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a  b  s  t  r  a  c  t

Trypanosoma  theileri  is  a hemoprotozoan  parasite  that  infects  various  ruminant  species.
We investigated  the  epidemiology  of this  parasite  among  cattle  and  water  buffalo  popula-
tions bred  in  Sri  Lanka,  using  a diagnostic  PCR  assay  based  on  the cathepsin  L-like  protein
(CATL)  gene.  Blood  DNA  samples  sourced  from  cattle  (n  = 316)  and  water  buffaloes  (n = 320)
bred in  different  geographical  areas  of  Sri  Lanka  were  PCR  screened  for T. theileri.  Para-
site  DNA  was  detected  in  cattle  and  water  buffaloes  alike  in all  the  sampling  locations.
The  overall  T. theileri-positive  rate was  higher  in  water  buffaloes  (15.9%)  than  in  cattle
(7.6%).  Subsequently,  PCR  amplicons  were  sequenced  and  the  partial  CATL  sequences  were
phylogenetically  analyzed.  The  identity  values  for  the  CATL  gene  were  89.6–99.7%  among
the  cattle-derived  sequences,  compared  with  values  of 90.7–100%  for  the  buffalo-derived
sequences.  However,  the cattle-derived  sequences  shared  88.2–100%  identity  values  with
those  from  buffaloes.  In  the  phylogenetic  tree,  the Sri  Lankan  CATL  gene  sequences  fell  into
two major  clades  (TthI  and  TthII),  both  of  which  contain  CATL  sequences  from  several  other
countries.  Although  most  of  the  CATL  sequences  from  Sri  Lankan  cattle  and  buffaloes  clus-
tered independently,  two buffalo-derived  sequences  were  observed  to be closely  related  to
those  of  the  Sri Lankan  cattle.  Furthermore,  a  Sri Lankan  buffalo  sequence  clustered  with

CATL gene  sequences  from  Brazilian  buffalo  and  Thai  cattle.  In addition  to reporting  the
first  PCR-based  survey  of T.  theileri  among  Sri  Lankan-bred  cattle  and  water  buffaloes,  the
present  study  found  that some  of the CATL  gene  fragments  sourced  from  water  buffaloes
shared  similarity  with  those  determined  from  cattle  in this  country.
. Introduction
Various species of Trypanosoma parasites are known
o infect several wild and domestic animals worldwide.

∗ Corresponding author at: National Research Center for Protozoan
iseases, Obihiro University of Agriculture and Veterinary Medicine,

nada-cho, Obihiro, Hokkaido 080-8555, Japan. Tel.: +81 155 49 5649;
ax: +81 155 49 5643.

E-mail address: yokoyama@obihiro.ac.jp (N. Yokoyama).

http://dx.doi.org/10.1016/j.vetpar.2014.12.006
304-4017/© 2014 Elsevier B.V. All rights reserved.
© 2014  Elsevier  B.V.  All  rights  reserved.

Species of mammalian trypanosomes were divided by
Hoare (1964) into two major sections, Stercoraria and Sali-
varia. Trypanosomes of the Salivaria section, which include
Trypanosoma vivax, T. congelense,  T. brucei,  and T. evansi,  are
transmitted to their vertebrate host during the blood meal
of a parasite-infected insect vector, in which parasite devel-
opment is terminated in the salivary glands (Haag et al.,

1998; Van Den Abbeele et al., 2010; Vickerman et al., 1998).
In contrast, for the trypanosomes of the Stercoraria section,
which include T. cruzi, T. melophagium, and T. theileri,  the
final stages of parasite development take place in the lower
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digestive tract of the vectors and, therefore, these parasite
species are transmitted by contamination with parasite-
infected insect vector excreta (Schuster and Schaub, 2000).
Among the Trypanosoma parasites, T. vivax, T. congelense,
and T. brucei are considered to be the most pathogenic to
susceptible animals (Steverding, 2008). However, T. evansi
also causes a severe wasting disease in infected cattle (Brun
et al., 1998; Desquesnes et al., 2013). On the other hand, T.
theileri has also been implicated in sporadic clinical cases
in domestic animals in various countries (Doherty et al.,
1993; Sood et al., 2011; Villa et al., 2008). Therefore, the
epidemiology of T. theileri should be studied. Trypanosoma
theileri is a large Trypanosoma parasite vectored by tabanid
flies (Böse et al., 1987) and ticks (Latif et al., 2004; Shastri
and Deshpande, 1981).

Several genetic marker genes, such as the small sub-
unit rRNA (ssrRNA), internal transcribed spacer 1 (ITS1),
cytochrome b (Cyt b), spliced leader (SL), glycosomal glyc-
eraldehyde 3-phosphate dehydrogenase (gGAPDH), and
cathepsin L-like protein (CATL) genes, have been used to
analyze genetic variation in T. theileri parasites from sev-
eral host animals, including cattle, buffaloes, and deer
(Fisher et al., 2013; Garcia et al., 2011a,b; Rodrigues et al.,
2006, 2010). In these phylogenetic analyses, the T. theileri
gene sequences always clustered independently accord-
ing to the host species (Fisher et al., 2013; Garcia et al.,
2011a,b; Rodrigues et al., 2006, 2010). These findings led
the researchers in these studies to conclude that T. thei-
leri genotypes might be host-specific. However, genetic
diversity in T. theileri has only been investigated in a small
number of countries, including Brazil, Venezuela, Thailand,
Vietnam, Philippines, and the United States (Fisher et al.,
2013; Garcia et al., 2011a,b; Rodrigues et al., 2006, 2010;
Sivakumar et al., 2013; Ybañez et al., 2013). Therefore, fur-
ther analyses of T. theileri populations in other endemic
countries are required to gain a more comprehensive
understanding of the genetic diversity and host specificity
of this parasite.

The presence of T. theileri in Sri Lankan water buffaloes,
based on morphological and indirect immunofluorescence
antibody tests, has previously been reported (Weilgama
et al., 1989). However, molecular detection methods have
not been used to detect T. theileri in Sri Lanka. Therefore, the
aim of the present study was to determine the prevalence
of T. theileri in cattle and water buffaloes bred in differ-
ent geographical locations of Sri Lanka, using a diagnostic
PCR assay based on the CATL gene, and to analyze genetic
diversity in the parasites. Our findings indicated that T.
theileri is a common parasite among the cattle and water
buffaloes bred in Sri Lanka, and that the parasite popu-
lations are genetically diverse. Additionally, our results
indicated that some of the water buffalo-derived T. thei-
leri CATL nucleotide sequences determined in the present
study shared high identity scores with those from cattle.

2. Materials and methods
2.1. Blood sampling and DNA extraction

The blood samples collected from cattle and water
buffaloes in Sri Lanka have been described previously
itology 207 (2015) 335–341

(Sivakumar et al., 2012b, 2014). Briefly, 316 cattle reared
in four different districts (Nuwara Eliya, Polonnaruwa,
Ampara, and Jaffna), and 320 buffaloes bred in three dif-
ferent districts (Polonnaruwa, Mannar, and Mullaitivu)
were sampled in April and June 2011 and in February
2013, respectively. All the animals were over 1 year-old
and apparently healthy during the sampling. DNA sam-
ples were extracted from 200 �l of whole blood using a
commercial kit according to the manufacturer’s instruc-
tions (Qiagen, Hilden, Germany). The DNA samples were
stored at –20 ◦C until further use. These DNA samples were
previously used for investigations on bovine Babesia and
Theileria parasites (Sivakumar et al., 2012b, 2014).

2.2. Detection of T. theileri using a diagnostic PCR assay

A previously established T. theileri-specific PCR assay,
based on the CATL gene, was employed to screen the DNA
samples (Rodrigues et al., 2010). The PCR reaction mix-
tures and cycling conditions described by Rodrigues et al.
(2010) were used with modifications. Briefly, PCR reac-
tions contained 1 �l of 10× PCR reaction buffer, 200 �M
dNTPs (Applied Biosystems, Branchburg, NJ), 0.5 �M of for-
ward (5′-CGTCTCTGGCTCCGGTCAAAC-3′) and reverse (5′-
TTAAAGCTTCCACGAGTTCTTGATGATCCAGTA-3′) primers,
0.5 units of Taq polymerase (Applied Biosystems), and
5.9 �l of double distilled water. After the addition of 1 �l of
each DNA sample, the mixture was  subjected to an enzyme
activation step at 95 ◦C for 5 min, followed by 45 cycles each
including a denaturing step at 95 ◦C for 30 s, an annealing
step at 55 ◦C for 1 min, and an extension step at 72 ◦C for
1 min. After final elongation at 72 ◦C for 10 min, the PCR
products were analyzed by agarose gel electrophoresis. PCR
amplicons close in size to the positive control were consid-
ered T. theileri-positive.

2.3. Cloning, sequencing, and phylogenetic analysis

PCR amplicons with high band-intensities, detected
from both cattle and water buffaloes, were cloned into
plasmid vectors and sequenced as described previously
(Sivakumar et al., 2012a). For each cloned product, the
both strands of a single clone were sequenced. Resultant
sequences were then analyzed by basic local alignment
tool (BLAST) (http://blast.ncbi.nlm.nih.gov/Blast.cgi).
Identity values among the CATL gene sequences were
calculated using the Emboss needle online program
(http://emboss.bioinformatics.nl/cgi-bin/emboss/needle).
Single nucleotide polymorphisms among the Sri Lankan
CATL sequences were analyzed using DnaSP v5 software
(Librado and Rozas, 2009). The gene sequences generated
in the present study, together with those previously
reported from different host species in several other
countries, were used to construct a phylogenetic tree.
After aligning the gene sequences using MAFFT (Katoh

et al., 2002), a neighbor-joining tree (Saitou and Nei, 1987)
was  constructed using the Tamura 3-parameter model
(Tamura, 1992) hosted by MEGA version 6.0 (Tamura et al.,
2013).

http://blast.ncbi.nlm.nih.gov/Blast.cgi
http://emboss.bioinformatics.nl/cgi-bin/emboss/needle
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Table  1
PCR detection of T. theileri in Sri Lankan cattle and water buffaloes.

Districts Cattle Water buffaloes

No. sample No. positive % (CIb) No. sample No. positive % (CI)

Nuwara Eliya 83 6 7.2 (3.4–14.9) ND – –
Polonnaruwa 84 8 9.5 (4.9–17.7) 118 8 6.8 (3.5–12.8)
Ampara 88 7 8.0 (3.9–15.5) ND – –
Jaffna  61 3 4.9 (1.7–13.5) ND – –
Mannar NDa – – 146 35 24.0 (17.8–31.5)
Mullaitivu ND – – 56 8 14.3 (7.4–25.7)

.2–11.1) 320 51 15.9 (12.3–20.4)
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Table 2
Co-infections of T. theileri with Babesia and Theileria parasites in Sri Lankan
cattle and water buffaloes.

Combinationa No. positive

Cattle Water
buffaloes

5 parasites
T. theileri + B. bovis + B. bigemina + T.

annulata + T. orientalis
1 NDb

4 parasites
T. theileri + B. bovis + B. bigemina + T.

orientalis
2 ND

T. theileri + B. bovis + T. annulata + T.
orientalis

2  ND

3  parasites
T. theileri + B. bovis + T. orientalis 2 ND
T. theileri + B. bovis + B. bigemina 1 ND
T. theileri + B. bigemina + T. orientalis 1 1
T. theileri + T. annulata + T. orientalis 1 ND
2  parasites
T. theileri + T. orientalis 6 43
T. theileri + B. bigemina 4 ND
Total (%c) 20 (83.3) 44 (86.3)

a Co-infections were determined based on the Babesia (B. bovis
and B. bigemina) and Theileria (T. annulata and T. orientalis) infection
data obtained from the same DNA samples in previous investigations
Total  316 24 7.6 (5

a ND, sampling was not done.
b 95% confidence interval.

.4. Statistical analysis

The 95% confidence intervals for the positive rates
ere computed using the open epi online program (http://
ww.openepi.com/v37/Proportion/Proportion.htm),

ased on the method described by Wilson (1927).

. Results and discussion

The diagnostic PCR assay revealed the presence of
. theileri in the cattle and water buffaloes bred in all
he surveyed districts of Sri Lanka (Table 1). The over-
ll T. theileri-positive rate was relatively higher in water
uffaloes (15.9%) than in cattle (7.6%). However, the
revalences of T. theileri among water buffaloes bred in
olonnaruwa and Mullaitivu did not significantly differ
rom those determined for the cattle populations in the
urveyed districts. On the other hand, T. theileri-positive
ate among the water buffaloes in Mannar was significantly
igher than those reported for the cattle and has con-
ributed to the higher overall prevalence in water buffaloes
n comparison to cattle. Therefore, it seems that T. theileri-
ositive rates in Sri Lanka might be influenced by the
eographical location. The Mannar district is characterized
y hot and humid climate, and further studies to investi-
ate the possible effect of different climatic conditions on
he distribution of tabanid flies might shed an additional
ight on the discrepancies between the prevalences of T.
heileri in different geographical locations within Sri Lanka.

Although T. theileri is known to be relatively less viru-
ent, the parasite sometimes becomes troublesome when
resent in co-infections with other pathogens (Mansfield,
977; Wells, 1976). Therefore, we analyzed for possible co-

nfections based on the Babesia (B. bovis and B. bigemina)
nd Theileria (T. annulata and T. orientalis) infection data
btained from the same DNA samples in previous inves-
igations (Sivakumar et al., 2012b, 2014). In the present
tudy, 83.3% of the T. theileri-positive cattle and 86.3% of the
. theileri-positive water buffaloes were co-infected with
abesia and/or Theileria parasites (Table 2). Among the T.
heileri-infected cattle, 10, 5, 4, and 1 were co-infected with
ne, two, three, and four Babesia and/or Theileria species,
espectively. In contrast, out of 44 T. theileri-positive water

uffaloes that had co-infections, 43 had dual infections
ith T. orientalis, while the remaining animal was co-

nfected with B. bigemina and T. orientalis. The discrepancies
elating to the different co-infection profiles of the cattle
(Sivakumar et al., 2012b, 2014).
b ND, not detected.
c Expressed as a percentage of T. theileri-infected animals.

and water buffaloes are caused by differences in the posi-
tive rates of Babesia and Theileria species between the cattle
and water buffaloes in Sri Lanka (Sivakumar et al., 2012b,
2014). Nevertheless, the high T. theileri co-infection rates
are of concern in Sri Lanka. Therefore, further investiga-
tion on the clinical status of co-infected animals is now a
priority in this country.

A total of 15 and 9 PCR amplicons from cattle and
water buffaloes, respectively, were cloned and sequenced.
All the CATL gene fragments amplified in the present
study were 289-bp in length, but high genetic variation
was found among the CATL sequences. Single nucleotide
polymorphisms were frequently detected, as shown in
Fig. 1. The identity values among the cattle-derived CATL
sequences (AB930145–AB930159) were 89.6–99.7%, while
the buffalo-derived sequences (AB930160–AB930168)

exhibited 90.7–100% identity values. In contrast, the
buffalo-derived CATL sequences had 88.2–100% sequence
identity with those of cattle. Two cattle-derived CATL
sequences (AB930146 and AB930147) shared 100 and

http://www.openepi.com/v37/Proportion/Proportion.htm
http://www.openepi.com/v37/Proportion/Proportion.htm
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Fig. 1. Polymorphic sites within T. theileri CATL gene sequences isolated from cattle and water buffaloes in Sri Lanka. The CATL sequences generated in the
present study were analyzed by DnaSP v5 software (Librado and Rozas, 2009) using a cattle-derived sequence (AB930146) as a reference for determining
the  polymorphic sites within the 289 nucleotides amplified by the diagnostic PCR assay. Clades refer to the clade names in Fig. 2. Dots denote nucleotides

ic divers
ity score
that  are identical to the reference sequence. Note that there is high genet
derived sequences (AB930167 and AB930168) share high sequence ident
ID.

99.3% identity values with a buffalo-derived sequence
(AB930167), and these cattle-derived sequences also
shared 99.7% identity with another sequence (AB960168)
derived from a Sri Lankan water buffalo. Similarly, a
sequence from cattle (AB930151) shared a high identity
score (97.9%) with buffalo-derived sequences (AB930161,
AB930162, and AB930166). Genetic diversity levels among
the T. theileri CATL gene sequences detected in Sri Lanka
are in agreement with those of previous studies, which also
found that CATL sequences are highly diverse among T. thei-
leri isolates from different countries (Garcia et al., 2011a,b;
Rodrigues et al., 2006, 2010). Several past studies have sug-
gested that the T. theileri genotypes that infect cattle and
water buffaloes might differ from each other (Fisher et al.,
2013; Garcia et al., 2011a,b; Rodrigues et al., 2006, 2010).
Based on ssrRNA and ITS nucleotide sequences, Rodrigues
et al. (2006) also showed that the T. theileri genotypes
from Brazilian cattle and water buffaloes differed from each
other. In a recent study, which used several marker genes,
the T. theileri genotypes obtained were described as being
host-specific in Brazil and Venezuela (Garcia et al., 2011b).
To the best of our knowledge, therefore, our study is the first
to report high levels of sequence identity among directly
PCR-amplified CATL DNA sequences of T. theileri from cattle
and water buffaloes.

In the phylogenetic tree, the CATL sequences deter-
mined in the present study were found in multiple
clades (Fig. 2). Although most of the cattle- and buffalo-
derived sequences clustered independently, a few CATL
sequences from water buffaloes (AB930167, AB930168,
and AB930162) clustered together with the cattle

sequences. These findings are consistent with the sequenc-
ing data analysis described above. We  also found that a
Brazilian sequence (HQ664735) from water buffalo shared
100 and 99.6% identity values with a buffalo-derived
ity among the Sri Lankan T. theileri CATL sequences and that two buffalo-
s with two cattle-derived sequences (AB930146 and AB930147) in clade

sequence (AB930162) from Sri Lanka and with two
cattle-derived sequences (HQ543073 and HQ543074) from
Thailand, respectively. Although these results question the
host specificity of T. theileri CATL variants in cattle and buf-
faloes from Sri Lanka, the findings might be inconclusive
as only the partial CATL gene fragments were analyzed.
On the other hand, researchers have used several different
marker genes to investigate genetic diversity in T. thei-
leri in the recent past (Fisher et al., 2013; Garcia et al.,
2011a,b; Rodrigues et al., 2006, 2010). In an extensive
study using large DNA data set generated from cultured
T. theileri isolates, Garcia et al. (2011b) demonstrated the
high concordance between the genotypes of several geno-
typic makers, such as the ssrRNA, ITS1, Cyt b, SL, gGAPDH,
and CATL genes, and found that the genotypes were host-
specific. However, our present study examined only the
DNA samples extracted from the host blood and analyzed
the genetic variations based on partial CATL sequences.
Therefore, the present findings may  not allow us to reach a
conclusion regarding the host-specificity of T. theileri geno-
types in Sri Lanka.

A previous study demonstrated that the tabanid flies
can harbor diverse genetic variants of T. theileri at a given
time (Rodrigues et al., 2006). Therefore, the T. theileri geno-
types in cattle could have been transmitted to the water
buffaloes in Sri Lanka, as both the host animals are used to
be in close contact with each other, especially during graz-
ing, in the sampled locations. However, although different
T. theileri genotypes are transmitted to the host animals,
all the genotypes will not be selected for the establish-
ment of infections, as the host specificity of the vector

borne parasites is a complex issue that can be influenced
by several factors, such as biology, ecology, physiology and
behavioral features of vectors, vector-host interactions,
and host immunity (Brooks and McLennan, 2002; Hellgren
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Fig. 2. Phylogenetic analysis of T. theileri CATL gene sequences. The CATL sequences determined in the present Sri Lankan study, together with those reported
from  several other countries, were used to construct a neighbor-joining phylogenetic tree (Saitou and Nei, 1987), based on the Tamura 3-parameter model
(Tamura, 1992) using MEGA version 6.0 software (Tamura et al., 2013). The minor clades within the two major clades TthI and TthII are designated as IA
to  IK, and IIA to IIF, respectively, in the present study. Note that the two buffalo-derived sequences (AB930167 and AB930168) cluster together with two
cattle-derived sequences (AB930146 and AB930147) from Sri Lanka in clade ID. Additionally, a single Sri Lankan buffalo-derived sequence (AB930162) was
found in clade II with a Brazilian buffalo-derived sequence (HQ664735) and two Thai cattle-derived sequences (HQ543073 and HQ543074).
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et al., 2008). Therefore, the present findings, which showed
that some of the water buffalo-derived CATL sequences
shared similarity to cattle-derived sequences, might be
due to yet unestablished infections with different geno-
types in these host animals. So that, the detection of CATL
sequences that share similarity between cattle and water
buffaloes in the present study does not necessarily mean
that these CATL variants lack host-specificity. Therefore,
future studies in Sri Lanka should analyze a large num-
ber of sequences belonging to several genotypic marker
genes using cultured T. theileri isolates from different host
animals. Nevertheless, the present findings are useful for
furthering our understanding of the relationship between
T. theileri genotypes and host-specificity. In conclusion, in
addition to reporting the first PCR-based survey of T. thei-
leri, the present study found evidence that some T. theileri
CATL DNA sequences obtained from naturally infected cat-
tle and water buffaloes in Sri Lanka may  be shared among
these hosts.

Conflict of interest statement

The authors have no conflicts of interest concerning the
work reported in this paper.

Acknowledgments

We  thank the staff of the Sri Lankan cattle and water
buffalo farms and at the Veterinary Research Institute,
Department of Animal Production and Health, Peradeniya,
Sri Lanka for their kind cooperation. We  also thank Ms.
Hiroko Yamamoto (National Research Center for Pro-
tozoan Diseases, Obihiro University of Agriculture and
Veterinary Medicine), Mr.  H. Maithripala and Mr. H. A.
Wijithasiri (Veterinary Research Institute, Department of
Animal Production and Health, Peradeniya, Sri Lanka) for
their excellent technical assistance. This study was sup-
ported by a grant from the Japan Society for Promotion
of Science (JSPS) Grant-in-Aid for Scientific Research (JSPS
KAKENHI Number 26257417).

References

Böse, R., Friedhoff, K.T., Olbrich, S., Büscher, G., Domeyer, I., 1987. Trans-
mission of Trypanosoma theileri to cattle by Tabanidae. Parasitol. Res.
73, 421–424.

Brooks, D.R., McLennan, D.A., 2002. The Nature of Diversity: An Evolu-
tionary Voyage of Discovery. University of Chicago Press, Chicago,
IL.

Brun, R., Hecker, H., Lun, Z., 1998. Trypanosoma evansi and T. equiper-
dum: distribution, biology, treatment and phylogenetic relationship
(a review). Vet. Parasitol. 79, 95–107.

Desquesnes, M.,  Holzmuller, P., Lai, D.H., Dargantes, A., Lun, Z.R., Jit-
taplapong, S., 2013. Trypanosoma evansi and surra: a review and
perspectives on origin, history, distribution, taxonomy, morphology,
hosts, and pathogenic effects. Biomed. Res. Int. 2013, 194176.

Doherty, M.L., Windle, H., Voorheis, H.P., Larkin, H., Casey, M.,  Clery, D.,
Murray, M.,  1993. Clinical disease associated with Trypanosoma theileri
infection in a calf in Ireland. Vet. Rec. 132, 653–656.

Fisher, A.C., Schuster, G., Cobb, W.J., James, A.M., Cooper, S.M., Peréz
de  León, A.A., Holman, P.J., 2013. Molecular characterization of

Trypanosoma (Megatrypanum) spp. infecting cattle (Bos taurus), white-
tailed deer (Odocoileus virginianus), and elk (Cervus elaphus canadensis)
in the United States. Vet. Parasitol. 197, 29–42.

Garcia, H.A., Kamyingkird, K., Rodrigues, A.C., Jittapalapong, S., Teix-
eira, M.M.,  Desquesnes, M.,  2011a. High genetic diversity in field
itology 207 (2015) 335–341

isolates of Trypanosoma theileri assessed by analysis of cathepsin L-
like sequences disclosed multiple and new genotypes infecting cattle
in Thailand. Vet. Parasitol. 180, 363–367.

Garcia, H.A., Rodrigues, A.C., Martinkovic, F., Minervino, A.H., Campaner,
M.,  Nunes, V.L., Paiva, F., Hamilton, P.B., Teixeira, M.M.,  2011b. Mul-
tilocus phylogeographical analysis of Trypanosoma (Megatrypanum)
genotypes from sympatric cattle and water buffalo populations
supports evolutionary host constraint and close phylogenetic rela-
tionships with genotypes found in other ruminants. Int. J. Parasitol.
41, 1385–1396.

Haag, J., O’hUigin, C., Overath, P., 1998. The molecular phylogeny of try-
panosomes: evidence for an early divergence of the Salivaria. Mol.
Biochem. Parasitol. 91, 37–49.

Hellgren, O., Bensch, S., Malmqvist, B., 2008. Bird hosts, blood parasites
and their vectors-associations uncovered by molecular analyses of
blackfly blood meals. Mol. Ecol. 17, 1605–1613.

Hoare, C.A., 1964. Morphological and taxonomic studies on mam-
malian trypanosomes. X. Revision of the systematics. J. Protozool. 11,
200–207.

Katoh, K., Misawa, K., Kuma, K., Miyata, T., 2002. MAFFT: a novel method
for rapid multiple sequence alignment based on fast Fourier trans-
form. Nucleic Acids Res. 30, 3059–3066.

Latif, A.A., Bakheit, M.A., Mohamed, A.E., Zweygarth, E., 2004. High
infection rates of the tick Hyalomma anatolicum anatolicum with Try-
panosoma theileri. Onderstepoort J. Vet. Res. 71, 251–256.

Librado, P., Rozas, J., 2009. DnaSP v5: a software for comprehensive anal-
ysis  of DNA polymorphism data. Bioinformatics 25, 1451–1452.

Mansfield, J.M., 1977. Nonpathogenic trypanosomes of mammals. In:
Kreier, J.P. (Ed.), Parasitic Protozoa, vol. 1. Academic Press, London,
pp. 297–327.

Rodrigues, A.C., Garcia, H.A., Ortiz, P.A., Cortez, A.P., Martinkovic, F.,
Paiva, F., Batista, J.S., Minervino, A.H., Campaner, M., Pral, E.M.,
Alfieri, S.C., Teixeira, M.M.,  2010. Cysteine proteases of Trypanosoma
(Megatrypanum)  theileri: cathepsin L-like gene sequences as targets
for phylogenetic analysis, genotyping diagnosis. Parasitol. Int. 59,
318–325.

Rodrigues, A.C., Paiva, F., Campaner, M.,  Stevens, J.R., Noyes, H.A., Teix-
eira, M.M.,  2006. Phylogeny of Trypanosoma (Megatrypanum) theileri
and related trypanosomes reveals lineages of isolates associated with
artiodactyl hosts diverging on SSU and ITS ribosomal sequences. Para-
sitology 132, 215–224.

Saitou, N., Nei, M.,  1987. The neighbor-joining method: a new method for
reconstructing phylogenetic trees. Mol. Biol. Evol. 4, 406–425.

Schuster, J.P., Schaub, G.A., 2000. Trypanosoma cruzi: skin-penetration
kinetics of vector-derived metacyclic trypomastigotes. Int. J. Parasitol.
30, 1475–1479.

Shastri, U.V., Deshpande, P.D., 1981. Hyalomma anatolicum anatolicum
(Koch 1844) as a possible vector for transmission of Trypanosoma
theileri,  Laveran, 1902 in cattle. Vet. Parasitol. 9, 151–155.

Sivakumar, T., Altangerel, K., Battsetseg, B., Battur, B., AbouLaila, M.,
Munkhjargal, T., Yoshinari, T., Yokoyama, N., Igarashi, I., 2012a.
Genetic detection of Babesia bigemina from Mongolian cattle using
apical membrane antigen-1 gene based PCR technique. Vet. Parasitol.
187, 17–22.

Sivakumar, T., Kothalawala, H., Abeyratne, A.S., Vimalakumar, S.C.,
Meewawe, A.S., Hadirampela, D.T., Puvirajan, T., Sukumar, S.,
Kuleswarakumar, K., Chandrasiri, A.D.N., Igarashi, I., Yokoyama, N.,
2012b. A PCR-based survey of selected Babesia and Theileria parasites
in  cattle in Sri Lanka. Vet. Parasitol. 190, 263–267.

Sivakumar, T., Lan, D.T., Long, P.T., Yoshinari, T., Tattiyapong, M.,
Guswanto, A., Okubo, K., Igarashi, I., Inoue, N., Xuan, X., Yokoyama, N.,
2013. PCR detection and genetic diversity of bovine hemoprotozoan
parasites in Vietnam. J. Vet. Med. Sci. 75, 1455–1462.

Sivakumar, T., Tattiyapong, M.,  Fukushi, S., Hayashida, K., Kothalawala,
H., Silva, S.S.P., Vimalakumar, S.C., Kanagaratnam, R., Meewawe, A.S.,
Suthaharan, K., Puvirajan, T., de Silva, W.K., Igarashi, I., Yokoyama, N.,
2014. Genetic characterization of Babesia and Theileria parasites in
water buffaloes in Sri Lanka. Vet. Parasitol. 200, 24–30.

Sood, N.K., Singla, L.D., Singh, R.S., Uppal, S.K., 2011. Association of Try-
panosoma theileri with peritonitis in a pregnant cross-bred cow: a case
report. Vet. Med. 56, 82–84.

Steverding, D., 2008. The history of African trypanosomiasis. Parasites
Vectors 12, 3.

Tamura, K., 1992. Estimation of the number of nucleotide substitut-

ions when there are strong transition–transversion and G + C-content
biases. Mol. Biol. Evol. 9, 678–687.

Tamura, K., Stecher, G., Peterson, D., Filipski, A., Kumar, S., 2013. MEGA6:
molecular evolutionary genetics analysis version 6.0. Mol. Biol. Evol.
30, 2725–2729.

http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0005
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0005
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0005
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0005
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0005
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0005
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0005
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0005
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0005
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0005
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0005
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0005
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0005
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0005
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0005
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0010
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0010
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0010
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0010
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0010
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0010
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0010
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0010
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0010
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0010
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0010
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0010
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0010
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0010
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0010
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0010
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0015
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0015
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0015
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0015
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0015
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0015
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0015
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0015
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0015
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0015
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0015
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0015
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0015
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0015
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0015
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0015
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0015
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0015
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0015
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0015
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0015
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0020
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0020
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0020
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0020
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0020
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0020
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0020
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0020
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0020
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0020
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0020
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0020
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0020
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0020
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0020
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0020
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0020
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0020
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0020
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0020
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0020
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0020
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0020
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0020
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0025
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0025
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0025
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0025
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0025
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0025
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0025
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0025
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0025
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0025
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0025
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0025
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0025
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0025
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0025
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0025
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0025
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0025
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0030
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0030
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0030
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0030
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0030
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0030
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0030
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0030
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0030
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0030
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0030
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0030
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0030
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0030
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0030
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0030
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0030
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0030
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0030
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0030
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0030
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0030
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0030
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0030
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0030
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0030
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0030
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0030
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0030
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0030
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0030
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0030
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0030
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0030
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0030
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0030
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0030
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0030
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0035
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0035
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0035
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0035
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0035
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0035
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0035
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0035
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0035
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0035
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0035
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0035
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0035
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0035
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0035
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0035
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0035
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0035
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0035
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0035
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0035
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0035
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0035
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0035
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0035
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0035
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0035
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0035
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0035
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0035
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0035
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0035
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0040
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0040
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0040
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0040
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0040
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0040
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0040
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0040
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0040
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0040
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0040
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0040
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0040
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0040
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0040
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0040
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0040
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0040
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0040
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0040
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0040
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0040
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0040
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0040
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0040
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0040
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0040
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0040
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0040
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0040
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0040
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0040
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0040
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0040
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0040
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0040
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0040
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0040
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0040
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0045
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0045
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0045
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0045
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0045
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0045
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0045
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0045
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0045
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0045
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0045
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0045
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0045
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0045
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0045
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0045
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0045
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0045
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0045
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0045
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0045
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0050
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0050
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0050
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0050
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0050
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0050
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0050
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0050
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0050
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0050
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0050
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0050
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0050
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0050
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0050
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0050
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0050
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0050
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0050
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0050
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0050
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0055
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0055
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0055
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0055
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0055
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0055
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0055
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0055
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0055
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0055
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0055
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0055
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0055
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0055
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0055
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0055
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0055
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0055
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0055
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0060
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0060
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0060
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0060
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0060
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0060
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0060
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0060
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0060
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0060
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0060
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0060
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0060
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0060
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0060
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0060
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0060
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0060
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0060
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0060
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0060
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0060
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0065
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0065
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0065
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0065
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0065
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0065
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0065
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0065
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0065
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0065
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0065
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0065
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0065
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0065
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0065
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0065
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0065
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0065
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0065
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0065
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0065
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0065
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0070
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0070
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0070
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0070
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0070
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0070
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0070
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0070
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0070
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0070
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0070
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0070
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0070
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0070
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0070
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0070
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0070
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0075
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0075
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0075
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0075
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0075
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0075
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0075
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0075
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0075
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0075
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0075
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0075
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0075
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0075
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0075
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0075
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0075
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0075
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0075
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0080
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0080
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0080
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0080
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0080
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0080
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0080
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0080
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0080
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0080
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0080
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0080
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0080
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0080
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0080
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0080
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0080
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0080
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0080
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0080
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0080
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0080
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0080
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0080
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0080
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0080
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0085
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0085
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0085
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0085
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0085
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0085
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0085
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0085
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0085
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0085
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0085
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0085
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0085
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0085
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0085
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0085
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0085
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0085
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0085
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0085
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0085
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0085
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0085
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0085
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0085
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0085
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0085
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0085
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0085
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0085
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0085
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0090
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0090
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0090
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0090
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0090
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0090
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0090
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0090
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0090
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0090
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0090
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0090
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0090
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0090
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0090
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0090
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0090
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0095
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0095
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0095
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0095
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0095
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0095
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0095
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0095
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0095
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0095
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0095
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0095
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0095
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0095
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0095
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0095
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0100
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0100
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0100
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0100
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0100
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0100
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0100
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0100
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0100
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0100
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0100
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0100
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0100
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0100
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0100
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0100
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0100
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0100
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0100
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0100
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0100
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0100
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0100
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0100
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0100
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0105
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0105
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0105
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0105
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0105
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0105
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0105
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0105
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0105
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0105
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0105
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0105
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0105
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0105
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0105
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0105
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0105
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0105
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0105
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0105
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0105
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0105
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0110
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0110
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0110
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0110
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0110
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0110
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0110
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0110
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0110
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0110
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0110
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0110
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0110
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0110
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0110
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0110
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0110
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0110
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0110
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0110
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0115
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0115
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0115
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0115
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0115
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0115
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0115
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0115
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0115
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0115
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0115
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0115
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0115
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0115
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0115
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0115
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0115
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0115
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0115
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0120
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0120
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0120
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0120
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0120
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0120
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0120
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0120
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0120
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0120
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0120
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0120
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0120
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0120
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0120
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0120
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0120
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0120
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0120
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0125
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0125
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0125
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0125
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0125
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0125
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0125
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0125
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0125
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0125
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0125
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0125
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0125
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0125
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0125
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0125
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0125
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0125
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0125
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0125
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0125
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0130
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0130
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0130
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0130
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0130
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0130
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0130
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0130
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0130
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0135
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0135
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0135
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0135
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0135
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0135
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0135
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0135
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0135
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0135
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0135
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0135
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0135
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0135
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0135
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0135
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0135
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0135
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0135
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0135
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0135
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0135
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0135
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0135
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0135
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0135
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0135
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0140
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0140
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0140
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0140
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0140
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0140
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0140
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0140
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0140
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0140
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0140
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0140
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0140
http://refhub.elsevier.com/S0304-4017(14)00627-X/sbref0140


ry Paras

V

V

V

W

N. Yokoyama et al. / Veterina

an Den Abbeele, J., Caljon, G., De Ridder, K., De Baetselier, P., Coosemans,
M.,  2010. Trypanosoma brucei modifies the tsetse salivary composition,
altering the fly feeding behavior that favors parasite transmission.
PLoS Pathog. 3 (6).

ickerman, K., Tetley, L., Hendry, K.A., Turner, C.M., 1998. Biology of
African trypanosomes in the tsetse fly. Biol. Cell 64, 109–119.
illa, A., Gutierrez, C., Gracia, E., Moreno, B., Chacón, G., Sanz, P.V., Büscher,
P.,  Touratier, L., 2008. Presence of Trypanosoma theileri in Spanish cat-
tle. Ann. N. Y. Acad. Sci. 1149, 352–354.

eilgama, D.J., Bahirathan, M.,  Perera, P.S.G., 1989. Studies on some
protozoan infections of buffaloes in Sri Lanka. In: Proceedings of a
itology 207 (2015) 335–341 341

Symposium on Buffalo Research in Sri Lanka, Kandy, Sri Lanka, 7–10th
March.

Wells, E.A., 1976. Subgenus Megatrypanum. In: Lumsden, W.H.R., Evans,
D.A. (Eds.), Biology of the Kinetoplastida. Academic Press, London, pp.
257–275.

Wilson, E.B., 1927. Probable inference, the law of succession, and statistical

inference. J. Am. Stat. Assoc. 22, 209–212.
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