software
ARLEQUIN
(Excoffier et al., 2005), to determine genetic
differentiation between samples and the
respective statistical significance. A value of 0 for
F ST indicates no differentiation, values between 0
and 0.05 are indicative of little genetic
differentiation, values between 0.05 and 0.15 are
indicative of moderate differentiation, values
between 0.15 and 0.25 are indicative of great
differentiation and values above 0.25 show very
great genetic differentiation (Balloux and LugonMoulin, 2002). For multiple tests, the significance
level was corrected according to the sequential
Bonferroni procedure to avoid type I errors
(Holm, 1979).
The LIAN linkage analysis software, Version
3.6
(http://guanine.
evolbio.mpg.de/cgibin/lian/lian.cgi.pl) was used to test the null
hypothesis of Linkage Equilibrium (LE) in all four
regions in Portugal and among Portugal, Tunisia
and Turkey using the standard index of
association (IS A ) (Haubold and Hudson, 2000), a
measure of linkage equilibrium/disequilibrium.
This software tests for independent assortment
of alleles by determining the number of loci that
differs at each pair of MLG. Variance (V D ) is
calculated from the distribution of mismatch
values and is compared with the expected
variance (V e ) for LE. The null hypothesis of LE is
tested (V D = V e ) by a Monte Carlo simulation or
a parametric method and the results provide 95%
confidence limits, respectively designated as L MC
and L PARA . If V D is greater than L and a positive

value of the index of association is obtained, the
null hypothesis is discarded and LD is indicated.
The higher the IS A value, the greater the level of
linkage disequilibrium, while a value close to zero
indicates LE.
A factorial correspondence analysis (FCA)
was also performed on MLG data from Portugal
and comparing the countries (Portugal, Tunisia
and Turkey), using the software GENETIX 4:05
(Belkhir et al., 2004). This form of multivariate
analysis allows underlying trends among
parasite genotypes to be investigated with MLGs
being graphically represented by points in bi- or
tri-dimensional space.
Bayesian
clustering
analysis
with
STRUCTURE 2.3.4 (Pritchard et al., 2000) was
performed for the Portuguese samples and also
for a set of parasite samples from Portugal,
Tunisia and Turkey. In both cases a ‘no
admixture’ model was used without prior
information on sampling groups, assuming
correlated allele frequencies among populations
(λ was set at 1). Ten independent runs with
105 burn-in steps and 205 iterations were done for
each value of K (K varied from 1 to 5 in A, and
from 1 to 4 in B). The number of genetic clusters
(K) was inferred with the software STRUCTURE
HARVESTER (Earl and vonHoldt, 2012). The
information from the outputs of each K (10 runs)
was compiled by the Greedy method
implemented in CLUMPP (Jakobsson and
Rosenberg, 2007).
The possible relationship between genetic
differentiation (pairwise F ST calculated in
ARLEQUIN) and geographical distances (in km)
among regions was assessed using Mantel tests.
These were carried out with the program IBDWS
3.23 (Jensen et al., 2005) with 10,000
randomizations.

3.

Results

3.1. Allelic

diversity and multiplicity of infection

T. annulata positive samples were selected for
genotyping, comprising 40 samples from Évora
region (four farms), 29 samples from Portalegre
region (five farms), twelve samples from Ribatejo
region (two farms) and nine samples from Beja
(one farm).
The number of alleles per marker within a
single sample ranged from one to ten depending
on the locus (Table 1) and the mean number of
alleles per locus per sample ranged from 1.62
(for TS25) to 4.40 (for TS8). The markers TS16
and TS25 showed a maximum of four alleles
while TS8 and TS20 showed no more than ten
alleles per isolate. The comparison of the
frequencies of the predominant alleles was
performed as shown for marker TS5 (Fig. 1).
Descriptive statistics for MOI calculated across
each of the nine micro- and mini-satellite loci
showed that every isolate represented a mixed
infection, with several alleles identified at one or
more loci. To provide a measure of the MOI
within each isolate, the mean number of alleles
across all loci was calculated for each isolate for
each of the four regions (Table 2). Portuguese
isolates had a mean of 3.06 (±0.75) alleles per
locus and a range between 1.11 and 4.50 alleles.
MOI values estimated for the four regions were
similar, showing no statistically significant
differences between the two regions with the
greatest number of farms and samples (Évora
and Portalegre). The samples collected in these
two regions presented a mean number of alleles
per locus per isolate of 3.16 and 2.83,
respectively. The only significant difference was
found between Portalegre farms and the only
farm evaluated in Beja region (p b 0.05).
Comparing the three countries, the Turkish
isolates had a mean of 3.12 and the Tunisian

isolates had a mean of 2.54 alleles. MOI values
of Portugal and Tunisia showed significant
differences (p b 0.001) however, no difference
was obtained between Portugal and Turkey
(Table 2).
3.2. Population

diversity and geographical sub-

structuring

A MLG was constructed for each isolate based
on the predominant allele at each locus. A total
of 90 different genotypes were obtained and a
descriptive summary of this data is presented in
Table 3. A total of 97 alleles in all loci were found
in the Portuguese population compared with 177
in Tunisia and 272 in Turkey. Comparing the
unbiased allele richness, which takes into
account sampling size disparity, the Portuguese
population showed 102 alleles in all loci
compared to the 181 in Tunisia and 199 in
Turkey. Many of the alleles are common to all
three populations, such as those identified using
markers TS9 and TS25 with no private alleles
detected in the population from Portugal, while
other markers showed population-specific
alleles, such as TS20, which had nine private
alleles in Portugal. Compared with the Turkish
population, which had 112 private alleles over all
loci, Portugal has a lower number of 31, similar
to the Tunisia population, which has 33 private
alleles.
Expected heterozygosity across all loci in
Portugal was 0.625, considerably lower than in
Turkey (0.872) and Tunisia (0.884) (Table 4).
Genetic differentiation values (F ST ) obtained
indicates a moderate degree of differentiation
between Portugal and Tunisia (0.069), a low
degree of differentiation between Portugal and
Turkey (0.047) and the lowest F ST was obtained
in the comparison between Turkey and Tunisia
(0.016). A low and non-significant degree of

differentiation was detected among all four
Portuguese regions. A lower level of parasite
genetic diversity, as measured by expected
heterozygosity, was observed within Portugal
compared to the other two countries. No
significant correlation was found between
genetic and geographic distances. These levels
of genetic differentiation were supported by both
results of the FCA (Fig. 2) and Bayesian
clustering analysis.
Table 1
Theileria annulata allelic diversity per sample per
locus in Portugal.
TS TS TS TS TS TS TS TS TS
5 6 8 9 12 15 16 20 25
Minim 1 1
1 1 1
1
1
1 1
um
Maxi 9 5 10 6 6
9
4
10 4
mum
Mean 3. 1. 4. 2. 2.2 4.0 1.8 4. 1.6
82 89 40 77 6
2
9
33 2
SD
1. 0. 2. 1. 1.2 1.9 1.0 2. 0.7
68 98 25 35 4
4
3
21 3

regions of Portugal (Fig. 2a), although differing
patterns for the four regions could be
discerned. It was observed that the majority of
the Évora isolates clustered closely and these
are largely separated from the Ribatejo isolates
on the first axis of the FCA. Similarly,
Portalegre and Beja isolates can largely be
distinguished on the second axis. These results
suggested that there is a degree of
geographical sub-structuring. The FCA for the
three countries (Fig. 2b) evidenced a complete
separation of populations, however the
Tunisian and Turkish populations were more
closely related while the Portuguese population
was more distant, thus corroborating the
geographical sub-structuring indicated with the
genetic analysis.
The Bayesian analysis implemented in
STRUCTURE revealed a homogeneous
population in Portugal (K = 1). From analysis of
the populations across the three countries,
Portugal, Tunisia and Turkey, the best K value
was 2, separating Portugal from a cluster
grouping Tunisia and Turkey.
3.3. Linkage

Fig. 1. Allele frequencies of TS5 in field
populations of Theileria annulata. The
frequency of the predominant allele in each
sample was calculated for Portuguese T.
annulata populations (gray) and compared with
Tunisian (black) and Turkish (white)
frequencies.
The FCA for the Portuguese isolates was
unable to separate isolates from the four

analysis

The standard index of association (IS A ) was
calculated using the MLG dataset to determine
whether an association could be found
between
alleles
when
all
pair-wise
combinations of loci were examined. The
statistical analysis of IS A values allowed the null
hypothesis of random mating to be tested and
to investigate whether the high levels of
diversity observed in these populations could
be explained by frequent genetic exchange.
The LD analysis was performed combining
data for populations from the three countries,
pair-wise and separately. The combined data
showed an IS A value of 0.054, while the pairwise combination of data representing Portugal
and Tunisia had a higher value of 0.168 and for
Portugal and Turkey it was 0.061, three times

higher than the value computed for Tunisia and
Turkey (0.0201). Linkage analysis was
performed for each geographically defined
population at the regional (Table 5) and farm
level. The null hypothesis of linkage equilibrium
Table 2
Summary statistics of multiplicity of infection in
samples of Theileria annulata from Portugal.

Portugal
Évora

90 3.06 0.75 1.11 4.50
40 3.16 0.78 1.11 4.33

Portalegre 29 2.83 0.72 1.38 4.22
Ribatejo
Beja

12 3.25 0.88 1.56 4.50
9 3.35 0.20 3.00 3.56

Tunisia

87 2.54 0.78 1.29 4.56

Turkey

218 3.12 1.13 1.00 5.78

random association of alleles, evidencing
particular combinations of alleles from different
loci found more frequently than would be
expected on the basis of random mating. When
linkage analysis was performed using three
farms in Évora with LE, LD was maintained with
an IS A value of 0.019. The same occurred in
Portalegre where, after removing the
genotypes from the farm in LD from analysis,
LD was still maintained (IS A = 0.0216).
4.

Discussion

The present study represents the first broad
population genetic analysis of T. annulata in
Portugal. Analysis of Portuguese isolates of T.
annulata demonstrates that, similar to other
endemic countries, the parasite population is
highly diverse. In almost every animal positive
for T. annulata a high MOI was observed.
Similar MOI levels were observed in Turkey
and lower values were recorded in Tunisia

Table 3
Allelic variation in the Portuguese Theileria annulata population.
TS5 TS6 TS8 TS9 TS12 TS15 TS16 TS20 TS25 All loci
Total number of alleles 11
12
16
9
8
11
9
18
3
97
Allelic richness
12
12
16
9
9
12
10
18
4
102
Predominant allele
300
390
183
357 (0.74)228 (0.76)235 (0.38)348 (0.41)
size in bp (frequency) (0.46) (0.52) (0.27)
223 (0.44)218 (0.91)
Number of private alleles 6
4
2
0
4
4
2
9
0
31
could not be rejected in two regions with the
(Weir et al., 2007, 2011). MOI is an
smaller sample sizes, Ribatejo and Beja, while
epidemiological measure of the number of
LD was observed in the other two regions. In
parasite genotypes per infected individual,
those regions where LD was observed (Évora
frequently used in malaria research, which can
and Portalegre), when each farm was treated
improve knowledge of parasite populations in
as a single population, LD was no longer
aspects such as the dynamics of infection and
detectable within three of the four farms at
as an indicator of immune status,
pathogenesis, or the effect of transmission
Évora and within three of the five farms from
Portalegre (one farm was excluded because
intensity and drug efficacy (Ross et al., 2012).
only three animals were evaluated). The
The differences in MOI found between
isolates from the LD farm of Évora and
countries may reflect subtle differences in
S
Portalegre had an I A of 0.092 and 0.143,
epidemiology such as transmission intensity,
respectively. These values indicate a nonwhich may be related to variation in the level of

cattle infestation with ticks but also with the
prevalence of T. annulata infection in the tick
population. In Portugal, there are two tick
species,
Hyalomma
lusitanicum
and
Hyalomma marginatum (Estrada-Peña and
Santos-Silva, 2005) that can be infected by T.
annulata and either may have different vector
competence from the other species that occur
in Turkey and Tunisia. Other tick species are
present in Tunisia, with Hyalomma scupense
(syn. Hyalomma detritum) being one of the
most common and economically important
species found on livestock, particularly cattle.
This species is the major vector of T. annulata
(Bouattour et al., 1996) but other species like
H. marginatum and Hyalomma anatolicum are
also found in this country. In Turkey there are
four Hyalomma species responsible for the
transmission of T. annulata (Aktas et al., 2004).
The herds analyzed in Portugal have a low
number of clinical cases and these occur
mainly in young calves or introduced nonimmune adults, so, on this basis, these
infections can be considered to represent a
state of endemic stability, in the absence of
additional data. Due to the similar epidemiology
of tropical theileriosis in different regions of
Table 4
TS5

TS6

TS8

TS9

increased tick exposure over time and multiple
re-infections of animals during the tick season
(Weir et al., 2011). The number of co-infecting
genotypes gradually increases over time,
presumably as the animal is exposed to new
genotypes. In contrasts to the previous study,
which included a significant number of calves
(Weir et al., 2011), the focus of sampling in the
present study was on adult carrier animals and
therefore the relationship between host age and
MOI could not be explored. No association of
MOI was detected with different cattle breeds,
although the number of animals representing
each breed was relatively low and therefore there
was little statistical power to investigate this
issue. Further studies are required to determine
if this metric can be related to variation in breed
susceptibility and disease tolerance.
Some degree of genetic differentiation
between geographically separated populations
of T. annulata was revealed in our study. A
moderate level of differentiation was detected
between Portugal and Tunisia and between
Portugal and Turkey. A degree of genetic
differentiation between T. annulata populations
in Tunisia and Turkey was also previously
detected by Weir et al. (2011) as well as between
populations in Oman and these two populations
(Al-Hamidhi et al., 2015). While the Turkish and
TS12

TS15

TS16

TS20

TS25

All
loci
Portugal 0.753 0.657 0.865 0.439 0.408 0.801 0.749 0.785 0.167 0.625
Tunisia 0.827 0.946 0.946 0.960 0.956 0.829 0.898 0.885 0.708 0.884
Turkey
0.818 0.950 0.963 0.947 0.963 0.808 0.858 0.872 0.671 0.872
Gene diversity
in
Theileria
annulata Tunisian populations were relatively closely
populations from Portugal, Tunisia and Turkey. related, the population from Oman showed a
Portugal, in terms of prevalence and disease greater degree of differentiation from both other
presentation, only a limited variation of MOI populations (Al-Hamidhi et al., 2015). In that
among Portuguese farms and regions was study, principal coordinate analysis revealed that
anticipated.
Host
age
was
previously samples from these countries formed three
demonstrated to be a significant determinant of clusters,
supporting
the
existence
of
MOI in Turkey and Tunisia because of the geographical differentiation. This is similar to the

geographical differentiation observed in the
present study with Portuguese, Tunisian and
Turkish samples. Similar to other studies, the
level of differentiation between regions within a
single country is lower than between countries.
This agrees with the observation that no major
geographical barriers exist between regions of
Portugal and there is documented cattle
movement between regions for commercial
reasons. The differentiation observed between
populations in different countries is likely to be
the consequence of genetic isolation, consistent
with geographical and trade barriers hampering
the free flow of parasite genetic material.
Nevertheless, complete genetic isolation

between the three countries was not observed,
which may be due to: (a) parasite populations
having become isolated relatively recently; or (b)
occurrence of cattle movement between
neighboring countries, allowing a limited level of
parasite gene flow across the whole region. This
may be the case in Tunisia and Turkey, as the
disease is present in the intervening countries of
Libya, Egypt and Israel. In contrast, Portugal is
geographically distant from Tunisia and Turkey
and there is no documented cattle movement
between Portugal and these countries.
Significant LD detected in populations of the
three countries was consistent with genetic
differentiation and geographical sub-structuring

Fig. 2. Factorial correspondence analysis. Projection of genotypes from (A) four regions of Portugal:
Évora (black), Portalegre (light gray), Ribatejo (white) and Beja (dark gray). Projection of genotypes
from Portugal, Tunisia and Turkey; (B) Portugal (white), Tunisia (gray) and Turkey (black).

Table 5
Linkage equilibrium analyses in populations of Theileria annulata.
Comparison
n
IS A
VD
LPARA
Portugal

90

0.0272

2.0247

1.8521

LMC

Linkage
1.8679

LD

Évora

40

0.0268

2.0677

1.9991

1.9727

LD

Portalegre

29

0.0368

2.0272

1.8874

1.9728

LD

Ribatejo e Oeste

12

0.0117

1.4762

1.8078

1.7531

LE

Beja

9

0.0164

1.4857

1.9837

1.9429

LE

Tunisia

87

0.0117

0.9534

0.9088

0.9128

LD

Turkey

218

0.0207

1.0671

0.9440

0.9495

LD

Portugal, Tunisia and 395
Turkey
Portugal and Tunisia 177

0.0538

1.1276

0.8032

0.8023

LD

0.1677

2.3625

1.0480

1.0468

LD

Portugal and Turkey

308

0.0610

1.3447

0.9296

0.9254

LD

Tunisia and Turkey

305

0.0201

0.9136

0.8017

between Portugal and the other populations.
Although the index of association across the
four regions of Portugal was low (0.0272) it was
slightly higher than in Turkey and Tunisia. The
regions of Beja, with only one studied farm, and
of Ribatejo, with two farms evaluated, revealed
LE when analyzed independently. The regions
with larger sample sizes and with more farms
(Portalegre and Évora) were in slight LD. When
analyzing within farms, LD was identified only in
one farm from each region. When those farms
are removed from the analysis, Portalegre and
Évora sub-populations were still in LD. This mild
LD results within two farms cannot be explained
by geographical sub-structuring. While it is
possible that factors such as influx of new
genotypes (Wahlund effect) or an epidemic
population structure may underlie this result, it
must be borne in mind that the LD observed is
very limited and may be introduced by particular
genotypes being slightly over-sampled in the
course of the study for a variety of reasons.
Recombination, as measured by genetic
linkage, in the Portuguese T. annulata is
undoubtedly frequent and is at a broadly similar
level to that observed in Tunisia. Although

0,7993

LD

animals are kept exclusively on farms and are
not free-roaming, it is known that there are
movements of cattle from farm to farm
particularly in neighboring regions (Baptista and
Nunes, 2007). Our data suggests that cattle
movement is insufficient to homogenize the
present
parasite
population
and
that
geographical sub-structuring is maintained at
the regional level. The parasite population is
essentially panmictic with only a minor
disturbance showed by the low levels of IS A and
only a limited level of LD.
In summary, while Portugal has not been
perceived to experience the same problem of
tropical theileriosis in comparison to other
Mediterranean countries, it is clear that the
extent of genetic diversity of T. annulata is not
wholly dissimilar from countries where the
disease has long been accepted as one of the
principal constraints to cattle production.
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