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Abstract 

Venezuela has a remarkable presence of endemic birds from the Neotropical region. Therefore, the study of avian haemosporidian 
parasites (Plasmodium, Haemoproteus, Leucocytozoon) in Venezuela should be a priority task for conservation projects, as 
well as for understanding adaptive processes of the parasite-host-vector triad. The objective of this mini-review is to rescue 
the most relevant contributions of the study of these parasites in Venezuela and the potentialities derived from them. The 
greatest contribution reported so far comes from a series of parasitological diagnoses in birds carried out from 1972 to 1990. 
From these studies, a blood smear collection of wild and captive birds infected with haemosporidian parasites was created 
(approximately 23000 blood smear), describing 15 species of these parasites. This extensive collection of blood smears could 
be used as source material to answer many questions, such as the large-scale spatiotemporal distribution patterns of avian 
haemosporidian parasites in Venezuela.    
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Introduction

The most studied avian haemosporidian parasites 
(phylum Apicomplexa, order Haemosporida) belong to 
the genera Plasmodium, Haemoproteus and Leucocytozoon 
[1-3]. The transmission of these parasites depends on 
dipteran vectors that present certain specificity in terms 
of the bird species on which they feed and, therefore, the 
species to which they transmit the infection [4,5]. The 
adaptation of these parasites to each colonized host and 
vector has grouped them into several subgenera according 
to host and vector characteristics [5,6]. When and how often 
haemosporidian parasites pass from birds to mammals 
remain a matter of debate [7]. Despite taxonomic differences 

among all haemosporidian parasites, their development and 
transmission cycle are similar in several aspects. The study 
of haemosporidian parasites in a manageable hosts such as 
birds has been very useful to understand several aspects 
of their infection process in less manageable hosts such as 
humans [8].
 

The study of avian haemosporidian parasites in Venezuela 
arose as a consequence of the study of the haemosporidian 
parasites species that cause human malaria: Plasmodium 
falciparum, P. vivax, P. malariae, P. ovale, P. knowlesi. Several 
researchers collaborated in the fight against human malaria, 
starting with the research group of Dr. Arnoldo Gabaldón, 
who were looking for a model organism to study various 
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aspects of Plasmodium parasites. They began with monkeys, 
without any success; later and following the lead of other 
researchers who had found birds infected with Plasmodium, 
Dr. Gabaldón decided to use birds as a model organism [5,9]. 
During this time, a collection of blood smears from both wild 
and captive birds infected with haemosporidian parasites 
was created; this collection has 221 original records and 
22,989 replicates in experimental models, from the 1970s to 
the 1990s [10]. 

This mini-review aims to rescue the most relevant 
contributions on the study of avian haemosporidian parasites 
in Venezuela and the potentialities derived from them.

Main Contributions of the Study of Avian 
Haemosporidian Parasites In Venezuela

The greatest contribution reported so far comes from the 
bird parasitological censuses carried out from 1972 to 1990 
by Dr. Arnoldo Gabaldón and collaborators. During the first 
year of the study, 3498 birds were evaluated, finding that the 
Venezuelan avifauna is largely composed by endemic species 
to the Neotropical region. This finding made these researchers 
believed that the haemosporidian parasites identified in the 
country may be the product of an evolutionary process of the 
Mutatis mutandis type, which must have originated parasites 
species specific to the Neotropical region, since their hosts are 
geographically isolated species [5]. By 1974, 8565 birds were 
evaluated, identifying simple and mixed infections by the 
genera Plasmodium and Haemoproteus [11]. Subsequently, 
the characterization of neotropical haemosporidian 
parasites began, and in this context, Plasmodium (Novyella) 
juxtanucleare was reported and characterized for the first 

time in Venezuela [12]. In 1976, they reported Plasmodium 
(Haemamoeba) lutzi describing their exoerythrocytic 
forms [13]. The following year (1977), they detailed the 
erythrocytic and exoerythrocytic cycle of a new species of 
avian malarial parasite, Plasmodium (Haemamoeba) tejerai, 
which was found in a domestic turkey (Meleagris gallipavo) 
[14]. In 1978, they described a subspecies of Haemoproteus 
rotundus under the name H. r. ortalidum, a parasite found 
in Ortalis ruficauda (Galliformes: Cracidae), endemic bird 
to Venezuela and to some of the Lesser Antilles [15]. In the 
1972-1990 time series, 12 Plasmodium, 2 Haemoproteus and 
1 Leucocytozoon species were morphologically characterized 
[5].

After this great research effort, monitoring of 
haemosporidian parasites in birds decreased at the national 
level until the first decade of the 2000s, when these studies 
were resumed and several works published [16-18]. More 
recently, Valera and collaborators evaluated 262 birds of the 
family Columbidae sampled during 2012-2015 in 10 localities 
of Venezuela with characteristics of migratory passage and 
reserve of importance for birds, finding by microscopic 
examination a prevalence of 64% for Haemoproteus and 
40.5% for Plasmodium [19]. Finally, we cite the work done by 
Sanz, et al. [20], who through amplification and sequencing 
of a mitochondrial barcode (cytb), evaluated the frequency 
of avian haemosporidian parasites in 366 birds belonging 
to 23 species from Margarita and Coche islands, Venezuela; 
reporting a frequency of these parasites more than double in 
subspecies of birds endemic to Margarita Island (endemic = 
7.3% vs. non-endemic = 3.1%, N = 342), but this difference 
was not significantly different. These and other contributions 
are summarized in Table 1. 

Parasite species Bird Host species Reference

Plasmodium (Haemamoeba) relictum Euphonia violacea (Thraupidae) Notiochelidon cyanoleuca 
(Hirundinidae) [21]

Plasmodium (Haemamoeba) relictum Coryphospingus pileatus (Fringillidae) [22]
Plasmodium (Haemamoeba) cathemerium Quiscalus lugubris, Agelaius icterocephalus (Icteridae) [23]

Plasmodium (Huffia) elongatum Columba livia (Columbidae) [24]
Plasmodium (Novyella) vaughani Zonotrichia capensis (Emberizidae) [25]

Plasmodium (Novyella) vaughani Psarocolius viridis, Quiscalus lugubris (Icteridae)Tachyphonus rufus 
(Thraupidae) [22]

Plasmodium (Giovannolaia) circumflexum Chlorophonia cyanea (Fringillidae), Tangara gyrola (Thraupidae) [22]
Plasmodium (Novyella) nucleophilum Cyanocorax olivaceus (Corvidae) [22]

Plasmodium (Haemamoeba) lutzi Aramides cajanea cajanea (Rallidae) [13]
Plasmodium (Novyella) juxtanucleare Gallus gallus (Phasianidae) [24,25]

Plasmodium (Novyella) columbae Columba livia (Columbidae) [26]
Plasmodium (Giovannolaia) gabaldoni* Cairina moschata (Anatidae) [22]
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Plasmodium (Haemamoeba) tejerai* Meleagris gallopavo (Phasianidae) [14]
Plasmodium (Novyella) bertii* Aramides cajanea (Rallidae) [27]

Haemoproteus ortalidum* Ortalis ruficauda (Cracidae) [15]
Haemoproteus cracidarum* Ortalis ruficauda (Cracidae) [28]

Leucocytozoon sp. Columba livia (Columbidae) [5]

Plasmodium sp.

Pipreola formosa (Cotinginae) Atlapetes semirufua, Zonotrichia 
capensis (Emberizidae) Grallaricula loricata (Formicariidae) 
Basileuterus griseiceps, Parkesia noveboracensis (Parulidea) 

Pyrrhura hoematotis (Psittacidae) Dysithammus mentalis 
(Thamnophilidae) Euphonia xanthogaster, Tangara arthus 

(Thraupidae) Platycichla flavipes, Turdus olivater (Turdidae) 
Sternoclyta cyanopectus (Trochilidae) Henicorhina leucophrys 

(Troglodytidae)

[16]

Haemoproteus sp.

Pipreola formosa (Cotinginae) Atlapetes semirufua, A. schistaceus, 
Buarremon torquatus, Zonotrichia capensis (Emberizidae) 
Myrmotherula schisticolor (Thamnophilidae)Anisognathus 

lacrymosus, Chlorospingus cyanea, Diglossa venezuelensis, Dubusia 
taeniata, Tangara cyanicollis, T. guttata, T. gyrola (Thraupidae) 

Turdus olivater, T. serranus (Turdidae)

[16]

Plasmodium sp.

Mimus gilvus (Mimidae) Sublegatus arenarum (Tyrannidae) 
Cardinalis phoeniceus (Cardinalidae) Thraupis glaucocolpa 

(Thraupidae) Icterus nigrogularis (Icteridae) Dendroplex picus 
(Furnariidae) Sublegatus arenarum (Tyrannidae)

[17]

Haemoproteus sp.

Cardinalis phoeniceus (Cardinalidae) Icterus nigrogularis 
(Icteridae) Melanerpes rubricapillus (Picidae) Eupsittula pertinax 

(Psittacidae) Dendroplex picus (Furnariidae) Sakesphorus 
canadensis, Formicivora intermedia (Thamnop hilidae) Cardinalis 

phoeniceus (Cardinalidae) Tiaris bicolor, Thraupis glaucocolpa, 
Coryphospingus pileatus, Saltator coerulescens (Thraupidae) Mimus 

gilvus (Mimidae)

[17]

Plasmodium sp. Formicarius analis, Chamaeza campanisona (Formicariidae) [18]

Haemoproteus sp. Geotrygon linearis (Columbidae) Chlorospingus ophthalmicus 
(Thraupidae) [18]

Leucocytozoon sp. Parkesia noveboracensis (Parulidae) [18]
Plasmodium haemamoeba lutzi Mimus gilvus (Mimidae) [29]

Haemoproteus cracidarum Columbina squammata (Columbidae) [29]
Haemoproteus ortalidum Columbina squammata (Columbidae) [29]

Plasmodium sp.

Zenaida auriculata, Columbina squammata (Columbidae) Mimus 
gilvus (Mimidae) Melanospiza bicolor, Sporophila intermedia, 

Thraupis episcopus (Thraupidae) Icterus nigrogularis, Quiscalus 
lugubris, Molothrus bonariensis (Icteridae)

[29]

Haemoproteus sp. Columbina squammata, Columbina passerina (Columbidae) [29]

Haemoproteus spp. Columbina minuta, C. passerina, C. squammata, C. talpacoti, 
Leptotila verreauxi Zenaida auriculata (Columbidae) [19]

Plasmodium spp. Columbina minuta, C. passerina, C. squammata, C. talpacoti, 
Leptotila verreauxi, Zenaida auriculata (Columbidae) [19]
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Haemoproteus (Parahaemoproteus) sp.

Columbina squammata (Columbidae) Hypnelus ruficollis stoicus 
(Psittacidae) Mimus gilvus (Mimidae) Thamnophilus doliatus 

(Thamnophilidae) Cardinalis phoeniceus (Cardinalidae ) Icterus 
nigrogularis helioeides, Icterus icterus (Icteridae)

[20]

Haemoproteus (Haemoproteus) sp. Leptotila verreauxi (Columbidae) [20]
Plasmodium sp. Columbina passerina (Columbidae) [20]

Leucocytozoon sp. Setophaga striata (Parulidae ) [20]

*Parasite species describe for the first time.
Table 1. Studies of avian haemosporidian parasites in Venezuela from 1916 to 2021.

Potentialities in Venezuela for the Study of 
Avian Haemosporidian Parasites 

The geological history of Venezuela, together with the 
research trajectory carried out in the region, make this South 
American country an interesting and priority region for the 
study of avian haemosporidian parasites. In this context, it 
is important to point out that the South American region 
was separated from Africa at the latest during the Jurassic 
period, about 150 million years ago, when the class Aves 
had barely differentiated. Then, during the Eocene (about 
50 million years ago) it joined Central America. Later, during 
the Miocene (about 20 million years ago) this large island 
joined North America. Therefore, the Neotropical avifauna 
has practically no influence from the Ethiopic or Australasian 
Regions, having probably only influence from the Palearctic 
Region through the Nearctic [5]. It is very likely that this 
geographic isolation greatly contributed to the speciation 
of birds [30], also producing a marked repercussion in the 
speciation of the haemosporidian hosted by them. Recently, 
a meta-analysis conducted in the tropical Andean region 
reveals that areas of avian endemism are associated with a 
differential spatial distribution of haemosporidian diversity 
[31]. In the context of the global crisis of biodiversity loss, 
it is important to establish species rarity and endemism 
as fundamental criteria for conservation [32]. Therefore, 
given the large proportion of Neotropical endemic birds 
in Venezuela, this should be a priority country for studies 
aimed at understanding the consequences of these parasites 
on the functionality and behavior of the birds which host 
them [33], to understand how the structure of the bird 
community influences the exploitation strategy followed 
by haemosporidian parasites [34], to understand the socio-
environmental factors that modulate their transmission 
among other interesting studies that could be developed in 
Venezuela [35,36]. 
 

Conclusions

The great value of the avifauna in the Neotropical region 
makes it a priority area for the study of haemosporidian 
parasites. The presence in Venezuela of endemic birds 

to the Neotropical region, plus the extensive collection 
of blood smears of birds infected with haemosporidian 
parasites collected in Venezuela, are compelling reasons to 
continue these studies in the country. It is recommended to 
genetically characterize the most representative specimens 
of the collection, as well as to continue with the annual avian 
monitoring with the respective parasitological examinations.
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