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BACKGROUND Trypanosoma rangeli is a haemoflagellate parasite that infects triatomine bugs and mammals in South and Central 
America. Trypanosoma cruzi, the etiological agent of Chagas disease, has a partially overlapping geographical distribution with 
T. rangeli, that leads to mixed human infections and cross-reactivity in immunodiagnosis. Although T. rangeli can be detected 
long after mammal infection, its multiplicative forms have not yet been described.

OBJECTIVES To enhance our understanding of T. rangeli development in mammals, this study assessed various infection 
parameters in mice over time.

METHODS The parasitaemia, body temperature, and weight of Swiss Webster mice were monitored over 120 days after exposing 
them to the bites of Rhodnius prolixus nymphs containing metacyclic trypomastigotes in their salivary glands. On day 132 post-
infection, spleens and mesenteric lymph nodes were analysed for T. rangeli DNA using polymerase chain reaction (PCR) and 
quantitative PCR (qPCR).

FINDINGS Parasites were detectable in mice blood since day 2 post-infection, detection peaking on day 5 and becoming 
undetectable by day 120. PCR and qPCR detected T. rangeli DNA in the spleens and mesenteric lymph nodes of infected mice. 
Infected mice showed higher body temperatures and a slower weight gain over time compared to controls.

MAIN CONCLUSIONS The study confirmed that T. rangeli establishes a persistent infection in mice, detectable in lymphoid 
organs long after parasites had disappeared from blood. In addition, infected mice exhibited physiological changes, suggesting 
potential subclinical effects. These findings highlight the need for further studies on the immune response and potential impacts 
of T. rangeli infection in mammalian hosts.
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Trypanosoma rangeli is a trypanosomatid haemo-
flagellate parasite that infects triatomine insects and 
mammals in the Americas.(1) Based on genetic variabil-
ity, three major lineages of T. rangeli have been char-
acterised: KP1(-), KP1(+), and Amazonian,(2) with most 
strains showing a strong co-evolution with their sympat-
ric vector species.(3,4,5) T. rangeli has epidemiological and 
clinical interest because it shares its geographical distri-
bution and hosts with Trypanosoma cruzi, the etiologi-
cal agent of Chagas disease (CD). Mixed infections of 
T. cruzi and T. rangeli have been described in different 
species of triatomines and sylvatic mammals, including 
rodents and opossums, as well as in humans.(6,7,8) Fur-
thermore, both parasite species exhibit approximately 
60% antigenic similarity, leading to immunodiagnostic 
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cross-reactivity.(9,10,11,12) Although infection by T. rangeli 
elicits high antibody levels, it apparently does not cause 
a human disease.(13)

Trypanosoma rangeli induces different levels of 
pathogenicity in the invertebrate host, this is especially 
true for Rhodnius species, since their salivary glands 
can be invaded. Indeed, this is the only triatomine genus 
in which T. rangeli is able to produce infective forms.
(14,15) The development of T. rangeli in triatomines be-
gins after a blood meal from an infected mammal. Blood 
trypomastigotes differentiate into replicative epimasti-
gotes in the anterior midgut of the bugs and within a few 
weeks, the entire intestinal tract is colonised.(16) Eventu-
ally, parasites cross the intestinal epithelium and begin 
multiplying in the haemocoel of bugs. Later, they can 
invade the salivary glands and transform into metacy-
clic trypomastigotes. The latter is the form transmitted 
through the triatomine bug’s bite to the mammal host 
during a subsequent blood meal.(17) The development 
of T. rangeli in mammals is still the focus of debate, 
as little is known about its survival and multiplication 
in these hosts. In vitro studies using different cell lin-
eages failed to demonstrate replicative forms, suggest-
ing that the parasite does not multiply intracellularly.
(18,19,20) Nonetheless, a recent study revealed the presence 
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of both T. rangeli DNA and live parasites in the spleen 
and mesenteric lymph nodes of infected mice 30 days 
after they were infected through the bite of triatomines 
containing metacyclic forms in the salivary glands.(21) 
Furthermore, positive xenodiagnosis and haemoculture 
from chronically infected mammals, as well as human 
patients, reinforce the idea that T. rangeli maintains a 
developmental cycle in the vertebrate host.(22,23,24) In this 
sense, the objective of this study was to assess different 
parameters of T. rangeli infection in Swiss mice during a 
four-month infection interval, following exposure to the 
bites of Rhodnius prolixus nymphs containing metacy-
clic trypomastigotes in the salivary glands.

MATERIALS AND METHODS

Organisms - The T. rangeli Choachi (KP1(+)) 
strain, originally isolated from naturally infected R. 
prolixus,(13) was utilised in this study. The parasites 
were cultured through biweekly passages in liver in-
fusion tryptose (LIT) medium supplemented with 15% 
foetal bovine serum, 100 U/mL penicillin, and 100 μg/
mL streptomycin. The infectivity of the strain was 
maintained by exposing the parasites to triatomines 
and mice every three months.(25)

The R. prolixus nymphs used to infect mice with  
T. rangeli were obtained from a laboratory colony main-
tained by the Grupo de Comportamento de Vetores e 
Interação com Patógenos at the Instituto René Rachou. 
Insects were fed monthly on citrated sheep blood (Ins-
tituto de Ciência e Tecnologia em Biomodelos - ICTB 
- Fiocruz, Rio de Janeiro, Brazil) offered through an ar-
tificial feeder at 37ºC.

Swiss Webster mice, approximately 60 days old and 
weighing around 40 g, were obtained from an in-house 
animal care facility and served as the vertebrate host 
model of this study. Mice were intraperitoneally anes-
thetised with a mixture of Ketamine 150 mg/kg (Crista-
lia, Brazil) and xylazine 10 mg/kg (Bayer, Brazil).

Mice infection - Mice were weighed, anesthetised, 
and randomly divided into two groups. The first group 
was exposed to the bites of 10 R. prolixus nymphs car-
rying metacyclic T. rangeli in their saliva for approxi-
mately one minute (n = 10). The second group served as 
a control and was bitten by uninfected nymphs for the 
same duration (n = 10).

Parameters evaluated - The parasitaemia of infect-
ed mice was assessed by collecting 5 µL of blood from 
mice tails on days 1-14, 30, 60, 90, and 120 following in-
fection with T. rangeli.(26) Blood was also collected from 
the uninfected group to standardise animal conditions. 
Prior to blood collection, each mouse was weighed, and 
its body temperature measured using a thermo imager 
(240 x 180 pixels, Testo 871, Titisee-Neustadt, Germa-
ny). Temperature readings were taken with the mouse 
held in a cylindrical plastic container (10 cm high x 8 
cm in diameter), maintaining approximately 20 cm be-
tween the thermo imager and the animal. The captured 
images were analysed using Testo IRSoft Software 5.0, 
which enables the selection of different points/areas 
on the animal body surface. The warmest temperature 

point (located in the mouse head), and the mean body 
temperature (excluding the tail) were used to compare 
infected and uninfected mice. Blood sample collections 
and temperature measurements were conducted at the 
same time each day (2:30 PM). On day 132 post-infec-
tion, the body temperature of the mice was measured, 
and they were then anesthetised and exposed to two 
third instar R. prolixus nymphs. Following this, blood 
samples (~ 0.8 mL) were collected and transferred to 
tubes containing 2 mL of LIT. Subsequently, mice were 
euthanised, and their spleen and mesenteric lymph 
nodes excised with the aid of autoclaved forceps and 
scissors. Afterwards, tissues were weighed and trans-
ferred to microtubes containing PBS (0.15 M sodium 
chloride in 0.01 M sodium phosphate, pH 7.4). Samples 
were stored at -20ºC until the DNA extraction.

The extraction of T. rangeli DNA from spleen and 
mesenteric lymph nodes was performed using the Pure-
gene Core Kit A (QIAGEN Sciences, Maryland, USA), 
according to product instructions. Tissues were prepared 
according to Ferreira et al.,(21) with modifications. The 
mesenteric lymph nodes and spleens were transferred to 
tubes containing lysis solution, cut into small fragments 
and macerated using glass beads (Sigma-Aldrich, Mis-
souri, US) in a Mini Bead-Beater 96 (BioSpec Products 
Inc., Bartlesville, OK, US). After incubation at 65ºC for 
30 min, the samples were incubated with proteinase K 
at 55ºC for 20 h (Promega Corporation, Madison, USA). 
DNA concentration was measured with a NanoDrop™ 
One Microvolume UV-Vis Spectrophotometer (Thermo 
Scientific, Wilmington, USA) and adjusted to a con-
centration of 20 ng/µL. DNA was also extracted from 
culture epimastigotes (1 x 107 par/mL) as described and 
used as a positive control.

DNA amplification - The following pair of primers 
was used to amplify a 105 bp fragment of the T. rangeli 
annotated KMP-11 gene: KMP84_F: GAAGTTCTTT-
GCGGACAAGC and KMP188_R: TTGAACTTGTC-
GGTGTGCTC.(21) A second band of approximately 600 
bp was also amplified in some of the samples and cor-
responds to two copies of the KMP-11, as shown by Diez 
et al.(27) Polymerase chain reaction (PCR) reactions were 
carried out in a volume of 12.5 µL comprising: 7.65 µL 
of DNAse/RNAse-free water, 2.5 µL of 5x Gotaq Buf-
fer (Promega) 0.5 µL of each primer (10 mM), 0.25 µL 
of dNTPs 10 mM (Invitrogen, Massachusetts, US), 0.1 
µL of Gotaq Polymerase (Promega) and 1 µL of DNA. 
The conditions used were 30 s at 94ºC, followed by 40 
cycles of 45 s at 94ºC, 45 s at 60ºC, 1 min at 72ºC, and 
final extension for 4 min at 72ºC. The PCR product was 
resolved in agarose gel at a concentration of 2%, stained 
with Gel Red, with a final concentration of 0.5 μg/mL.

For quantitative PCR (qPCR), each reaction was car-
ried out in a final volume of 10 µL containing 1 µL of 
DNA (20 ng), 0.5 µL of each primer (10 μM), 5 µL of 
Power SYBR Green PCR Master Mix (Applied Biosys-
tems, Waltham, USA) and 3 µL of DNAse/RNAse-free 
water. On each plate, controls consisted of three wells of 
uninfected spleen or lymph node samples, three no tem-
plate controls, and three wells of T. rangeli DNA from cul-
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tured parasites. The conditions used were 10 min at 95ºC, 
followed by 40 cycles of 15 s at 95ºC and 1 min at 60ºC. 
Samples were analysed in duplicate. An analysis of the 
dissociation curve (Tm) was done to confirm the speci-
ficity of the reaction. Samples were considered positive 
when amplification occurred at the same melting tem-
perature as the sample containing T. rangeli DNA form 
culture parasites. Reactions were performed in a ViiA 
7 Real-Time PCR System (Applied Biosystems, Foster 
City, California-USA) at the qReal-Time PCR Facility–
RPT09D PDTIS/Instituto René Rachou/FIOCRUZ, MG.

Statistical analysis - The effects of time on parasitae-
mia, as well as the effects of time, infection, and their in-
teraction on body temperature and weight were analysed 
using generalised estimation equations (GEE). Survival 
was evaluated using the Log-rank test. In all statistical 
tests performed in this study, the level of significance 
was set to α ≤ 0.05.

Ethics - All experiments involving live animals were 
performed following FIOCRUZ guidelines on animal 
experimentation and were approved by the Comissão 
de Ética no Uso de Animais de Laboratório (CEUA/
FIOCRUZ) under approved protocol number LW 03/22. 
The protocol is from Conselho Nacional de Controle de 
Experimentação Animal CONCEA/MCT (https://www.
gov.br/mcti/pt-br/composicao/conselhos/concea), which 
is associated with the American Association for Animal 
Science (AAAS), the Federation of European Labora-
tory Animal Science Associations (FELASA), the Inter-
national Council for Animal Science (ICLAS) and the 
Association for Assessment and Accreditation of Labo-
ratory Animal Care International (AAALAC).

RESULTS

Time course of parasite presence - Parasites ap-
peared in blood samples from day 2 post-infection 
(p.i.), with parasitaemia peaking on day 5 p.i. (8.28 ± 
2 par/µL) and decreasing over time until no parasites 
were found on day 120 p.i. (Fig. 1). According to the 
GEE model, the mean parasitaemia decreased 0.0236 
units each time point (GEE; Wald 5.59, p = 0.018). Both 

xenodiagnosis and haemoculture from blood collected 
on day 132 p.i. were negative. T. rangeli DNA was de-
tected in both organs of all the seven infected animals 
using PCR and/or qPCR, except for the spleen of mouse 
#3, where no parasite DNA was detected by any tech-
nique (Fig. 2, Table I). Therefore, according to our re-
sults, parasites disappear from the circulation between 
90 and 120 days, but organ infection persists.

Effects of infection on body temperature and weight 
- Temperature was higher in T. rangeli-infected mice in 
both measurement points (Fig. 3, GEE; Coeff (95% CI) 
= 0.19 (0.00-0.37), p = 0.04, for warmest temperature 
point, and Coeff (95% CI) = 0.13 (0.01-0.25), p = 0.03, 
for the mean body temperature). The body weight of the 
animals at the end of the experiment did not differ be-
tween treatments (Fig 4; GEE; p = 0.33). Nevertheless, 
the adjusted model showed a significant interaction of 
time with infection (Table II; p = 0.001). According to 
the GEE model, this significant interaction indicates that 
the weight gain of infected mice became slower during 
the second week post infection and was later compen-
sated in the following two weeks.

Mice mortality - Three out of 10 (30%) T. rangeli-
infected mice died during the 132-day experimental 
follow-up, while no healthy mice did. Nevertheless, no 
statistical differences were observed when groups were 
compared (Fig. 5; Log-rank test, p = 0.067).

Fig. 1: number of circulating Trypanosoma rangeli in mice blood 
over 120 days of infection. Mice were infected through the bite of 
Rhodnius prolixus nymphs containing metacyclic trypomastigotes in 
their salivary glands. Data are shown as the mean ± s.e. [generalised 
estimation equations (GEE), p = 0.018; n = 7-10 for each treatment].

Fig. 2: agarose gel electrophoresis (2%) of polymerase chain reaction 
(PCR) amplicons after amplification of Trypanosoma rangeli KMP-
11 fragments in (A) mesenteric lymph nodes and (B) spleen of mice 
infected through the bite of Rhodnius prolixus nymphs containing 
metacyclic trypomastigotes in their salivary glands. (A) Lane 1: 1 kb 
DNA ladder; Lane 2: uninfected mouse; Lanes 3-8: T. rangeli-infected 
mice; Lane 9: cultured T. rangeli; Lane 10: negative control without 
DNA. (B) Lane 1: 1 kb DNA ladder; Lane 2: uninfected mouse; Lanes 
3-9: T. rangeli-infected mice; Lane 10: cultured T. rangeli; Lane 11: 
negative control without DNA.



Luan Felipe Santos et al.4|7

DISCUSSION

The infection of mice through a natural route, spe-
cifically the bite of triatomines containing metacyclic 
forms of T. rangeli, produced a persistent infection, with 
circulating parasites for 90 days. Moreover, the DNA of 
the parasite was detected in the mesenteric lymph nodes 
and spleens of all exposed mice, except for mouse #3, 
where only the lymph nodes tested positive, 132 days 
after exposure. There are still many controversies about 
the development of T. rangeli in mammals, as its forms 
of multiplication and the locations where multiplication 
takes place are not yet known. Herbig-Sandreuter(28) in-
fected Swiss mice with cultured T. rangeli and did not 
find tissue lesions or intracellular forms of the parasite 
in several histologically examined tissues. Urdaneta-
Morales and Tejero(29) observed increasing parasitae-
mia and Scorza et al.(30) detected a transient presence 
of amastigote forms in cross-sections of the heart, liver 
and spleen taken from NMRI lactating mice inoculated 
with forms of Perro-82 strain culture; these amastigotes 
disappeared in approximately two weeks. Tanoura et 
al.(31) infected ICR mice with trypomastigotes isolated 
from fresh fibroblast cultures, observing high parasi-
taemia maintained for about one week, which gradu-

TABLE I
Presence of Trypanosoma rangeli DNA in samples of 

mesenteric lymph nodes and spleen of mice exposed to the 
bite of Rhodnius prolixus nymphs containing trypomastigote 

forms in their salivary glands

Mouse

Mesenteric lymph nodes Spleen

PCR qPCR PCR qPCR

1 + + + +
2 - + + +
3 + + - -
4 + + - +
5 * * + +
6 + + + +
7 + + + +

*The mesenteric lymph nodes of mouse 5 were lost during dissec-
tion. PCR: polymerase chain reaction; qPCR: quantitative PCR.

Fig. 3: Trypanosoma rangeli infection increases the body tempera-
ture of mice. Mice were infected through the bite of Rhodnius pro-
lixus nymphs containing metacyclic trypomastigotes in their salivary 
glands. The warmest temperature point (A) and mean body tempera-
ture (B) were registered with a thermo imager (240 x 180 pixels, Testo 
871) over the 132 days of infection and analysed using Testo IRSoft 
Software 5.0. [generalised estimation equations (GEE); p = 0.04 for 
warmest temperature point, and p = 0.03 for the mean body tempera-
ture]. Data shown as mean ± s.e. (n = 7-10 for each treatment).

Fig. 4: Trypanosoma rangeli infection reduces the progressive weight 
gain of mice [generalised estimation equations (GEE); p = 0.001]. 
Mice were infected through the bite of Rhodnius prolixus nymphs 
containing metacyclic trypomastigotes in their salivary glands. Data 
shown as mean ± s.e. (n = 7-10 for each treatment).

TABLE II
Variables of the generalised estimating equations (GEEs) 

with significant effects on the weight of mice infected 
through the bite of Rhodnius prolixus nymphs containing 

metacyclic trypomastigotes in their salivary glands  
(n = 7-10 for each treatment)

Predictors Estimates CI p

(Intercept) 33.48 32.48-34.47 < 0.001
Group [Infected] -1.19 -2.71-0.33 0.125
Days 0.16 0.15-0.17 < 0.001
Group [Infected] × days 0.03 0.01-0.04 0.001

CI: confidence interval.
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ally declined and became undetectable around a month 
later. No parasites were found in histological analyses of 
tissues. All cited studies directly inoculated mammals 
with cultured parasites. In diverse arthropod-pathogen 
associations, including sandfly-Leishmania,(32,33) mos-
quitoes-arboviruses,(34) Anopheles-Plasmodium(35) and 
ticks-Borrelia,(36) saliva can influence transmission to 
the vertebrate host. Therefore, the transient presence (or 
direct absence) of parasites observed in the aforemen-
tioned studies may be simply due to the inoculation of 
cultured parasites instead of vector-transmitted forms. It 
is relevant to consider that parasite form and vector sali-
va are critical for infection success in other vector-borne 
systems. In addition, it is worth mentioning that these 
studies used less sensitive techniques, which may not 
have detected low parasitic loads. Añez et al.(37) used the 
Perro/78 strain of T. rangeli to infect mice and opossums 
through the bite of infected R. prolixus. They observed 
low parasitaemia that became negative 16 and 52 days 
after infection in mice and opossums, respectively. In 
our study using natural infection, parasites disappeared 
from circulating blood after three months, as neither 
xenodiagnosis nor haemocultures were positive at 120 
days post-infection. Nevertheless, the detection of para-
site DNA in the spleen and mesenteric lymph nodes by 
molecular techniques, even when no parasites were pres-
ent in blood, indicates that the infection remained active.

In nature, T. rangeli has been detected by xenodiag-
nosis, haemoculture, or molecular techniques in diverse 
mammal species, including humans.(38,23) More recently, 
Dario et al.(22) detected T. rangeli in 57 samples obtained 
from haemocultures and blood clots of 1392 mammals 
captured in Brazil. In the study, the parasite was found 
infecting 15 mammal species of six orders in five differ-
ent Brazilian biomes, and for the first time, T. rangeli in-
fection was demonstrated in a giant armadillo (Priodon-
tes maximus) from the Pantanal biome, which supported 
the maintenance of the same parasite population with 

high parasitaemia over a six-month period(22). Another 
study found T. rangeli in two dogs in Mangaratiba mu-
nicipality, Rio de Janeiro, Brazil, an area where a case of 
acute Chagas was identified.(39)

Several studies have demonstrated human infection 
by T. rangeli by direct examination, haemoculture or 
xenodiagnosis in Venezuela, Guatemala, Panama, Co-
lombia, El Salvador, Costa Rica, Peru and Brazil.(17,38,40) 
Interestingly, with the advancement of molecular tech-
niques, there are several reports of T. rangeli identifica-
tion in samples formerly serologically diagnosed as T. 
cruzi.(41,42,24) A case report by Parada et al.(24) described 
a 34-year-old female Colombian blood donor, residing in 
Spain since 2000, who tested reactive for T. cruzi in the 
screening test and in an indirect immunofluorescence as-
say in 2004, and again tested reactive in the screening 
test in 2009. This was later confirmed by PCR to be T. 
rangeli. This study is significant as it confirms that the 
parasite supports long lasting infections producing de-
tectable antibodies and that the cross-reactions with T. 
cruzi can persist for several years. In fact, different stud-
ies show that prior immunisation of mice, guinea pigs and 
dogs with different strains of T. rangeli can protect these 
animals against a virulent strain of T. cruzi, resulting in 
low parasitaemia and increased survival rates.(43,44,45)

Several non-pathogenic organisms have been used 
as live vaccine vectors to deliver DNA into cells as ef-
ficient delivery tools in gene therapy, including virus-
es,(46) bacteria,(47) and parasites such as Toxoplasma,(48) 
Leishmania,(49) and T. cruzi.(50) These organisms should 
be capable of enhancing antigen presentation and elicit-
ing potent immune responses without the risk of devel-
opment of disease in humans. In this context, T. rangeli 
could be considered a potential candidate as it gener-
ates long-lasting antibody levels,(51,52) and apparently 
does not produce disease in humans. The publication of 
the genome of T. rangeli revealed a reduced diversity of 
genes associated with mammalian host infection, such 
as trans-sialidases, MASPs and oxidative stress pro-
teins.(53) More recently, an in silico study of potentially 
secreted proteins from T. rangeli, revealed that the 
parasite could enhance the production of IL-15, lead-
ing to NF-kB complex activation and ultimately an im-
mune response that could affect parasite development 
in mammals.(54) In the present study, during the interval 
in which the infection was monitored, infected mice 
presented an increase in temperature and slower body 
weight gain over time when compared to control mice. 
In addition, three out of ten T. rangeli-infected mice 
died. Although no statistical differences were detected 
in survival rates, these alterations could indicate that 
the infection may have negative effects on mammalian 
hosts. Therefore, these results highlight the need for 
additional studies to evaluate the humoral and cellular 
responses generated during T. rangeli infection.

Overall, this study provides new insights into the 
infection dynamics of T. rangeli in mammals, specifi-
cally mice, through vector-borne transmission. The re-
search confirms that T. rangeli establishes a persistent 
infection in mice, detectable in lymphoid organs long 
after the parasites disappear from circulating blood. 

Fig. 5: the effect of infection with Trypanosoma rangeli on the sur-
vival of mice. Mice were infected through the bite of Rhodnius pro-
lixus nymphs containing metacyclic trypomastigotes in their salivary 
glands. (Log-rank test, p = 0.067; n = 10 for each treatment).
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The physiological changes observed in infected mice, 
such as increased body temperature and slower weight 
gain, suggest potential subclinical effects of the infec-
tion. Therefore, the study highlights the necessity of 
further investigations into the immune responses elic-
ited by T. rangeli infection, considering the potential 
implications for host health and disease dynamics. Ad-
ditionally, the findings emphasise the importance of 
incorporating natural infection routes in experimental 
designs to better understand parasite behaviour and its 
interactions with mammalian hosts.

ACKNOWLEDGEMENTS

To Maria Raquel Araujo dos Santos for the technical sup-
port; and the Network Technological Platforms from FIO-
CRUZ, for the support and financing of the services provided 
by the Plataforma de PCR em Tempo Real RPT09D.

AUTHORS’ CONTRIBUTION

LS - Conceptualisation, methodology, formal analysis, 
validation, investigation, writing - original draft, visualisation; 
FR - methodology, validation, investigation; ML - conceptu-
alisation, writing - review & editing; AG - conceptualisation, 
formal analysis, investigation, resources, writing - original 
draft, writing - review & editing, visualisation, supervision, 
project administration, funding acquisition. The authors have 
declared that no competing interests exist.

REFERENCES

1.	 Grisard EC, Steindel M, Guarneri AA, Eger-Mangrich I, Camp-
bell DA, Romanha AJ. Characterization of Trypanosoma rangeli 
strains isolated in Central and South America: an overview. Mem 
Inst Oswaldo Cruz. 1999; 94(2): 203-9.

2.	 Sincero TCM, Stoco PH, Steindel M, Vallejo GA, Grisard EC. 
Trypanosoma rangeli displays a clonal population structure, re-
vealing a subdivision of KP1 (−) strains and the ancestry of the 
Amazonian group. Int J Parasitol. 2015; 45(4): 225-35.

3.	 Vallejo GA, Guhl F, Carranza JC, Moreno J, Triana O, Grisard EC. 
Parity between kinetoplast DNA and mini-exon gene sequences 
supports either clonal evolution or speciation in Trypanosoma 
rangeli strains isolated from Rhodnius colombiensis, R. pallescens 
and R. prolixus in Colombia. Infect Genet Evol. 2003; 3(1): 39-45.

4.	 Maia Da Silva F, Junqueira ACV, Campaner M, Rodrigues AC, 
Crisante G, Ramirez LE, et al. Comparative phylogeography of 
Trypanosoma rangeli and Rhodnius (Hemiptera: Reduviidae) sup-
ports a long coexistence of parasite lineages and their sympatric 
vectors. Mol Ecol. 2007; 16(16): 3361-73.

5.	 Urrea DA, Guhl F, Herrera CP, Falla A, Carranza JC, Cuba-Cuba 
C, et al. Sequence analysis of the spliced-leader intergenic region 
(SL-IR) and random amplified polymorphic DNA (RAPD) of 
Trypanosoma rangeli strains isolated from Rhodnius ecuador-
iensis, R. colombiensis, R. pallescens and R. prolixus suggests a 
degree of co-evolution between parasites and vectors. Acta Trop. 
2011; 120(1-2): 59-66.

6.	 Guhl F, Hudson L, Marinkelle CJ, Jaramillo CA, Bridge D. Clini-
cal Trypanosoma rangeli infection as a complication of Chagas’ 
disease. Parasitology. 1987; 94(3): 475-84.

7.	 Pavia PX, Vallejo GA, Montilla M, Nicholls RS, Puerta CJ. Detection 
of Trypanosoma cruzi and Trypanosoma rangeli infection in triato-
mine vectors by amplification of the histone H2A/SIRE and the sno-
RNA-C11 genes. Rev Inst Med Trop São Paulo. 2007; 49: 23-30.

8.	 Araujo VAL, Boite MC, Cupolillo E, Jansen AM, Roque ALR. 
Mixed infection in the anteater Tamandua tetradactyla (Mamma-
lia: Pilosa) from Pará State, Brazil: Trypanosoma cruzi, T. rangeli 
and Leishmania infantum. Parasitology. 2013; 140(4): 455-60.

9.	 Afchain D, Le Ray D, Fruit J, Capron A. Antigenic make-up of 
Trypanosoma cruzi culture forms: Identification of a specific 
component. J Parasitol. 1979; 65: 314-507.

10.	Guhl F, Marinkelle CJ. Antibodies against Trypanosoma cruzi in 
mice infected with T. rangeli. Ann Trop Med Parasitol. 1982; 76: 361.

11.	O’Daly JA, Carrasco H, Fernandez V, Rodriguez MB. Compari-
son of chagasic and non-chagasic myocardiopathies by ELISA 
and immunoblotting with antigens of Trypanosoma cruzi and Try-
panosoma rangeli. Acta Trop. 1994; 56: 265-87.

12.	Moraes MH, Guarneri AA, Girardi FP, Rodrigues JB, Eger I, Ty-
ler KM, et al. Different serological cross-reactivity of Trypano-
soma rangeli forms in Trypanosoma cruzi-infected patients sera. 
Parasit Vectors. 2008; 1: 1-10.

13.	Schottelius J. Neuraminidase fluorescence test for the differentia-
tion of Trypanosoma cruzi and Trypanosoma rangeli. Trop Med 
Parasitol. 1987; 38(4): 323-7.

14.	Guhl F, Vallejo GA. Trypanosoma (Herpetosoma) rangeli 
Tejera, 1920 - An updated review. Mem Inst Oswaldo Cruz. 
2003; 98(4): 435-42.

15.	Guarneri AA, Lorenzo MG. Triatomine physiology in the context 
of trypanosome infection. J Insect Physiol. 2017; 97: 66-76.

16.	Ferreira RC, Teixeira CF, de Sousa VFA, Guarneri AA. Effect of 
temperature and vector nutrition on the development and multi-
plication of Trypanosoma rangeli in Rhodnius prolixus. Parasitol 
Res. 2018; 117(6): 1737-44.

17.	D’Alessandro A. Biology of Trypanosoma (Herpetosoma) rangeli 
Tejera, 1920. Biol Kinetoplastida. 1976; 328-403.

18.	Molyneux D. Division of the human trypanosome, Trypanosoma 
(Herpetosoma) rangeli. Ann Trop Med Parasitol. 1973; 67(3): 371-2.

19.	Osorio Y, Travi BL, Palma GI, Saravia NG. Infectivity of Try-
panosoma rangeli in a promonocytic mammalian cell line. J Para-
sitol. 1995; 687-93.

20.	Eger-Mangrich I, Oliveira M, Grisard EC, Souza W, Steindel M. 
Interaction of Trypanosoma rangeli Tejera, 1920 with different 
cell lines in vitro. Parasitol Res. 2001; 87(6): 505-9.

21.	Ferreira LL, Araujo FF, Martinelli PM, Teixeira-Carvalho A, 
Alves-Silva J, Guarneri AA. New features on the survival of hu-
man-infective Trypanosoma rangeli in a murine model: parasite 
accumulation is observed in lymphoid organs. PLoS Negl Trop 
Dis. 2020; 14(12): e0009015.

22.	Dario MA, Pavan MG, Rodrigues MS, Lisboa CV, Kluyber D, 
Desbiez AL, et al. Trypanosoma rangeli genetic, mammalian 
hosts, and geographical diversity from five Brazilian biomes. 
Pathogens. 2021; 10(6): 736.

23.	Maia Da Silva F, Noyes H, Campaner M, Junqueira ACV, Coura 
JR, Añez N, et al. Phylogeny, taxonomy and grouping of Trypano-
soma rangeli isolates from man, triatomines and sylvatic mam-
mals from widespread geographical origin based on SSU and ITS 
ribosomal sequences. Parasitology. 2004; 129(5): 549-61.

24.	Parada C, Villalba J, Alvarez M, Puig N, Planelles D, Ramada 
C, et al. Trypanosoma rangeli in a blood donor at the Valencian 
Blood Transfusion Centre. Vox Sang. 2010; 99(2): 193.

25.	Rodrigues JDO, Lorenzo MG, Martins-Filho OA, Elliot SL, 
Guarneri AA. Temperature and parasite life-history are important 
modulators of the outcome of Trypanosoma rangeli–Rhodnius 
prolixus interactions. Parasitology. 2016; 143(11): 1459-68.



Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 119, 2024 7|7

26.	Brener Z. Therapeutic activity and criterion of cure of mice exper-
imentally infected with Trypanosoma cruzi. Rev Inst Med Trop 
São Paulo. 1962; 4(6): 389-96.

27.	Diez H, Thomas MC, Uruena CP, Santander SP, Cuervo CL, 
López MC, et al. Molecular characterization of the kinetoplas-
tid membrane protein-11 genes from the parasite Trypanosoma 
rangeli. Parasitology. 2005; 130(6): 643-51.

28.	Herbig-Sandreuter A. Experimental investigation of the life-cycle 
of Trypanosoma rangeli in warm blooded animals and in Rhod-
nius prolixus. Acta Trop. 1955; 12(3): 261-4.

29.	Urdaneta-Morales S, Tejero F. Trypanosoma (Herpetosoma) 
rangeli Tejera, 1920: mouse model for high, sustained parasit-
emia. J Parasitol. 1985; 71(4): 409-14.

30.	Scorza C, Urdaneta-Morales S, Tejero F. Trypanosoma (Herpeto-
soma) rangeli Tejera, 1920: preliminary report on histopathology 
in experimentally infected mice. Rev Inst Med Trop São Paulo. 
1986; 28(5): 371-8.

31.	Tanoura K, Yanagi T, Garcia VMD, Kanbara H. Trypanosoma 
rangeli — In vitro metacyclogenesis and fate of metacyclic try-
pomastigotes after infection to mice and fibroblast cultures. J Eu-
karyot Microbiol. 1999; 46(1): 43-8.

32.	Soares MB, Titus RG, Shoemaker CB, David JR, Bozza M. The 
vasoactive peptide maxadilan from sand fly saliva inhibits TNF-α 
and induces IL-6 by mouse macrophages through interaction with 
the pituitary adenylate cyclase-activating polypeptide (PACAP). J 
Immunol. 1998; 160(4): 1811-6.

33.	Qureshi AA, Asahina A, Ohnuma M, Tajima M, Granstein RD, 
Lerner EA. Immunomodulatory properties of maxadilan, the va-
sodilator peptide from sand fly salivary gland extracts. Am J Trop 
Med Hyg. 1996; 54(6): 665-71.

34.	Schneider CA, Calvo E, Peterson KE. Arboviruses: how saliva 
impacts the journey from vector to host. Int J Mol Sci. 2021; 
22(17): 9173.

35.	Arora G, Chuang YM, Sinnis P, Dimopoulos G, Fikrig E. Malaria: 
influence of Anopheles mosquito saliva on Plasmodium infection. 
Trends Immunol. 2023; 44(4): 256-65.

36.	Ramamoorthi N, Narasimhan S, Pal U, Bao F, Yang XF, Fish D, 
et al. The Lyme disease agent exploits a tick protein to infect the 
mammalian host. Nature. 2005; 436(7050): 573-7.

37.	Añez N, Velandia J, Rodríguez AM. Estudios sobre Trypanosoma 
rangeli Tejera, 1920. VIII. Respuesta a las reinfecciones en dos 
mamiferos. Mem Inst Oswaldo Cruz. 1985; 80(2): 149-53.

38.	D’Alessandro A, Saravia NG. Trypanosoma rangeli. Parasitic Pro-
tozoa. 1992; 2: 1-54.

39.	Dario MA, Lisboa CV, Xavier SCDC, D’Andrea PS, Roque ALR, 
Jansen AM. Trypanosoma species in small nonflying mammals 
in an area with a single previous Chagas disease case. Front Cell 
Infect Microbiol. 2022; 12: 812708.

40.	Coura J, Fernandes O, Arboleda M, Barrett TV, Carrara N, De-
grave W, et al. Human infection by Trypanosoma rangeli in the 
Brazilian Amazon. Trans R Soc Trop Med Hyg. 1996; 90(3): 278-9.

41.	Vergara-Meza JG, Brilhante AF, Valente VDC, Villalba-Alemán 
E, Ortiz PA, Cosmiro de Oliveira S, et al. Trypanosoma cruzi and 
Trypanosoma rangeli in Acre, Brazilian Amazonia: coinfection 
and notable genetic diversity in an outbreak of orally acquired 
acute Chagas disease in a forest community, wild reservoirs, and 
vectors. Parasitologia. 2022; 2(4): 350-65.

42.	Saldaña A, Samudio F, Miranda A, Herrera LM, Saavedra SP, Cá-
ceres L, et al. Predominance of Trypanosoma rangeli infection in 
children from a Chagas disease endemic area in the west-shore of 
the Panama canal. Mem Inst Oswaldo Cruz. 2005; 100(7): 729-31.

43.	Basso B, Castro I, Introini V, Gil P, Truyens C, Moretti E. Vac-
cination with Trypanosoma rangeli reduces the infectiousness of 
dogs experimentally infected with Trypanosoma cruzi. Vaccine. 
2007; 25: 3855-8.

44.	Basso B, Moretti E, Fretes R. Vaccination with fixed epimasti-
gotes of different strains of Trypanosoma rangeli protects mice 
against Trypanosoma cruzi infection. Mem Inst Oswaldo Cruz. 
2008; 103(4): 370-4.

45.	Basso B, Moretti E, Fretes R. Vaccination with Trypanosoma 
rangeli induces resistance of guinea pigs to virulent Trypanosoma 
cruzi. Vet Immunol Immunopathol. 2014; 157: 119-23.

46.	Travieso T, Li J, Mahesh S, Mello JD, Blasi M. The use of viral 
vectors in vaccine development. NPJ Vaccines. 2022; 7(1): 75.

47.	Yurina V. Live bacterial vectors-A promising DNA vaccine deliv-
ery system. Med Sci. 2018; 6(2): 27.

48.	Zou J, Huang XX, Yin GW, Ding Y, Liu XY, Wang H, et al. Evalu-
ation of Toxoplasma gondii as a live vaccine vector in susceptible 
and resistant hosts. Parasites Vectors. 2011; 4: 1-9.

49.	Breton M, Tremblay MJ, Ouellette M, Papadopoulou B. Live non-
pathogenic parasitic vector as a candidate vaccine against visceral 
leishmaniasis. Infect Immun. 2005; 73(10): 6372-82.

50.	Junqueira C, Santos LI, Galvão-Filho B, Teixeira SM, Rodrigues 
FG, DaRocha WD, et al. Trypanosoma cruzi as an effective 
cancer antigen delivery vector. Proc Natl Acad Sci USA. 2011; 
108(49): 19695-700.

51.	Avila JL, Rojas M. Elevated cerebroside antibody levels in human 
visceral and cutaneous leishmaniasis, Trypanosoma rangeli infec-
tion, and chronic Chagas’ disease. Am J Trop Med Hyg. 1990; 
43(1): 52-60.

52.	Guhl F, Hudson L, Marinkelle CJ, Morgan SJ, Jaramillo C. An-
tibody response to experimental Trypanosoma rangeli infection 
and its implications for immunodiagnosis of South American try-
panosomiasis. Acta Trop. 1985; 42(4): 311-8.

53.	Stoco PH, Wagner G, Talavera-Lopez C, Gerber A, Zaha A, 
Thompson CE, et al. Genome of the avirulent human-infective 
trypanosome — Trypanosoma rangeli. PLoS Negl Trop Dis. 
2014; 8(9): e3176.

54.	Costa RW, Batista MF, Meneghelli I, Vidal RO, Najera CA, 
Mendes AC, et al. Comparative analysis of the secretome and 
interactome of Trypanosoma cruzi and Trypanosoma rangeli 
reveals species specific immune response modulating proteins. 
Front Immunol. 2020; 11: 550289.


