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Abstract

Despite some researchers reporting clinical signs in cattle associated with Trypanosoma theileri, its role as a pathogen is still
unclear. We describe here the isolation of 7rypanosoma theileri during a routine laboratory investigation. Mature and immature
vital parasitic forms were observed within hematopoietic cell cultures from the bone marrow of one cow for monocyte isolation.
The animal was submitted to clinical examination and blood sample counting (CBC). Postmortem analysis included gross and
histological examination and PCR in the liver, spleen, brain, lymph nodes, and lungs. PCR and Giemsa staining were used for
parasite identification. A second cow belonging to the same farm was positive for Trypanosoma theileri by PCR performed on
blood sample. In this case, the postmortem analysis included also testis. Clinical examination showed only a reduction in body
weight in both cases. The CBC revealed an increase of lymphocytes and neutrophils while red blood cells were within the normal
range. Spleen was slightly increased in volume and the histology revealed a proliferative activity of the white and red pulp. The
biomolecular analysis identified the parasite as Trypanosoma theileri and its DNA was detected in the bone marrow, testis, and
brain. The unusual finding of parasite in the brain, testis, and bone marrow raises new clinical implication on disease course and

also possible sexual transmission.
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Introduction

The parasitic unicellular flagellated protozoa from the
Trypanosoma genus are causative agents of both human and
animal diseases, mainly spreading in the southern hemisphere.
They infect a wide range of animals, including mammals, and
are considered a monophyletic group (Fraga et al. 2016).
Within the Trypanosoma genus, according to the classification
based on their morphology (Hoare 1972), Trypanosoma
theileri species was included in the Megatrypanum subgenera
of the Stercoraria section (Rodriguez et al. 2003). The
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transmission of Megatrypanum spp. is not entirely under-
stood, but it mainly occurs mechanically by flies from
Haematopota, Hybomitra, Tabanus, and Culicoides genera
or ticks from Hyalomma anatolicum anatolicum and Ixodes
genera (Latif et al. 2004); however, other ways of transmis-
sion, such as vertical transmission, have been hypothesized
(Lanevschi-Pietersma et al. 2004). Trypanosomes show a high
host specificity in mammals, since they affect only some
closely related species. First reports of identification of
T theileri occurred in 1902 at the same time in South Africa
and in East Africa (Hoare 1972; Villa et al. 2008). To date,
T. theileri shows a cosmopolitan diffusion since it was de-
scribed with different rates in all continents, except
Antarctica. In Europe, 7. theileri was described in Ireland,
Scotland, England, Belgium, Germany, Poland, France, and
Spain (Soltysiak et al. 2009). Scarce are data on its occurrence
in Italy, although 7. theileri was reported in 1982 in bovines
farmed in central regions of Italy (Polodori et al. 1982) and,
successively, in a cattle and a calf farmed in Sicily, a southern
Italian region, in 2000 (Greco et al. 2000). Although it was
believed that the 7. theileri infections proceeded often without
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clinical signs, some cases of trypanosomiasis with different
clinical signs have been reported by different authors in cattle.
Indeed, clinical signs are non-specific (fever, anemia, weight
loss, abnormal behavior, leukocytosis, mainly with B cell
lymphocytes, or abortion, neonatal death, and difficulty in
milking) (Villa et al. 2008; Soltysiak et al. 2009); therefore,
it is very difficult to confirm if these clinical changes are
peculiar/characteristic of the disease. Braun et al. (2002) re-
ported a case of suppurative encephalitis and cerebrospinal
meningitis in a heifer. The aim of this work is to report new
cases of the infection by Trypanosoma theileri in Italy and the
genetic characterization of the circulating parasite.

Materials and methods

A 3-year-old crossbreed female beef cow (bovine #1), farmed
in a fattening unit located in the Messina province (Sicily,
Italy), was subjected to a bone marrow sampling. The sample
was processed and cultured in order to obtain monocytes from
totipotent undifferentiated cells, according to Trouplin proto-
col (Trouplin et al. 2013). Accidentally, live, mature, and im-
mature parasitic forms were observed during the cell culture
period. Parasites were daily monitored into the cell culture for
at least 1 week and then they were subjected to microscopic
examination, using a Giemsa-stained cell culture supernatant
thin smear, and to the biomolecular identification using a pan-
trypanosome semi-nested PCR protocol (Geysen et al. 2003),
which amplify a fragment of the small subunit ribosomal (18S
rRNA) gene.

First PCR was carried out using the Taq PCR Core Kit
(QIAGEN S.r.l., Milan, Italy) in a 20-ul reaction mix,
consisting of 10x PCR buffer 1x, dNTP mix 0.2 mM,
0.5 mM of each primer 18ST nF2 (5'-CAAC
GATGACACCCATGAATTGGGG-3"), 18ST nR3 (5'-
GTGTCTTGTTCTCACTGACATTGTAGTG-3"), and
Taq DNA polymerase 1.25 U and 5 pl of DNA extract.
Amplification was conducted under the following thermal
conditions: 95 °C for 4 min to activate TaqPol, followed
by 40 cycles of 92 °C for 30 s, 58 °C for 45 s, 72 °C for
60 s, and a final extension of 72 °C for 10 min. In the
second round PCR, 1 ul of the first PCR product was
added in a 24-ul reaction mix, using the above-
described kit with 0.5 mM of each primer 18ST nF2 and
18ST nR2 (5'-TGCGCGACCAATAATTGCAATAC-3"),
under the same thermal conditions. To confirm the result,
a second pan-trypanosome nested PCR protocol (Cox
et al. 2005), targeting the sequence of the internal tran-
scribed spacers (ITS) gene, located between the 18S and
28S rRNA genes (ITS1, 5.8S, and ITS2), was performed.
First PCR was carried out using the Taq PCR Core Kit
(QIAGEN S.r.l., Milan, Italy) in a 25-pl reaction mix,
consisting of 10x PCR buffer 1%, dNTP mix 0.2 mM,
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0.4 mM of each primer ITS1 (5'-GATTACGTCCCTGC
CATTTG-3") and ITS2 (5'-TTGTTCGCTATCGG
TCTTCC-3"), and Taqg DNA polymerase 1.25 U and
5 pl of DNA extract. Amplification was conducted under
the following thermal conditions: 95 °C for 5 min to ac-
tivate TaqPol followed by 35 cycles of 94 °C for 30 s,
57 °C for 30 s, 72 °C for 60 s, and a final extension of
72 °C for 10 min. In the nested PCR, 1 ul of the first PCR
product was added in a 24-ul reaction mix, using the
above-described kit with 0.5 mM of each primer ITS3
(5'-GGAAGCAAAAGTCGTAACAAGG-3") and ITS4
(5'"-TGTTTTCTTTTCCTCCGCTG-3"), under the same
thermal conditions. To determine the trypanosome spe-
cies, the 18S and ITS positive amplicons were purified
with Illustra™ GFX™ PCR DNA and Gel Band
Purification Kit (GE Healthcare Life Sciences,
Amersham, Buckinghamshire, UK) and submitted to
BMR Genomics srl (Padova, Italy) for direct Sanger se-
quencing. According to an overlapping strategy, se-
quences were assembled and submitted to the BLAST
program to search related sequences. Sequences were
aligned with the related sequences retrieved from
GenBank and with 18S and ITS gene reference sequences
(accession n. AB007814) and analyzed using BioEdit ver
7.2.5 software (Hall 1999). A phylogenetic analysis based
on the 18S gene sequences was performed, using the best-
fit model of nucleotide (nt) substitution, with MEGA7

Table 1 Complete blood count (CBC) on whole blood
Bovine #1 Bovine #2 Range
WBC 15.6 K/ul 14.3 K/ul 4.60-10.2
Neu 6.82 K/ul 9.13 K/ul 2.00-6.90
43.8% 64.0% 37.0-80.0
Lym 7.30 K/ul 4.13 K/ul 0.60-3.40
46.8% 28.9% 10.0-50.0
Mono 1.15 K/ul 0.961 K/ul 0.00-0.900
7.37% 6.73% 0.00-12.0
Eos 0.237 K/l 0.011 K/ul 0.00-0.700
1.52% 0.075% 0.00-7.00
Baso 0.086 K/ul 0.045 K/ul 0.00-0.200
0.555% 0.314% 0.00-2.50
RBC 9.14 M/ul 10.0 M/l 4.04-6.13
HGB 14.4 g/dl 14.5 g/dl 12.2-18.1
HCT 37.9% 38.3% 37.7-53.7
MCV 41.5 1 383 fl 80.0-97.0
MCH 15.8 pg 14.5 pg 27.0-31.2
MCHC 38 g/dl 37.7 g/dl 31.8-35.4
RDW 23.1% 23.0% 11.6-14.8
PLT 406 K/ul 316 K/ul 142-424
MPV 439 fl 5.80 fl 0.00-99.9
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Fig. 1 Spleen (hematoxylin eosin, 2.5x)—reactive hyperplasia

software (Kumar et al. 2016) using the maximum likeli-
hood (ML) method according to the Kimura-2 parameter
model (bootstrap 1000 replicates). These sequence data
have been submitted to the DDBJ/EMBL/GenBank data-
bases under accession numbers MK158254 (18S)-—
MK163554 (ITS). The aforementioned bovine #1 and bo-
vine #2 (beef calf) were clinically examined, samples of
blood were collected, and, after slaughtering, tissue sam-
pling were carried out: spleen, liver, brain, lymph nodes,
and testicles) in order to perform a complete blood count
(CBC), anatomo-pathology and histological examinations,
biomolecular analyses, and blood cell culture.

Fig. 2 Maximum likelihood
(ML) tree based on the partial
length 18S ribosomal RNA gene
sequences (681 nucleotides) of
Trypanosoma spp. Black dot
marking () indicate 9
Trypanosoma strain analyzed in
this study. Each sequence was in-
dicated with accession number,
species, strain/isolate name,
country, and year of collection
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Results and discussion

The clinical examination of both animals showed only a delay
in growth. The CBC revealed mild leukocytosis with an in-
crease in both lymphocytes and neutrophils (Table 1). The
total number of red blood cells was within the normal range.
The spleen was slightly increased in volume and the histology
revealed a proliferative activity both of the white and red
splenic pulp (Fig. 1). No other macroscopic and microscopic
lesions were detected. The daily observation of the live para-
sites into the cell culture flasks showed their active attempt to
get inside the macrophages. The cytological assay on cell
culture supernatant evidenced flagellate protozoa, suggestive
of trypanosome infection. Cell culture supernatant and organs
of both bovines (#1 bone marrow, brain, pulmonary lymph
nodes, spleen; #2 testis) tested positive for Trypanosome
spp. by both pan-trypanosome PCR assays. By subsequent
sequencing assays, a sequence of 681 nt (spanning from nt
1298 to 1978 of the 18S reference gene sequence) and 848 nt
(from nt 2204 to 3051 of the ITS reference gene sequence)
were obtained from the 18S and ITS amplicons, respectively.
The 18S and ITS gene sequence analyses identified the para-
site in bone marrow of bovine #1 and in organs of both bo-
vines as the flagellated protozoan Trypanosoma theileri. The
18S rRNA gene sequence showed 99.7% nucleotide identity
with related sequences of 7. theileri collected from domestic
and wild animals from Poland in 2013, Central African
Republic in 2012, USA in 2009-2011, and Japan in 2010
and 1997. Moreover, sequence analysis of 18S rRNA,

JN006830 Trypanosoma sp LZ-2011 isolate CUL15 Czech Republic 2000
JN006832 Trypanosoma sp. LZ-2011 isolate PAS112 Czech Republic 2007

85 | KT728392 Trypanosoma thomasbancrofti strain RHE/B40622/AUS/2015/TB1 Australia 2015
KT728393 Trypanosoma thomasbancrofti strain RHE/B40304/AUS/2015/TB1 1 Australia 2015
KT728394 Trypanosoma thomasbancrofti strain RHE/B40442/AUS/2015/TB1 Australia 2015
KT728396 Trypanosoma thomasbancrofti strain RHE/B40584/AUS/2015/TB2 Australia 2015

KT728399 Trypanosoma avium strain RHE/B20348/AUS/2015/TA1 Australia 2015
KT728397 Trypanosoma avium strain NM/*9*10/AUS/2013/TA1 Australia 2013
KT728400 Trypanosoma avium strain RHE/B30238/AUS/2015/TA1 Australia 2015
KT728401 Trypanosoma avium strain RHE/B20239/AUS/2015/TA1 Australia 2015
KF546526 Trypanosoma grayi isolate Crocamp1 Cameroon 2013

'AJ005278 Trypanosoma grayi isolate ANR4 United Kingdom 1998

AJ223565 Trypanosoma grayi strain ANR4 Germany 1998

KF546523 Trypanosoma ralphi isolate TCC2218 Brazil 2013
931 KF546521 Trypanosoma ralphi isolate TCC1829 Brazil 2013
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JX178188 Tryp
|— JX178187 Trypanosoma theileri isolate Cow 104 clone CI 1 USA 2010

theileri isolate Cow 104 clone Cl 2 USA 2010

@ MK158254 Trypanosoma theileri Italy 2016
JX178185 Trypanosoma theileri isolate Cow 139 clone Cl 11 USA 2010

KR024688 Trypanosoma theileri isolate G24 Central African Republic 2012

KF924257 Trypanosoma theileri isolate Bt14ZA Poland 2013

JX853185 Trypanosoma theileri isolate Cow 2095 clone 4 USA 2012

JX853184 Trypanosoma sp PJH-2013b isolate Elk 421 clone 2 USA 2012

JX178192 Trypanosoma cf. cervi PJH-2013 isolate WTD A1 clone CI 1 USA 2011
AB007814 Trypanosoma theileri strain KM strain Japan 1997

JX178169 Trypanosoma cf cervi PJH-2013 isolate WTD NL15 clone Cl 1 USA 2009 2011
JX178179 Trypanosoma cf cervi PJH-2013 isolate Elk 416 clone Cl 8 USA 2009 2011
AB569248 Trypanosoma Megatrypanum strain TSD1 Japan 2010
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compared with related sequences in GenBank, revealed two
changes at nucleotide residues al893c and al895c. The ITS
gene sequence showed 100% nucleotide identity with related
sequences of T. theileri collected from Austria in 2013
(KY412803), USA in 2010 (JX178183, JX178167) and in
2004 (AY773700), Brazil in 2004 (AY773698), and Japan in
1997 (AB007814). Phylogenetic analysis indicated that
T. theileri analyzed in this study clustered in the same clade
of the other 7. theileri but in a separate branch (Fig. 2).
Bovine trypanosomiasis is a neglected animal disease
due to limited available epidemiological data. However,
few and dated reports describe the evidence of
Trypanosoma spp. in cattle in Europe with limited studies
on their molecular features. These limits identify the need
for a clear comprehension both of the role and of the im-
portance of T. theileri as a pathogen in livestock. The
mechanism of 7. theileri to elude immune system contrib-
utes to a chronic infection with mild clinical signs and a
low and persistent parasitemia (Kelly et al. 2017).
Therefore, infected ruminants are usually asymptomatic
unless host immune system may be compromised by other
infections or stress factors (Doherty et al. 1993). The two
cattle described in this study were mainly asymptomatic,
showing no specific clinical signs. In affected cattle,
T. theileri has been usually described in the lymph node
aspirate, spleen, heart, lung, kidney, and the thoracic, peri-
toneal, and cerebrospinal fluids (Sood et al. 2011). The
involvement of the bone marrow is rarely reported. In this
case, 1. theileri was observed in the cell cultures from bone
marrow, which could be considered in this case as a poten-
tial enrichment media for parasite larval stage.
Trypanosoma DNA was also detected in the brain of one
animal and in the testis of the other one, supporting the
evidence of a systemic invasion. The detection of
T. theileri in the brain and testis of infected cattle opens
new implications about the clinical impact of this parasit-
osis in terms of productive performances and/or welfare of
affected animals, moreover, suggesting the risk of a possi-
ble sexual route of transmission. The larval stage of the
parasite is not easy to detect using only the light micros-
copy due to the dimensions and the classical movement
that could be easily confused with the spermatozoa motil-
ity during the semen evaluation. Furthermore, the detection
of a T. theileri displaying genetic signatures in the 18S
rRNA sequences suggests a possible circulation of a dif-
ferent genetic population of this parasite. Indeed, PCR-
based methods targeting the 18S rRNA gene and the ITS
regions have been identified as molecular targets for the
detection and identification of trypanosomes (Hutchinson
and Stevens 2018) and the well represented number of
sequences in public databases support the widely use of
these genomic regions as markers for trypanosome phylog-
enies (D’Avila-Levy et al. 2015). These reported molecular
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features support additional epidemiological studies, to bet-
ter understand the strain circulation. The poor data of try-
panosomiasis occurrence in Italy suggests that the infec-
tion is maybe underestimated probably because the disease
is typical of extensive farming and its clinical signs, such
as for other opportunistic parasites, are generally non-spe-
cific. In particular, this is the second report in Sicily, in-
volving calf and cow characterized by lacking overt clini-
cal signs. That may suggest the importance to introduce
surveillance programs for this parasite and its vectors to
better understand its potential role as pathogen in animal
health and its economical impact on traditional
Mediterranean farming. As recently pointed out by the ex-
perts of OIE and EFSA, vector-born diseases represent for
veterinary public health a priority in the current world con-
text also related to the risks of introducing new species as a
result of climate changes. Therefore, understanding better
the ecology of animal trypanosomiasis and related vectors
may help to identify future risks and to prepare appropriate
and unsustainable control programs.
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