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EVALUATION OF THE IN VITRO INFECTION OF TRYPANOSOMA THEILERI AND 

TRYPANOSOMA THEILERI-LIKE IN A MONOLAYER OF EMBRYONIC CELLS 

OF RHIPICEPHALUS MICROPLUS (CANESTRINI) (ACARI: IXODIDAE) 

AVALIAÇÃO DA INFECÇÃO IN VITRO DE TRYPANOSOMA THEILERI E 
TRYPANOSOMA THEILERI-LIKE EM MONOCAMADA DE CÉLULAS EMBRIONÁRIAS 

DE RHIPICEPHALUS MICROPLUS (CANESTRINI) (ACARI:IXODIDAE)

O gênero Trypanosoma infecta uma ampla variedade de animais domésticos e silvestres, sendo Trypanosoma 
theileri um parasita altamente prevalente em bovinos em todo o mundo. Membros do subgênero Megatrypanum 
são tipicamente específicos de hospedeiro, infectando ungulados e ruminantes. Estudos experimentais 
demonstram que T. theileri proveniente de bovinos não infecta ovinos, o que indica a ausência de transmissão 
entre as espécies. Em búfalos (Bubalus bubalis), ocorrem linhagens distintas semelhantes a T. theileri, sem 
evidências de infecção cruzada entre parasitas de bovinos e de búfalos. Tabanídeos e hipoboscídeos são conhecidos 
como vetores naturais desta doença. Rhipicephalus microplus é uma espécie de carrapato monoxeno, com o bovino 
como principal hospedeiro. Avaliamos o crescimento e diferenciação dos tripanossomas T. theileri e T. theileri-like 
em monocamada de células embrionárias (linhagem RBME-6) de R. microplus. As formas amastigotas foram 
avaliadas por microscopia de fluorescência e por microscopia confocal de transmissão com coloração DAPI e 
Faloidina. As culturas de tripanossomas T. theileri-like e T. theileri na linhagem celular de carrapatos RBME-6 
foram bem-sucedidas. Trypanosoma theileri e T. theileri-like invadiram e permaneceram ativos na cultura celular. 
O resultado deste estudo poderá ser utilizado como ferramenta para avaliar a adaptabilidade ao hospedeiro 
invertebrado, bem como para apresentar informações sobre a relação parasita-hospedeiro. Nossos resultados 
propiciarão principalmente o uso de células embrionárias de R. microplus como modelo in vitro para o cultivo de 
tripanossomatídeos, por representarem um método rápido e de baixo custo.
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e genus Trypanosoma infects a wide range of domestic and wild animals, with Trypanosoma theileri being a 
highly prevalent parasite in cattle worldwide. Members of the subgenus Megatrypanum are typically host-specific, 
infecting ungulates and ruminants. Experimental studies show that T. theileri from cattle does not infect sheep, 
indicating a lack of cross-species transmission. In buffaloes (Bubalus bubalis), distinct T. theileri-like lineages 
occur, with no evidence of cross-infection between cattle and buffalo parasites. Tabanids and hippoboscids are 
known as natural vectors of this disease. Rhipicephalus microplus is a monoxenous tick species that has cattle as its 
main host. We evaluated the growth and differentiation of T. theileri and T. theileri-like in a monolayer of 
embryonic cells (RBME-6) from R. microplus. e amastigote forms were evaluated by fluorescence microscopy 
and confocal microscopy with DAPI and Phalloidin staining. e cultures of T. theileri and T. theileri-like 
trypanosomes in the tick cell line RBME-6 were successful. Trypanosoma theileri and T. theileri-like trypano-
somes invaded and remained active in the cell culture. e results of this study may be used as a tool to evaluate the 
adaptability of the invertebrate host and to provide information on the parasite-host relationship. Our results may 
facilitate the use of R. microplus embryonic cells as an in vitro model for the cultivation of trypanosomatids, as this 
represents a fast, low-cost method. 
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INTRODUÇÃO

e genus Trypanosoma has been reported to 
1-3infect domestic and wild animals of several orders . In 

the subgenus Megatrypanum, the type species is 
4Trypanosoma theileri , which routinely infects domestic 

5,6cattle herds , and is one of the most prevalent bovine 
2,3,7-11parasite species in the world .

e trypanosomes present in the subgenus 
Megatrypanum are species-specific, infecting ungulate 

5,12-15and ruminant mammalian hosts . Experimental 
infections of T. theileri obtained from cattle have been 
performed in sheep, but showed no cross-species 

5,16,17infection . In buffaloes (Bubalus bubalis), infection 
with T. theileri-like trypanosomes, which belong to a 
lineage exclusive to these parasites, has been described, 
while cross-infection between T. theileri infecting 
cattle and T. theileri-like trypanosomes infecting 

5,9,10bubalines is not known . e natural vectors of T. 
theileri species are flying tabanids and hippoboscids, 
which transmit the parasite by releasing metacyclic 
trypomastigotes in their feces, which penetrate a new 
host through the lesion of the vector bite or skin 
abrasions, with the possibility of infection through 

7,18-20host ingestion of the feces or the vector itself . e 
transmission of T. theileri by ticks is not well estab-
lished. However, ticks of the Ixodidae family are the 
second-largest group of arthropods involved in disease 

1,5,20-27transmission, . Experimental and natural trans-
mission routes demonstrated potential vector compe-

26 tence of Ixodidae tick families .T. theileri was detected 
27in haemolymph from Rhipicephalus microplus .

28R. microplus is a monoxenous tick species , 
29-33native to Asia , that expanded to tropical and sub-

tropical regions. After introduction, the species 
32-35remains widely distributed in the country , through 

36,37its association with cattle and bubaline breeding  and 
38its distribution now spans most continents . Domestic 

 39cattle represent the main host of R. microplus , as well 
as descriptions of frequent parasitism in cervids and 
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bubalines, indicating the latter as a suitable host for R. 
 40,41microplus . R. microplus causes notable losses to cattle 

42,43and sheep herds , not only due to anemia in animals 
44caused by blood spoliation , but also from the trans-

45-51mission of pathogens .
e present study aimed to establish and 

observe the in vitro development of T. theileri and T. 
theileri-like trypanosomes in cells of R. microplus, one 
of the main tick species that infest bovine and bubaline 
populations in Brazil. It is also noteworthy that the 
results obtained in this work will enable the use of the 
R. microplus cell line as an in vitro model for the culti-
vation of pathogens.

MATERIALS AND METHODS

Isolate of T. theileri (CBT 114) from a bovine 
(Bos taurus) from the state of Rondônia, Brazil, in 

522012/2013 , and isolate of T. theileri-like trypano-
somes (CBT 253) from a water buffalo (B. bubalis 
Linnaeus, 1758) from the state of Pará, Brazil, in 2015 
were used in this study. 

For parasite isolation, blood samples were 
®inoculated into Vacutainer  tubes containing a biphasic 

medium consisting of 15% sheep red blood cells as the 
solid phase (blood agar base), overlain by liquid LIT 

53medium supplemented with 20% FBS . After growth 
and culture establishment, the parasites were 
cryopreserved in liquid nitrogen. ese isolates were 
deposited in the “Coleção Brasileira de Tripa-
nossomatídeos (CBT)” located in the Department of 
Preventive Veterinary Medicine and Animal Health of 
the Faculty of Veterinary Medicine and Zootechnics of 
the University of São Paulo - SP, Brazil.

For maintenance and growth of isolates, the 

Culture and maintenance of Trypanosoma 
theileri and Trypanosoma theileri-like 
trypanosome isolates 
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solid phase was used in BAB (blood agar) with 15% 
defibrinated sheep blood, and the liquid phase was LIT 
(liver infusion tryptose) medium supplemented with 

54  10% fetal bovine serum (FBS), and incubated at 28˚C .

e RBME-6 cell line derived from the R. 
microplus embryo was provided and maintained as 

55described previously . For trypanosome infection, 
RBME-6 cells were maintained in L-15 medium 
(Leibovitz) supplemented with 20% FBS and incu-
bated at 28 °C.

Origin and maintenance of tick embryonic 
cells  

Infection of tick embryonic cell monolayer 
with Trypanosoma species and fluorescence 
microscopy  

5 A standardized concentration of 2 x 10 T. 
theileri and T. theileri-like trypanosome epimastigotes 
from axenic medium (LIT) was used for infection of R. 
microplus embryonic cell monolayers. After infection, 
the tick cells were evaluated every 48 hours to count 
epimastigote forms in a Neubauer-type chamber 
under a phase-contrast microscope with a 40x objec-
tive. In addition, cells were scraped every 48 hours to 
prepare slides for evaluation of trypomastigote forms. 
Infection in the monolayer in tick cells was followed 
for 10 days or as long as the cell monolayer remained 
preserved.
 In parallel, epimastigotes from the isolates 
were also inoculated in L15 medium supplemented 
with 20% fetal bovine serum to evaluate growth in 
axenic medium. For fluorescence microscopy, embry-
onic cell monolayers of R. microplus infected with T. 
theileri and T. theileri-like trypanosomes at different 
time points were washed with L15 medium to remove 
extracellular parasites. e monolayer was then scraped 

off, transferred to conical tubes, and centrifuged at 
1500 rpm for fluorescence and confocal microscopy. 
For fluorescence microscopy, the pellet was transferred 
to microtubes, washed with PBS (140 mM NaCl;             
10 mM Na₂HPO₄; 1.76 mM KH₂PO₄; 2.68 mM KCl, 
pH 7.2), and fixed in 4% paraformaldehyde. After this 
process, slides were prepared for staining with DAPI 
(4',6-diamidino-2-phenylindole) - deoxyribonucleic 
acid staining - and Phalloidin (Actin-F staining) 
(Molecular Probes, USA), and the images were 
obtained using a Nikon Eclipse TS100 microscope.

Confocal microscopy 

Samples were washed twice in PBS (phos-
phate-buffered saline, pH 7.4) and then fixed in 4% 
paraformaldehyde for 2 hours. Subsequently, the 
material was washed again in PBS and permeabilized 
with 0.1% Triton X-100 for 20 minutes. For F-actin 
labeling, cells were incubated with Alexa Fluor 488 
Phalloidin solution (Molecular Probes, USA) (5 µL of 
Alexa Fluor 488 Phalloidin stock solution + 200 µL of 
PBS + 2 µL of BSA) for 30 minutes at room tempera-
ture in the dark.

e material was then washed twice in PBS for 
5 minutes each and incubated with 3 µM DAPI 
solution for 20 minutes. After this step, the material 
was washed again in PBS and mounted on a glass slide 

®with ProLong  Gold mounting medium (Molecular 
Probes, USA). e material was analyzed and 
photographed in a Laser Scanning Confocal Micro-
scope, LEICA TCS SP5 II, and the software LAS-AF.

RESULTS

e parasites inoculated in a monolayer of 
embryonic cells of R. microplus initially multiplied 
intensively in epimastigote forms on the supernatant 
and adhered to the cells. After 48 hours of infection, 



4

the number of trypomastigotes was higher (58%) than 
the number of epimastigotes observed in the 
supernatant, and the number of tick embryonic cells 
gradually decreased. e evaluation of trypomastigote 
forms in the cell supernatant showed 37.4% at 48 hours 
post-infection. After 96 hours of infection, the embry-
onic cell monolayer showed extensive lysis, with only a 
few cells remaining. 

e presence of amastigotes evaluated by 
fluorescence microscopy with DAPI/Phalloidin 
staining and by transmission electron microscopy 
showed, in the markings after 24 hours of infection, the 
presence of a few amastigotes in the cells, the presence 

of more elongated nuclei, suggesting the presence of 
trypomastigotes inside the cell, and the formation of a 
parasitophorous vacuole. 
 After 48 hours of infection, the number of 
amastigotes within tick cells was higher (81%) than at 
24 hours after infection. At 72 hours, the number of 
amastigotes per cell decreased (38%), as did the num-
ber of cells present in the monolayer. e same results 
were obtained with both fluorescence and confocal 
microscopy (Figure 1). No differences were observed in 
the infection by T. theileri or T. theileri-like trypano-
somes in the embryonic cell monolayer.

Figure 1. Phalloidin and DAPI merged staining in a monolayer of embryonic cells of Rhipicephalus microplus (RBME-6) infected 
with Trypanosoma theileri (CBT 114), comparing different infection times. Time of infection: (A) 24 hours, (B-C) 48 hours, and (D) 
72 hours. Legend: Parasite nucleus (PN), Kinetoplast (K), Cell nucleus (CN), Parasitophorus vacuole (PV), Non-infected cell 
(NIC), and Infected cell (IF).

A B

C D
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 e cultivation of parasites in cell culture can 
represent an alternative to in vivo experiments. In 
Trypanosoma cruzi, a substitute used in vitro to induce 
the change of the parasite from the infective to the 
replicative forms, is to expose them to an acid pH, 
mimicking the process that occurs when the infective 
forms penetrate the host cell, through the parasi-
tophorous vacuole, which acidifies the environment, 
stimulating the migration of the parasite to the cyto-
plasm and thus the beginning of the transformation 

56,57process .  In T. theileri, the intracellular pathways of 
development are not shown, and this is the first study 
to demonstrate intracellular infection. New studies 
should be proposed to elucidate intracellular infection 
and the proteins and receptors involved.

In vitro cultivation of T. theileri and T. theileri-
like in R. microplus cells was successful in the present 
study. A similar result was previously demonstrated in 
the successful in vitro culture of the genus Trypanosoma 
in naturally infected Brazilian ticks of the species R. 

  58microplus .
Additionally, the R. microplus was evaluated as 

an alternative vector of Trypanosoma vivax by experi-
mental transmission, but this was not well esta-

59blished .
Among arthropod vectors of pathogens, the 

tick R. microplus is of great importance due to its wide 
adaptability to modified environments and hosts61, in 
addition to, as already demonstrated, its capacity to 
infest R. microplus naturally in bubalines that cohabit 

61with cattle . A demonstration of the occurrence of R. 
microplus parasitism in bubalines was conducted in 
Asia, where the tick parasitized water buffaloes (B. 
bubalis). In India and Pakistan, it was observed that the 
most abundant species among these animals was R. 

62,63microplus, with 80% and 53%, respectively . In 
Brazil, the species R. microplus remains one of the main 

35,60,64causes of economic losses in livestock , because this 

tick carries pathogens of various diseases, hide depreci-
68-69ation, and blood spoliation . 

Moreover, flagellate forms of T. theileri have 
been described previously in the hemolymph of larvae 

68,69of ticks belonging to the Ixodidae family , and in the 
species Rhipicephalus sanguineus flagellate structures, 
suggestive of organisms belonging to the Trypa-

70nosomatidae family, were found . Besides these, the 
occurrence of flagellates of Crithidia hyalomma in eggs 

71and hemolymph of ticks Hyalomma aegyptium  and 
72Boophilus calcaratus  was reported. ere are also 

suggestions, experimentally, that Ixodid ticks could 
possibly transmit trypanosomes of the Stercoraria 
section (T. cruzi) by regurgitation after ingestion of 

73many parasites , or by accidental ingestion of the 
74invertebrate host containing the parasite forms . To 

confirm the role of R. microplus as a vector agent of 
those hemiparasitic protozoa, it is necessary to estab-
lish the tick's ability to support the growth and multi-
plication of protozoa of the genus Trypanosoma. 

e result of the study on the maintenance of 
these protozoa in ticks may become a tool to evaluate 
the adaptability to the invertebrate host.

DISCUSSION
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T. theileri and T. theileri-like trypanosomes invade and differentiate in the tick cell line (RBME-6) 
of the tick R. microplus. is is the first study to demonstrate the differentiation of T. theileri in amastigotic 
forms in a tick cell monolayer. T. theileri and T. theileri-like have invaded and remained active in cultures. 
e result of the study on the maintenance of these protozoa in ticks may become a tool to evaluate the 
adaptability to the invertebrate host. Above all, the results obtained in this work may lead to the use of R. 
microplus embryonic cells as an in vitro model for the cultivation of trypanosomatids and other pathogens of 
human and veterinary relevance.

CONCLUSION
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