
Introduction

Crested Eagle (Morphnus guianensis) is a
species of eagle belonging to the Accipitridae
family classified as almost threatened by the
International Union for Conservation of Nature [1]
and as vulnerable by the National List of
Endangered Brazilian Fauna Species [2,3]. It mainly
inhabits well-preserved tropical and subtropical
forests, occurring in great part of the neotropics,
from Mexico to Argentina [3–5] It feeds mainly on
arboreal mammals such as primates, marsupials,

birds and reptiles [6,7].
Trypanosomes are flagellated protozoa that carry

out their life cycle in the circulatory system of
vertebrate hosts and in the digestive tract of
invertebrate hosts, and transmission to birds can
occur through a variety of vectors such as: mites,
louse flies, biting midges, culicid and simuliid
mosquitoes [8–10]. The pathological changes
observed in birds are very similar to the pathological
manifestation in mammals. An experiment
demonstrated that birds infected with Trypanosoma,
present alterations in the cardiac tissue and in the
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spleen, resulting in focal myocarditis [8].
Although the presence of T. avium has been

described for some species of birds of prey [11],
trypanosomes are traditionally hematozoa, but
compilations of parasite surveys in New World birds
by blood smears show that trypanosomes are
relatively rare in peripheral blood. For example, the
analysis of blood smears from a number of passerine
species resulted in a prevalence of only 18% [12].
Due to low prevalence, trypomastigote forms were
described by the culture method of [13].

The presence of Trypanosoma has not been
reported or described so far in trypomastigote forms
parasitizing M. guianensis. Thus, this manuscript aims
to record, in an unprecedented way, Trypanosoma sp.
parasitizing M. guianensis in the Brazilian Amazon,
providing data related to the morphology and
morphometry of the trypomastigote forms.

Materials and Methods

host characterization. A young specimen of M.
guianensis (Fig. 1) was sent to the Zoo of the
Universidade da Amazônia (ZOOUNAMA),
located in Santarém, western Pará, Brazil (Fig. 2).
The individual was rescued by the Fire Department

on the Bela Vista suburb perifery of the urban area
of the municipality of Santarém on December 9th,
2015 (2°29’S, 54°43’W). This specimen was in the
quarantine sector of ZOOUNAMA for five days
before the blood collection. 

hematological collection and procedures.

During a routine evaluation in the Quarantine Sector
of ZOOUNAMA, on December 14th, a blood
sample was collected by puncture of the alar vein
(brachial/ulnar) using a needle and syringe
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Figure 1. Juvenile individual of Morphnus guianensis
infected with Trypanosoma sp. (scale bar: 5 cm)
(Photograph E.V.L)

Figure 2. Rescue location of the Crested Eagle in Santarém city state of Pará, Brazilian Amazon



containing EDTA anticoagulant. Blood smears were
made in duplicates and sent to the Universidade
Federal do Oeste do Pará-UFOPA. The slides were
fixed with methanol and stained with a solution of
GIEMSA in buffered water at a 1:10 dilution and
analyzed under an optical microscope with a 1000×
magnification in search of trypomastigote forms.
The shapes were quantified and measured with the
aid of a Zeiss Axioplan optical microscope with an
Axiocam ERc 5s camera.

Morphometric characterization of the

trypomastigote form of Trypanosoma sp. To
determine the morphometric characteristics, the
software Zen Blue edition 2 was used. The
morphometric measurements of the trypomastigotes
were adapted from [14,15] being measured the. 

The mean values of the measured morphological
regions were used to compare morphometric
similarity with described morphotypes of
Trypanosoma avium, using the Bray-Curtis method
with the aid of the Past 3.0 statistical program.

Compliance with ethical standards. The
collection of peripheral blood from M. guianensis
was authorized by the Brazilian Institute for the
Environment and Renewable Natural Resources
(IBAMA)/Chico Mendes Institute for Biodiversity
Conservation (ICMBio) (nº 46202-3/2017). The
blood collection procedures were approved by the
Animal Research Ethics Committee of the
Universidade Federal do Oeste do Pará (Nucleus
06001/2015-CEUA/UFOPA).

After identification, representative specimens of

the parasites were deposited in the Zoological
Collection of the Zoological Museum of
UNICAMP, under the number ZUEC SAR 03.

results

Taxonomic summary

Host: Morphnus guianensis (Daudin, 1800)
Family: Accipitridae
Type locality: Bela Vista suburb, Santarém

municipality, Pará state, Brazil
Habitat: bloodstream of M. guianensis
Deposited material: ZUEC SAR 03

New host

Species: Morphnus guianensis (Daudin, 1800)
Geographic distribution: Central America parts

of Guatemala and Belize, Panama, South America
Collection location: Bela Vista suburb, Santarém

municipality, west of the state of Pará, Brazil.
Coordenates (2°29’S, 54°43’W).

During the search in two smears, seven
trypomastigotes of Trypanossoma sp. were found
(Fig. 3), showing elongated C-shaped body profile
with attenuation in the anterior and posterior
extremities, with a prevalence of two to three
vacuoles in the anterior region and one to two in the
posterior region. Thin and discrete undulating
membrane with a predominantly ovoid-shaped
nucleus slightly displaced towards the posterior
region. The flagellum is short on average, less than
one fifth of the total body length. Small kinetoplast
with a circular-oval shape, displaced to the lateral
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Table 1. Morphometric parameters (µm) of trypomastigotes of Trypanosoma sp. from Morphnus guianensis and
Trypanosoma avium 

Explanations: * present study; TL: total length; BL: length of the body without the flagellum along the midline; PK:
distance from the posterior end to the kinetoplast; PN: distance from the posterior region to the center of the nucleus;
NA: distance from the center of the nucleus to the anterior end; KN: distance from the kinetoplast to the center of the
nucleus; FF: free flagellum; BW: body width at the center of the nucleus. 

Measurements Trypanosoma sp.*
T. avium T. avium T. avium

[16] (A) [16] (B) [17]

TL 44.4 56.0 51.1 43.5

BL 39.2 52.1 43.7 40.6

PK 3.5 – – 10.7

PN 18.2 24.9 20.0 19.5

NA 20.9 – – –

KN 13.8 – – –

FF 6.1 6.2 7.4 7.0

BW 3.6 4.6 4.6 5.2



end of the cytoplasm, the region between the
kinetoplast and the posterior end of easy
visualization (Fig. 4).

After the morphological features were described,
the measurement of the morphometric values of the
trypomastigote forms was performed, considering
the average values of the measured regions (Table 1)
and comparing the similarities by the Bray-Curtis
method with the studies of [11,16–20]. 

After the statistical analysis, a dendrogram
(Fig. 5) was generated from the morphological
similarities with a similarity of 96.03% according to
the contingency values (Table 2) with the T. paddae
morphotype described by [18] parasitizing Corvus
brachyrhynchos brachyrhynchos.

discussion   

According to [11], a large part of the studies of
avian trypanosomes are based on observations of
trypomastigotes by light microscopy as they are
conducted in remote areas, making it possible to
perform more specific analyzes, such as:
biochemical, immunological and in vitro
cultivation, in only a few records. Despite the
limitations in the identification of trypomastigote
forms based solely on light microscopy analysis, its
use as a low-cost technique has been helping to
determine the distribution pattern of the main
Trypanosoma spp. trypomastigote morphotypes in
wild animals, particularly in tropical areas [19]. In
the present study, the observations were made
during a routine clinical examination of the host
located in an area with scarce resources for carrying
out more robust analyzes such as DNA sequencing.

We are aware that, with molecular analysis, we
could characterize and possibly identify new species
of Trypanosoma in peripheral blood from birds.

According to [11,21] despite the importance of
taxonomy and systematics for understanding the
biological cycle in the natural environment, these
are still fields with limited development concerning
avian trypanosomes. The negligence in the study of
these hemoparasites in avian hosts is more evident
when compared to the numbers of studies in
mammalian hosts. In the case of this specimen, it
cannot be said whether the infection occurred in free
life or in captivity, as the blood sample was

Figure 3. Bloodstream trypomastigotes of Trypanosoma sp. observed in a Giemsa-stained blood smear from
Morphnus guianensis (Crested Eagle) from Santarém municipality, PA, Brazil (Scale bar: 10 µm)

Figure 4. Diagrammatic illustration of Trypanosoma sp.
morphotype trypomastigote as seen in a stained
preparation made from the blood of Morphnus
guianensis (Crested Eagle) based on light microscopy
observation 
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collected during quarantine, five days after the
bird’s arrival at the Zoo.

The main differences between the trypomastigote
form recorded in this study and the morphometric
patterns presented by [11] for T. polygranulares and
T. anguiformes, by [22] for T. antarioensis, by [19]
for T. irwini, by [23] for T. maviformis, by [16] and
[20] for T. avium are associated with the shape and
size of the cell body and flagellum, as well as a
structural organization of cytoplasmic organelles.

Despite the existing morphometric similarities
(˃95%) with the morphotype recorded by [18]
parasitizing C. brachyrhynchos brachyrhynchos in
Ontario, Canada, these similarities are not enough
for us to conclude that it is the same species of
Trypanosoma, since the plasticity of these
organisms makes identification at the species level
unfeasible based solely on morphological and
morphometric characteristics, requiring the
application of molecular tools. However, it is
important to note that there is no overlap in the
geographic distribution of both host species and that
both species diverge considerably in their preferred

habitats [24,25].
It may be understandable due to the lack of

evidence regarding the economic importance of
these organisms related to risks to human health.
However, understanding the real diversity of these
organisms, as well as the implications of the
parasite-host relationship, are still little explored
fields in the Brazilian Amazon region, which harbor
the higest bird diversity of the planet, and there is a
need for taxonomic and more robust systematic tests
related to these hemoparasites. 
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Table 2. Contingency values for morphometric similarity of different T. avium and Trypanosoma species records from
the Bray-Curtis matrix
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Trypanosoma sp. 1 76.93 78.66 81.54 92.38 89.88 86.31 82.64 96.03 83.82

T. avium (A) [16] 76.93 1 96.43 88.23 72.03 70.24 64.91 63.53 75.52 68.25

T. avium (B) [16] 78.66 96.43 1 91.10 73.79 72.88 67.51 65.24 77.23 71.03

T. avium [17] 81.54 88.23 91.10 1 76.06 74.25 71.37 67.59 83.80 71.95

T. anguiformis [11] 92.38 72.03 73.79 76.06 1 93.25 86.22 88.00 91.65 88.75

T. polygranularis [11] 89.88 70.24 72.88 74.25 93.25 1 87.37 89.14 89.53 93.06

T. irwini [19] 86.31 64.91 67.51 71.37 86.22 87.37 1 78.84 86.71 84.57

T. naviformis [20] 82.64 63.53 65.24 67.59 88.00 89.14 78.84 1 82.74 87.82

T. paddae [18] 96.03 75.52 77.23 83.80 91.65 89.53 86.71 82.74 1 84.13

T. antarioensis [18] 83.82 68.25 71.03 71.95 88.75 93.06 84.57 87.82 84.13 1

Morphometric and morphological                     411



– Finance Code 001.

references

[1] I.U.C.N. 2019. International Union for Conservation
of Nature’s Red List of Threatened Species
(https://www.iucnredlist.org/)  

[2] M.M.A-I.C.M.B.I.O. 2014. Ministério do Meio
Ambiente (MMA) & Instituto Chico Mendes de
Conservação da Biodiversidade (ICMBio) (2014)
Lista nacional das espécies da fauna brasileira
ameaçadas de extinção. Portaria No 444, 17 de
dezembro de 2014. Brasília: MMA & ICMBio.

[3] Sanaiotti T.M., Banhos A., Aguiar-Silva F.H., Martins
F.D., Luz B.B., Carvalho A.S., Ruiz C.M. 2018.
Morphnus guianensis (Daudin, 1800). In: ICMBIo.
Livro Vermelho da Fauna Brasileira Ameaçada de
Extinção. vol III - Aves. 121-124.

[4] Gomes F.B.R., Sanaiotti T.M. 2015. A review of the
distribution of the Crested Eagle, Morphnus
guianensis (Daudin, 1800) (Accipitridae: Harpiinae),
including a range extension. Revista Brasileira de
Ornitologia 23: 36-63. doi:10.1007/BF03544289

[5] Moraes L.L., De Souza A.Z., Ribon R. 2015. First
record of the Crested Eagle, Morphnus guianensis
(Daudin, 1800) (Aves, Accipitridae) in the Cerrado Of
Minas Gerais state, Brazil. Check List 11: 1994–1997.
doi:10.15560/11.4.1670

[6] Whitacre D.F., López J., López G. 2012. Crested
Eagle. In: Neotropical birds of prey: biology and

ecology of a forest raptor community. (Ed. D.F.
Whitacre). Cornell University Press, Ithaca, NY: 164-
184.

[7] Gomes F.B.R., Canassa N.F., Lisboa T.  2016.
Registros de predação do Uiraçu-falso (Morphnus
guianensis) sobre preguiça-bentinho (Bradypus
variegatus) e mico-de-cheiro (Saimiri ustus) na
Amazônia. Spizaetus june: 7-11 (In Portuguese).

[8] Molyneux D.H. 1977. Vector relationships in the
Trypanosomatidae.  Advances in Parasitology 15: 1-
82.

[9] Mungomba L.M., Molyneux, D.H., Wallbanks, K.R.
1989. Host-parasite relationship of Trypanosoma
corvi in Ornithomyia avicularia. Parasitology
Research 75: 167-174. doi:10.1007/BF00931269

[10] Votýpka J., Szabová J., Rádrová J., Zídková L.,
Svobodová M. 2012. Trypanosoma culicavium sp.
nov., an avian trypanosome transmitted by Culex
mosquitoes. International Journal of Systematic
Evolutionary Microbiology 62: 745-754. 
doi:10.1099/ijs.0.032110-0

[11] Valkiūnas G., Iezhova T.A., Carlson,J.S., Sehgal
R.N.M. 2011. Two new Trypanosoma species from
African birds, with notes on the taxonomy of avian
trypanosomes. Journal of Parasitology 97: 924-930.
doi:10.1645/GE-2796.1

[12] Apanius V. 1991. Avian trypanosomes as models of
hemoflagellate evolution.  Parasitology Today 7: 87-
90. doi:10.1016/0169-4758(91)90203-z

[13] Novy F.G., Macneal W.J. 2014. On the trypanosomes

Figure 5. Dendrogram of Bray-Curtis similarity of the morphological features of the morphotypes of the Trypanosoma
avium species complex

412 d.C. de SouzA et al.



of birds. Journal of Infectious Diseases 2: 256-308.
[14] Bennett G.F. 1970.  Development of trypanosomes of

the T. avium complex in the invertebrate host.
Canadian Journal of Zoology 48: 945-957. 
doi:10.1139/z70-169

[15] Bennett G.F., Earlé R.A., Du Toit H., Huchzermeyer
F.W. 1992. A host-parasite catalogue of the
haematozoa of the sub-Saharan birds. Onderstepoort
Journal of Veterinary Research 59: 1-73.

[16] Baker J.R. 1956. Studies on Trypanosoma avium
Danilewsky 1885 III. Life cycle in vertebrate and
invertebrate hosts. Parasitology 46: 335. 
doi:10.1017/S0031182000026548

[17] Grewal M.S. 1963. Studies on the blood parasites of
the White-throated Munia, Uroloncha malabarica
Linnaeus. Indian Journal of Malariology 17: 55-64.

[18] Woo P.T.K.. Bartlett C.M. 1982. Trypanosoma
ontarioensis n.sp. and T. paddae from Corvus
brachyrhynchos brachyrhynchos in Ontario, Canada,
with notes on the biology of T. ontarioensis n.sp.
Canadian Journal of Zoology 60: 2107-2115.
doi:10.1139/z82-269

[19] McInnes L.M., Gillett A., Ryan U.M., Austen J.,
Campbell R.S.F., Hanger J., Reid S.A. 2009. Trypan -
oso ma irwini n. sp (Sarcomastigophora: Trypanoso -
matidae) from the koala (Phascolarctos cinere -
us). Parasitology 136: 875-885.
doi: 10.1017/S0031182009006313

[20] Sehgal R.N.M., Iezhova T.A., Marzec T., Valkiūnas
G. 2015. Trypanosoma naviformis sp. nov. (Kinetopla -
stidae: Trypanosomatidae) from widespread African
songbirds, the Olive sunbird (Cyanomitra olivacea)

and Yellow-whiskered greenbul (Andropadus
latirostris). Zootaxa 4034: 342. 
doi:10.11646/zootaxa.4034.2.6

[21] Zídková L., Cepicka,I., Szabová J., Svobodová M.
2012. Biodiversity of avian trypanosomes. Infectious,
Genetic and Evolution 12: 102-112.
doi:10.1016/j.meegid.2011.10.022

[22] Woodworth L.J.R.C., Bennett G.F. 1989. Prevalence
of avian haematozoa in Sao Paulo State, Brazil.
Memorias do Instituto Oswaldo Cruz 84: 515526. 
doi:10.1590/S0074-02761989000400009

[23] Santos M.S., González F., Madeira L.M. 2010.
Características hematológicas e ocorrência de
hemoparasitas em aves de rapina. Univ. TÉCNICA
LISBOA, Fac. Med. Veterinária: 22 (in Portuguese).

[24] Bierregaard R.O.,  Kirwan G.M. 2020. Crested
Eagle (Morphnus guianensis). In: Handbook of the
birds of the World alive. (Eds. J. del Hoyo, A. Elliott,
J. Sargatal,  D.A. Christie, E. de Juana). Lynx
Edicions, Barcelona. 
https://www.hbw.com/node/53149 on 28 January
2020).

[25] Marzluff J. 2020. American Crow (Corvus brachy -
rhynchos). In: Handbook of the birds of the World
alive. (Eds. J. del Hoyo, A. Elliott, J. Sargatal, D.A.
Christie, E. de Juana). Lynx Edicions, Barcelona. 
https://www.hbw.com/node/53149 on 28 January
2020).

Received 17 April 2020
Accepted 25 June 2020

Morphometric and morphological                     413


