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     Nowhere else in nature is the delicate balance between living things  
and their environment illustrated as well as by parasites and their hosts.  

 
(Manwell 1963)
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1. INTRODUCTION 
  

Little has been published about the distribution, prevalence and possible 

pathogenicity of blood parasites in Australia�s unique avifauna since the pioneering 

work of Cleland (1915, 1922), Cleland and Johnston (1909, 1910a, 1910b, 1911), 

Gilruth et al. (1910) and Breinl (1913) in the early part of this century and the 

subsequent work of Lawrence (1946) and Mackerras and Mackerras (1960). This 

deficit has become apparent since the relocation of the International Reference 

Centre for Avian Haematozoa (IRCAH) to the Queensland Museum in Brisbane. A 

collaborative project was therefore initiated with the Currumbin Wildlife Sanctuary on 

the Gold Coast, 100 km south of Brisbane, to survey sick, injured or orphaned 

endemic, migratory and introduced wild birds of that area. The project was conducted 

to identify haematozoan parasites encountered and to determine their effect on their 

vertebrate host.  

 

2. LITERATURE REVIEW 
 

2.1 .  Haematozoa  
 
�Haematozoa� is a general term used to describe those parasites that live in the 

blood system (haem- meaning blood; -zoon meaning animal). The term therefore 

includes metazoan (e.g. microfilariae) as well as protozoan parasites (e.g. 

haemosporidia, piroplasms, trypanosomes). Blood parasites have been found in 

many thousands of birds from around the world covering a wide spectrum of bird 

species (Bennett et al.,1982). They have been reported from 156 of a total 171 bird 

families worldwide (Bennett et al., 1994a) with only 17.6  of non-passerine and 6 % of 

passerine families found negative for haematozoa (Bennett et al., 1994a). The 

occurrence of haematozoa is usually restricted by geographic and climatic conditions 

which limit the distribution of their vectors (Peirce, 1989). There is a wide range in the 

prevalence of haematozoa (3.8 to 90 %) in birds reported from various parts of the 

world (Bennett & Cameron, 1974). Differences in prevalence have been found to be 
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due to many factors, e.g. the time of investigation, the biotope, the age and the 

species of birds under examination (Haberkorn, 1984).  

Parasites belonging to the genera Plasmodium, Haemoproteus, 

Leucocytozoon and Trypanosoma are the most frequently encountered species of 

blood parasites (Peirce, 1989). The first three genera belong to the phylum 

Apicomplexa, which is a group of some 3600 parasitic protozoa (estimated by Adlard 

& O�Donoghue, 1998) occurring in all vertebrate classes. A checklist of protozoan 

parasites recorded from Australia highlights the paucity of haematozoan records 

(O�Donoghue & Adlard, 2000). Within the Apicomplexa, the class Sporozoa (order 

Eucoccidia) contains the Haemosporina whose members are all arthropod-borne 

blood parasites and includes the families Haemoproteidae, Leucocytozoidae and 

Plasmodiidae. The first two families are restricted essentially to birds, while the 

Plasmodiidae occur in both birds and mammals (Bennett, 1993). Birds are often 

infected with two or more species of Haemoproteus, Plasmodium or Leucocytozoon 

(see Peirce, 1989) and multiple infections may extend to two different species 

present in a single host cell (Garnham, 1982).  

Haemosporidian blood parasites (haemosporina) are thought to have 

originated either from coccidia moving from the intestine of a vertebrate animal into 

its bloodstream, or from the intestine of the invertebrate host (Garnham, 1977a). 

Avian haemosporidian parasites are a diverse group of some 250 species (Bennett et 

al., 1982). Also encountered in blood are the microscopic larval stages of various 

filarial nematodes plus a variety of other protozoan genera such as Atoxoplasma 

(Lankesterella), Babesia, Hepatozoon (Haemogregarina), Toxoplasma and 

Trypanosoma. Members of the genera Trypanosoma, Atoxoplasma, Lankesterella 

together with microfilaria and spirochaetes are rarely found in birds, although this 

may be a result of sampling method (peripheral blood smears) rather than a true 

indication of their prevalence (Kučera, 1982). 
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2.2. Pathogenicity of avian haematozoa 
 
�Nowhere else in nature is the delicate balance between living things and their 

environment illustrated as well as by parasites and their hosts� (Manwell, 1963). One 

of the well-held tenets amongst parasitologists is that it is a poor parasite that kills its 

host, for by doing so, the species commits suicide (Bennett & Bishop, 1990). A 

corollary to this principle is that the longer the duration of the host-parasite 

association, the less severe the interaction between organisms since both taxa have 

had time to evolve to an equilibrium or resistant state (Bennett & Bishop, 1990). 

Since the discovery of avian haematozoa by Danilewsky in 1885, they have 

been considered primary epizootiological agents in the regulation of a variety of feral 

avian populations (Bennett et al., 1993b). However, Desser and Bennett (1993) did 

not regard species of Haemoproteus and Leucocytozoon as particularly pathogenic 

or lethal to wild birds. The degree to which parasites are pathogenic is frequently 

difficult to assess accurately since sick or dying birds in the wild rapidly fall victim to 

predators or their carcasses go undetected (Peirce, 1989). Valkiunas (1993) pointed 

out that results on pathogenicity obtained under experimental conditions (in a cage) 

should not be applied to animals in the wild since predation, activity levels and other 

parameters are not those encountered naturally. The majority of haematozoan 

parasites are probably benign in their natural hosts, although relapses with increased 

parasitaemia may occur (Peirce, 1989) e.g. when the host�s reproductive activity 

commences (Laird, 1961). While potential for harm is always present, there is no 

unequivocally reported evidence that such harm, in fact, occurs (Bennett & Bishop, 

1990). Concomitant infections with other disease agents may often alter the effect of 

otherwise benign parasites and synergistically become pathogenic (Peirce, 1989). 

Valkiunas (1993), however, showed negative influences of high parasitaemia of 

haemoproteids. Moreover there is always the risk of new disease hazards from 

imported birds and the accidental introduction of new vectors (Peirce,1989).   

There is little information available on the long-term effects of chronic 

infections on host birds (Bennett et al., 1993b). In general, it appears that the 

domesticated Galliformes and Anseriformes can and do suffer heavy mortality from 
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blood parasites (primarily species of Akiba and Leucocytozoon) while their wild 

counterparts seem to be little affected by the same parasites (Bennett et al., 1993b). 

Bennett et al. (1993b) reviewed more than 5,000 articles on avian haematozoa and 

placed reports on avian mortality into four categories: mortality in domestic 

Galliformes and Anseriformes; mortality in birds in zoological gardens; mortality due 

to introduction of exotic avian species and their parasites; and mortality in feral birds 

in the wild, especially peridomestic birds such as pigeons (Columba livia). Garnham 

(1977) noted that new arrivals in zoological gardens were much more frequently 

parasitised than the resident inhabitants. Bennett (1993) assumed that the genera 

Leucocytozoon and Plasmodium were of much more recent origin than the 

haemoproteids, with a shorter period of host-parasite association which has resulted 

in fewer species and little time to establish an equilibrium status with their avian 

hosts.  

 

 

2.3. Australia‘s avifauna 
 
The earliest records of the bird life of eastern Australia were made in 1770 by the 

naturalists Banks and Solander, who sailed with Cook in the Endeavor. Excluding 

introduced species, the number of different birds recorded from Australia is slightly 

over 700. Of these, more than 500 are land-birds that breed within the continent and 

about 30 are sea birds which, for the most part, breed in coastal localities or on 

associated islands (Hindwood, 1976). Some 383 species (or 50 %) of the birds in 

Australia are regarded as truly endemic and unique to this continent (Macdonald, 

1992). As far as is known, they breed nowhere else on earth. In contrast, there are 

many migrants between Australia and other continents, mainly waders and sea birds 

from the Northern Hemisphere, New Zealand or sub-Antarctic islands (Hindwood, 

1976). Dominant families of Australian birds include the honeyeaters, parrots and 

finches. The Australian continent extends over more than 30° of latitude, and the 

climate varies from tropical in the north to temperate in the south, with resulting wide 

range of vegetation types that provide a high diversity of habitats. Since European 
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settlement began almost 200 years ago, the Australian environment has changed 

significantly and the introduction of exotic birds, other animals and plants has had a 

disastrous effect on many species of Australian fauna (Hindwood, 1976). 

 

 

2.4. The role of the International Reference Centre for Avian Haematozoa 
 
The IRCAH comprises a collection of specimens and data on the blood-inhabiting 

parasites of birds. The systematic collection of blood films was begun in Malysia in 

1959 by H. E. McClure. The blood films were examined by M. Laird with support from 

the U.S. Army Medical Research Unit. These collections were expanded in 1963 

after the formation of the Migratory Animal Pathological Service. In 1968, under the 

leadership of M. Laird, the collection was established within the Department of 

Biology at the Memorial University of New Foundland in Canada as the WHO 

International Reference Centre for Avian Malaria Parasites (IRCAMP) (Peirce, pers. 

communication). Avian blood films were sent from southern Asia to this centre for 

verification of the identity of parasites, and to be lodged as reference specimens in 

the collection.  

 

The terms of reference of the centre were:   

• to establish a reference collection of avian haematozoa; 

• to establish a collection of �type� and �paratype� specimens; 

• to establish a reference collection of literature on avian haematozoa; and 

• to provide assistance in the identification of avian blood parasites 

 

Under G.F. Bennett as Officer-in-Charge from 1969 onwards, the collection 

expanded rapidly and gained international acclaim. The collection was reorganised in 

1975 and renamed the International Reference Centre for Avian Haematozoa 

(IRCAH) with G.F. Bennett as its appointed Director. By 1979 Fallis, Forrester, 

Gabaldon, Garnham, Huchzermeyer, Peirce and Stabler were Corresponding 

Associates maintaining close links with the IRCAH (Peirce, pers. communication). 
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From 1989, Bennett�s health deteriorated, the collection was donated to the 

Queensland Museum in Brisbane in 1995 and transported from Canada to Australia. 

In June 1996 R. Adlard was appointed as Curator of Protozoa, with primary 

responsibility for the IRCAH. It is now the largest collection of haematozoa in the 

world, with over 64,000 specimens of avian blood parasites in stained, thin blood 

films from approximately 45,000 infected birds. Samples from over 4,000 species of 

birds in about 150 families from 63 countries are represented in the collection. The 

literature collection on avian haematozoa now totals more than 5,700 reprints of 

scientific publications and theses (Adlard, pers. communication). The IRCAH offers 

services to researchers all over the world. It provides specimens on loan, has 

information attached to the specimens stored in an electronic database and is 

therefore able to provide data from selective searches, it provides copies of 

publications on avian haematozoa and provides assistance to identify species of 

avian haematozoa. Many scientists have donated reference material, for example A. 

M. Fallis and P. C. C. Garnham (Bennett et al., 1980a). Regrettably, only few 

samples have been submitted from Australian birds. Haematozoa from only 16 

species of birds have been lodged in the collection (Adlard & O�Donoghue, 1998), or 

91 infected birds in a total of over 64,000 sampled worldwide. With the arrival of the 

IRCAH in Australia, it is now timely to pursue research on the identity, distribution 

and epizootiology of avian haematozoa in Australia.  
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2.5.  Leucocytozoon  
 
Taxonomy and valid species 
 
Leucocytozoon-like organisms were first described by Danilewsky, who discovered 

them between 1884 and 1886 in the blood of Strigidae. Danilewsky�s observations 

were confirmed by Sakharoff in 1893 who found similar organisms in the blood of 

Corvidae (Sambon & Naples, 1908). The name Leucocytozoon was not used until 

1898, when Ziemann described and named L. danilewskyi from the Little Owl, 

Athene noctua (see Bennett et al., 1965). Although species of Leucocytozoon were 

initially considered to be parasites of leucocytes, Danilewsky (1890) also observed 

them in erythroblasts. Fusiform types of this genus have been confused with 

trypanosomes in some of the early accounts of species (Bennett et al., 1965). 

Species of Leucocytozoon occur only in birds and are known from many species of 

birds throughout the world (Fallis et al., 1974). Absence of vectors rather than 

unsuitability of the birds as hosts may explain the lack of records in some localities 

(Fallis et al., 1974). Bennett et al. (1994a) listed 60 valid species of the genus 

Leucocytozoon in birds (see Table 1). Bennett et al. (1965) placed Leucocytozoon 

caulleryi in a monotypic genus Akiba because, unlike other species, the nucleus of 

the invaded cell disappears as the gametocyte matures although the membrane 

around the cell remains intact (Fallis et al., 1974). Moreover, species of Culicoides 

(biting midges) rather than Simulium (black flies) are vectors. Fallis et al. (1974) and 

Hsu et al. (1973), however, consider Akiba to be a subgenus of Leucocytozoon.  

Over the years, there have been a number of attempts to transmit 

leucocytozoids to �abnormal� hosts (Bennett et al., 1991). All experimental evidence 

indicates that the leucocytozoids, as with the haemoproteids (Bennett & Peirce, 

1988), are host family/host subfamily specific (Bennett et al., 1991). However, mixed 

infections with two or more species are possible and were observed in Passeriformes 

by Bennett and Cameron (1975). Six bird families are described that harbour more 

than one Leucocytozoon species (Bennett et al., 1994a) thereby challenging the  
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Table 1: Valid species of Leucocytozoon (adapted from Bennett et al., 1994a and 
organised on bird family). Parasites with round morphs, parasites with round and 
fusiform morphs *, parasites with fusiform morphs **. 
 
L. alcedinis Bennett, Earlé, Peirce &  
    Nandi, 1993  
L. ardeae Rodhain, Pons,  
    Vandenbranden & Bequaert, 1913 
L. balmorali Peirce, 1984** 
L. bishopi Bennett & Peirce, 1992 
L. bouffardi Leger & Blanchard, 1911 
L. brimonti Mathis & Leger, 1910 
L. bucerotis Bennett, Earlé, Peirce &  
    Nandi, 1993 
L. cambournaci Franca, 1912 
L. capitonis Bennett, Earlé & Peirce, 1993
L. caprimulgi Kerandel, 1913 
L. (A.) caulleryiMathis & Leger, 1909 
L. centropi Fantham,1921 
L. chloropsidis de Mello, 1935 
L. colius Bennett, Earlé& Peirce, 1993 
L. communis Valkiunas, 1989 
L. dacelo Bennett, Earlé, Peirce & Nandi, 
    1903 
L. deswardti Bennett, Earlé & Peirce,  
    1992 
L. dinizi Tendeiro, 1947 
L. dubreuili Mathis & Leger, 1911 
L. dutoiti Bennett, Earlé & Peirce, 1992 
L. eurystomae Kerandel, 1913* 
L. fringillarum Woodcock, 1910 
L. gentili Leger, 1913 
L. grusi Bennett, Khan & Campbell, 1974*
L. icteris Bennett& Squires-Parsons, 1992
L. irenis Bennett & Peirce, 1992 
L. legeri Franca, 1912 
L. liothricis Laveran & Marullaz, 1914 
L. lovati Seligman & Sambon, 1907* 
L. macleani Sambon, 1908* 
L. majoris (Laveran, 1902) Coatney,  
    1937 

L. marchouxi Mathis & Leger, 1910 
L. mcclurei (Greiner, 1976) emend.  
     Bennett, Earlé & Peirce (1993) 
L. naevei Balfour, 1906* 
L. nectariniae Bennett, Earlé & Peirce,  
     1992 
L. oriolis Bennett & Peirce, 1992 
L. parulis Bennett & Squires-Parsons, 
    1992 
L. peaolopesi Travassos Santos Dias,  
    1951* 
L. phylloscopus Subkhonov, 1980 
L. pittae Bennett & Peirce, 1992 
L. prionopis Bennett & Earlé, 1992 
L. pycnonoti Bennett, Earlé & Peirce,  
    1992 
L. ralli Galli-Valerio, 1930 
L. robaudi Mathis& Leger, 1911 
L. sakharoffi Sambon, 1908 
L. shaartusicum Subkhonov, 1980 
L. shoutedeni Rodhain et al., 1913 
L. simondi Mathis & Leger, 1910* 
L. smithi Laveran & Lucet, 1905* 
L. sousadiasi Tendeiro, 1947** 
L. squamatus Nandi, 1986 
L. struthionis Walker, 1912 
L. sturni Bennett, Earlé & Peirce, 1992 
L. tawaki Fallis, Bisset & Anderson, 1977 
L. thraupis Bennett & Squires-Parsons,  
    1992 
L. timaliae Bennett, Earlé & Peirce, 1992 
L. toddi Sambon, 1908* 
L. whitworthi Bennett & Peirce, 1992 
L. ziemanni Laveran, 1902* 
L. zosteropis Peirce, Cheke & Cheke,  
    1977 
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concept of host family specificity within the Leucocytozoidae (Bennett & Cameron, 

1975).  

 

 

In Australian birds 

 
Mackerras and Mackerras (1960) listed infections in 19 different species of Australian 

native birds. Bennett et al. (1977), on the other hand, found no evidence of infection 

with Leucocytozoon during a survey of anatids in Victoria. There have been cases of 

�aberrant leucocytozoonosis� in parakeets in Central Europe where the birds had  

been imported largely from Australia (Garnham, 1977). Garnham (1977) also 

reported a similar case in an Australian Black Swan kept in England.  

 

 

Morphology 
 
Many species are morphologically similar and criteria for distinguishing gametocytes 

are few, namely size, staining characteristics, nature and extent of distortion of the 

cell in which they live, and the size, position and shape of its altered nucleus (Fallis et 

al., 1974). Bennett et al. (1991) developed a series of new criteria for separating  

species of Leucocytozoon. The parasitized cells which harbour species of 

Leucocytozoon sensu latu in the peripheral circulation are round or elongate (Bennett 

et al., 1965). Gametocytes of some species, e.g. L. fringillinarum, L. majoris and 

other leucocytozoids of the Passeriformes, are exclusively round, while in L. simondi, 

L. smithi, L. ziemanni, and L. lovati round and elongate forms exist. Experimental 

evidence supports the hypothesis that in L. simondi the round gametocytes arise 

from the hepatic schizonts and the elongate forms from tissue megaloschizonts 

(Desser, 1967). Both morphs of gametocytes can be present in the peripheral 

circulation at the same time, the frequency of each morph depending on the age of 

infection (Fallis et al., 1974). One problem that arises with diagnosis of blood 

parasites is the ease with which parasites are distorted during thin film preparation 



 

 

 

10

(Bennett & Cameron, 1975). Fallis et al. (1974) noted that the ratio of male to female 

gametocytes may vary from 1:1 to 1:5 in the same bird at different times. 

 

 

Life-cycle and vectors 
 
Gametocytes are present in leucocytes and/or erythrocytes and schizogony takes 

place in the endothelial and parenchymatous cells of liver, heart, kidney or other 

organs (Levine, 1988; Soulsby, 1982). Birds are usually infected by sporozoites 

obtained when an infected vector (Simulium or Culicoides) feeds upon them 

(Harrigan, 1978). Fallis et al. (1974) distinguished between two different types of life-

cycles, the first of which is represented by L. simondi. Sporozoites of L. simondi 

transmitted to a duck initiate schizogony in parenchymal cells of the liver and can 

persist in blood up to five days (Khan et al., 1969). They become schizonts 20-40 µm 

in diameter and produce merozoites by repeated nuclear division within the 

cytoplasm which becomes highly invaginated and eventually divides into 

multinucleate cytomeres where nuclear division and invagination continues, resulting 

in uninucleate merozoites of about 1 µm in length (Desser & Bennett, 1993). The 

hepatic schizonts mature and release their contents 4-6 days post infection. 

Fragments of the cytomeres, called syncytia, may be released with the merozoites 

but it is not known whether they are abnormal forms resulting from prematurely 

ruptured schizonts (Desser & Bennett, 1993). The minimum prepatent period in rooks 

(Corvus frugileus) experimentally infected with L. sakharoffi is eight days (Baker, 

1970), in ducks infected with L. simondi six days and somewhat less for other 

species (Desser & Bennett, 1993).  

Merozoites are released from hepatic schizonts, enter erythrocytes and 

erythroblasts (Fallis et al., 1974) and grow into gametocytes. Others probably enter 

parenchymal cells of the liver to initiate a second schizogonic cycle, although 

evidence is scanty. The syncytia are probably phagocytized by macrophages or other 

reticuloendothelial cells (particularly vascular endothelium) throughout the body and 

grow into megaloschizonts (Fallis et al., 1974). Megaloschizonts of L. simondi can be 

found in the vascular endothelium of any organ. The developing parasites induce 
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marked hypertrophy of the host cell nucleus and cytoplasm (Desser, 1974). 

Megaloschizonts require about 3-4 days to mature (Desser, 1970) or more in some 

sites, e.g. the brain. They measure up to 200 µm in diameter and produce one million 

or more merozoites. Desser (1970) reported that �male and female merozoites� could 

be distinguished by the differences in the densities of their cytoplasm. These, when 

released, enter blood cells. As indicated by studies of Yang et al. (1971), some 

merozoites of megaloschizonts initiate another generation of hepatic schizonts. The 

megaloschizonts of L. (A.) caulleryi and their location in several tissues are features 

similar to L. simondi (see Fallis et al., 1974).  

The cycle is completed when gametocytes are taken up by a suitable 

arthropod vector in which sporogony occurs. Gametocytes develop into mature 

gametes one to two minutes after blood is obtained from an infected duck (Kudo, 

1977). The microgametocyte forms eight slender motile microgametes which 

penetrate macrogametes rapidly (Morii et al., 1984a). Rapid formation of 

macrogametes and microgametes and exflagellation is stimulated rather by a change 

in the oxygen and carbon dioxide tension than by difference in temperature (Fallis et 

al., 1974; Desser & Bennett, 1993). The spherical zygote is formed after fertilisation 

of the female gamete and transforms into the motile elongate ookinete (Fallis et al., 

1974). After the ookinete is in position in the wall of the midgut of the vector, it 

develops into the oocyst and sporozoite formation begins. Sporozoites escape 

gradually through the wall rather than simultaneously, and make their way to and 

enter the salivary glands of the vector (Fallis et al., 1974). The duration of sporogony 

may differ from 6-18 days in flies harboring L. simondi and kept under the same 

conditions (Fallis et al. 1974). Morii et al. (1984b) observed infective L. (A.) caulleryi 

sporozoites in salivary glands of Culicoides arakawae as early as three days after 

feeding on infected birds. 

The second type of life-cycle is exemplified by L. dubreuili. First generation of 

this species are found in parenchymal cells of the liver (from 60 hours postinoculation 

on) and also in renal epithelial cells (from 90 hours postinoculation on) (Khan & 

Fallis, 1970). The primary cycle is completed in 3-4 days and second generation 

schizonts occur in the liver and kidney (Fallis et al., 1974). In contrast to L. simondi, 
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megaloschizonts do not occur in the second asexual generations of L. dubreuili, L. 

fringillinarum and L. berestneffi (Desser & Bennett, 1993). Khan and Fallis (1970) 

observed merozoites within polychromatic erythrocytes and occasionally in 

lymphocytes. A third type of life-cycle is that of L. (A.) caulleryi where first generation 

schizonts and second generation schizonts occur in endothelial cells (Desser and 

Bennett, 1993). 

Leucocytozoids are transmitted primarily by simuliids and thus are absent from 

coral islands and geographic areas devoid of fast-flowing freshwater streams which 

are the breeding grounds of the principal vectors (Peirce, 1989). However, the 

species of simuliids transmitting Leucocytozoon among the birds in Central Europe 

are unknown (Kučera, 1981b). As previously stated, the (sub-) genus Akiba is 

transmitted by Culicoides spp. (biting midges) (Fallis et al., 1974). In experimental 

infections of chickens, laboratory bred Culicoides arakawae have been used (Isobe & 

Akiba, 1990). It is interesting to note that unlike Haemoproteus and Plasmodium, 

Leucocytozoon is often found in nestlings, likely due to the prepatent period of this 

parasite being much shorter (Kučera, 1981b). In Central Europe and North America, 

more resident birds than migratory birds seem to be infected (Kučera, 1981b; 

Bennett & Fallis, 1960). A high incidence can be expected in owls and other 

nocturnally active birds as their quiescent habits until dark should favour transmission 

by simuliids (Fallis et al., 1974).  

 

 

Clinical signs 
 

Anaemia is the main pathological feature associated with leucocytozoonosis and is 

accompanied by grossly hypertrophied liver and spleen (Desser & Bennett, 1993). 

Clinical signs are therefore not diagnostic and include anaemia (Arnall & Keymer, 

1975), listlessness, anorexia, somnolence, watery eye discharge, and in severe 

infections, convulsions followed by death (Threlfall & Bennett, 1989). Affected birds 

are depressed and may show dyspnoea (Harrigan, 1978), the latter as a result of 

transient congestive pneumonia caused by alveolar capillary blockage with mature 
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gametocytes (Siccardi et al., 1974). The onset of leucocytozoonosis is rapid, with 

many birds succumbing within 24-28 hours. Survivors of the initial crisis usually 

recover and eventually become �normal� in all respects (Threlfall & Bennett, 1989). 

Recovered birds appear to maintain low level infections and probably develop some 

immunity (Harrigan, 1978). 

 

 

Pathology 
 
Pathological signs attributable to the schizonts are often visible in the liver in the form 

of white dots (Threlfall & Bennett, 1989). Hepatosplenomegaly (up to ten times the 

normal size) is also seen (Threlfall & Bennett, 1989). Transient splenic enlargement 

through capillary blockage with haemosiderin accumulation and lymphocytic 

hyperplasia in spleen and all other tissues (related to the level of parasitaemia) was 

noted by Siccardi et al. (1974) in turkeys infected with L. smithi. Hyperaemia, 

oedema, mild mesenchymal proliferation throughout the body and megaloschizonts 

with reactions of foreign body giant cells, as well as hystiocytes, were frequently 

detected in chicken naturally infected with L. (A.) caulleryi (see Miura et al., 1973). 

Various changes in blood values may be seen including a markedly reduced packed 

cell volume and haemoglobin content, with resultant anaemia (Threlfall & Bennett, 

1989). Kocan (1967) observed anaemia in Peking Ducks with acute 

leucocytozoonosis, caused by an anti-erythrocytic factor that haemolysed normal 

erythrocytes as well as infected cells. The presence of schizonts in the cardiac 

muscle may cause heart failure (Arnall & Keymer, 1975). 

 

 

Pathogenicity  
 

Leucocytozoon is considered as the most pathogenic genus of the protozoan blood 

parasites of birds, causing a grave disease, leucocytozoonosis, in domestic and 

many wild bird species (Kučera, 1981b). L. (A.) caulleryi causes severe mortality and 

economic loss in domestic poultry (Threlfall & Bennett, 1989) which was initially 
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called �Bangkok haemorrhagic disease of chickens� by Campbell (1954). Some 

Leucocytozoon species may attack both wild and domestic birds with equal virulence, 

particularly L. smithi and L. simondi (see Peirce, 1989). L. simondi is responsible for 

devastating epizootics in geese naive to infection. The attempts to establish domestic 

(Pilgrim-) geese in northern Quebec were not successful because of heavy mortality 

due to L. simondi (see Laird & Bennett, 1970; Laird, 1961). L. marchouxi has been 

the likely cause of disease in a clinically sick Wood Dove from Zambia (Peirce, 

1984). Fatal aberrant Leucocytozoon infections were described by Walker and 

Garnham (1972), Garnham (1973) and Peirce and Bevan (1977) in England, 

Schüppel and Kronberger (1976) in Germany and Borst (1973) in Holland. All 

reported an aberrant form of Leucocytozoon that killed zoo and aviary parrots before 

a patent parasitaemia could be demonstrated but it was subsequently shown in some 

other parakeets and parrots that the parasite present was a species of Besnoitia (see 

Bennett et al., 1993b). The combination of a haemoproteid and L. ziemanni was 

considered to have caused the death of a juvenile Snowy Owl (Nyctea scandiacea) 

by Evans and Otter (1998). Chew (1968) found megaloschizonts of L. (A.) caulleryi 

not only in visceral organs but in eyes and sciatic nerves of domestic fowl, and 

assumed that this parasite might have enhanced mortality in a Marek�s disease 

outbreak. Holz (1997) found schizonts reminiscent of Leucocytozoon in Superb 

Lyrebirds (Menura novaehollandiae), and mentioned the potential for pathogenicity in 

those cases. Leucocytozoon was suspected to be the reason for the heavy 

infestation of megaloschizonts in skeletal muscle, cardiac and gizzard musculature 

and myonecrosis in Pied Currawongs (Strepera graculina) by Hartley (1981) although 

it was later believed to be a Haemoproteus infection (Hartley, 1992). The 12 affected 

birds (adults and juveniles) were unable to fly and died within two days. Congestive 

pneumonia and impairment of immunological responsiveness was demonstrated in 

turkeys as infections were severe enough to cause death or increased susceptibility 

to turkey cholera (Siccardi et al., 1974). 
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Diagnosis  
 

Diagnosis is by detection of gametocytic stages in circulating blood cells (Harrigan, 

1978; Soulsby, 1982). Although the examination of blood smears was considered to 

be suitable for the detection of Leucocytozoon, it might not reveal birds with chronic 

infections (Kučera, 1981a). Diurnal periodicity of parasitaemia with a peak during 

daylight hours was described by Roller and Desser (1973) and Pittmann-Noblet and 

Noblet (1976). The course of infection with Leucocytozoon is characterised by a 

relatively short patent period when gametocytes occur in large numbers in the 

peripheral blood, and by a long chronic period lasting several years when parasites 

are rarely found in blood smears (Kučera, 1981b). 

Schizonts are best detected in histological sections rather than gross 

pathology (Harrigan 1978). Agar gel precipitation (AGP) test, counterimmuno-

electrophoresis, indirect immunofluorescent antibody test and enzyme-linked 

immunoabsorbent assay (ELISA) are methods mentioned by Isobe and Suzuki 

(1987) to detect antibodies against L. (A.) caulleryi. 

 

 

Prevention and treatment 
 
The best method of control is by prevention of infection by excluding vectors 

(Bennett, 1987). In breeding programs of wild birds for conservation, it is probably 

better to limit than to preclude exposure to vectors (Peirce, 1989) to allow acquired 

immunity to develop. Antimalarial drugs have also been used with limited success to 

prevent and cure L. simondi. Various coccidiostats and sulphonamides have been 

used to treat infections (Harrigan, 1978). Sulphamonomethoxine sodium at a rate of 

1g/litre drinking water has been shown to be an effective treatment and 1 g/20 litres 

has been effective as prophylaxis against L. (A.) caulleryi (see Soulsby, 1982). 

Successful treatment of L. caulleryi has also been achieved by administration of 

sulphamethoxine and pyrimethamine alone or in combination (Akiba, 1970). Clopidol 

in feed effectively controlled L. smithi parasitaemia in turkeys (Siccardi et al., 1974). 
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Reports are variable concerning the successful use of a range of antimalarial drugs 

(Harrigan, 1978). Prophylaxis with Whitsyn S® (pyrimethamine and sulphaquinoxo-

line) in feed was successfully applied in aviaries with cases of �aberrant 

leucocytozoonosis� in parakeets (Garnham, 1974; Keymer, 1982). Sulpha drugs as 

used for coccidiosis may be effective (Arnall & Keymer, 1975). Fatal outbreaks of 

leucocytozoonosis with hepatic megaloschizonts and intra-abdominal haemorrhage 

were controlled with dimetridazole at a level of 0.04 % in drinking water for five days 

(Panigrahy et al., 1984).   

 

 

2.6.  Haemoproteus  
 
Taxonomy and valid species 
 

Species of Haemoproteus occur predominantly in birds although some occur in 

lizards and turtles (Desser & Bennett, 1993). According to Mackerras and Mackerras 

(1960) and Desser and Bennett (1993) this is the most commonly encountered genus 

of avian haematozoa, most likely due to its vectors (ceratopogonids) which are not 

restricted to marshes or running water as are the vectors of Plasmodium 

(mosquitoes) and Leucocytozoon (simuliids). 

 Initially the family Haemoproteidae consisted of the single genus 

Haemoproteus erected by Kruse in 1890 when he described H. columbae from the 

Domestic Pigeon Columba livia. This parasite was shown to be transmitted by 

hippoboscid flies by Sergent and Sergent (1906, cited by Desser & Bennett, 1993), 

Aragao (1908) and Adie (1915). It was assumed that these vectors served for all 

members of the genus (Bennett & Peirce, 1988). Bennett et al. (1965) erected the 

genus Parahaemoproteus to accommodate a growing list of haemoproteids that were 

transmitted by Culicoides rather than by hippoboscid flies (Bennett & Peirce, 1988). 

The two genera, however, are inseparable morphologically (Bennett & Peirce, 1988). 

Levine and Campbell (1971) considered Parahaemoproteus to be a subgenus that in 

future might attain generic status for too little was known about haemoproteids at that  
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stage. It is now generally accepted that all haemoproteids belong to Haemoproteus 

sensu lato (Bennett & Peirce, 1988). Generally species of Haemoproteus are family-

specific and often host-specific parasites in their avian hosts (Peirce, 1989). The 

Haemoproteidae have been the subject of considerable taxonomic study in recent 

years, with Bennett (1993) noting a total of 131 valid species (Table 2). 

This large number of species supports the concept of a long-term association 

with birds that has permitted the evolutionary radiation of species (Bennett, 1993). In 

the past, the classification of Haemoproteus spp. has, by practical necessity, been 

based primarily on host taxonomy since the gametocytes have few distinctive 

features (Atkinson, 1986). The current taxonomy is based on the morphology of 

gametocytes and limited experimental evidence (cross transmission studies for eight 

host-bird families) that a few species are host family specific (Atkinson, 1986). Thus, 

morphologically similar gametocytes from hosts in the same family are considered to 

belong to a single species (Atkinson, 1986). Experimental work on these parasites 

has been limited by the fact that transmission of the parasites by blood inoculation is 

rarely successful and that only a few species of their hippoboscid and ceratopogonid 

vectors are known (Atkinson, 1986). 

 
 
In Australian birds 
 

The earliest reports of �Halteridium� from Australia were by Welsh and Priestley 

(1911) in a Laughing Kookaburra (Dacelo novaeguineae) while Cleland and Johnston 

(1911) reported 16 species infected with �halteridia�. In 1960, Mackerras and 

Mackerras reported Haemoproteus spp. in 54 species of Australian birds. Bennett et 

al. (1977) found 7 % of anatids from Victoria infected with H. nettionis. Most of these 

infections were light, in the order of 1 parasite/10,000 erythrocytes (Bennett et al., 

1977). The suspected Leucocytozoon infection of Pied Currawongs from the Sydney 

area (Hartley, 1981) was later believed to have been caused by a haemoproteid 

parasite (Hartley, 1992; Reece & Hartley, 1993).  
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Table 2: Valid species of Haemoproteus (adapted from Bennett et al., 1994a) 
H. elani de Mello, 1935 
H. janovyi Greiner & Mundy, 1979 

Accipitridae:  

H. nisi Peirce & Marquiss, 1983 
Alaudidae:  H. alaudae Celli & Sanfelice, 1891 

H. enucleator Bennett, Okia, Ashford & Campbell, 1972 
H. fusca Bennett & Campbell, 1973 

Alcedinidae:  

H. halcyonis de Mello, 1936 
H. greineri Bennett, Turner & Whiteway, 1984 
H. nettionis Johnston & Clelland, 1910 

Anatidae:  

H. gabaldoni Bennett, 1992 
Apodidae:  H. apodus Bennett, Caines & Whiteway, 1986 
Ardeidae:  H. mathislegeri Helmy Mohammed, 1958 
Bubalornithidae:  H. bubalornis Bennett & Peirce, 1991 
Bucconidae:  H. bucconis Bennett, Caines & Whiteway, 1986 

H. bilobata Bennett & Nandi, 1981 
H. cornuata Bennett & Nandi, 1981 
H. thereicerycis de Mello, 1936 

Capitonidae:  

H. xantholamae Zargar, 1945 
Caprimulgidae:  H. caprimulgi Williams, Bennett & Mahrt, 1975 
Charadriidae:  H. nascimentoi Tendeiro, 1947 

H. crumenium Hirst, 1905 Ciconiidae:  
H. peircei Forrester, Greiner, Bennett & Kigaye, 1977 

Coliidae:  H. undulatus Bennett & Earle, 1992 
H. columbae Kruse, 1890 Columbidae:  
H. sacharovyi Novy & MacNeal, 1904 
H. coraciae de Mello & Alfonso, 1935 Coraciidae:  
H. eurystomae Bishop & Bennett, 1986 
H. danilewskyi Kruse, 1890 Corvidae:  
H. picae Coatney & Roudabush, 1937 
H. cracidarum Bennett, Gabaldon & Ulloa, 1982 Cracidae:  
H. ortalidium Bennett, Gabaldon & Ulloa, 1982 

Cuculidae:  H. centropi de Mello, 1936 
H. dicaeus Bennett & Bishop, 1990 Diacaeidae:  
H. nucleophilus Bennett & Bishop, 1990 

Dicruridae:  H. dicruri de Mello, 1936 
Emberizidae:   
   Cardinalinae: H. mazzai Parodi & Nino, 1927 
   Coerebinae:  H. coereba Burry-Caines & Bennett, 1992 
   Emberizinae:  H. coatneyi Burry-Caines & Bennett, 1992 
   Icterinae:  H. quiscalus Coatney & West, 1938 
   Parulinae:  H. paruli Burry-Caines & Bennett, 1992 
   Thraupinae:  H. thraupi Burry-Caines & Bennett, 1992 
Estrildidae:   
   Estrildinae H. africanus Bennett & Peirce, 1991 

H. orizivorae Anschutz, 1909    Poephilinae:  
H. uraeginthus Bennett & Peirce, 1991 

Eurylamidae:  H. euryliamus Bennett & Bishop, 1990 
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(Table 2: continued) 
 

H. brachiatus Valkjunas & Ezhova, 1989 Falconidae:  
H. tinnunculi von Wasiliewsky & Wülker, 1918 

Formicaridae:  H. formicarius Bennett, Caines & Woodworth-Lynas, 1987 
Fringillidae:   
   Carduelinae:  H. chloris Covaleda Ortega & Gallego Berenger, 1950 

H. fringillae Labbé, 1894    Fringillinae:  
H. magnus Valkiunas & Iezhova (?), 1992 

Furnariidae:  H. furnarius Bennett, Caines & Woodworth-Lynas, 1987 
Glareolidae:  H. abdusalomovi Subkhonov, 1980 

H. antigonis de Mello, 1936 Gruidae:  
H. balearicae Peirce, 1973 
H. prognei Coatney & Roudabush, 1937 Hirundinidae:  
H. stellaris White & Bennett, 1978 

Indicatoriidae:  H. indicator Bennett, Caines & Whiteway, 1986 
Irenidae:  H. aegithinae de Mello, 1936 
Laniidae:   
   Laniinae:  H. lanii de Mello, 1936 
   Malacotinae:  H. cublae Peirce, 1984 
Laridae:  H. lari Yakunin, 1972 
Megapodidae:  H. megapodius Nandi & Mandal, 1980 
Meliphagidae:  H. meliornis Cleland & Johnston, 1909 

H. manwelli Bennett, 1978 
H. meropis (Zargar, 1945) emend. Bennett (1978) 

Meropidae:  

H. lairdi Bennett, 1978 
Mimidae:  H. beckeri Roudabush & Coatney, 1935 

H. anthi de Mello, 1936 Motacillidae:  
H. motacillae Bennett & Peirce, 1990 

Muscicapidae:   
H. balmorali Peirce, 1984 
H. pallidus Valkiunas & Iezhova, 1992 

   Muscicapinae:  

H. nipponensis Bennett, Bishop & Peirce, 1991 
   Pachycephalinae:  H. pachycephalus Bennett, Bishop & Peirce, 1991 
   Rhipidurinae:  H. rhipiduris Bennett, Bishop & Peirce, 1991 

H. belopolskyi Valkiunas, 1989 
H. sylvae Bennett, Bishop & Peirce, 1991 

   Sylviinae: 

H. wenyoni de Mello, Bras de Sa, de Sousa, Dias & Norhonha, 1916
   Timalinae:  H. timalus Bennett, Bishop & Peirce, 1991 

H. fallisi Bennett & Campbell, 1972 
H. minutus Valkiunas & Lezhova, 1992 

   Turdinae:  

H. neseri Bennett & Earle, 1992 
Musophagidae: H. montezi Travassos Santos Dias, 1953 
Nectarinidae:  H. sequeirae Tendeiro, 1947 
Oriolidae:  H. orioli de Mello, 1936 

H. telfordi Bennett, Forrester, Greiner & Campbell, 1975 Otidae:  
H. tendeiroi Travassos Santos Dias, 1953 
H. majoris Laveran, 1902 Paridae:  
H. parus Bennett & Peirce, 1989 
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(Table 2: continued) 
 
Passeriodae:  H. passeris Kruse, 1890 
Phasianidae:   
   Meleagrinae:  H. meleagridis Levine, 1961 
   Numidinae:  H. pratasi Tendeiro, 1947 
   Odontophorinae:  H. lophortyx O�Roke, 1926 
   Phasianinae:  H. rileyi Malkani, 1936 

H. mansoni Castellani & Chalmers, 1910    Tetraoninae:  
H. stableri White & Bennett, 1979 
H. bennetti Greiner, Mandal & Nandi, 1977 
H. borgesi Tendeiro, 1947 

Picidae:  

H. velans Coatney & Roudabush, 1937 
Pittidae:  H. pittae Bennett, Bishop & Peirce, 1991 
Ploceidae:  H. quelae (Marullaz, 1912) Coatney, 1936 

H. handai Maqsood, 1943 Psittacidae:  
H. psittaci Bennett & Peirce, 1992 
H. krylovi Subkhonov, 1980 Pteroclididae:  
H. pteroclis Shamsuddin & Mohammed, 1981 
H. otocompsae de Mello, 1936 
H. philippinensis Rahal, Bishop & Bennett, 1987 

Pyknonotidae:  

H. sanguineus Chakravarty & Kar, 1945 
H. gallinullae de Mello, 1936 Rallidae:  
H. porzanae Galli-Valerio, 1930 
H. contortus Bennett, 1979 
H. rotator Bennett, 1979 

Scolopacidae:  

H. scolopaci Galli- Valerio 
Sittidae:  H. sittae Bennett, 1989 

H. noctuae Celli & Sanfelice, 1891 Strigidae:  
H. syrnii (Mayer, 1911) emend. Coatney (1936) 

Sturnidae:  H. pastoris de Mello, 1936 
H. pelouri Tendeiro, 1947 Threskiornithidae:  
H. pataleae de Mello, 1936 
H. archilochus Coatney & West, 1938 
H. trochili White, Bennett & Williams, 1979 

Trochilidae:  

H. witti White, Bennett & Williams, 1979 
H. circumnuclearis Bennett, Caines & Whiteway, 1986 
H. souzalopesi Bennett, Caines & Whiteway, 1986 

Tyrannidae:  

H. tyranni Bennett, Caines & Whiteway, 1986 
H. phodili Bishop & Bennett, 1989 Tytonidae:  
H. tytoni Bishop & Bennett, 1989 

Upupidae:  H. upupae de Mello, 1936 
Vireonidae:  H. vireonis Bennett, Caines & Woodworth-Lynas, 1987 

H. killangoi Bennett & Peirce, 1981 Zosteropidae:  
H. zosteropis Chakravarty & Cheke, 1977 
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Morphology 
 

Gametocytes develop only within circulating erythrocytes. Mature macrogametocytes 

of described species of Haemoproteus can be assigned to one of five morphological 

types based on the parasite shape, each possibly equivalent to a subgenus (Bennett 

& Peirce, 1988): halteridial or halter-shaped (the archetype); microhalteridial; 

circumnuclear; rhabdosomal (rod-like); or discoid (Bennett, 1993). It must be noted 

that Bennett and Peirce (1988) based these types on parasites from rapidly air-dried 

blood films made from living birds. Some of these forms may displace the host cell 

nucleus and/or grossly hypertrophy the host cell. The initiation of gametogony in 

slowly dried smears or post-mortem changes in smears made from dead birds can 

lead to error in identification (Bennett & Peirce, 1988). If parasites have begun to 

round up in preparation for exflagellation and fertilisation, their appearance will be 

completely altered (Mackerras & Mackerras, 1960), therefore care must be taken to 

distinguish between rounded up gametocytes and true discoid forms (Desser & 

Bennett, 1993). Helmy Mohammed (1958) noted a remarkably high constancy in 

morphology of H. columbae from various parts of the world as did Bennett et al. 

(1985) for H. sequeirae. The amount of haemozoin pigment in macrogametocytes 

and microgametocytes depends partly on the age of the parasite, young forms 

having less than older ones (Mackerras & Mackerras, 1960). The size and shape of 

the individual grains may also be a function of age, pigment being fine and scattered 

in the young forms, and tending to clump in the mature gametocytes (Mackerras & 

Mackerras, 1960).  

 

 

Life-cycle and vectors 
 
The life-cycle of H. columbae, H. lophortyx and H. palumbi involves Hippoboscidae 

(louse flies e.g. Pseudolynchia canariensis in H. columbae) or Ceratopogonidae, 

(biting midges, Culicoides) as vectors (Threlfall & Bennett, 1989). Seven of the only 

ten life-cycles known utilise ceratopogonids as vectors (Bennett & Peirce, 1990) and 
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Desser and Bennett (1993) comment that circumstantial evidence suggests that 

Hippoboscidae and Ceratopogonidae might be the vectors of H. columbae, H. 

lophortyx and H. palumbi. Sergent and Sergent (1906, cited by Desser & Bennett, 

1993) described the exflagellation of the microgametocyte of H. columbae in the 

vector Lynchia maura. Adie (1915) described oocyst formation in the midgut, 

development of sporozoites, and their migration to the salivary glands, just as in 

malaria parasites of mosquitoes. Differences in the development between 

Haemoproteus sensu strictu and Parahaemoproteus are that sporozoites of 

Haemoproteus develop from multiple germinal centres whereas those of 

Parahaemoproteus form around a single germinal centre and that the oocysts 

undergo little growth in ceratopogonids. The minimum sporogonic cycle of H. 

columbae is 10-12 days, and 7-10 days in H. nettionis (Desser & Bennett, 1993). The 

prepatent period is 14-21 days (Fallis & Wood, 1957; Threlfall & Bennett, 1989), 

more specifically: 17-21 for H. palumbis, 21 days for H. columbae, and 14 days or 

less for haemoproteids transmitted by Culicoides (Desser & Bennett, 1993).  

The life-cycle is similar to that of Leucocytozoon (and Plasmodium) except that 

schizogony occurs only in endothelial cells of blood vessels in various visceral 

organs (Harrigan, 1978), especially the lungs (Levine, 1988). Aragao (1908) noted 

elongate, twisted schizonts in the endothelium of the lung of pigeons infected with H. 

columbae. Multiplication of the parasite during this exoerythrocytic stage occurs 

within endothelial cells of the reticuloendothelial system, primarily within the lung, 

liver, spleen and kidneys of the avian host (Haberkorn, 1984; Peirce, 1989; Evans & 

Otter, 1998), but Atkinson (1986) also reported them from myofibroblasts. These 

tissues then act as reservoirs for subsequent parasitaemic responses (Keymer, 

1982). Atkinson et al. (1986) described two generations of pre-erythrocytic 

schizogony in skeletal and cardiac muscle of domestic turkeys experimentally 

infected with H. meleagridis. First generation schizonts matured within five days in 

capillary endothelium and myofibroblasts and ranged from 12-20 µm in diameter, 

containing 5-6 µm long merozoites. Megaloschizonts matured within 17 days post 

inoculation and ranged from 30-113 µm (or up to 465 µm along muscle fibres) 

containing 1 µm round merozoites. Merozoites need 4-6 days to mature (Desser & 
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Bennett, 1993) and might not be observed even though megaloschizonts are present 

(Evans & Otter, 1998). It is generally accepted that only one schizogonic cycle is 

needed before gametocytes appear in the blood. Infections may last for more than 

one year (Threlfall & Bennett, 1989) and the high prevalence of infection in older 

birds can be interpreted as reinfections (Greiner, 1975).  

 

 

Clinical signs 
 

Infections are usually not associated with any clinical signs although severe 

infections have been associated with listlessness and anorexia in Muscovy Ducks, 

Cairina moschata (Threlfall & Bennett, 1989), depression, anorexia, anaemia and 

death in quail (Harrigan, 1978) and debilitation and anaemia in Domestic Pigeons, 

Columba livia (Harrigan, 1978; Markus & Oosthuizen, 1972). Sudden death (Earlé et 

al., 1993a) has also been reported in a Bleeding Heart Dove, Gallicolumba luzonia.  

 

 

Pathology 
 

Splenomegaly and hepatomegaly may be found at post-mortem and black 

pigmentation of both organs may also occur (Harrigan, 1978). Most of the 

megaloschizonts are associated with myopathy ranging from acute haemorrhagic 

inflammatory infiltrates to hyaline degeneration, scar tissue formation and dystrophic 

calcification of muscle fibres (Opitz et al., 1982; Atkinson, 1985). Aseptate 

megaloschizonts, surrounded by a thick hyaline wall and packed with spherical 

merozoites were found in the pectoral muscle of a wild turkey (Atkinson & Forrester, 

1987). The surrounding muscle fibers showed early signs of dystrophic calcification 

and were swollen, pale and hyaline containing scattered basophilic granules 

(Atkinson & Forrester, 1987). Earlé et al. (1993a) found unilocular as well as 

multilocular (with up to 21 compartments) and septate megaloschizonts in skeletal 

muscle (breast, wings and legs), heart, gizzard and proventriculus of a Bleeding 
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Heart Dove that showed a large number of H. columbae gametocytes in peripheral 

blood. This was combined with multifocal areas of necrosis (lysis) and calcification. In 

a second bird, megaloschizonts were seen in heart, liver, kidney and lung. Schizonts 

at the periphery of vessels in the lungs suggested development within endothelial 

cells (Earlé et al., 1993a).  

 

 

Pathogenicity  
 

Although Haemoproteus infections occur commonly in wild birds, they are seldom 

reported to cause mortality (Earlé et al., 1993a). Avian species of Haemoproteus are 

relatively benign parasites, especially when compared to Leucocytozoon and 

Plasmodium (see Bennett, 1993), which might be interpreted as an indication of a 

long-term evolutionary association of this parasite with their avian hosts (Desser & 

Bennett, 1993). The fact that there are so few confirmed reports of pathogenicity 

associated with haemoproteids emphasises the benign nature of these parasites at 

least in the patent phase of infection (Bennett, 1993). In their natural environments it 

appears that these parasites are not pathogenic, but may be more pathogenic in 

young birds and in species normally not challenged with the infection in their natural 

habitat (Evans & Otter, 1998).  

Parasitaemia in peripheral blood is frequently high (Desser & Bennett, 1993; 

Peirce, 1989). Intercurrent disease may exacerbate latent infections (Harrigan, 1978) 

with highest intensities also occurring in the breeding season or periods of stress 

(Threlfall & Bennett, 1989). Bennett (Threlfall & Bennett, 1989) noted a 96 % 

infection of erythrocytes with H. velans, with an average of 3.5 parasites per cell, in a 

captive mature male Yellow-bellied Sapsucker (Sphyrapicus varius). The infection 

remained at this level for eight months and the bird showed no discernable ill-effects 

from infection for over three years (Threlfall & Bennett, 1989). Additionally Bennett et 

al. (unpubl., cited by Bennett et al., 1993) observed a Purple Finch (Carbodacus 

purpureus) with parasitaemia by H. coatneyi of 60-80 % recaptured in the wild in 

three consecutive years (Bennett et al., 1993). Out of a total of 237 reports about 
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mortality or pathogenicity caused by avian haematozoa, Bennett et al. (1993b) found 

only eight cases of pathological conditions due to Haemoproteus infections: H. 

meleagridis in three turkeys, Meleagris gallopavo; H. nettionis in one Muscovy Duck, 

Cairina moschata (Kučera et al., 1982); H. columbae in one Domestic Pigeon, 

Columba livia (see Markus & Oosthuizen, 1972); H. columbae and L. marchouxi in 

one dove, Turtur chalcospilos; H. rileyi in one captive peacock, Pavo cristatus (see 

Malkani, 1936) and one case of mortality in a wild turkey, Meleagris gallopavo 

(Atkinson & Forrester, 1987). Peirce (1980) remarked that even though no evidence 

was found that any parasites encountered in one study were directly responsible for 

deaths, high levels of parasitaemia with Leucocytozoon and Haemoproteus might 

have been contributing factors to the general condition of the birds affected. Evans 

and Otter (1998) considered the combined presence of H. noctuae and L. ziemanni 

in one young Snowy Owl, Nyctea scandiaca, was responsible for its death. Atkinson 

et al. (1986) reported that H. meleagridis had a severe impact on developing turkey 

poults. Earlé et al. (1993a) reported mortality and megaloschizonts in two Bleeding 

Heart Doves, Gallicolumba luzonica from an aviary with very high mortality rate. 

Damaging effects of the tissue stages of Haemoproteus have been recognised even 

in wild birds by Atkinson and Forrester (1987) and Hartley (1992). Hartley (1992) 

reported pathology and even mortalities in wild Pied Currawongs, Strepera graculina, 

in Australia, in association with large numbers of protozoan megaloschizonts in 

skeletal, cardiac and gizzard musculature. Only if the bird survives the acute 

myopathy do gametocytes appear in the blood (Earlé et al., 1993a). Hartley (1992) 

reported that surviving birds showed Haemoproteus-like intraerythrocytic 

gametocytes in the blood. The prevalence of H. meleagridis in wild turkeys in the 

southeastern United States may be as high as 90 % (Atkinson & Forrester, 1987) 

while 100 % of Domestic Pigeons, Columba livia, examined by Markus and 

Oosthuizen (1972) were infected with H. columbae. In experimentally infected captive 

turkeys, however, Atkinson et al. (1986) described myositis and lameness associated 

with muscle necrosis adjacent to megaloschizonts.  
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Diagnosis  
 

Diagnosis is by the microscopic detection of gametocytic stages in circulating 

erythrocytes (Harrigan, 1978). Clinically there may be an acute phase, with many 

parasites in the blood, followed by a chronic phase, which has been shown to last for 

three years in some sparrows and pigeons (Mackerras & Mackerras, 1960). 

Parasites may disappear for a time and then reappear. Recrudescence of infection in 

late winter and early spring in migratory and nonmigratory birds and at breeding time 

suggests that it is due to a lowered resistance in stressed birds (Desser & Bennett, 

1993) or that it may be triggered by increases in gonadotropins (Haberkorn, 1968). 

Most infections studied in Australian birds have been in the chronic phase, with few 

gametocytes found in the blood (Mackerras & Mackerras, 1960). 

 

 

Prevention and treatment 
 

Mepacrine hydrochloride (Atebrin® Bayer, 0.24 mg/g bw) is said to be active against 

developing gametocytes (Harrigan, 1978). There seems to be no knowledge 

regarding the treatment of the schizogonous stages (Harrigan, 1978). Coatney 

(1935) reported that atebrin and plasmochin have been shown to reduce the number 

of gametocytes of H. columbae in pigeons but were ineffective against tissue stages. 

Tudor (1991) described the use of chloroquine in pigeons and found no 

intraerythrocytic gametocytes and merozoites in blood smears after treatment, but 

parasitaemia recurred when the treatment was discontinued. Treatment with 

chloroquine (250 mg per 120 ml of water) for one or two weeks may be useful 

(Macwhirter, 1994). Tudor (1991) also described that quinacrine for 12 weeks 

completely eliminated the infection. Effective control should involve control of the 

vectors (Harrigan, 1978; Threlfall & Bennett, 1989). 
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2.7. Plasmodium  
 
Taxonomy and valid species 
 

Laveran (1880) was the first to demonstrate one of the human malaria parasites (cf. 

Garnham, 1988). Four years afterwards, and unaware of Laveran�s discovery, 

Danilewsky (1885) observed parasites in the blood of birds. Some of them were 

clearly Plasmodium spp. with typical schizonts in the red blood cells (Garnham, 

1988). Golgi�s research on Plasmodium in the human body, the discovery of 

transmission of malaria parasites through mosquitoes by Ross in 1898 in birds, and 

by Grassi in 1899 in humans (cf. Garnham, 1988) were milestones in the research of 

malaria. The generic name Plasmodium was introduced by Marchiafava and Celli in 

1885 (Garnham, 1988) thinking the parasite consisted only of a �piece of plasma� 

(Koch, 1899). Avian species of the genus Plasmodium have long been of interest to 

parasitologists and malariologists as models for the study of various aspects of 

human malaria (Bennett et al., 1993a) and they played an important role in the 

development of our knowledge of malaria parasites in general (Meyer & Bennett, 

1976). Species of Plasmodium are relatively easy to maintain through blood passage 

and storage in liquid nitrogen (Bennett et al., 1993a). Lawrence (1946) found 

Plasmodium spp. in 71 % of 91 sparrows from the Sydney area and also in a 

European Starling, Sturnus vulgaris. In contrast Johnston and Cleland examined 

many species of native birds in the vicinity of Sydney without finding any infected with 

plasmodia (Lawrence, 1946). Gilruth et al. (1910) described Plasmodium biziurae 

from two Muskovy Ducks, Biziura lobata, Cleland (1915) found plasmodial infection in 

a Black Swan, Cygnus atratus, Johnston and Cleland (1909) reported them in 

sparrows, Passer domesticus, and Breinl (1913) found organisms in a moribund Grey 

Falcon, Falco hypoleucos. Lawrence and Bearup (1961) found Plasmodium spp. in 

three Silver Gulls, Larus novaehollandiae. The parasite differed from Plasmodium 

species known so far, and only blood passage revealed that it was P. relictum. 

Mackerras and Mackerras (1960) found Plasmodium spp. in two sparrows (one of 

which was moribund) from Sydney and in eight out of 78 sparrows from Brisbane.  
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Host-specificity in this group is variable with some species being highly host 

specific (P. durae and P. hermani in turkeys and P. kempi in quail) while others are 

less specific and occur in a wide variety of bird species (Threlfall & Bennett, 1989). 

This suggests that there may be a degree of host familial specificity in the genus 

Plasmodium as well (Bennett et al., 1993a). However, host specificity of avian 

plasmodia is less than that of plasmodia from mammals (Corradetti, 1963).  

In their checklist of Plasmodium spp., Bennett et al. (1993a) omitted any reference to 

Fallisia (Plasmodioides) neotropicalis Gabaldon, Ulloa & Zerpa, 1985. Peirce and 

Bennet (1996) believed this was in error and included it as a new subgenus and 

species into their revised key to the avian subgenera of Plasmodium, therefore 

increasing the number of subgenera to five and Plasmodium spp. to 35 (Table 3). 

These 35 species represent an assemblage of species of which nine are known only 

from a single host, four from two hosts and 24 (or 69 %) from eight hosts or less 

(Gabaldon et al., 1985; Bennett et al., 1993a; Peirce & Bennett, 1996). The most 

commonly encountered species is P. relictum which has been recorded from 359 

species from 70 avian families, P. vaughani from 265 host species and P. 

circumflexum from 138 host species. Eight others occur in 9-70 host species 

(Bennett et al., 1993a).  

Garnham (1966) recognised several valid subspecies of avian Plasmodium, 

particularly of P. relictum, depending on variations in the schizogonic cycle, 

periodicity, or their ability to infect various hosts. Garnham also stressed possible 

morphological variance when strains of specific species of Plasmodium were 

experimentally transmitted to hosts from divergent families. Gabaldon and Ulloa 

(1980) mentioned the possibility of hybridisation between related species or 

subspecies in birds with mixed infections and high density of parasites as well as in a 

laboratory environment. The host range of avian malaria is much wider than 

mammalian malaria and avian malaria is found in every continent and probably every 

country of the world (Garnham, 1966). The almost total lack of Plasmodium records 

in the Australian region is surprising and may well be an artefact produced by little 

sampling effort (Bennett et al., 1993a). 
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Table 3: Valid species of Plasmodium in birds and number of hosts for each parasite 
species (adapted from Bennett et al., 1993 and Peirce & Bennett, 1996). Letters in 
parantheses refer to the subgenera of Plasmodium in which the species occur: H.= 
Haemamoeba; G.= Giovannolaia; N.= Novyella; Hu.= Huffia; P= Plasmodioides. 
 

Plasmodium species Number 
of host 
families 

Number 
of host 
species 

Fallisia (P) neotropicalis Gabaldon, Ulloa & Zerpa, 1985 3(4) - 
P. (G.) anasum Manwell & Kuntz, 1965 1 1 
P. (N.) bertii Gabaldon & Ulloa, 1981 1 1 
P. (H.) cathemerium Hartmann, 1927 29 70 
P. (G.) circumflexum Kikuth, 1931 43 138 
P. (H.) coturnixi Bano & Abbasi, 1983 1 1 
P. (N.) dissanaikei de Jong, 1971 6 7 
P. (G.) durae Herman, 1941 3 4 
P.(Hu.) elongatum Huff, 1930 21 59 
P. (G.) fallax Schwetz, 1930 5 9 
P. (G.) formosanum Manwell, 1962 2 3 
P. (G.) gabaldoni Garnham, 1977 2 3 
P. (H.) gallinaceum Brumpt, 1935 2 4 
P. (G.) garnhami Guindy, Hoogstraal & Helmy Mohammed,
    1965 

3 3 

P. (H.) giovannolai Coradetti, Verolini & Neri, 1963 2 2 
P. (H.) griffithsi Garnham, 1966 1 1 
P. (G.) gundersi Bray, 1962 1 1 
P. (G.) hegneri Manwell & Kuntz, 1966 1 2 
P.(Hu.) hermani Telford & Forrester, 1975 2 2 
P.(Hu.) huffi Muniz, Soares & Batista, 1951 1 1 
P. (N.) juxtanucleare Versiani & Gomes, 1941 3 7 
P. (N.) kempi Christensen, Barnes & Rowley, 1983 1 1 
P. (N.) leanucleus Huang, 1988 2 2 
P. (G.) lophurae Coggeshall, 1938 11 18 
P. (H.) matutinum Huff, 1937 2 6 
P. (N.) nucleophilum Manwell, 1935 25 68 
P. (N.) paranucleophilum Manwell & Sessler, 1971 1 1 
P. (G.) pediocetti (Shillinger, 1942) emend. Stabler,  
     Kitzmiller & Braun (1973) 

4 12 

P. (G.) pinotti Muniz & Soares, 1954 6 6 
P. (G.) polare Manwell, 1935 28 51 
P. (H.) relictum Celli & Sanfelice, 1891 70 359 
P. (N.) rouxi Sergent, Sergent & Catanei, 1928 24 65 
P. (H.) subpraecox Grassi & Feletti, 1892 4 6 
P. (H.) tejerai Gabaldon & Ulloa, 1977 1 1 
P. (N.) vaughani Novy & MacNeal, 1904 53 265 
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Morphology 
 

Plasmodia are highly pleomorphic and morphological differences in the same 

Plasmodium species in different avian hosts have often caused confusion in their 

identification (Wernsdorfer, 1980). Lawrence and Bearup (1961) found what they 

believed to be a new species from Silver Gulls (Larus novaehollandiae) but after 

passage in passerine hosts it became clear that the parasite encountered was P. 

relictum. The youngest asexual forms of avian malaria may be ring-like polar forms. 

Pigment granules are usually only visible in the larger forms. Gametocytes may be 

round or elongate, the cytoplasm of the microgametocyte stains barely at all, in the 

macrogametocyte it stains a slate blue colour. Microgametocytes have more diffuse 

nuclei than the macrogametocytes (Van Riper et al., 1994).  

On the basis of morphological differences Giovannola (1939) divided the 

species of avian Plasmodium into four groups and Corradetti et al. (1963) 

subsequently proposed subgeneric designations. Peirce and Bennett (1996) gave 

Fallisia (Plasmodioides) neotropicalis (Gabaldon, Ulloa & Zerpa, 1985) the status of a 

subgenus. Avian species of Plasmodium are therefore distributed in the five 

subgenera Plasmodioides, Haemamoeba, Huffia, Giovannolaia and Novyella. There 

are a number of taxonomic keys based upon blood stage morphology, such as the 

keys by Greiner et al. (1975a) or Peirce and Bennett (1996), which are combined 

below to describe the morphology of the subgenera. 

Plasmodioides: Gametocytes and schizonts large, without pigment, mature 

parasites displacing host cell nucleus, present only in circulating leucocytes, only 

species: Fallisia neotropicalis (Peirce & Bennett, 1996). 

Haemamoeba: Pigmented parasite, gametocytes large, round or nearly so; 

mature parasites typically displace host cell nucleus towards pole (Peirce & Bennett, 

1996). Merozoites containing plentiful cytoplasm. Species belonging to this group: P. 

cathemerium, P. gallinaceum, P. relictum (see Greiner et al., 1975a). 

Huffia: Pigmented parasite, gametocytes elongate; mature forms do not 

displace host cell nucleus towards pole (Peirce & Bennett, 1996). Small to moderate 

sized schizonts present in circulating erythrocyte precursors, not in mature 
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erythrocytes, containing ten or fewer merozoites with plentiful cytoplasm. Species 

belonging into this group: P. elongatum, P. huffi (see Greiner et al., 1975a; Peirce & 

Bennett, 1996). 

Giovannolaia: Pigmented parasite, gametocytes (and schizonts) 

predominantly elongate, particularly in parasites from non-Passeriformes (Greiner et 

al., 1975a), mature forms do not displace host cell nucleus towards pole. Schizonts in 

mature erythrocytes, not in precursors. Erythrocytic schizonts generally larger than 

erythrocyte nucleus and containing noticeable amount of cytoplasm (Peirce & 

Bennett, 1996). Species belonging to this group: P. circumflexum, P. durae, P. 

lophurae, P. polare (see Greiner, 1975). 

Novyella: Pigmented parasite, gametocytes elongate, in some species round 

or oval, mature forms do not displace host cell nucleus towards pole. Gametocytes 

larger than schizonts. Schizonts in mature erythrocytes containing four to eight 

merozoites without much cytoplasm, in some cases ten or even 14, with only one 

mass of pigment (Greiner et al., 1975a). Erythrocytic schizonts smaller than 

erythrocyte nucleus; without noticeable cytoplasm (Peirce & Bennett, 1996). Species 

belonging to this group: P. juxtanucleare, P. nucleophilum, P. vaughani (see Greiner 

et al., 1975a). 

 

 

Life-cycle and vectors 
 

Species of Plasmodium are transmitted by ornithophilic mosquitoes, principally of the 

genera Aedes, Culex and Culiseta but the vectors of many species of avian 

Plasmodium are still unknown (Bennett et al., 1993a). Lawrence (1946) remarked 

that Culex fatigans was by far the best vector under laboratory conditions in Sydney 

but that none of the anophelines would feed on birds. Plasmodium  has a life-cycle 

similar to that of Haemoproteus in the avian host (Peirce, 1989). They differ, 

however, in two basic aspects: Plasmodium schizogony occurs in a wider range of 

tissues and the parasite has an asexual cycle resulting in the presence of schizonts 

in circulating erythrocytes (Peirce, 1989). The life-cycle of P. relictum was the first of 
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the avian plasmodia to be discovered. Sporozoites from the salivary glands of the 

mosquito invade a variety of cells in tissues such as the lungs, brain and spleen, 

where they undergo schizogony (Van Riper et al., 1994). After a minimum of three 

generations of exoerythrocytic schizogony in solid tissues, the schizonts release 

merozoites that either enter erythrocytes or re-infect tissue. Following erythrocytic 

invasion, intracellular merozoites transform first into small ring forms, then into 

trophozoites and finally into either asexual schizonts or sexual gametocytes (Van 

Riper et al., 1994). The number of merozoites formed during schizogony varies 

between species and is a species characteristic (e.g. P. juxtanucleare forms 3-5 

merozoites whereas P. gallinaceum forms 30-40 merozoites) (Threlfall & Bennett, 

1989). An intra-erythrocytic gametocytic generation develops, which is infective to 

appropriate bloodsucking vectors when mature. Minutes after ingestion, gametocytes 

round up and leave their host cells. Microgametocytes produce thread-like 

microgametes, which fertilize the larger macrogametes. Fertilisation produces a 

zygote that quickly differentiates into an elongate motile ookinete. This ookinete 

penetrates the midgut epithelium, moves to the basal lamina of the epithelium and 

becomes an oocyst. Fertilisation, as well as oocyst formation and sporozoite 

development, occur in the midgut of the mosquito (Harrigan, 1978; Mackerras & 

Mackerras, 1960). The �tumour-like� oocyst develops on the coelomic surface of the 

gut, and hundreds or even thousands of elongate sporozoites are liberated into the 

haemocoel when the oocyst bursts, after which the sporozoites make their way to the 

salivary glands (Mackerras & Mackerras, 1960; Van Riper et al., 1994). In a study on 

mosquitoes (Culiseta morsitans) infected with P. circumflexum and P. polare, 

growing oocysts had already appeared 72 hours after the infective meal and mature 

oocysts and free sporozoites were found in haemocoel fluid surrounding the midgut 

on day 7. Oocysts were still present 16 days postinfection. Sporozoites in the salivary 

glands were seen from day 8 onwards (Meyer & Bennett, 1976).  
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Clinical signs 
 

Clinical signs in affected birds are not specific and include anaemia (Harrigan, 1978), 

listlessness, anorexia, cessation of normal behavior, and sudden death (Threlfall & 

Bennett, 1989). If a bird survives the initial attack, which seems to be the most 

severe, a chronic low-level parasitaemia may persist (Threlfall & Bennett, 1989). 

Chickens infected with P. gallinaceum produce bright green droppings, due to 

malarial haemolysis, with biliverdin being the predominant pigment (Williams, 1985). 

However, the faecal material can be almost solid white because of severe 

dehydration, packed cell volume may be low and there might be weight loss prior to 

death (Van Riper, 1991; Van Riper et al., 1994).  

 

 

Pathology 
 

Pathological signs include splenomegaly and anaemia (Threlfall & Bennett, 1989) 

due to destruction of nonparasitized erythrocytes as well as those containing 

parasites (Kreier, 1969), subcutaneous haemorrhages and hepatomegaly (Harrigan, 

1978). Widespread haemorrhages in all organs were reported by Brost et al. (1999) 

in acute cases. 

 

 

Pathogenicity 
 

Plasmodium is likely to infect birds still in their first year of life, and affect young birds 

more severely than adults. All species of avian plasmodia are pathogenic to some 

degree to their natural hosts but pathogenicity varies considerably among species 

and strains (Van Riper et al., 1994). Plasmodium gallinaceum, a parasite of 

Galliformes in Asia, is pathogenic in Domestic Chickens (Gallus domesticus) but is 

not known to be in free-living junglefowl (Gallus gallus) which are the natural hosts 

(Peirce, 1989) or reservoir hosts (Garnham, 1977a). In the feral hosts, the infections 
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are mild with little mortality; but in exotic breeds, the infection fulminates and many 

birds die of cerebral malaria (Garnham, 1977a). Plasmodium relictum is by far the 

most common in terms of number of species susceptible and global distribution and 

also the most pathogenic of all the avian species (Garnham, 1966). P. relictum was 

frequently lethal to a number of birds (e.g. penguins) in a zoo environment (Bennett 

et al., 1993b). There is also one case report of two acute fatal Plasmodium infections 

in gannets in a zoo in the Netherlands (Brost et al., 1999). There has been 

considerable speculation on the impact of Plasmodium relictum on the endemic 

Hawaiian drepaniid populations (Bennett et al., 1993b). Huchzermeyer (1975) 

reported severe losses among domestic turkeys in Africa due to P. durae. Levine 

(1973) reported that P. cathemerium and P. matutinum had low pathogenicity in their 

natural hosts but could kill canaries. He also reported that the New World strain of P. 

juxtanucleare was lethal to domestic chickens, but that the Old World strain had low 

pathogenicity. The apparent absence of a reservoir in wild birds in the Americas 

suggests that the true home of P. juxtanucleare is the Old World and that it was 

transported in domestic chickens to the New World (Garnham, 1977a). P. 

gallinaceum gives rise to acute infection, P. juxtanucleare to chronic infections 

(Garnham, 1977a). Mild infections in enzootic areas may be inapparent and result in 

a state of immunity with persistence of latent infections. Such immunity may be 

broken down and latent infections exacerbated by intercurrent diseases and stress 

(Harrigan, 1978; Threlfall & Bennett, 1989). The physiological mechanism of spring 

relapse in bird malaria remains an unsolved problem, as increased levels of 

gonadotropin and corticosterone in sparrows naturally infected with P. relictum did 

not induce relapse (Applegate & Beaudoin, 1970).  

 

 

Diagnosis  
 

Infections are diagnosed by the microscopic examination of thin stained blood 

smears (Threlfall & Bennett, 1989) for the detection of both intra-erythrocytic 

schizonts and gametocytes (Harrigan, 1978). Ordinarily, sexual and asexual forms of 
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the parasite are found in the same blood smears. In species with a well defined 

periodicity, the relative proportions of parasites may differ greatly, depending on the 

time of the day. The type of blood cell invaded varies with the species of 

Plasmodium, some preferring reticulocytes over erythrocytes, and others e.g. P. 

elongatum, possibly found in any type of blood or blood-forming cell (Van Riper et al., 

1994). It is difficult to identifiy Plasmodium to the species level from blood stages 

alone even when all developmental stages are present in quantity (Bennett et al., 

1993a) due to their pleomorphy. If a series of films is available, it may be possible to 

determine the length of the asexual cycle (Mackerras & Mackerras, 1960). 

Erythrocytic schizonts are a useful indicator in differentiating Plasmodium from 

Haemoproteus, since gametocytes of some Plasmodium species are similar to those 

of haemoproteids (Peirce, 1989). 

 

 

Prevention and treatment 
 

Since avian Plasmodium species are used commonly for developmental testing of 

drugs suitable for therapy in human malaria, it follows that most antimalarial drugs 

available for human use will be effective in the treatment of avian malaria (Harrigan, 

1978). In fact, all the synthetic anti-malarial drugs used in human medicine have 

been selected as the result of screening them against avian malaria (Keymer, 1982). 

Quinacrine (mepacrine) hydrochloride (Atebrin® Bayer) has been successful in 

treatment of P. cathemerium in affected canaries (dose: 0.24 mg/g bw) (Harrigan, 

1978; Keymer, 1982). Soulsby (1982) listed chloroquine (5 mg/kg bw), paludrine (7.5 

mg/kg bw) and pyrimethamine (0.3 mg/kg bw) as being effective against P. 

gallinaceum. Some coccidiostats may also be effective (Harrigan, 1978). Peters 

(1980) stated that treatment may be advisable but the efficacy of available drugs may 

be questioned. Some species, e.g. P. gallinaceum, are susceptible to antimalarials 

including chloroquine and proguanil (7.5 mg/kg bw), while others are refractory. 

Quinine suppresses the erythrocytic infection but fails to affect the exoerythrocytic 

stages (Peters, 1980). Mepacrine hydrochloride and other anti-malarial drugs are 
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reported to be effective (Arnall & Keymer, 1975). Control of the vectors should 

reduce or eliminate this pathogen (Threlfall & Bennett, 1989). In situations where 

domestic birds are kept near captive breeding centres care should be taken to restrict 

or eliminate those birds since they may be host to more virulent strains of the 

parasite than occur naturally in wild bird populations (Peirce, 1989).  

 

 

2.8. Trypanosoma  
 
Taxonomy and valid species 
 

This genus was originally created by Gruby in 1843 for a haemoflagellate of frogs 

(Hoare, 1972). Trypanosomes (Kinetoplastida, Trypanosomatidae) are extracellular, 

flagellated parasites in the circulatory system of vertebrates (Kudo, 1977) and are the 

second most encountered blood parasites in the neotropics after plasmodia (Desser 

& Bennett, 1993). In 1885 Danilewsky described Trypanosoma  avium from the 

European Owl, Athene noctua. Since that time, some 98 species and subspecies 

have been described (Bishop & Bennett, 1992). Most species are thought to be 

markedly host specific (Nandi & Bennett, 1994), although T. ontarioensis, T. corvi 

and T. avium are less so and can be transmitted to a variety of birds (Woo, 1969; 

Woo & Bartlett, 1982). Trypanosomes have been reported from most regions of the 

world (Woo & Bartlett, 1982). Like haemosporidian parasites, trypanosomes 

penetrated far into the North of the Holarctic region (Valkiunas, 1993) and seem to 

have an almost worldwide distribution, being in both tropical and temperate regions 

(Keymer, 1982). 

Trypanosomes are relatively abundant in birds and the low frequency of 

incidental findings probably due to the infection being in a chronic state in most birds 

(Kučera, 1982). Cultivation of blood has indicated a considerably higher rate of 

infection (Kučera, 1982). In Central Europe, trypanosomes occur most frequently in 

Columbiformes, Corvidae, Galliformes and Strigiformes (Kučera, 1982). Cleland and 
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Johnston (1910b) described T. anellobiae in a bird from Queensland and Mackerras 

and Mackerras (1960) found infections in 17 species of Australian birds.  

 
 
Morphology 
 

Trypanosomes are markedly pleomorphic (Threlfall & Bennett, 1989). In bone 

marrow smears, round or ellyptical amastigote morphs, pointed proepimastigote and 

epimastigote morphs and young trypomastigote morphs can be found (Chatterjee & 

Ray, 1971). Avian species of Trypanosoma are distinguished by trypomastigote 

morphology (= adult bloodstream form), host specificity and culture characteristics 

(Greiner & Bennett, 1975). Trypanosomes can be described by their mensural 

characteristics (Hoare, 1972). Various species of trypanosomes differ in size and 

shape of the body, in the position of the nucleus and kinetoplast, as well as in the 

degree of development of the undulating membrane and flagellum (Hoare, 1972). 

The trypomastigote morph is highly flattened and pointed at the flagellated anterior 

end. The flagellum is active, but the organism only moves forwards very slowly 

(Baker, 1956a). It is most likely that trypanosomes in blood smears which lack free 

flagella were taken from dead or moribund birds and that the trypanosomes 

themselves were either dead or moribund as they rapidly change their morphology 

(Nandi & Bennett, 1994). The posterior end is drawn out until it becomes almost as 

fine as the flagellum. It is also quite stiff and reported to have a slight but consistent 

curve (Baker, 1956a). The nucleus is located centrally and near the aflagellate end is 

a kinetoplast from which the flagellum arises running towards the opposite end and 

creating the outer boundary of the undulating membrane (Kudo, 1977). The 

undulating membrane is usually conspicuous but does not stain (Baker, 1956a) and 

in most species a free flagellum extends anteriorly beyond the cytoplasmic tip (Baker, 

1976). Longitudinal striations are seen in the majority of specimens (Baker, 1956a). 

Avian trypanosomes are generally large organisms and the kinetoplast with its 

adjacent vacuole is most often located some distance from the posterior tip (Baker, 
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1976; Woo and Bartlett, 1982). Some trypanosomes are known to vary greatly in size 

and shape e.g. T. fringillinarum (Woo & Bartlett, 1982).  

 

 

Life-cycle and vectors 
 

A wide variety of biting arthropods have been shown to act as vectors for avian 

trypanosomes. Mites, hippoboscids, culicine mosquitoes and simuliids are 

recognised vectors to date (Molyneux, 1977). Dermanyssus gallinae has been 

described as vector of the canary trypanosome by Macfie and Thomson (1929) and 

Cotton (1970). The hyppoboscid fly, Ornithomyia avicularia, was shown as vector for 

T. corvi by Baker (1956b). Simuliids and Aedes aegypti were described as vectors of 

the T. avium complex by Bennett (1961). Under laboratory conditions, there seemed 

to be a complex relationship between vector and parasite, with different strains of 

mosquitoes showing differences in susceptibility (Bennett, 1970). However, the life-

cycles and natural vectors of most avian trypanosomes are unknown (Nandi & 

Bennett, 1994). 

In the vector, trypanosomes undergo cyclical development in the alimentary 

canal. They develop into epimastigotes (Chatterjee & Ray, 1971) and multiply within 

the bloodmeal, enclosed by a peritrophic membrane in which the blood meal is 

digested. After breakdown of the membrane, they colonise the hindgut and appear in 

the faeces (Molyneux, 1977). Bennett (1970) found three morphs during this process 

within the membrane: metacyclic trypomastigotes; epimastigotes; and promastigotes. 

Multiplication occurred mainly by division of the latter two morphs. Parasite numbers 

in the vector were highest when the vector prepared to refeed. While feeding, drops 

of liquid were excreted that contained numerous flagellates. Those infective stages 

are deposited on the host�s skin, where they penetrate the skin - possibly through the 

bite wound (Threllfall & Bennett, 1989). In the bird, trypanosomes are seen as 

intercellular parasites in the peripheral blood, no tissue-oriented stage has been 

found to date (Threllfall & Bennett, 1989). Chatterjee and Ray (1971) found binary 

fission and plasmotomy or multiple fission of trypanosomes in blood and bone 
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marrow smears of the vertebrate host and Molyneux (1973) recorded binary fission of 

T. bouffardi in the blood. Baker (1976) generalized that some, if not all, species of 

avian trypanosomes multiply in their avian hosts. Baker (1956c) did not find any 

evidence of multiplication in the blood of canaries but noted that the metacyclic forms 

proceeded to the lymph system where they grow.  

 

 

Pathology 
 

Baker (1976) and Bennett (1987) found little evidence that trypanosomes of birds 

were harmful to their vertebrate or invertebrate hosts. However, canaries that were 

experimentally infected with T. bouffardi showed enlargement of the spleen 

coinciding with peak parasitaemia. Histopathology revealed focal myocarditis, with 

myofibrillar degeneration in the vicinity of the foci, and lymphoid hyperplasia and 

splenic congestion of infected birds (Molyneux et al.,1983). 

 
 
Pathogenicity 
 

Avian trypanosome infections were not usually regarded as pathogenic (Baker, 1976; 

Harrigan, 1978; Threllfall & Bennett, 1989) but Molyneux et al. (1983) were able to 

show that pathological changes occurred which were similar to those observed in 

mammals infected with the salivarian trypanosomes T. brucei, T. vivax and T. 

congolense. In the latter, antigenic variation results in continuing and severe 

pathology involving many more organs (Molyneux et al., 1983). Macfie and 

Thompson (1929) mentioned that heavy infections were associated with illness, but 

they did not determine a causal relationship. 
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Diagnosis 
 

The number of trypanosomes in the blood is generally low (Molyneux et al., 1983; 

Woo & Bartlett, 1982) and the examination of blood smears for trypanosomes is far 

from an ideal diagnostic method. Other diagnostic methods must be used to better 

detect these blood parasites in birds (Kučera, 1982). The inoculation of avian blood 

into blood-agar media (cultivation) proved to be most effective (Kučera, 1982) and 

the haematocrit centrifuge technique (Woo, 1969; Woo & Kaufmann, 1971) and bone 

marrow examination are more sensitive techniques (Woo & Bartlett, 1982). As shown 

in a survey of 297 corvids conducted by Baker (1956a) in England, trypanosomes 

seemed to be restricted more or less to the bone marrow during winter and spring. 

 

 

Prevention and treatment 
 

Treatment and prevention do not seem to be necessary (Arnall & Keymer, 1975; 

Bennett, 1987) and little information regarding treatment is available. Manwell and 

Johnson (1931) reported that plasmochin probably had curative value, although they 

gave no dosage rates. Control of infection should involve control of the vectors 

(Harrigan, 1978).  

 
 
2.9. Other blood parasites 
 
A variety of avian blood parasites are ascribed to the genera Atoxoplasma, Babesia, 

Haemogregarina, Hepatozoon, Lankesterella and Toxoplasma. However the 

taxonomy, life-cycles and relationships of these parasites in birds are poorly known. 

These parasites are rarely encountered and their effects on the hosts are seldom 

documented.  
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Microfilaria 
 

Filarial roundworms are long, thread-like nematodes, the larvae of which 

(microfilariae) are found in the hosts blood or tissues. The female produces ova, 

which give rise to larvae. Large numbers of these enter the blood stream where they 

remain for several months (Keymer, 1982). To give an example of their biodiversity, 

within the family Onchocercidae alone there are some 80 genera of nematodes. The 

species which parasitise birds are found mostly in the subfamilies Splendidofilariinae 

and Lemdaniinae. The adult worms, depending on the species, inhabit sites such as 

connective tissue (Ornithofilaria fallisensis), limb joints, body cavities (Ornithofilaria 

inornata), the respiratory system (Simpson et al., 1996) and the heart muscle 

(Splendidofilaria wehri) (see Harrigan, 1978). Transmission of the infection from bird 

to bird is by blood-sucking vectors, such as biting midges (Simpson et al., 1996). 

Microfilaria are found in a wide variety of birds (Harrigan, 1978). Kučera (1982) 

reports microfilaria as incidental findings in blood smears, and found most frequently 

in Corvidae and Galliformes but also present in Strigiformes and Columbiformes. In 

mammals, species of these parasites are known to appear in the peripheral blood 

mostly at night (Kučera, 1982). Most infections were not associated with any disease 

and have been incidental findings (Harrigan, 1978). However, some authors 

(Plimmer, 1910; Hamerton, 1933) reported pneumonia and consolidation of the lungs 

or fits and sudden death due to microfilariae plugging cerebral capillaries. Simpson et 

al. (1996) also found microfilariae as the cause of death in two Red-billed Blue 

Magpies (Urocissa erythrorhynchus).  

Clinical signs range from from being slightly unwell to sudden death and 

pathologic findings reported were acute pneumonia with congestion, oedema, 

infiltration with granulocytes and periacinar necrosis, as well as perivascular 

lymphoid infiltration (Simpson et al., 1996). Treatment can be attempted with 

levamisole (Perry, 1988; Macwhirter, 1994) and control, where it is required, involves 

control of the insect vectors (Harrigan, 1978). 
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Atoxoplasma  
 

Atoxoplasma spp. are coccidian parasites of monocytes and lymphocytes, formerly 

referred to as Lankesterella (Cannon 1996). Baker et al. (1972) regarded the earliest 

recognisable account of this parasite as that made by Laveran in 1900 in the Java 

Sparrow (Padda oryzivora). The taxonomy of the apicomplexan genus Atoxoplasma 

has been the subject of discussion for many years (Levine, 1982). Earlier taxonomic 

confusion resulted from the morphological similarity of blood stages with other 

haemoprotozoa and incomplete knowlede of their life-cycles (Levine, 1982). Prior to 

1909 they were generally confused with Haemoproteus, between 1909 and 1937 

they were thought to be species of Toxoplasma, and after that investigators began to 

doubt past identifications (cf. Levine, 1982). In 1950, Garnham established the genus 

Atoxoplasma for these organisms (cited by Levine, 1982) and Lainson (1959) 

concluded that Atoxoplasma must be considered as a synonym for Lankesterella. 

Lainson (1958) also listed features that helped in distinguishing Atoxoplasma from 

Toxoplasma infections. Around 1970 the situation changed and Atoxoplasma was 

thought to actually be extraintestinal stages of Isospora. Desser (1980) considered 

Atoxoplasma a subgenus of Isospora but Levine (1982) placed them in a seperate 

family, Atoxoplasmatidae, containing homoxenous coccidia with merogony in blood 

and intestinal cells, gametogony in intestinal cells, and sporogony/sporulation outside 

the host (Levine, 1982). This family differs from the family Lankesterellidae which 

contains heteroxenous parasites with both merozoites and sporozoites present in the 

blood cells and transmission by ingestion of mites in which sporozoites are present 

(Levine, 1982). Levine (1982) listed 19 different species of Atoxoplasma. 

 

Morphology: The blood stages are pale-staining, round to oval intracytoplasmic 

inclusions in mononuclear leucocytes that compress the host cell nucleus and create 

a characteristic crescent shape to the nucleus (Van Der Heyden, 1996). Previously, 

Lainson (1958, 1959) thought that the crescent shape was a feature of Toxoplasma 

and that Atoxoplasma was round or oval to sausage shaped. Atoxoplasma does not 



 

 

 

43

contain pigment granules (Cannon, 1996) and there are usually one to two parasites 

per cell. Organisms can be found in peripheral blood films or tissue imprints of lung, 

liver and spleen (Van Der Heyden, 1996). Oocysts are formed in various tissues and 

are typical isosporid in configuration (oocyst contains two sporocysts each with four 

sporozoites) (Levine, 1982). 

 
Distribution: Atoxoplasma is present in a wide range of wild species in Australia, 

particularly passerines (Cannon, 1996). In Europe, Atoxoplasma was encountered 

only in Passeriformes (Kučera, 1982), most frequently in Fringillidae, Passeridae and 

Hirundinidae. This parasite might well be widespread and common given that all 99 

house sparrows examined in England by Lainson (1959) were infected and he also 

failed to find noninfected canaries. The parasite was also encountered in USA, 

Russia, India and East Africa (Keymer, 1982).  

 
Life-cycle: The complete life-cycle of these parasites has remained a mystery for a 

long time. Lainson (1959) described the life-cycle of Lankesterella garnhami in the 

House Sparrow similar to that described in frogs and found schizonts in the spleen 

and bone marrow of six-day-old nestlings. Circulating forms in the blood were found 

to be ingested by blood-sucking red mites (Dermanyssus gallinae). The bird was then 

thought to be infected by ingesting the mites, after which sporozoites were released 

from the mite, penetrated the gut and began a schizogonic cycle in the lymphoid-

macrophage cells of the spleen, liver, bone marrow, lungs and intestine (Box, 1971). 

In contrast to Toxoplasma, which can infect almost any type of cell in any warm-

blooded animal, Atoxoplasma is restricted to the lymphoid-macrophage system with 

two reports of the parasites in red blood cells (Box, 1971). Box (1970) showed that 

the parasite in canaries could be transmitted by ingestion of Isospora oocysts and 

regarded Atoxoplasma as extraintestinal stages of Isospora. Liberated merozoites 

apparently developed into macrogametocytes and microgametocytes in lymphoid-

macrophage cells of the liver, lungs and kidney (Box, 1970). In 1977, Box 

demonstrated that five asexual generations occur in mononuclear phagocytes and 

two additional asexual stages and the sexual stages in the intestinal epithelium of 

canaries experimentally infected with Isospora serini. The prepatent period was 9-10 
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days, patency lasted for as long as 231 days and the parasite showed diurnal 

periodicity of oocyst output and discharge, which was found to occur in late afternoon 

and evening. During the first 7-8 days the parasites were found to multiply in 

mononuclear phagocytes, spreading throughout the viscera. After this time and up 

until 8 months after infection, single forms resembling Atoxoplasma predominated in 

phagocytic cells and accumulated in the lungs over time. From this organ the 

parasite may be returned to the oral cavity and swallowed to intiate further 

generations of gametogony and schizogony in the intestinal epithelium. The last two 

asexual generations and the sexual stages were found in the intestinal epithelium 

(duodenal loop) by the 8th day postinfection (Box, 1977).  
 
Clinical signs: Signs are non-specific and include lethargy, anorexia, emaciation 

and diarrhoea. An enlarged liver can often be seen in Passeriformes with 

atoxoplasmosis (Cannon, 1996) causing distension of the abdomen (Keymer, 1982). 

 
Pathology and Pathogenicity: In many birds, a light infection can be considered a 

normal condition (Box, 1971). Even though part of Garnham�s definition of the 

parasite in 1950 was being �non-pathogenic�, there are signs of pathogenicity. 

Lainson (1958) described congestion and haemorrhage from the blood vessels in the 

liver and lungs as well as extensive foci throughout these organs. Box (1977) 

reported that four of eight healthy, nonimmune adult birds succumbed to artificial 

infection with Isospora serini oocysts, indicating that this was a rather lethal parasite. 

Cannon (1996) lists splenomegaly, hepatomegaly, congestion and haemorrhage of 

visceral organs. Many tissues contain multiple inflammatory foci and young, recently 

fledged birds may die (Keymer, 1982).  

 

Diagnosis: The intra-lymphocytic or intra-monocytic parasites can be seen in smears 

of spleen, liver (�deep tissues�) heartblood or peripheral blood (Box, 1971; Keymer, 

1982; Cannon, 1996) whereas faecal flotation is unreliable (Cannon, 1996). Box 

(1971) recommended either imprint smears wet-fixed with Bouin�s fixative and 

staining with double-strength Giemsa�s stain for several hours or (in heavy infections) 

mashed bits of liver or spleen that, in physiological saline and under a coverslip, may 
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reveal motile organisms. Lainson (1959) used centrifugation to concentrate possibly 

infected white blood cells. Lankesterella corvi, however, also seems to occur in 

erythrocytes, thrombocytes and polymorphonuclear leucocytes (Keymer, 1982). 

Microscopical examination of tissues from various internal organs may also reveal 

organisms in other stages of the life-cycle (Keymer, 1982). 

 

Treatment: Treatment for atoxoplasmosis should be as for coccidiosis although 

there is no reliable information on the use of specific drugs (Box, 1971; Keymer, 

1982). 

 

 
Toxoplasma  
 
Toxoplasma has a world wide distribution in mammals and natural infections with T. 

gondii have been described in a wide variety of birds (Harrigan, 1978). The parasite�s 

success is due to its ability to invade any nucleated cell in most warm-blooded 

animals and its differentiation from rapidly-dividing tachyzoite stages to dormant 

bradyzoite stages (Gross, 1996). Some infections with Atoxoplasma have been 

mistaken as Toxoplasma infections. It is therefore often difficult to determine which 

reports of toxoplasmosis presented prior to 1950 are valid (Keymer, 1982). 

Seventeen species of wild animals and seven species of domestic animals were 

found to be reservoirs of infection in Queensland (Cook & Pope, 1959). Most 

descriptions of avian toxoplasmosis have involved pigeons. Other birds including 

domestic poultry, ducks, canaries, sparrows, parrots, crows and penguins have also 

been infected (Harrigan, 1978). Munday (1970) found infection in 37 % of little ravens 

in Tasmania but not in other birds. Hartley and Dubey (1991) described ten fatal 

cases of toxoplasmosis that occurred in birds in zoos and from the wild.  

 
Life-cycle: The situation in birds remains conjectural and the mode of infection is 

probably by ingestion of the oocysts (Keymer, 1982). 
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Clinical signs: Most Toxoplasma infections are subclinical, with tissue cysts found at 

post-mortem (Harrigan, 1978). There is evidence that strains of the organism vary 

considerably in pathogenicity and infected birds may remain quite healthy (Keymer, 

1982). It has occasionally been the suspected cause of death in penguins and other 

birds (and mammals) in zoos (Ratcliffe & Worth, 1951). Clinical infections occur 

occasionally, most frequently in pigeons. Birds may rapidly become sick and die, 

occasionally in epizootic proportions, or may have a more protracted disease with 

weight loss and the development of nervous signs. Blindness and retinitis may 

sometimes occur (Harrigan, 1978). 

 

Pathology: Focal necrosis may be found in liver, kidney, spleen, pancreas, brain and 

intestine. Encephalitis associated with �pseudocysts� (presumably bradyzoites within 

tissue cysts) may also be present (Harrigan, 1978). Ratcliffe and Worth (1951) 

described oedema and interstitial infiltration with monocytes in all cases, and necrotic 

lesions in the heart, liver and spleen in some birds with Toxoplasma infections. In six 

out of ten cases described by Hartley and Dubey (1991), the lungs seemed to have 

been the target organ, with tachyzoites causing severe pneumonia or even multifocal 

parenchymal necrosis, and all ten cases showed oedema and histiocytic responses. 

They also described encephalitis, peritonitis and necrosis in liver, spleen, intestine 

and muscle. 

 

Pathogenicity: Light infections appear to have no significant effect and only heavy 

infections are associated with disease (Harrigan, 1978).  

 

Diagnosis: Diagnosis is generally afforded by the direct demonstration of �comma�-

shaped protozoans in histological sections, associated with foci of necrosis or 

�pseudocysts� (presumably bradyzoites within tissue cysts) (Harrigan, 1978). 

Infections can also be confirmed by the inoculation of tissues into laboratory mice 

and their subsequent examination for tissue stages. While serological tests are 

routinely available for the diagnosis of infections in many mammals, their application 

in birds is still somewhat unreliable (Harrigan, 1978). 
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Treatment and prevention: Hygiene and sanitation should aid in the control of the 

disease and cat faeces should not be allowed to contaminate food sources. There 

seems to be no knowledge regarding the successful treatment of the disease in birds 

(Harrigan, 1978) due mainly to the difficulty of ante mortem diagnosis. 

 

 

Hepatozoon  
 
Species of the genus Hepatozoon differ from other apicomplexan blood parasites in 

that they apparently occur only in leucocytes (usually monocytes) in birds and 

mammals. Microgametocytes and macrogametocytes cannot be separated on the 

basis of either staining characteristics or nuclear size, and many have a round to 

ovoid vacuole lying adjacent to the nucleus. The nucleus is variable in shape (disc-, 

ribbon- or band-like) lying closely oppressed to the inner side of the parasite wall 

(Bennett et al., 1992a). Most infections are extremely light and readily overlooked 

(Bennett et al., 1992a). The genus has been classified by Levine (1988) in the family 

Haemogregarinidae. Haemogregarines are found commonly in various birds, reptiles, 

amphibians and fishes (Kudo, 1977). The degree of host specificity is unknown, it 

must therefore be assumed, until proven otherwise, that as with species of 

Haemoproteus and Leucocytozoon, species of Hepatozoon are host-specific at the 

familial or sub-familial level (Bennett et al., 1992a).  

The full life-cycle is unknown for any of the 13 valid avian species (Table 4) 

although several life-cycles are known for both mammalian and reptilian forms 

(Bennett et al., 1992a).  

Generally, schizogony occurs in cells of the liver, spleen and other organs of 

vertebrates, merozoites enter erythrocytes or leucocytes and develop into 

gametocytes (Kudo, 1977). Hepatozoon uses ticks or fleas as vectors (Bennett et al., 

1994a) in which microgametes and macrogametes develop and unite to form zygotes 

which become oocysts producing sporozoites (Kudo, 1977).  
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Table 4: Valid Hepatozoon species described from birds (Bennett et al.1994a; 1995). 

H. atticorae (de Beaurepaire Aragao, 1911) Hoare, 1924  
H. lanis Bennett, Earlé & Peirce, 1992  
H. malacotinus Bennett, Earlé & Peirce, 1992  
H. neophrontis (Todd & Wolbach, 1912) Wenyon, 1926  
H. numidis Bennett, Earlé & Peirce, 1992  
H. paroariae (de Beaurepaire Aragao, 1911) Hoare, 1924  
H. parus Bennett & Peirce, 1989  
H. passeris Bennett, Earlé & Squires-Parsons, 1995 
H. pittae Bennett, Earlé & Peirce, 1992  
H. ploceus Bennett, Earlé & Peirce, 1992  
H. prionopis Bennett & Earlé, 1992  
H. rhamphocoeli (de Beaurepaire Aragao, 1911) Hoare, 1924 
H. sylvae Bennett, Earlé & Peirce, 1992  

 

 
Babesia  
 

Apicomplexan non-pigmented haematozoa of the genus Babesia are found in wild 

and domestic animals and are of economic importance as tick fevers in domestic 

livestock (Samour & Peirce, 1996). Avian piroplasms have been described under 

various generic designations, most often as Nuttallia Franca, 1909, but following the 

discovery that this name was not available they were ascribed to the single genus 

Babesia Starcovici, 1893 by Peirce (1975). Since then, a number of new species 

have been described and material stored in the IRCAH has been re-examined by 

Peirce (1999a). Many records have been in error and were due to artefacts, 

Rickettsia or other parasites (Peirce, 1999a). On the other hand many infections 

might have been missed or misdiagnosed as immature stages or schizonts of 

concurrent infections with Haemoproteus or certain species of Plasmodium (see 

Peirce, 1999a). Therefore, blood smears used for taxonomic studies must be free 

from contaminants, of high quality, and have been prepared directly from live birds. 

Smears made from post-mortem blood, preservative containing blood or stored blood 

should not be used for taxonomic studies (Peirce, 1999a). Most mammalian species 
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of Babesia are host specific, at least to the family level. It is therefore assumed that 

the same applies to the 16 valid avian species of Babesia (Table 5), a hypothesis 

strengthened by the failure of inter-familiar transmission but not of intra-familiar 

transmission (Peirce, 1999a).  

 

Table 5: Valid species of Babesia (adapted from Peirce, 1999a). 

Accipitridae:  B. moshkovskii (Schurenkova, 1938), Laird and Lari, 1957 
Alaudidae:  B. kazachstanica (Yakunin and Krivkova, 1971), Peirce, 1975 
Anatidae:  B. henryi (Haiba and El-Shabrawy, 1967), Levine, 1988 
Ardeidae:  B. ardeae Toumanoff, 1940 
Corvidae:  B. frugilegica (Yakunin and Krivkova, 1971), Peirce, 1975 
Emberizidae: B. emberizica (Yakunin and Krivkova, 1971), Peirce, 1975 
Falconidae:  B. shortii (Mohammed, 1958), Coradetti and Scanga, 1964 
Gruidae:  B. balearicae (Peirce, 1973), Peirce, 1975 
Hirundinidae:  B. rustica (Yakunin and Kivkova, 1971), Peirce, 1975 
Laridae:  B. bennetti Merino, 1998 

B. mujunkumica (Yakunin and Krivkova, 1971), Peirce, 1975.  Passeridae:  
B. socius ( Earlé, Anderson. Koen and Sinclair, 1997 

Phasianidae:  B. avium (Rousselot, 1947),Yakunin and Krivkova, 1971 
Spheniscidae:  B. pericei  Earlé, Huchzermeyer, Bennett and Brossny, 1993 
Sulidae:  B. poelea Work and Rameyer, 1997 
Upupidae:  B. krylovi (Yakumin and Krivkova, 1971), Peirce, 1975 

 

Little is known about their life-cycles and pathogenicity (Samour & Peirce, 1996). The 

parasites invade erythrocytes where the trophozoites multiply by binary fission into 

pairs or by schizogony forming tetrads (the characteristic �Maltese cross� formation) 

(Samour & Peirce, 1996; Peirce, 1999a) or rarely groups of six (Croft & Kingston, 

1975). There is no endogenous development of the parasites in any of the tissues 

(Samour & Peirce, 1996). Babesia are simple, pigment-free structures of small size, 

rounded, pyriform or bacilloid (Laird & Lari, 1957). Most mammalian Babesia species 

are transmitted by ixodid ticks and this is also assumed to be the case in most, if not 

all, avian Babesia species (Peirce, 1999a) even though Hyalomma excavatum is the 

only tick species which has been found definitely associated with avian piroplasmosis 

(Hoogstraal, 1956). Probably all infections with Babesia are acquired at the nest 

since so many have been described from immature birds, but only few in adult birds. 
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The latter are most likely a result of relapses induced by stress or illness (Peirce, 

1999a). Only one species, B. shortii, is known to be pathogenic (Munoz et al., 1999; 

Peirce, 1999a) with multiple invasion of erythrocytes leading to destruction of host 

cells (hypochromic anaemia) and death of the bird. Clinical signs are jaundice and 

emaciation (Samour & Peirce, 1996). Treatment of cages with a suitably safe 

acaricide and removal of ticks are advisable methods of control. 

 

Aegyptianella  
 
Aegyptianella parasites were for many years thought to be piroplasms, mainly due to 

their small size being at the limits of resolution for light microscopy, but Bird and 

Garnham (1969) showed it to be a Rickettsia-like organism now placed in the family 

Anaplasmataceae with close affinities to the genera Anaplasma (Gothe, 1971), 

Eperythrozoon and other parasites (Peirce, 1999b). It appears as a small signet ring-

shaped structure in the cytoplasm of infected erythrocytes. Aegyptianellosis is a 

disease predominantly of domestic poultry in Africa, Asia and Mediterranian countries 

(Harrigan, 1978). The parasites have not been found in Australian birds (Harrigan, 

1978), but it was reported from a Blue-fronted Amazon Parrot, Amazona aestiva by 

Peirce and Bevan (1977) and in Nyasa Lovebirds, Agapornis lilianae in Zimbabwe 

kept in contact with poultry (cited by Keymer, 1982). 

Aegyptianella pullorum is an intraerythrocytic parasite of domestic birds such 

as chickens, turkeys, ducks and geese and has also been recorded in an ostrich but 

it is not known to naturally infect any other species (Peirce, 1999b).  

The tick vectors of Aegyptianella pullorum are Argas spp. (e.g. Argas 

persicus), also considered to be the vector of Aegyptianella botuliformis. 

Aegyptianella minutus is likely to be transmitted by arboreal species of ticks or other 

arthropods (Peirce, 1999b). The development of this parasite in erythrocytes takes 

place by repeated binary fission (Gothe, 1971). Aegyptianella pullorum always 

develops more than four (and up to 20) merozoites, a characteristic of the genus 

Aegyptianella (see Gothe, 1971). Bird and Garnham (1969) reported that 

Aegyptianella pullorum showed highest numbers 12-14 days after inoculation of 

infected blood into chickens. In the bird, Aegyptianella pullorum develops into initial 
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bodies which become developmental forms and after that marginal bodies. 

Extraerythrocytic parasites may be present because of destruction of the host cell 

(Gothe, 1971).  

Aegyptianella species are considered to be pathogenic to many species of 

birds (primarily Passeriformes) (Macwhirter, 1994).  

Infection of previously unexposed birds may result in acute disease with death 

due to anaemia (Harrigan, 1978) whereas subacute and chronic infections occur in 

birds which have some immunity (Harrigan, 1978). Post-mortem examination shows 

anaemia, serosal petechiae and enlargement of the spleen and liver and jaundice 

may be present (Harrigan, 1978).  

Diagnosis is by microscopic demonstration of the parasites within stained 

blood smears (Harrigan, 1978). Bird and Garnham (1969) described Aegyptianella 

pullorum as staining red with Romanowsky stains. The youngest forms seen are red 

dots of about 0.5 µm, when they are grown to 1.5 µm size a vacuole appears, the 

parasites usually remain spherical with further growth, eventually becoming granular 

(merozoites) reaching a size of 4 µm. They may be difficult to detect because the 

parasitaemia stage is often very short and easily missed (Macwhirter, 1994). Control 

is achieved by limiting vectors, treatment is unknown (Harrigan, 1978) although 

doxycycline or antimalarial drugs may be useful (Macwhirter, 1994). Drugs effective 

against Babesia (such as Berenil® or Acaprin®) are not active against Aegyptianella. 

The organism is sensitive against tetracyclines similar to Anaplasma, and resistant to 

sulphonamides like Rickettsia (Gothe, 1971).  

 

Spirochaetosis 
 
Spirochaetosis is an acute febrile disease of birds caused by Borrelia anserina. It has 

been reported from many parts of the world and has been responsible for great 

economic losses in the poultry industry with mortalities of up to 80 %. Vectors are 

ticks. Pathognomic post-mortem findings were enlarged and mottled spleen, dark 

liver with areas of necrosis, pericardial, renal and intestinal petechial haemorrhages 

and anaemia (Shommein & Khogali, 1974).  
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3. MATERIALS AND METHODS 
 
Few surveys have been conducted on haematozoa of Australian birds. The aims of 

this study were: to determine the prevalence and intensity of blood parasites in native 

birds; to identify the genera, subgenera and species of parasites encountered; to 

examine whether infections affected blood parameters such as the packed cell 

volume (PCV); and to make gross and histopathological observations on infected 

birds to find out whether haematozoa had pathogenic influence on their hosts.  

 

 

3.1. Collection of material 
 
Origin of birds  
 
The birds examined in this study were collected in the Currumbin Wildlife Sanctuary 

on South East Queensland�s Gold Coast from the end of October 1998 until end of 

February 1999.  

The birds had to be euthanased for various reasons, mainly because they were: 

a) wild birds found severely injured or moribund near streets or in gardens, parks 

and bushland and brought to the wildlife hospital by the public; 

b) orphaned birds found by public which were poor candidates for handraising  

because of other coexisting or underlying problems or because not enough foster  

parents were available during peak breeding time; or 

c) wild birds or exhibition birds of the Currumbin Wildlife Sanctuary itself that were  

unlikely to recover from illness or injury for various reasons or that were  

unreleasable. 

 

The birds came from diverse habitats along the Gold Coast (Figure 1), an area 

containing urban settlements, as well as national parks, a mountainous hinterland up 

to 1150 m high and coastal lowland, with both fast and slow flowing streams and 

lakes. 
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Identification of birds 
 
Avian systematics used throughout this study follow that of Sibley and Monroe (1990, 

1993) as this was considered to be the most up-to-date taxonomic study based on 

molecular phylogenetic studies. According to these authors, the Australian Magpie, 

Pied Currawong, and Butcherbirds (formerly Cracticidae) now belong to the family 

Corvidae together with the Magpie Lark (formerly Grallinidae) and Southern Figbirds 

(formerly Oriolidae). Nonetheless different opinions on the classification of these 

birds exist (see Christidis & Boles, 1994; Schodde & Mason, 1999). Because of this 

uncertainty and because Leucocytozoon oriolis from the family Oriolidae has not 

been designated as a synonym of L. sakharoffi from the Corvidae, the Oriolidae were 

treated separately in this study. All birds were divided into juveniles, subadults and 

adults depending on their plumage. Definitions of these age groups were adopted 

from Pizzey and Knight (1997) who defined a juvenile as a fledgling to free-flying bird 

with feathers that first replaced the natal down, a subadult as an immature bird 

moulting into adult plumage and an adult as a bird mature enough to breed.  

 
 
Clinical examination 
 

On arrival of the bird its health status was clinically assessed using an examination 

protocol designed for this purpose. Assessment included the bird�s history, a distant 

examination of behaviour, demeanour, posture, breathing and obvious physical 

abnormalities, and a physical examination of body condition, injuries and obvious 

parasitism. Each bird was allocated a unique identification number for the records. 

 
 
Collection of blood samples and euthanasia 
 

The birds were anaesthesised with isoflurane via face mask. In rare cases, the bird 

was restrained by an assisting nurse while the blood collection was conducted 
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without anaesthesia. The right blood collection technique was selected on the basis 

of the size and physical condition of the bird and the sample size required (Dein, 

1986). It was also dependent on the injuries the birds had sustained. Blood samples 

were mainly obtained from the ulnar vein/wing vein (Vena radioulnaris). Other sites 

chosen for blood extraction were the right jugular vein (V. jugularis dextra) especially 

in many small birds, and the medial metatarsal/caudal tibial vein (V. 

tarsometatarsalis) mainly in ducks and other bird species with well developed 

metatarsal veins. The site of blood extraction was cleaned with an alcoholic solution 

(ethanol with cetridine), the vein blocked by pressure with one finger and a suitably 

sized needle inserted into the vein. In big birds, blood (up to 1 % of the body weight) 

was extracted with the help of a syringe and in small birds and those in which the 

vein tended to collapse (mainly moribund birds), blood was collected from the needle 

using heparinised haematocrit tubes. Where possible, two haematocrit tubes were 

collected. The birds were then euthanased through the same venipuncture site with 

Lethabarb® (Virbac, pentobarbitone sodium) intravenously. Lethabarb® was 

administered diluted and slowly in order to avoid overdosing as barbiturates 

administered intravenously are caustic to tissue and may cause lesions (Lowenstine, 

1986). Immediately after euthanasia three thin blood smears were made with the 

blood of one haematocrit tube on clean non-albuminised glass slides using the 

standard two slide wedge technique. The slides used had been cleaned by 

immersion in 100 % methanol and wiped dry with lint-free gauze. The slides were 

labelled, allowed to air-dry and stored air tight in plastic slide boxes with desiccant 

and kept in a well-climatised room. 

 

 

Post-mortem examination and collection of tissue 
 

The bird carcasses were wetted with alcohol to break the thermoinsulation of the 

plumage and kept refrigerated (at 4 °C) until dissected. This was done as soon as 

possible, which is especially important in small and juvenile birds which tend to 

decompose faster than bigger birds. The birds were all examined externally before 
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dissection. A skin incision was then made above the carina sterni, the skin parted, an 

incision made through the abdominal wall into the abdomen and the keel removed. 

All organs were inspected in situ before the gastrointestinal tract was spread out for a 

more detailed examination. Liver and spleen were not separated from the 

gastrointestinal tract. The heart was not removed to avoid excess blood in the body 

cavity. The skull was skinned, opened and examined for brain lesions. Samples were 

routinely taken from lung, liver, kidney, spleen, skeletal muscle and heart muscle. 

The samples were less than 5 mm in thickness to allow adequate penetration of the 

fixative. The collected tissue was preserved in approximately ten times its own 

volume of buffered 10 % formalin solution in a suitably sized sterile container. The 

tissues were labelled and stored for further histopathological examination.  

 
 
3.2. Preparation of material 
  
3.2.1. Blood 
 
Determination of the packed cell volume (haematocrit)  
 
The second haematocrit tube was sealed and centrifuged at 12,000 g for 5 minutes. 

The packed cell volume was read against a template.  

 
Staining of blood smears 
 

Immediately before staining, the smears were fixed by flooding with 100 % methanol 

for 1 minute then airdried. The smears were stained for 15 minutes in a 1:7 dilution of 

*stock Giemsa stain in **phosphate buffer (pH 7.2), rinsed in a small container with 

tap water and allowed to airdry. The slides were stored in clean plastic slide boxes in 

a well airconditioned room until examined. Slides used for scanning with immersion 

oil can be easily cleaned by dipping into a xylene bath for approximately 1 minute. 

*stock Giemsa stain (mix well in 100 ml bottle, best used within 6 months of 

preparation): 
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Azure II-eosin  0.4 g 

Azure II   0.2 g 

Azure B-eosinate  0.2 g 

Glycerol   50 ml 

Methanol   50 ml 

**phosphate buffer (pH 7.2) 

KH2PO4    5.47 g  

Na2HPO4   3.80 g  

Distilled water  1000 ml 

 
 
3.2.2. Tissue  
 
Dehydration of tissue 
 
Tissues fixed in aqueous solutions maintain a high water content, which can hinder 

later processing (Humason, 1997) so the first step of processing was dehydration. 

The Formalin-preserved tissue was rinsed in distilled water to remove the fixative, it 

was then cut to size and put into plastic cartridges, which were then placed into 70 % 

ethanol overnight (or a minimum of 2x30 min. with agitation), 90 % ethanol for a 

minimum of 2x30 min. with agitation, and similarly in 95 % ethanol and 100 %. As 

absolute ethanol causes tissue to become brittle, care must be taken not to leave 

tissue exposed for too much time. While transferring the cartridges from one solution 

into the next, excess fluid was allowed to drain without exposing the tissue to drying. 

The tissue was then placed into a 1:1 mixture of absolute ethanol and methyl 

salicylate for 15 min. and cleared from alcohol in ten times the tissue�s volume of 

pure methyl salicylate which was changed after one hour and again after 12 hours 

(overnight).  
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Paraffin embedding (blocking) 
 
Paraffin is suitable for most histological purposes when sections of 2-15 µm are 

required (Humason, 1997). Tissue chosen for embedding was prewarmed in its final 

methyl salicylate bath in a 60-65 °C oven for up to 30 minutes. Paraffin wax 

(Paraplast�) was melted at the same temperature. The tissue cartridges were 

transferred into liquid paraffin to allow infiltration of tissue with paraffin and left in a 60 

°C warm vacuum oven for three hours with transfer to clean paraffin after each hour. 

The tissue was removed from the cartridge, placed into prewarmed and prefilled 

metal molds of the appropriate size, topped up with additional pure liquid paraffin, 

and allowed to cool down on iceblocks, removed from the mold, trimmed for 

sectioning and stored in the refrigerator.  

 
 
Sectioning 
 
Serial sections were cut at 5 µm thickness approximately 100 µm apart. The sections 

were transferred onto clean glass slides prepared with albumen (egg-white and 

glycerin), flooded with distilled water to help spread out, put on a hot-plate, drained 

and stored at 38 °C in a slide basket before staining. In five cutting sessions up to 15 

tissue sections were cut of birds with haemoparasites in blood smears. The only two 

blood-positive members of the family Psittacidae was sectioned completely (each 30 

sections).  

 
 
Staining of tissue sections 
 
Tissue sections were dewaxed by placing them in Toluene baths for each of 5, 2 and 

2 minutes. Hydration was achieved by exposing the tissue sections to absolute 

ethanol twice for 2 minutes each, 96 % ethanol, 70 % ethanol and deionised water, 

each for 2 minutes. The tissue was stained with Mayer�s Haematoxylin for 5 minutes, 

rinsed gently in running water, blued with Scott�s blue solution for 1 minute, rinsed in 

running tap water and deionised water for 2 minutes each, and left in Putt�s Eosin for 
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up to 3 minutes. Slides of the fourth and fifth sectioning were stained with 

Eosin/Phloxine as it showed better staining results. The tissue was then dehydrated 

by dipping the slide into 70 % ethanol, placing into a 96 % ethanol bath for two 

minutes and finally into 100 % ethanol three times for 2 minutes each. The slides 

were cleaned of ethanol by bathing in Toluene, three times for 2 minutes each, 

mounted in DePeX (BDH Chemicals, Australia), coverslipped and allowed to airdry. 

 
 
3.3. Examination and evaluation of material  
 
3.3.1. Blood 

 
Scanning of bloodsmears 
 
One bloodsmear from each bird was chosen and examined for at least 10 minutes at 

400x magnification for the presence of haemoparasites. Notes on the nature of the 

blood parasites and their location on the smear were taken. During a second scan 

the blood parasites were quantified and described morphologically.  

 
 
Quantification of blood protozoa in the smears 
 
In the literature methods for the quantification of haematozoa in blood smears 

differed substantially. Koch (1899) described parasites found within one field, 

Lawrence (1946) how many found within 10 minutes, Desser (1967) and Valkiunas 

(1993) how many parasites per 1000 erythrocytes, Haberkorn (1984) per 200 fields, 

Godfrey et al. (1987) per 2000 erythrocytes and other authors per 10,000 

erythrocytes. In this study the average number of erythrocytes per field was 

determined in 50 ideal fields under 1000x enlargement. In an ideal field the 

erythrocytes did not overlap or overlie each other but bordered on each other. One 

ideal field contained an average of 200 erythrocytes. The parasites were then 

counted within a total of 50 ideal fields (equaling 10,000 erythrocytes), 25 of these 

fields were chosen from the middle of the smear and 25 fields from the margins of 
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the smear as Leucocytozoon gametocytes in particular were often more numerous in 

the peripheral areas than in the center of the smears. The intensity of parasites per 

bird was determined after the initial scan for presence or absence of haematozoa, 

therefore those birds with 1-10 parasites per slide were not again examined using the 

method described above but considered as having low intensity infections. The 

intensity of parasitaemia was graded as follows: 

Leucocytozoon:  

low intensity = 1 parasite per smear up to 0.05 % parasitaemia. 

moderate intensity = > 0.05-0.2 % parasitaemia. 

 high intensity = > 0.2 % parasitaemia. 

Haemoproteus and Plasmodium: 

low intensity = 1 parasite per smear up to 0.2 % parasitaemia. 

moderate intensity = 0.2-0.4 % parasitaemia. 

high intensity = > 0.4-1.5 % parasitaemia. 

very high intensity = > 1.5 % parasitaemia. 

 
Morphological parameters used to characterise blood stages 
 
Morphometric observations made on blood stages belonging to the genus 

Leucocytozoon were conducted as described by Bennett et al. (1991b) and shown in 

Figure 2. Measurements included the maximum diameter (PMxD) and minimum 

diameter (PMixD) of the gametocyte, maximum diameter (PNMxD) and minimum 

diameter (PNMixD) of the parasite nucleus, maximum diameter (HPCMxD) and 

minimum diameter (HPCMixD) of the host-parasite complex and the periphery of the 

parasite covered by the host-parasite complex nucleus (HPCN). Other characters 

examined included the appearance of the host-parasite complex nucleus (cap-like or 

ribbon-like), staining quality, vacuolation and granulation of the cytoplasm, and the 

presence or absence of a karyosome.  

Morphological parameters of Haemoproteidae were measured as described by 

Bennett and Campbell (1972) and Bennett and Peirce (1988) (see Figure 3). These 

parameters were: length and width of uninfected and infected erythrocytes and their  

 



Figure 1: Collection area Gold Coast, Australia.
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Figure 2:  a: PMxD, maximum diameter of parasite, and in this case also
HPCMixD, maximum diameter of the host-parasite complex, b: PMixD,
minimum diameter of parasite, c: HPCMxD, maximum diameter of host-
parasite complex, d: PNMxD, maximum diameter of parasite nucleus,
e: PNMixD, minimum diameter of parasite nucleus, f: periphery covered by
the host-parasite complex nucleus.
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nuclei, of parasites and their nuclei, the nuclear displacement ratio (2x/x+y), the 

shape of gametocytes (see Figure 4) as well as the outline of the parasite and the 

number of pigment granules in macrogametocytes and microgametocytes. Important 

for the taxonomic description of gametocytes are also the staining quality, 

vacuolation and granulation of the parasite cytoplasm, quality (brown haemozoin or 

red volutin) and location of pigment granules, location of the parasite nucleus and 

displacement of the erythrocyte nucleus either lateral or polar. 

Plasmodium spp. are distinctive and were assigned to their appropriate 

subgenera using the key developed by Greiner et al. (1975) (adapted from Garnham, 

1966) in combination with a key compiled by Peirce (pers. comm.). 

Measurements of trypanosomes were conducted as described by Woo (1969) 

and included the distances from the posterior end to the kinetoplast (PK), kinetoplast 

to centre of nucleus (KN), posterior end to centre of nucleus (PN), centre of nucleus 

to anterior end (NA), length of body without free flagellum (PA), length of free 

flagellum (FF), total length including free flagellum (PF), width excluding undulating 

membrane (BW), PK/PA, PN/PA, nuclear index (PN/NA) and kinetoplast index 

(PN/KN). 

 
3.3.2. Tissue 
 
Scanning of histopathological sections 
 
The tissue sections were examined by light microscopy at 40-1000x magnification. 

Tissue stages and other any pathogenic changes were photographed and all 

schizonts were manually measured using a calibrated eye piece micrometer. 

 
3.3.3. Statistical analysis of data 
 
Statistical analysis of prevalence, body weight and haematocrit was conducted using 

the Chi-squared test (non-parametric test of statistical significance) as described by 

Sokal and Rohlf (1994). P-values greater and equal to 0.01 were not considered 

significant. The minima, maxima, range, standard deviation and mean values of 

gametocyte measurements were determined using Microsoft Excel.   
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Figure 4:  A-G: five morphological forms of Haemoproteus. A - uninfected 
erythrocyte, B - microhalteridial, C, D - halteridial, E - circumnuclear, 
F - discosomal, G - rhabdosomal. H - nuclear displacement ratio (NDR = 2x/x+y).
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Figure 3: Parameters measured in Haemoproteus. a-b: erythrocyte length, 
c-d: parasite length, e-f: length of erythrocyte nucleus, g-h: length of parasite 
nucleus, 1-2: width of erythrocyte, 3-4: width of parasite, 5-6: width of 
erythrocyte nucleus, 7-8: width of parasite nucleus.
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4. RESULTS 
 
4.1. Prevalence of haematozoa 
 

The prevalence of haematozoa within all birds examined  
 
A total of 499 birds of 69 species from 28 bird families was examined for haematozoa 

(see Appendix 2). Of these, 207 birds were adults, 148 subadults and 142 juvenile 

birds, all with a nearly equal ratio of males to females. A total of 110 birds (or 22 %) 

of 21 species from 12 bird families was found positive for haematozoa. Of all birds 

examined 13.6 % were positive for Leucocytozoon spp., 5.4 % for Haemoproteus 

spp., 4.4 % for Plasmodium spp., 1 % for either Plasmodium or Haemoproteus 

gametocytes (for which the genus could not be determined), 0.6 % for Trypanosoma 

and 1.6 % for microfilariae. 

 

 

Parasite distribution within positive birds 
 
Within the 110 birds positive for haematozoa, 61.8 % (or 68 birds) were positive for 

Leucocytozoon, 24.5 % (or 27 birds) for Haemoproteus, 20 % (or 22 birds) for 

Plasmodium, 4.5 % (or five birds) for Haemoproteus or Plasmodium, 2.7 % (or three 

birds) for trypanosomes and 7.3 % (or eight birds) for microfilariae. 

 

 

Prevalence of haematozoa at a family level 
 

Within the 12 bird families infected with haematozoa, the prevalence for all 

haematozoa ranged from 1.1 % in the family Psittacidae to 77 % in the family 

Oriolidae (see Table 6). However, the sample size varied markedly so that care must 

be taken when comparing prevalences between different bird families. Sample sizes 

of less than ten (as in Accipitridae, Ardeidae, Coraciidae and Rallidae) are likely to be 

too small to be indicative of the true prevalence. Bird families with the highest  
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Table 6: Prevalence of all haematozoa in bird families found positive for 

gametocytes. 

 
Bird family Common name #  

Examined 
# 

Positive 
Preva-
lence 

Accipitridae Kites, hawks and eagles 7 1 14 % 
Ardeidae Herons 4 1 25 % 
Columbidae Pigeons and doves 44 11 25 % 
Coraciidae Rollers 6 2 33 % 
Corvidae Crows, magpies, 

currawongs, butcherbirds 
and magpie larks and allies 

95 45 47 % 

Halcyonidae Tree kingfishers  14 1 7 % 
Meliphagidae Honeyeaters 28 20 71 % 
Oriolidae Figbirds 13 10 77 % 
Podargidae Frogmouths  21 11 52 % 
Psittacidae Parrots, cockatoos and 

allies 
187 2 1.1 % 

Rallidae Rails and allies 5 1 17 % 
Threskiornithi-
dae 

Ibises and spoonbills 19 5 26 % 

 

prevalence for haematozoa and a reasonable sample size (>10) were the Oriolidae 

(77 %), Meliphagidae (71 %), Podargidae (52 %), Corvidae (47 %), Threskiornithidae 

(26 %) and Columbidae (25 %) and the lowest was the Psittacidae (1.1 %). 

 

 

Prevalence of each parasite taxon within bird families 
 
The prevalence of Leucocytozoon, Haemoproteus and Plasmodium at host family or 

host species level is shown in Tables 7-11.  

 
Leucocytozoon: Leucocytozoon infections (n = 68) were found in fourteen bird 

species from eight families (Table 7). The highest prevalence of Leucocytozoon was 

found in the families Oriolidae (77 %) and Podargidae (52 %) in which it was clearly 
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Table 7:  Prevalence of Leucocytozoon spp. in affected bird families and species. 

 

Bird family 
(family 
prevalence) 

Bird species Common name # 
Sampled

# 
Posi-
tive 

Species 
preva-
lence 

Columbidae  
(2 %) 

Geophaps lophotes Crested Pigeon 13 1 8 % 

Coraciidae  
(33 %) 

Eurystomae 
orientalis 

Dollarbird 6 2 33 % 

Corvus orru Torresian Crow 15 3 20 % 
Gymnorhina tibicen Australian 

Magpie 
27 10 37 % 

Strepera graculina Pied Currawong 23 11 48 % 
Cracticus torquatus Grey 

Butcherbird 
6 3 50 % 

Corvidae  
(30 %) 
 

Grallina cyanoleuca Magpie Lark 18 1 6 % 
Manorina 
melanocephala 

Noisy Miner 24 10 42 % Meliphagi-
dae 
(46 %) Philemon 

corniculatus 
Noisy Friarbird 3 3 100 % 

Oriolidae  
(77 %) 

Sphecotheres viridis Southern 
Figbird 

13 10 77 % 

Podargidae 
(52 %) 

Podargus strigoides Tawny 
Frogmouth 

21 11 52 % 

Trichoglossus 
haematodus 

Rainbow 
Lorikeet 

146 1 0.7 % Psittacidae  
(1.1 %) 

Cacatua galerita Sulphur-crested 
Cockatoo 

5 1 20 % 

Threskiorni-
thidae  
(5 %) 

Threskiornis 
molucca 

White Ibis 18 1 6 % 

the predominant parasite. The families Meliphagidae (46 %) and Corvidae (30 %, 

with 37 % of Australian Magpies and 48 % of Pied Currawongs positive for this 

parasite) showed moderate to high prevalence for Leucocytozoon, whereas 

Threskionithidae (6 %), Columbidae (2 %) and especially Psittacidae (1.1 %) were 

only rarely infected. Leucocytozoon was the only parasite encountered in birds from 

the family Psittacidae.  
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Haemoproteus: Haemoproteus infections (n = 27) were found in 11 species from 

nine bird families (Table 8). Highest prevalences were seen in the families 

Meliphagidae (29 %), Threskiornithidae (21 %) and Columbidae (22 %), the latter 

containing Columba livia (Domestic Pigeon) in which 67 % were infected with 

Haemoproteus.  
 
Table 8:  Prevalence of Haemoproteus spp. in affected bird families and species. 

Bird family 
(family 
prevalence) 

Bird species Common 
species name 

# 
Sampled

# 
Posi-
tive 

Species 
pre-

valence 
Accipitridae 
(14 %) 

Aquila audax Wedge-tailed 
Eagle 

7 1 14 % 

Ardeidae 
(25 %) 

Nycticorax 
caledonicus 

Nankeen Night-
Heron 

4 1 25 % 

Columba livia Domestic 
Pigeon 

12 8 67 % Columbidae 
(21 %) 

Leucosarcia 
melanoleuca 

Wonga Pigeon 1 1 100 % 

Coraciidae 
(17 %) 

Eurystomus 
orientalis 

Dollarbird 6 1 17 % 

Corvidae  
(1 %) 

Corvus orru Torresian Crow 15 1 7 % 

Halcyonidae 
(7 %) 

Todirhampus sancta Sacred 
Kingfisher 

8 1 13 % 

Manorina 
melanocephala 

Noisy Miner 24 5 21 % Meliphagi-
dae (29 %) 

Philemon 
corniculatus 

Noisy Friarbird 3 3 100 % 

Rallidae  
(17 %) 

Gallinula tenebrosa Dusky Moorhen 5 1 20 % 

Threskiorni-
thidae 
(21 %) 

Threskiornis 
molucca 

White Ibis 18 4 22 % 

 
Plasmodium: Plasmodium (n = 22) was found in eight bird species from four 

different bird families (Table 9). Parasites of this genus were present in 17 % (21 %) 

including undiagnosed Plasmodium/Haemoproteus cases) of all corvids and  
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18 % of meliphagids, but only in 8 % of oriolids and 2 % (including P/H cases) of 

columbids examined. 

 
Table 9:  Prevalence of Plasmodium spp. in affected bird families and species, 
(unidentifyable cases of P/H in parantheses)  
 
Bird family  
(family 
prevalence) 

Bird species Common 
species name 

# 
Sampled

# 
 Posi-
tive 

Species 
pre-

valence 
Columbidae  
(2 %) 

Columba livia Domestic 
Pigeon 

12 1P/H 8 % 

Corvus orru Torresian 
Crow 

15 4 27 % 

Gymnorrhina 
tibicen 

Australian 
Magpie 

27 8 30 % 

Stepera graculina Pied 
Currawong 

23 4 
(+2P/H) 

17 % 
(26%) 

Cracticus 
torquatus 

Grey 
Butcherbird 

6 1P/H 17 % 

Corvidae  
(17 %  
or 21 %) 

Cracticus 
nigrogularis 

Pied 
Butcherbird 

2 1P/H 50 % 

Meliphagidae 
(18 %) 

Manorina 
melanocephala 

Noisy Miner 24 5 21 % 

Oriolidae  
(8 %) 

Sphecoteres viridis Southern 
Figbird 

13 1 8 % 

 
 
Other blood parasites: Trypanosomes and microfilariae were found to be parasites 

with a low prevalence in all bird families, most likely due to the diagnostic technique 

used, which is not considered to be ideal for detection of the latter two parasites. 

Trypanosomes were found in 2 % of all Corvidae and 4 % of all Meliphagidae 

examined (Table 10) and microfilariae (Table 11) in 17 % of all Coraciidae (despite 

low sample size), 4 % of all Corvidae, 7 % of all Meliphagidae and 5 % of all 

Podargidae examined. However, the true prevalence might well be much higher. 

Microfilariae and trypanosomes were all encountered as multiple infections with one 

or more other taxa of blood parasites.  
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Table 10:  Prevalence of Trypanosoma spp. in affected bird families and species. 

Bird family 
(family 
prevalence) 

Bird species Common 
species name 

# 
Sampled

# 
Positive 

Species 
pre-

valence 
Gymnorhina 
tibicen 

Australian 
Magpie 

27 1 4 % Corvidae 
(2 %) 

Cracticus 
torquatus 

Grey 
Butcherbird 

6 1 17 % 

Meliphagidae 
(4 %) 

Philemon 
corniculatus 

Noisy 
Friarbird 

3 1 33 % 

 
 
Table 11:  Prevalence of microfilariae in affected bird families and species. 

Bird family 
(family 
prevalence) 

Bird species Common 
species name 

# 
Sampled

#  
Positive 

Species 
pre-

valence 
Coraciidae  
(17 %) 

Eurystomus 
orientalis 

Dollarbird 6 1 17 % 

Corvus orru Torresian Crow 15 1 7 % 
Gymnorhina 
tibicen 

Australian 
Magpie 

27 2 7 % 
Corvidae  
(4 %) 

Cracticus 
torquatus 

Grey 
Butcherbird 

6 1 17 % 

Manorina 
melanocephala 

Noisy Miner 24 1 4 % Meliphagi-
dae  
(7 %) Philemon 

corniculatus 
Noisy Friarbird 3 1 33 % 

Podargidae  
(5 %) 

Podargus 
strigoides 

Tawny 
Frogmouth 

21 1 5 % 

 

 

Multiple infections  
 
Multiple infections were seen in 20 birds. Eighteen birds were infected with with two 

haematozoa: Leucocytozoon in combination with Plasmodium (n = 7), Haemoproteus 

(n = 4), either Plasmodium or Haemoproteus (n = 1) and microfilaria (n = 1), or 

microfilaria with Plasmodium (n = 3) and Trypanosoma (n = 2). One bird showed a 
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triple infection with Haemoproteus, Leucocytozoon and microfilariae and one bird a 

quadruple infection with Haemoproteus, Leucocytozoon, Trypanosoma and 

microfiariae. Those 20 multiple infections were found mainly in nine adults, ten 

subadults and one juvenile and mostly within the family Corvidae (ten birds) and 

Meliphagidae (seven birds). The double infections were equally distributed in both 

sexes.  

 
 
Parasite distribution and predominance within certain bird families 
 

Some of the families and species examined exhibited marked predominance of one 

parasite, e.g. the families Oriolidae and Podargidae in which Leucocytozoon was 

predominant, and the families Columbidae and Threskiornithidae in which 

Haemoproteus was the predominant parasite (especially in the Domestic Pigeon, 

Columba livia). In contrast to this some families were infected with a mixture of 

parasites, e.g. the family Meliphagidae. A conspicuous absence of Haemoproteus 

infections was also found in the family Corvidae. 

 

 

Parasite distribution within age groups 

 

Of the 110 birds with haematozoa infections, 40.9 % were adult birds (n = 45), 24.5 

% subadult birds (n = 27) and 34.5 % juvenile birds (n = 38).  

Leucocytozoon infections (n = 68) were found in 23 adults, 14 subadults and 

31 juveniles, which proved to be a significantly higher number of juvenile birds 

infected than expected (Chi-square 10.1, df 2, p ≤ 0.01). Haemoproteus infections 

were mainly present in adults (74 %). Proven cases of Plasmodium infections did not 

differ significantly between mature and immature birds (eight adults, 11 subadults 

and three juveniles). The distribution of Trypanosoma spp. and microfilaria were not 

examined due to small sample size. Within the main families infected with 

haematozoa few differences were found between adults, subadults and juveniles but 
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in the family Corvidae (n=45), seven adults (16 %), 14 subadults (31 %) and 24 (53 

%) juvenile birds were infected, whereas the ratio in uninfected birds of the same 

family (n = 50) was 14 adults (28 %), 18 (36 %) subadults and 18 juveniles (36 %). 

This difference, however, proved to be without statistical significance. 

 

 

Prevalence of Leucocytozoon, Haemoproteus and Plasmodium in different age 
classes of selected bird families 
 

Within the family Corvidae, Leucocytozoon infections decreased markedly with age, 

whereas the prevalence of Plasmodium increased (see Figure 5A). In the family 

Columbidae, a total absence of all three parasites in juvenile birds was encountered, 

while 25 % of the subadults (n = 8) and 28 % of adults (n = 25) were infected with 

Haemoproteus (see Figure 5B). The family Meliphagidae harboured all three 

parasites in adults, subadults and juveniles but only Leucocytozoon in adults (see 

Figure 5C). The families Oriolidae and Podargidae showed an equal distribution of 

Leucocytozoon infection in all age classes but the sample size might not be sufficient 

to draw conclusions from this observation.  

 

 

Parasite distribution within females and males 
 

The ratio of haematozoa infected males (n = 25) to infected females (n = 19) in adult 

birds did not indicate any significant gender bias. The same was true for the bird 

families Corvidae, Columbidae, Meliphagidae, Podargidae and Oriolidae, which 

represent 88.2 % of all infections and in which 19 males and 14 females were found 

infected. In adult birds infected with Leucocytozoon spp. (n = 24), twice as many 

males (n = 16) than females (n = 7) were infected but analysis did not indicate any 

significance. Both Haemoproteus and Plasmodium infected adult birds showed equal 

distribution in males (n = 13) and females (n = 14).  
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Prevalence per month 
 

The prevalence of total haematozoa remained constant for each month within the 

range 15.6-26.6 % (Table 12). The prevalence of Haemoproteus and Plasmodium 

remained relatively unchanged during the sampling period. Some of the less 

prevalent parasites, however, were not encountered during some of the sampling 

months and Leucocytozoon infections showed a slight decrease in prevalence from 

21 % to 9 % in the months October to February which was found to be statistically 

not significant. To examine this further large sample sizes over seasonal periods 

would be required. 

 

Table 12:  Prevalence of each parasite taxon per month.  

 October November December January February 
Sample size 29 158 135 112 65 
#Birds positive 7 42 21 24 16 
#infections 8 49 26 31 19 
All haematozoa 24 % 26.6 % 15.6 % 21.4 % 25 % 
Leucocytozoon 21 % 17.7 % 11.9 % 10.7 % 9 % 
Haemoproteus 4 % 7.6 % 2.2 % 6.3 % 6 % 
Plasmodium - 4.4 % 2.2 % 4.5 % 11 % 
P/H 4 % - - 2.7 % 2 % 
Trypanosoma - 0.6 % 1.5 % - - 
Microfilariae - 0.6 % 1.5  % 3.6 % 2 % 
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4.2. Intensity of infection 
 

Intensity of infection for each parasite taxon 
 
The majority (76 %) of Leucocytozoon infections  (n = 68) were low intensity 

infections, in single as well as in multiple infections (Figure 6). Haemoproteus 

infections (n = 27) were mainly low (41 %) and medium (30 %) intensity infections, 

whereas Plasmodium infections were equally distributed within all categories. The 

intensity of infections by Trypanosoma and microfilariae were all low. 

 

 

Intensity of infection in bird families, age groups and gender 
 

The intensitiy of infection was examined in the families Columbidae, Corvidae, 

Meliphagidae, Podargidae and Oriolidae (Figure 7-9). Low intensity Leucocytozoon 

infections were seen especially within the families Corvidae (with 25 of 28, 89%) and 

Meliphagidae (with 10 of 13, 77%). Most Leucocytozoon infections in the families 

Oriolidae (6 of 10, 60%) and Podargidae (7 of 11, 64%) were low intensity infections. 

Haemoproteus infections were moderate to high intensity in the Columbidae and 

Plasmodium infections were moderate to high intensity within the Meliphagidae.  

There was little correlation between intensity and age class or gender of the 

birds for any of the parasites.  

 

 

Change in intensity per month: 
 

The intensities of infections were analysed against month but no correlations were 

observed, possibly since all sampling occurred during a single season (summer). 
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4.3. Taxonomic description of blood stages 
 
Table 13 lists all blood parasites encountered within their host families and host 

species. Microfilariae were included as ancilliary findings.  
 

 

4.3.1. Leucocytozoon  
 
In this study, 14 bird species from eight bird families were found to be positive for 

Leucocytozoon species (see Table 7, p. 65). Gametocytes in thin blood smears were 

described morphologically. (Numbers consisting of one letter and five numbers are 

the birds� identification number.) 

 
 
Leucocytozoon in Honeyeaters (Meliphagidae) 
 

Twenty-nine individuals from two species of Meliphagidae were examined. Twenty of 

these were positive for some sort of blood parasite. Ten of 25 Noisy Miners 

(Manorina melanocephala) and three of three Noisy Friarbirds (Philemon 

corniculatus) were positive for Leucocytozoon gametocytes.  

A typical Leucocytozoon gametocyte found in this family is shown in Figure 

10A. Measurements were taken from typical Leucocytozoon gametocytes from a 

Noisy Miner (K98 177) (Table 14). Generally noticed was a marked size variation 

even within the same blood smear, with some gametocytes being less than half the 

size of others (Figure 10B). 

 
Macrogametocytes (see Figure 13A, p. 86): Parasites small and round, sometimes 

broadly ovoid, if deformed by neighbouring cells nearly triangular. Nucleus ovoid to 

round, without marked karyosome. Karyosome, when present, small, staining red, 

situated at margin of parasite nucleus. Cytoplasm dark blue and very granular, with  
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Table 13: List of bird families and species positive for haematozoa. 

Bird family Bird species Species name Parasite 
BIRDS POSITIVE FOR LEUCOCYTOZOON SPP. 

Noisy Miner Philemon corniculatus L. anellobiae Meliphagi-
dae Noisy Friarbird Manorina melanocphala L. anellobiae 
Columbidae Crested Pigeon Geophabs lophotes L. marchouxi 

Torresian Crow Corvus orru L. sakharoffi 
Australian Magpie Gymnorhina tibicen L. sakharoffi 
Pied Currawong Strepera graculina L. sakharoffi 
Grey Butcherbird Cracticus torquatus L. sakharoffi 

Corvidae 

Magpie Lark Grallina cyoanoleuca L. sakharoffi 
Threskiorni-
thidae 

White Ibis Threskiornis molucca L. ibisi (n.sp.) 

Oriolidae Southern Figbird Sphecoteres viridis L. oriolis 
Podargidae Tawny Frogmouth Podargus strigoides L. podargii (n.sp.) 
Coraciidae Dollarbird Eurystomus orientalis L. eurystomae 

Rainbow Lorikeet Trichoglossus 
haematodus 

Leucocytozoon sp. Psittacidae 

Sulphur-crested 
Cockatoo 

Cacatua galerita Leucocytozoon sp. 

BIRDS POSITIVE FOR HAEMOPROTEUS SPP. 
Domestic Pigeon Columba livia H. columbae Columbidae 
Wonga Pigeon Leucosarcia melanoleuca H. columbae 
Noisy Miner Manorina melanocephala H. ptilotis Meliphagi-

dae Noisy Friarbird Philemon corniculatus H. ptilotis 
Corvidae Torresian Crow Corvus orru H. danilewskyi 
Threskiorni-
thidae 

White Ibis Threskiornis molucca H. plataleae 

Halcyonidae Sacred Kingfisher Todirhampus sancta H. halcyonis 
Coraciidae Dollarbird Eurystomus orientalis H.eurystomae 
Ardeidae Nankeen Night-

Heron 
Nycticorax caledonicus H. mathislegeri 

Accipitridae Wedge-tailed 
Eagle 

Aquila audax H. nisi 

Rallidae Dusky Moorhen Gallinula tenebrosa H. porzanae 
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(Table 13: continued) 
 
BIRDS POSITIVE FOR PLASMODIUM SPP. 

Torresian Crow Corvus orru 
Australian Magpie Gymnorhina tibicen 
Pied Currawong Strepera graculina 
Grey Butcherbird Cracticus torquatus 

Corvidae 

Pied Butcherbird Cracticus nigrogularis

Predominantly mixed 
infection with Plasmo-
dium spp. from the 
subgenera Haem-
amoeba, Giovannolaia, 
Huffia, and Novyella,   

Meliphagi-
dae: 

Noisy Miner Manorina 
melanocephala 

Plasmodium spp. (sub-
genus Haemamoeba 
and Novyella) 

Oriolidae Southern Figbird Sphecoteres viridis Subgenus 
Haemamoeba 

Columbidae Domestic Pigeon Columba livia Plasmodium spp. 
BIRDS POSITIVE FOR TRYPANOSOMA SPP. 

Australian Magpie Gymnorhina tibicen T. corvi Corvidae 
Grey Butcherbird Cracticus torquatus T. corvi 

Meliphagi-
dae 

Noisy Friarbird Philemon 
corniculatus 

T. anellobiae 

 

host cell-parasite complex (HPC) nucleus as cap or sometimes ribbon, covering an 

average of 44.7 % of the parasite periphery. Pigment granules 3-26, dark, round and 

mainly small. In the case of one Noisy Friarbird (K98 105), 20-30 red and in some 

gametocytes extraordinarily prominent pigment granules present. Vacuoles small and 

not prominent but in rare cases up to 1 µm diameter and quite prominent, apparently 

not dependent on the maturity of gametocytes. 

 
Microgametocytes (see Figure 13B, p.86): Very lightly stained and usually slightly 

smaller than macrogameto-cytes. Less numerous than macrogametocytes and often 

deformed by neighbouring blood cells. Parasite nucleus not clearly visible but 

apparently large, containing elongate pink nuclear material. Microgametocytes in one 

Noisy Friarbird (K98 105) contained vacuoles scattered throughout the cytoplasm. 
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Table 14:  Morphometric parameters of L. anellobiae (in M. melanocephala K98 
177). All measurements in micrometres, standard deviation in parentheses ( ), range 
in square brackets [ ].  
 

Parasite Parasite nucleus Host-parasite complex 
Maximum 
diameter 
(PMxD) 

Minimum 
diameter 
(PMixD) 

Maximum 
diameter 
(PNMxD) 

Minimum 
diameter 
(PNMixD) 

Maximum 
diameter 

(HPCMxD) 

Minimum 
diameter 

HPCMixD) 
Macrogametocytes (n = 18) 
9.90 (1.19) 
[7.95-12.65] 

8.72 (0.92) 
[7.23-10.24] 

2.81 (0.69) 
[1.81-4.10] 

1.94 (0.32) 
[1.57-2.77] 

11.05 (0.76) 
[9.64-12.17] 

9.21 (1.46) 
[7.23-12.05] 

% Periphery covered by HPC-nucleus: 44.7 % (15.64) [30-90 %] 
Shape of parasite: Round 
Microgametocytes (n = 10) 

9.21 (1.03) 
[7.47-11.2] 

7.20 (1.93) 
[4.22-9.88] 

2.47 (0.37) 
[1.93-2.77] 

1.75 (0.21) 
[1.57-1.93] 

Only one found: 
10.7x9.6  

% Periphery covered by HPC-nucleus: Not present 
Shape of parasite: Mainly round, some sickel-shaped (deformed) 

 

The morphologic and morphometric descriptions conform to those of Leucocytozoon 

anellobiae as described by Bennett et al. (1994b). Minor differences to the type 

description were observed, with pigment granules seen in macrogametocytes in two 

infected birds and microgametocytes were generally found to be slightly smaller than 

macrogametocytes. Because of presumed family specificity and only slight deviations 

from the description given by Bennett et al. (1994b) leucocytozoids encountered in 

this bird family are believed to be referable to Leucocytozoon anellobiae.  

 

 

Leucocytozoon in Pigeons and Doves (Columbidae) 
 

Within the family Columbidae, 43 animals were examined. Eleven of these were 

positive for some sort of blood parasite but only one indiviual was positive for 

Leucocytozoon gametocytes. This animal was a Crested Pigeon (Geophaps 

lophotes). It presented with high parasitaemia. Morphometric parameters are shown 

in Table 15. 
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Table 15:  Morphometric parameters of L. marchouxi (in G. lophotes J98 394). All 
measurements in micrometres, standard deviation in parentheses ( ), range in square 
brackets [ ]. 
 

Parasite Parasite nucleus Host-parasite complex 
Maximum 
diameter 
(PMxD) 

Minimum 
diameter 
(PMixD) 

Maximum 
diameter 
(PNMxD) 

Minimum 
diameter 
(PNMixD) 

Maximum 
diameter 

(HPCMxD) 

Minimum 
diameter 

HPCMixD) 
Macrogametocytes (n = 20) 
14.67 (0.99) 
[12.53-16.15] 

11.87 (0.90) 
[10.12-13.61] 

5.32 (1.11) 
[3.37-7.71] 

3.34 (0.83) 
[2.05-5.30] 

15.66 (1.21) 
[14.21-18.07] 

13.24 (1.08) 
[11.08-14.94] 

% Periphery covered by HPC-nucleus: 36 % (12.0) [25-60 %] 
Shape of parasite: Round ro broadly ovoid 
Microgametocytes (n = 10) 
13.70 (1.09) 
[11.33-15.06] 

8.87 (1.07) 
[7.71-10.96] 

Not measurable 14.78 (1.74) 
[12.41-18.31] 

10.95 (1.25) 
[9.15-13.49] 

% Periphery covered by HPC-nucleus: 43 % (9.1) [25-55 %] 
Shape of parasite: Broadly ovoid to ovoid 

 
Macrogametocytes (see Figure 11A;  Figure 14A, p. 86): Parasites round to broadly 

ovoid, often deformed by neighbouring cells and therefore rectangular. Gametocytes 

relatively big. Some small gametocytes present, which were only about half the size 

of the usual gametocytes. Nucleus big and elliptical. Marked red karyosome in only 

some parasites. Cytoplasm not very dark, appearing almost foamy, because of 

numerous (n>50) well defined vacuoles. The latter were especially numerous in big 

very light-coloured macrogametocytes. Neither red nor dark pigment granules visible. 

HPC-nucleus cap-like, often destroyed by smear preparation, covering 36 % of the 

parasite periphery. 

 
Microgametocytes (see Figure 11B; Figure 14B, p. 86): Microgametocytes smaller 

than macrogametocytes, with pale cytoplasm. Parasite nucleus not clearly visible. 

Both macro- and microgametocytes often deformed by neighbouring erythrocytes.  

 

The morphologic characters were found to be strongly consistent with the description 

of Leucocytozoon marchouxi Mathis & Leger, 1910 as given by Bennett et al. 

(1992b). Red volutin pigment granules, however, were not seen and cytoplasmic  



Figure 10:  A - macrogametocyte of L. anellobiae in Manorina
melanocephala (Noisy Miner) K98 177 (bar  = 10 µm). B - marked size
difference of two macrogametocytes in the same smear (bar  = 10 µm).

Figure 11:  A - macrogametocyte of L. marchouxi in Geophaps lophotes
(Crested Pigeon) J98 394 (bar  = 10 µm). B - microgametocyte of L.
marchouxi in the same bird (bar  = 10 µm).
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vacuoles seemed in some cases to be well defined, generally giving the cytoplasm a 

typical �foamy� appearance. The leucocytozoids encountered in this Crested Pigeon 

were believed to be L. marchouxi because of their conformity to the description in 

literature and assumed host family specificity of Leucocytozoon species. 

 
Leucocytozoon in Crows, Magpies, Currawongs and Magpie Larks (Corvidae) 
 

A total of 95 birds belonging to seven species within this family were collected. 

Twenty-five individuals from five species were found to be infected with 

Leucocytozoon gametocytes. Sizes of macro- and microgametocytes from several 

bird species within this family are given in Table 16. 

 

Macrogametocytes (see Figure 12A; Figure 15A, p. 86):  

Macrogametocytes relatively small (especially those from the Torresian Crow and 

Grey Butcherbird) or medium sized, round to broadly ovoid. Macrogametocytes 

showed remarkable size variation in some birds. Parasite nucleus round to ovoid (in 

some cases ovoid/elongate). In one Pied Currawong, the parasite nucleus appeared 

to be clearer in slightly immature gametocytes compared to mature gametocytes. A 

marked karyosome could only be seen in one fifth of the gametocytes in most birds 

but was well visible in most macrogametocytes from Pied Currawongs. In these 

cases, the karyosome was situated mostly laterally within the parasite nucleus. The 

cytoplasm stained dark blue and contained eight black pigment granules in two 

gametocytes from one Torresian Crow (A98 133). Black pigment granules were also 

seen in uninfected white blood cells of this bird, the significance and origin of those 

granules is therefore not clear. Black pigment granules were also seen in some 

macrogametocytes from several Australian Magpies, Pied Currawongs and Grey 

Butcherbirds. The number of pigment granules ranged from one to 40, but was 

usually from ten to 20 per gametocyte. Some individuals (L98 240, J98 427, J98 366, 

K98 243 and K98 080) were found to contain up to 20 red (volutin) pigment granules. 

The cytoplasm contained a high number of small vacuoles. These vacuoles were 

seen in pigmented as well as in unpigmented gametocytes. 
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Table 16: Morphometric parameters of L. sakharoffi from Corvidae. All 
measurements in micrometres, standard deviation in parentheses ( ), range in square 
brackets [ ]. 

Parasite Parasite nucleus Host-parasite complex 
Maximum 
diameter 
(PMxD) 

Minimum 
diameter 
(PMixD) 

Maximum 
diameter 
(PNMxD) 

Minimum 
diameter 
(PNMixD) 

Maximum 
diameter 

(HPCMxD) 

Minimum 
diameter 

HPCMixD) 
Macrogametocytes (in Torresian Crow K98 158) (n = 20) 
9.86 (1.18) 
[8.07-12.29] 

8.72 (0.89) 
[6.39-10] 

2.92 (1.07) 
[1.57-6.27] 

2.09 (0.69) 
[1.33-4.22] 

11.54 (0.92) 
[10.48-12.89] 

9.37 (0.65) 
[8.43-10.72] 

%Periphery covered by HPC-nucleus: 43 % (9.5) [30-50 %] 
Shape of parasite: Round to ovoid 
Macrogametocytes (in Australian Magpie L98 240) (n = 20) 
11.86 (1.42) 
[9.76-14.10] 

10.06 (1.22) 
[8.19-12.05] 

3.66 (1.00) 
[2.17-5.78] 

2.26 ( 0.33) 
[1.81-3.01] 

13.67 (1.91) 
[10.36-16.51] 

11.88 ( 2.39) 
[9.04-14.82] 

%Periphery covered by HPC-nucleus: 54 % (17.4) [30-80 %] 
Shape of parasite: Round to broadly ovoid 
Macrogametocytes (in Pied Currawong K98 100) (n = 20) 
12.98 (1.05) 
[10.84-14.94] 

10.60 (1.02) 
[9.03-12.41] 

4.15 (0.84) 
[2.41-5.42] 

2.83 (0.51) 
[2.05-3.61] 

15.44 (1.15) 
[14.70-17.47] 

14.53 (1.40) 
[13.25-16.87] 

%Periphery covered by HPC-nucleus: 52.9 % (8.7) [30-60 %] 
Shape of parasite: Round to broadly ovoid 
Macrogametocytes (in Grey Butcherbird L98 025) (n = 20) 

9.86 (1.05) 
[7.71-11.45] 

8.22 (1.05) 
[6.02-9.88] 

3.41 (1.31) 
[1.93-6.63] 

2.38 (0.61) 
[1.33-3.61] 

11.91 (1.69) 
[10.24-15.42] 

9.74 (2.21) 
[6.63-15.18] 

%Periphery covered by HPC-nucleus: 36.8 % (14.2) [20-75 %] 
Shape of parasite: Round, some ovoid 
Microgametocytes (in Australian Magpie L98 240) (n = 10) 
12.01 (1.19) 
[9.40-13.25] 

8.04 (1.82) 
[5.42-12.41] 

Not visible Not measurable 

%Periphery covered by HPC-nucleus: No HPC-nucleus seen 
Shape of parasite: Ovoid 
Microgametocytes (in Pied Currawong K98 100) (n = 10) 
12.54 (1.23) 
[11.44-14.33] 

7.78 (0.98) 
[6.02-9.28] 

Not visible Not measurable 

%Periphery covered by HPC-nucleus: 50 % [50 %] 
Shape of parasite: Ovoid 
Microgametocytes (in Grey Butcherbird L98 025) (n=10) 
10.69 (0.88) 
[9.40-12.05] 

8.40 (1.06) 
[6.75-10.24] 

Not visible 12.82 (2.11) 
[10.48-16.02] 

11.07 (2.23) 
[8.80-15.42] 

%Periphery covered by HPC-nucleus: 48 % (8.4) [40-60 %] 
Shape of parasite: Ovoid to round, often triangular (deformed) 
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Some of those vacuoles were quite clear and prominent. The HPC-nucleus formed a 

cap or ribbon, covering an average of 37-54 % in the species measured, in the few 

gametocytes present in a Magpie Lark it covered one third. In many cases the host 

cell-parasite complex nucleus was missing. Many immature stages were thought to 

be present in erythrocytes/ reticulocytes in one Pied Currawong (K98 100) (Figure 

12C,D).  

Sizes of the macrogametocytes found in the Magpie Lark were within the 

normal range of gametocytes found in the family Corvidae (size of parasites ranged 

from 11.56x8.9 µm to 11.80x9.39 µm, size of parasite nucleus: 3.85x2.5 µm to 

3.85x2.04 µm). 

 

Microgametocytes (see Figure 12B; Figure 15B, p. 86): 

Only very few microgametocytes could be detected in the blood films. They all 

contained one to 20 red (volutin) pigment granules but could not be measured due to 

deformation of the cells. Other individuals from this bird family showed gametocytes 

with a large light coloured nuclear area, but lack of marginal definition precluded 

measurement. HPC-nucleus often missing, but when present covering about 50 % of 

the parasite periphery. 

 

The morphological characters of Leucocytozoon gametocytes in the five species of 

Corvidae are very similar to those given by Bennett and Peirce (1992) for 

Leucocytozoon sakharoffi. The presence of volutin granules in gametocytes 

conforms to previous descriptions, but the nature of black pigment-like granules seen 

in many individuals is not clear. The HPC-nucleus covered less periphery than that 

described from the literature and appeared to be cap-like in some parasites, rather 

than ribbon-like in the literature. The macrogametocytes in most species were 

smaller than described by Bennett and Peirce (1992) and microgametocytes were 

rather bigger instead of 5-10 % smaller than macrogametocytes. Despite some minor 

differences between the parasites encountered in these smears and that of L. 

sakharoffi in the literature, it is thought that they are referable to Leucocytozoon 

sakharoffi. 



Figure 12:  A - macrogametocyte of L. sakharoffi in Corvus orru (Torresian Crow)
K98158 (bar = 10 µm). B - microgametocyte of L. sakharoffi in Strepera graculina
(Pied Currawong) K98 100 (bar = 10 µm). C, D - immature gametocytes in
S. graculina (Pied Currawong) K98 100 (bar = 10 µm).

C D

B
A

85



A B
Figure 13:  Typical gametocytes of Leucocytozoon anellobiae in the meliphagid, 
Manorina melanocephala (Noisy Miner), A - macrogametocyte, and 
B - microgametocyte.

BA
Figure 14:  Typical gametocytes of Leucocytozoon marchouxi in the
columbid, Geophaps lophotes (Crested Pigeon), A - macrogametocyte, and
B - microgametocyte.

A B
Figure 15:  Typical gametocytes of Leucocytozoon sakharoffi in the corvid,
Corvus orru (Torresian Crow),  A - macrogametocyte, 
and B - microgametocyte.

86



 

 

 

87

Leucocytozoon in Ibis (Threskiornithidae)  
 

Eighteen animals from this family were examined. Seventeen of which were White 

Ibis (Threskiornis molucca). Five birds were positive for some sort of blood parasite, 

but only one White Ibis harboured Leucocytozoon gametocytes. This animal showed 

high parasitaemia. Morphometric parameters from the Leucocytozoon species 

encountered are presented in Table 17.  

 
Table 17:  Morphometric parameters of L. ibisi (in T. molucca K98 031). All 
measurements in micrometres, standard deviation in parentheses ( ), range in square 
brackets [ ]. 
 

Parasite Parasite nucleus Host-parasite complex 
Maximum 
diameter 
(PMxD) 

Minimum 
diameter 
(PMixD) 

Maximum 
diameter 
(PNMxD) 

Minimum 
diameter 
(PNMixD) 

Maximum 
diameter 

(HPCMxD) 

Minimum 
diameter 

HPCMixD) 
Macrogametocytes (n = 20) 
11.33 (0.68) 
[9.88-12.65] 

10.10 (0.72) 
[8.19-10.96] 

3.99 (1.09) 
[2.17-6.27] 

2.33 (0.50) 
[1.45-3.25] 

12.76 (1.06) 
[11.45-15.06] 

10.81 (0.69) 
[9.27-11.69] 

% Periphery covered by HPC-nucleus: 23.8 % (7.8) [15-45 %] 
Shape of parasite: Round to broadly ovoid 
Microgametocytes (n = 10) 
11.48 (1.33) 
[9.76-14.70] 

7.82 (1.46) 
[5.42-9.64] 

Not visible 13.22 (1.04) 
[11.81-14.70] 

9.74 (1.14) 
[7.59-11.69] 

% Periphery covered by HPC-nucleus: 37.8 % (6.7) [30-50 %] 
Shape of parasite: Ovoid 
 

Macrogametocytes (see Figure 16A; Figure 21A, p. 97): Small round morphs only, 

but generally bigger and more abundant than microgametocytes. Cytoplasm coarsely 

granular and dark, with few hyaline non-prominent vacuoles. Some gametocytes 

exhibiting one to five black refractile pigment granules. Nucleus ovoid, pink with a 

small round not very distinctive karyosome. HPC-nucleus cap-like, covering only a 

small percentage of the parasite.  
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Microgametocytes (see Figure 16B; Figure 21B, p. 97): Microgametocytes paler 

than macrogametocytes, often distorted. Parasite nucleus not distinguishable. HPC-

nucleus covering a third to a half of the gametocyte periphery.  

 
The parasite encountered conforms to Leucocytozoon ibisi as described by Adlard et 

al. (in press) even though it exhibited pigment granules in some gametocytes. 

 
 
Leucocytozoon in Figbirds (Oriolidae) 
 

Leucocytozoon gametocytes were found in ten of 13 Southern Figbirds 

(Sphecotheres viridis). Apart from one case of Plasmodium spp., no other 

haematozoa were found in this bird family. Morphometric parameters are presented 

in Table 18. 

 
Table 18:  Morphometric parameters of L. oriolis (in S. viridis K98 410). All 
measurements in micrometres, standard deviation in parentheses ( ), range in square 
brackets [ ]. 
 

Parasite Parasite nucleus Host-parasite complex 
Maximum 
diameter 
(PMxD) 

Minimum 
diameter 
(PMixD) 

Maximum 
diameter 
(PNMxD) 

Minimum 
diameter 
(PNMixD) 

Maximum 
diameter 

(HPCMxD) 

Minimum 
diameter 

HPCMixD) 
Macrogametocytes (n = 20) 
11.30 (1.06) 
[9.63-12.89] 

10.17 (0.74) 
[8.92-11.33] 

3.25 (0.70) 
[1.69-4.22] 

2.27 (0.42) 
[1.69-3.37] 

13.41 (1.78) 
[11.33-16.87] 

11.72 (1.91) 
[9.40-15.30] 

% Periphery covered by HPC-nucleus: 43 % (16) [20-70 %] 
Shape of parasite: Round to broadly ovoid 
Microgametocytes (n = 10) 

9.82 (1.19) 
[7.83-11.33] 

6.08 (0.82) 
[4.22-7.23] 

Not visible 10.89 (1.72) 
[8.92-13.49] 

7.01 (1.53) 
[5.18-9.40] 

% Periphery covered by HPC-nucleus: 50 % (0) 
Shape of parasite: Ovoid to triangular 

 

Macrogametocytes (see Figure 17A; Figure 22A, p. 97): Relatively small round to 

ovoid parasites, often deformed by mechanical preparation of the blood smear. 
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Parasite nucleus round to ovoid and large. Karyosome not prominent. Cytoplasm 

finely granular, sometimes containing 1-15 round refractile black pigment granules of 

0.2-0.5 µm size and 5-30 nondistinct but sometimes prominent vacuoles. Six 

Southern Figbirds did not contain pigment granules and two others did only 

occasionally and if so, in low numbers only (1-2 granules). Only two Southern 

Figbirds (K98 410 and L98 036) consistently contained pigment. Some of the 

gametocytes were still in host cell-parasite complexes showing clearly visible host 

cell membranes. Host cell-parasite complex nucleus very variable: 20-70 % of the 

parasite periphery is covered by the HPC-nucleus, which appeared to be cap-like 

when covering 30-40 % and ribbon-like when covering 40-60 %. Macrogametocytes 

exhibited marked size variation. In small forms more and smaller pigment granules 

observed, with less or no vacuolation and a relatively dense cytoplasm. Larger forms 

showed fewer but larger pigment granules and more vacuoles than the latter. This 

trend including marked size variation was noticed in several individuals of infected 

Figbirds.  

 
Microgametocytes (see Figure 17B; Figure 22B, p. 97): Microgametocytes smaller 

than macrogametocytes, very lightly coloured, frequently distorted during preparation 

of the blood smear. HPC-nucleus covering 50 % of the parasite periphery. 

 
Immature gametocytes (see Figure 17C): Many immature gametocytes were seen, 

often two in one host cell. 

 
The morphologic parameters were found to conform to the description of 

Leucocytozoon oriolis given by Bennett and Peirce (1992). However, the average 

size of the parasite was smaller than the size described in the literature, pigment 

granules were found in some individuals and the HPC-nucleus covered an average 

of 43 %, ranging from 20-70 %, while an average of 67 % was reported by Bennett 

and Peirce (1992). Despite these differences and because of assumed family 

specificity the parasites found in this bird family are referable to Leucocytozoon 

oriolis. This bird family has been classified as belonging to the family Corvidae  
 



Figure 16:  A - macrogametocyte of L. ibisi in Threskiornis molucca (White
Ibis) K98 031 (bar = 10 µm). B - microgametocyte of L. ibisi in the same bird
(bar = 10 µm).

BA

Figure 17:  A - macrogametocyte of L. oriolis in Sphecotheres viridis
(Southern Figbird) A99 356 (bar = 10µm). B - microgametocyte of L. oriolis,
and C - two immature gametocytes in the same bird (bar = 10 µm).

A B

C
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recently and L. oriolis in fact has similarity to L. sakharoffi. A review of this species 

may be required. 

 

 

Leucocytozoon in Frogmouths (Podargidae) 

 
Eleven of 21 Tawny Frogmouths were found to be infected with Leucocytozoon 

gametocytes. Morphometric measurements are presented in Table 19. 

 

Table 19:  Morphometric parameters of L. podargii (in P. strigoides L98 264). All 
measurements in micrometres, standard deviation in parentheses ( ), range in square 
brackets [ ]. 
 

Parasite Parasite nucleus Host-parasite complex 
Maximum 
diameter 
(PMxD) 

Minimum 
diameter 
(PMixD) 

Maximum 
diameter 
(PNMxD) 

Minimum 
diameter 
(PNMixD) 

Maximum 
diameter 

(HPCMxD) 

Minimum 
diameter 

HPCMixD) 
Macrogametocytes (n = 20) 
12.37 (0.59) 
[11.08-13.25] 

11.07 (0.71) 
[9.76-12.41] 

3.59 (1.13) 
[2.05-6.63] 

2.13 (0.44) 
[1.44-3.01] 

14.05 (0.67) 
[13.25-15.66] 

11.51 (1.01) 
[9.64-13.25] 

% Periphery covered by HPC-nucleus: 31 % (6.4) [20-45 %] 
Shape of parasite: Round 
Microgametocytes (n = 10)  
12.10 (1.56) 
[10.12-14.46] 

8.31 (1.37) 
[6.51-10.24] 

Not measurable 13.90 (0.79) 
[12.89-15.06] 

11.73 (1.41) 
[10.24-13.25] 

% Periphery covered by HPC-nucleus: 33.3 % (7.6) [25-40 %] 
Shape of parasite: Ovoid (possibly deformed) 

 

Macrogametocytes (Figure 18A; Figure 23A, p. 97): Round morphs with dark, finely 

granular cytoplasm containing only occasionally small hyaline indistinct vacuoles. 

Marked size variation was noted in only one individual (A99 041). Nucleus round or 

oval, without distinctive karyosome, which could only be seen in two individuals. 

HPC-nucleus formed a cap covering an average of about one third (25-50 %) of the 

parasite periphery, but is often torn off the complex (in the mechanical preparation of 

the smear). About 50 % of the parasites in most infections were without HPC-

nucleus. Two birds showed exclusively pigmented gametocytes with up to 20 small 
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black pigment granules of up to 0.5 µm (K98 044 and L98 264). Similar granules 

appeared to be present in some noninfected leucocytes in one bird. Pigmented 

macrogametocytes in one animal (A99 040), which showed both pigmented and 

unpigmented gametocytes, appeared to have less vacuoles than unpigmented 

parasites. In one individual (L98 264) showing many immature parasites, it appeared 

that some gametocytes were present in erythrocytes. 

 
Microgametocytes (see Figure 18B; Figure 23B, p. 97): Microgametocytes were 

always smaller in size and clearly less numerous than macrogametocytes. Often 

deformed, rectangular. Cytoplasm pale, big dispersed nucleus, karyosome not 

discernable.  

 
The parasite encountered conforms to Leucocytozoon podargii as described by 

Adlard et al. (in press). 

 
 
Leucocytozoon in Rollers (Coraciidae) 
 

Six birds belonging to this family were sampled and two were found to be positive for 

Leucocytozoon gametocytes one of which was positive for Leucocytozoon only, the 

second for Leucocytozoon spp., Haemoproteus spp. and microfilariae. Only very few 

gametocytes were found. 

 
Macrogametocytes (see Figure 19A): Four macrogametocytes were found in one 

Dollarbird (K98 264) and only one in the second bird. The gametocytes were small 

(12.65x11.9 µm and 12.89x11.56 µm) and round to broadly ovoid. Cytoplasm dark 

blue with up to ten small non-prominent vacuoles of 0.4-0.8 µm diameter present in 

the cytoplasm. One macrogametocyte contained 30 refractile pigment granules of 

approximately 0.4 µm diameter. Parasite complex 13.85x12.65 µm and 16.26x12.04 

µm in size. Parasite nucleus round (2.04 µm diameter) or ovoid (3.97x2.89 µm), 

karyosome only seen in one macrogametocyte, 1.44x0.6 µm in size. HPC-nucleus 

cap-like, covering approximately 20-25 %.  
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Microgametocyte (Figure 19B): Microgametocytes were about the same size 

(13.25x9.60 µm) as macrogametocytes but rather ovoid in shape. Host parasite 

complex 14.69x12.04 µm. Cytoplasm lighter coloured than in macrogametocytes but 

granular, containing approximately 50 red pigment granules. Microgametocyte 

nucleus poorly defined, but karyosome clearly visible (as in the macrogametocyte: 

0.84x0.84 µm). HPC-nucleus covering approximately 25 %.  

 

In these two birds, only round morphs were encountered. Round and fusiform 

morphs were described in the redescription of Bennett et al. (1993c) of 

Leucocytozoon eurystomi Kerandel, 1913. With the exception that pigment granules 

were observed, the description given here is strongly consistent with that description 

given by Bennett et al. (1993c). 

 
 
Leucocytozoon in Lorikeets and Cockatoos (Psittacidae) 
 

One of 146 Rainbow Lorikeets (Trichglossus haematodus) and one of five Sulphur-

crested Cockatoos (Cacatua galerita) showed Leucocytozoon gametocytes in their 

blood. Twenty macrogametocytes and ten microgametocytes were measured in the 

Sulphur-crested Cockatoo (Table 20). 

 

Macrogametocytes (see Figure 20A,C and Figure 24A, p. 97): The Sulphur-crested 

Cockatoo showed an abundance of young gametocytes of varying sizes that were 

still in a host cell-parasite complex. Macrogametocytes generally showed very dark, 

finely granular cytoplasm. Some gametocytes contained between one and six black 

refractile granules and many small non-prominent vacuoles. Prominent large 

vacuoles were seen only occasionally. Only very few macrogametocytes were found 

in the Rainbow Lorikeet. The only measurable macrogametocyte was 11.44x9.8 µm, 

its nucleus was 2.5x1.92 µm and the host cell-parasite complex 14.45x11.4 µm.  

 
 



Figure 18:  A - macrogametocyte of L. podargii in Podargus strigoides (Tawny
Frogmouth)  K98 029 (bar = 10 µm). B - macrogametocyte of
L. podargii in P. strigoides (Tawny Frogmouth) B99 074 (bar = 10 µm).

A B

Figure 19:  A - macrogametocyte of L. eurystomae in Eurystomus orientalis
(Dollarbird) K98 264 (bar = 10 µm). B - macrogametocyte in E. orientalis
(Dollarbird) A99 031 (bar = 10 µm).

A B
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Table 20:  Morphometric parameters of Leucocytozoon (in C. galerita K98 241). All 
measurements in micrometres, standard deviation in parentheses ( ), range in square 
brackets [ ]. 
 

Parasite Parasite nucleus Host-parasite complex 
Maximum 
diameter 
(PMxD) 

Minimum 
diameter 
(PMixD) 

Maximum 
diameter 
(PNMxD) 

Minimum 
diameter 
(PNMixD) 

Maximum 
diameter 

(HPCMxD) 

Minimum 
diameter 

HPCMixD) 
Macrogametocytes (n = 20) 
12.01 (1.37) 
[9.04-14.58] 

9.49 (0.96) 
[6.87-11.08] 

3.58 (0.69) 
[2.29-4.82] 

2.16 (0.57) 
[1.45-3.61] 

14.73 (1.26) 
[13.25-17.23] 

11.76 (1.67) 
[9.04-13.86] 

% Periphery covered by HPC-nucleus: 32 % (9.2) [20-50 %] 
Shape of parasite: Broadly ovoid to round 
Microgametocytes (n = 10) 

12.13 (2.2) 
[8.80-15.42] 

6.88 (1.81) 
[4.58-9.88] 

Not visible 14.22 (1.70) 
[13.01-15.42] 

9.58 (2.47) 
[7.83-11.33] 

% Periphery covered by HPC-nucleus: 42.5 % (6.5) [30-50 %] 
Shape of parasite: Broadly ovoid 

 

It showed one black pigment granule of 0.6x0.36 µm, the HPC-nucleus formed a cap 

of 35 % around the parasite periphery. Only few vacuoles were encountered. 

 
Microgametocytes (see Figure 20B and Figure 24B, p. 97): Microgametocytes were 

very lightly stained and with slightly cloudy and finely granular cytoplasm. Parasite 

nucleus large. HPC-nucleus covering about 30 % of the parasite periphery but cap 

often destroyed. The only microgametocyte that could be measured was 8.07x6.98 

µm and the host parasite complex 8.43x8.07 µm. The parasite nucleus was not 

distinct. 

 

A Leucocytozoon species within the family Psittacidae has not yet been described in 

literature. Assuming host family-specificity in the genus Leucocytozoon, the 

gametocytes found therefore belong to a new, and as yet, undescribed 

Leucocytozoon species.  
 
 
 
 
 
 



Figure 20:  A - mature macrogametocyte of Leucocytozoon sp. in Cacatua
galerita (Sulphur-crested Cockatoo) K98 241 (bar = 10 µm). B - immature
microgametocyte and C - immature macrogametocyte from the same bird
(bar = 10 µm).

A

C

B
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A B

A B

A B

A B
Figure 24: Typical gametocytes of Leucocytozoon sp. in the psittacid,
Cacatua galerita (Sulphur-crested Cockatoo), A - macrogametocyte, and B -
microgametocyte.

Figure 21: Typical gametocytes of Leucocytozoon ibisi in the threskiornithid,
Threskiornis molucca (Australian White Ibis), A - macrogametocyte, and B -
microgametocyte.

Figure 22: Typical gametocytes of Leucocytozoon oriolis in the oriole, Spheco-
theres viridis (Southern Figbird), A - macrogametocyte, and B - microgametocyte.

Figure 23: Typical gametocytes of Leucocytozoon podargii in the podargid,
Podargus strigoides (Tawny Frogmouth), A - macrogametocyte, and B -
microgametocyte.

97



 

 

 

98

 
 
 
 
4.3.2. Haemoproteus  
 
In this study, 11 bird species from nine bird families were found to be positive for 

Haemoproteus species (see Table 8, p. 66).  

 
 
Haemoproteus found in Pigeons and Doves (Columbidae) 
 

Of 12 Domestic Pigeons (Columba livia) examined, eight were positive for 

Haemoproteus gametocytes. One Wonga Pigeon (Leucosarcia melanoleuca) 

examined was also infected with Haemoproteus gametocytes. None of these were 

multiple infections with blood parasites of other genera. Measurements (Table 21) 

are given for parasites from a Domestic Pigeon.  

 

Macrogametocytes (see Figure 25A,C and Figure 28A,B, p. 108): 

Parasite halteridial, occupying more than 50 % of the host cell. Commonly, two 

macro- or microgametocytes were present in the same erythrocyte in birds with 

higher intensities of infection (K98 117, K98 194 and A99 091). Outline of 

gametocytes entire, sometimes with amoeboid poles, which were believed to be 

linked to slight immaturity. Position of the parasite lateral to the host cell nucleus, and 

displacing the host cell nucleus laterally. Occasionally position subpolar displacing 

the host cell nucleus longitudinally. Nuclear displacement ratio 0.54. Parasite nucleus 

round to ovoid in shape, situated mostly central or subcentral, rarely subterminal. 

Parasite cytoplasm dark blue, granular and vacuolated. Vacuoles mainly small. 

Frequently one or two large vacuoles present, approximately the size of the parasite 

nucleus. Macrogametocytes seemed to cause slight hypertrophy of the host cell. 

Pigment granules yellow-brown or dark brown, round, averaging 29, distributed 

randomly throughout the cytoplasm. Volutin granules only seen very rarely. In one 

Domestic Pigeon, some parasites were rounded, and these forms were considered to 

be artefacts probably due to delays in smear preparation. 
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Table 21:  Morphometric parameters of cells infected with H. columbae (from C. livia 
K98 117). All measurements in micrometres, standard deviation in parentheses ( ), 
range in square brackets [ ]. 
 

Uninfected erythrocyte  
(n = 10) 

Uninfected erythrocyte 
nucleus (n = 10) 

Length Width Length Width 
12.81 (0.88) 
[11.45-14.34] 

6.81 (0.39) 
[6.15-7.35] 

6.41 (0.53) 
[5.54-7.11] 

2.12 (0.31) 
[1.69-2.53] 

Macrogametocytes  
(n = 30) 

Microgametocytes  
(n = 15) 

 

Length Width Length Width 
Parasitised erythrocyte 13.56 (0.65) 

[11.45-14.58] 
7.49 (0.42) 
[6.63-8.19] 

13.44 (0.73) 
[12.41-14.94] 

7.53 (0.69) 
[6.15-8.92] 

Parasitised erythrocyte 
nucleus 

6.45 (0.46) 
[5.06-7.23] 

2.17 (0.23) 
[1.81-2.89] 

6.79 (0.48) 
[5.78-8.07] 

2.24 (0.24) 
[1.81-2.65] 

Parasite 11.77 (0.69) 
[10.36-13.13] 

3.26 (0.43) 
[2.17-4.70] 

11.14 (0.78) 
[9.40-13.01] 

3.25 (0.45) 
[2.53-4.22] 

Parasite nucleus 1.88 (0.33) 
[1.45-2.77] 

1.66 (0.32) 
[1.21-2.53] 

2.43 (0.42) 
[1.57-2.77] 

1.91 (0.42) 
[1.08-2.29] 

NDR 0.54 (0.12) [ 0.27-0.72] 0.55 (0.82) [0.42-0.65] 
Shape Halteridial Halteridial 
Outline Entire Entire 
Number of pigment 
granules 

29.1 (2.85) [23-35] 13.7 (2.49) [9-18] 

 
Microgametocytes (Figure 25B; Figure 28C, p. 108): General configuration, 

hypertrophy and nuclear displacement as for macrogametocytes but 

microgametocytes shorter. Cytoplasm light blue. Parasite nucleus larger than in 

macrogametocytes but often not clearly visible. Haemozoin pigment granules 

averaging 14 per parasite, less than half that in the macrogametocytes. Pigment 

granules often clumped at one or both poles. Polar aggregations sometimes joined 

by a narrow band of granules along the inner margin of the microgametocytes.  

 
Immature stages (Figure 25D; Figure 28D, p. 108): In heavy infections, up to five 

gametocytes present in the same erythrocyte. Position lateral to the host cell nucleus  



Figure 25:  A - macrogametocyte of H. columbae in Columba livia
(Domestic Pigeon) K98 117 (bar = 10 µm). B - microgametocyte of H.
columbae in the same bird (bar = 10 µm). C - double infection of one
erythrocyte with two macrogametocytes of H. columbae in the same bird.
(bar = 10 µm). D - very high intensity infection with multiple infection of
erythrocytes with up to five gametocytes of H. columbae in C. livia
A99 091 (bar = 10 µm).

A B

C D
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with pigment granules along the outline of the parasite. Immature gametocytes 

usually entire, sometimes exhibiting amoeboid margins and poles.  

 

In the Wonga Pigeon (Leucosarcia melanoleuca), a total of six gametocytes were 

found. Three with highly amoeboid margins, three with entire margins, 11.4 µm (9.7-

12.8 µm) long, 2.3 µm (1.9-2.6 µm) wide. The parasite nucleus was positioned 

centrally, haemozoin granules scattered, averaging 20 (17-22), but not overlying the 

parasite nucleus. Nuclear displacement ratio 0.81 (0.70-0.94). There appeared to be 

only slight hypertrophy of infected erythrocytes in length and width, and slight atrophy 

of the host cell nucleus. 

 

The morphologic characteristics of gametocytes in all columbids positive for 

Haemoproteus gametocytes were strongly consistent with those given in the 

description of Haemoproteus columbae Kruse, 1890 by Bennett and Peirce (1990). 

Differences were found in the size of the microgametocyte nucleus, which was 

smaller than described in the literature, and a slightly higher nuclear displacement 

ratio related to infection with microgametocytes in Domestic Pigeons (Columba livia). 

In the Wonga Pigeon (Leucosarcia melanoleuca), the displacement of the host cell 

nucleus was clearly less, the parasite nucleus smaller, and the pigment granules 

fewer than described in the literature, observations which may relate to the 

immaturity of these parasites. This is also presumed to be the cause for the 

amoeboid outline of some gametocytes in the latter host. Haemoproteus columbae 

has never been described from the Wonga Pigeon (Leucosarcia melanoleuca) 

previously (see Lederer et al. 1999).  

 
 
Haemoproteus in Honeyeaters (Meliphagidae) 
 

Twenty-nine birds belonging to the family Meliphagidae were examined. Five of 25 

Noisy Miners (Manorina melanocephala) and three of three Noisy Friarbirds 

(Philemon corniculatus) were positive for Haemoproteus spp. Morphometric 

parameters are given for one Noisy Friarbird (K98 105) (Table 22).  
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Table 22:  Morphometric parameters of cells infected with H. ptilotis (from P. 
corniculatus K98 105). All measurements in micrometres, standard deviation in 
parentheses ( ), range in square brackets [ ]. 
 

Uninfected erythrocyte  
(n = 10) 

Uninfected erythrocyte 
nucleus (n = 10) 

Length Width Length Width 
12.02 (0.72) 
[11.21-13.13] 

6.47 (0.37 
[6.02-6.99] 

5.45 (0.33) 
[4.94-5.90] 

2.22 (0.14) 
[2.05-2.41] 

Macrogametocytes (n = 30) Microgametocytes (n = 15) 

 

Length Width Length Width 
Parasitised erythrocyte 12.98 (0.90) 

[10.84-14.22] 
6.55 (0.70) 
[5.18-7.95] 

12.77 (0.74) 
[11.69-14.1] 

6.9 (0.57) 
[5.66-7.59] 

Parasitised erythrocyte 
nucleus 

5.06 (0.56) 
[3.98-6.27] 

1.89 (0.24) 
[1.33-2.29] 

5.03 (0.69) 
[3.98-6.63] 

2.02 (0.17) 
[1.69-2.29] 

Parasite 10.81 (0.85) 
[8.92-12.77] 

2.66 (0.50) 
[1.69-3.74] 

10.66 (0.52) 
[9.76-11.45] 

2.93 (0.41) 
[2.29-3.74] 

Parasite nucleus 2.35 (0.28) 
[1.93-3.37] 

1.80 (0.39) 
[1.21.3.13] 

5.52 (1.86) 
[2.17-7.23] 

2.43 (0.49) 
[1.69-3.01] 

NDR 0.77 (0.22) [0.32-1.11] 0.75 (0.13) [0.57-0.95] 
Shape Halteridial Halteridial 
Outline Entire Entire (rarely with an 

amoeboid pole) 
Number of pigment 
granules 

5.4 (1.55) [3-8] 6.87 (1.60) [4-10] 

 

Macrogametocytes (see Figure 26; Figure 29A, p. 108): Parasite halteridial, broadly 

sausage shaped, occasionally very wide, occupying more than 50 % of host cell. Cell 

margins usually entire. Some gametocytes narrow and with amoeboid outlines, 

especially at the inner margin of the parasite, facing the host cell nucleus. Parasite 

nucleus round to ovoid, often located subterminal to terminal and rather at the outer 

margin of the parasite. Nucleus sometimes not visible but when present often with 

light coloured area centrally. Gametocytes induced only slight nuclear displacement 

of the host cell nucleus. However, lateral and polar displacement of the nucleus was 

seen in one Noisy Friarbird (J98 266). Parasites caused slight hypertrophy of the 

host cell and slight atrophy of the host cell nucleus. The cytoplasm contained small 
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non-prominent vacuoles. Red volutin granules were not seen. Haemozoin pigment 

granules yellow-brown, averaging five, scattered randomly or accumulated polar, 

often surrounding the nucleus, most often rod-like and equally sized, or less often 

round and varying in size. Gametocytes seemed to adhere to the host cell nucleus. 

Some gametocytes were rounded, both intra- and exoerythrocytic, probably due to 

delay between death of the host and blood extraction.  

 
Microgametocytes (Figure 26; Figure 29B, p. 108): General configuration as in 

macrogametocytes but cytoplasm slightly lighter stained, without vacuoles and 

volutin granules. Haemozoin pigment granules averaging seven. Pigment granules 

concentrated polar, clumped or as single granules. Parasite nucleus large, seen 

centrally as a transparent area. Outline of the microgametocytes occasionally 

amoeboid. One gametocyte filled the cell entirely and nearly enucleated the host cell.  
 
Immature forms (Figure 29C, p. 108): Immature parasites found lateral to host cell 

nucleus, sometimes polar, outline entire or amoeboid. Shape ovoid and pointed or 

ovoid only. Pigment granules outlining the young parasite. Two parasites in one cell 

not uncommon. 

 

Some macrogametocytes and microgametocytes of three other birds were measured 

as there seemed to be morphologic variations between the gametocytes in individual 

birds examined. All parameters however were found to be consistent with those listed 

(Table 22) with the exception of a slightly higher number of pigment granules present 

in macrogametocytes and microgametocytes. The morphometric parameters and the 

morphologic description are similar to that of Bennett et al. (1994b) for 

Haemoproteus ptilotis (Cleland & Johnston, 1909) emend. Coatney, 1936. 

Differences included a lower number of sometimes large pigment granules (an 

average of ten described in the literature), the often subterminal to terminal position 

of the parasite nucleus and amoeboid outlines in some macro- and 

microgametocytes. In some, the parasites occupied more of the host cell than 

described in the literature. Mackerras and Mackerras (1960) reported irregular 
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distribution of pigment granules and their occasional aggregation into large irregular 

granules in H. philemon, now considered to be a synonym of H. ptilotis (Bennett et 

al., 1994b). Also reported was an amoeboid outline in immature forms of H. 

meliornis, now also considered to be a synomyn of H. ptilotis. H. ptilotis apears to be 

a highly pleomorphic haemoproteid. Haemoproteids of the birds collected during this 

study are believed to conform to the descriptions given by those authors mentioned 

above and are therefore believed to be Haemoproteus ptilotis. 

 
 
Haemoproteus in Crows and their allies (Corvidae) 
 

Of 95 corvids examined only one Torresian Crow (Corvus orru) was infected with 

Haemoproteus sp., showing a high intensity of parasitaemia. Morphometric data are 

presented in Table 23. 

 

Macrogametocytes (see Figure 27A; Figure 30A, p. 108): Parasite halteridial, either 

sausage shaped and rather wide or circumnuclear and narrow, occupying 

approximately 75 % of the cell. Nuclear displacement ratio small (0.72), with 

sausage-shaped morphs displacing the nucleus more than circumnuclear morphs. 

The gametocytes curved around three quarters of the host cell nucleus of small 

erythrocytes. Cytoplasm dark blue and coarsely granular. Macrogametocytes stained 

relatively light. Pigment granules yellow-brown or dark brown and often refractile.  

The granules were round or less often rod-shaped, averaging 21, scattered 

randomly, varying in size, many solitary or forming irregular shaped clumps of two or 

three granules. Gametocytes frequently contained either a high number of small 

granules or a lower number of large pigment granules. The granules were sometimes 

joined and formed a chain across one half of the gametocyte. Volutin granules were 

not seen. Parasite nucleus round to oval, situated centrally and less often 

subcentrally, often at outer margin of parasite. Rarely with marked small red and 

round karyosome. Round gametocytes (as shown in Figure 27B) were considered to  

 
 



Figure 27:  A - macrogametocytes and microgametocytes of H. danilewskyi
in Corvus orru (Torresian Crow) K98 158 (bar = 10 µm). B - two typical
gametocytes and one rounded gametocyte (artefact) of H. danilewskyi  in
the same bird (bar = 10 µm).

A B

Figure 26:  Macrogametocyte and microgametocyte of
H. ptilotis in Philemon corniculatus (Noisy Friarbird) K98 105
(bar = 10 µm).
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Table 23:  Morphometric parameters of cells infected with H. danilewskyi (from C. 
orru K98 158). All measurements in micrometres, standard deviation in parentheses  
( ), range in square brackets [ ]. 
 

Uninfected erythrocyte  
(n = 10) 

Uninfected erythrocyte 
nucleus (n = 10) 

Length Width Length Width 
12.46 (1.21) 
[10.84-13.98] 

7.10 (0.43) 
[6.39-7.71] 

5.47 (0.84) 
[4.22-6.63] 

2.35 (0.15) 
[2.05-2.53] 

Macrogametocytes (n = 30) Microgametocytes (n = 15) 

 

Length Width Length Width 
Parasitised erythrocyte 13.46 (0.94) 

[10.72-15.30] 
6.98 (0.50) 
[5.78-7.71] 

13.39 (1.00) 
[11.33-15.06] 

7.21 (0.47) 
[6.27-8.07] 

Parasitised erythrocyte 
nucleus 

5.08 (0.61) 
[3.61-6.02] 

2.02 (0.21) 
[1.69-2.53] 

5.43 (0.68) 
[4.46-6.63] 

1.98 (0.16) 
[1.69-2.41] 

Parasite 11.26 (0.75) 
[9.64-12.89] 

3.00 (0.31) 
[2.17-3.85] 

11.33 (0.90) 
[10.24-13.01] 

3.20 (0.32) 
[2.41-3.74] 

Parasite nucleus 2.31 (0.30) 
[1.69-2.89] 

1.81 (0.32) 
[1.21-2.65] 

4.02 (1.12) 
[2.65-5.78] 

1.81 (0.36) 
[1.21-2.41] 

NDR 0.72 (0.72) [0.46-0.92] 0.74 (0.11) [0.50-0.98] 
Shape Halteridial Halteridial 
Outline Entire Entire 
Number of pigment 
granules 

20.7 (5.28) [4-29 19.33 (0.51) [13-28] 

 

be artefacts associated with processing of the blood smears. Slight hypertrophy of 

host cell and slight atrophy of the host cell nucleus. Frequently two gametocytes 

present in one erythrocyte (Figure 27B). 

 
Microgametocytes (see Figure 27A; Figure 30B, p. 108): General configuration as 

for the macrogametocytes with the usual sexual differences such as lighter, nearly 

hyaline staining and a larger parasite nucleus. Microgametocytes were less common 

in this smear than macrogametocytes. Pigment granules averaging 19, gathered at 

both poles or outlining the inner margin of parasite. Some gametocytes very wide. 

Nucleus rather long and central.  
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Immature forms (see Figure, p. 108): Immature forms lateral to the host cell 

nucleus, ovoid to elongate, with entire or sometimes amoeboid outlines. Pigment 

granules mainly outlining the immature parasite. Parasite nucleus and karyosome 

frequently seen. Parasite nucleus large.  

 

The morphology of the parasite encountered conform to the description of 

Haemoproteus danilewskyi, Kruse 1890 given by Bishop and Bennett (1990). 

Differences were noted in the smaller size of the microgametocytes and their 

nucleus, and an equal number of pigment granules instead of a higher count in 

microgametocytes described in the literature.  

 
 
Haemoproteus in Ibis (Threskiornithidae) 
 

Eighteen birds belonging to this family were collected. Seventeen were White Ibis 

(Threskiornis molucca) and one, uninfected Royal Spoonbill (Platalea regia). Four of 

the Ibis were found to be positive for Haemoproteus sp. with measurements listed in 

Table 24. 

 
Macrogametocytes (see Figure 31A; Figure 37A,B, p. 119): Halteridial morphs, 

lateral to erythrocyte nucleus, occupying more than 75 % of the host cell. Some 

gametocytes filled the host cell almost completely. Displacement of the host cell 

nucleus marked (0.5). Cytoplasm dark blue and coarsely granular. Many 

macrogametocytes with somewhat pointed or amoeboid poles, adhering to the host 

cell nucleus and forming a pedestal-like structure (possibly an artefact or indicating 

immaturity). Often encountered were sausage-shaped gametocytes with slightly 

amoeboid rounded ends. Pigment granules yellow-brown, averaging 25, round or 

rod-like, 0.8 µm in diameter or length, randomly distributed throughout the cytoplasm 

but only rarely overlying the nucleus. In White Ibis A98 151, some pigment granules 

presented in clumps of up to ten granules. Parasite nucleus round to ovoid and rather 

discrete, central and often at outer margin of the parasite. Only small hyaline 

nonprominent vacuoles. 



A B C D
Figure 28:  Typical gametocytes of Haemoproteus columbae in the columbid, 
Columba livia (Domestic Pigeon), A, B - macrogametocyte, C - microgametocyte, 
D - immature gametocytes. 

A B C
Figure 29:  Typical gametocytes of Haemoproteus ptilotis in the meliphagid, 
Philemon corniculatus (Noisy Friarbird), A - macrogametocyte, B - micro-
gametocyte, C - immature gametocytes.

Figure 30:  Typical gametocytes of Haemoproteus danilewskii in the corvid,
Corvus orru (Torresian Crow), A - macrogametocyte, B - microgametocyte, 
C - immature gametocytes.

A B C
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Table. 24:  Morphometric parameters of cells infected with H.plataleae (in T. molucca 
K98 151). All measurements in micrometres, standard deviation in parentheses ( ), 
range in square brackets [ ]. 
 

Uninfected erythrocyte  
(n = 10) 

Uninfected erythrocyte 
nucleus (n = 10) 

Length Width Length Width 
14.22 (1.09) 
[12.05-16.02] 

7.43 (0.46) 
[6.87-8.07] 

6.33 (0.71) 
[5.42-7.47] 

2.60 (0.13) 
[2.41-2.77] 

Macrogametocytes (n = 30) Microgametocytes (n = 15) 

 

Length Width Length Width 
Parasitised 
erythrocyte 

15.62 (0.85) 
[13.61-17.47] 

7.20 (0.49) 
[5.90-8.19] 

15.30 (0.78) 
[13.98-16.87] 

7.38 (0.46) 
[6.75-8.07] 

Parasitised 
erythrocyte nucleus 

5.54 (0.55) 
[4.10-6.87] 

2.14 (0.27) 
[1.69-2.77] 

5.86 (0.67) 
[4.82-7.11] 

2.18 (0.29) 
[1.93-3.13] 

Parasite 14.19 (1.06) 
[12.41-17.11] 

3.65 (0.42) 
[2.65-4.58] 

13.74 (0.81) 
[12.05-15.06] 

3.71 (0.34) 
[3.01-4.34] 

Parasite nucleus 2.96 (0.68) 
[2.05-4.46] 

2.17 (0.22) 
[1.69-2.41] 

6.57 (1.07) 
[5.54-8.07] 

2.5 (0.64) 
[1.81-3.25] 

NDR 0.51 (0.20) [0-0.8] 0.51 (0.13) [0.25-0.67] 
Shape Halteridial Halteridial 
Outline Entire, some with amoeboid 

poles 
Entire, some with amoeboid 

poles or amoeboid 
Number of pigment 
granules 

24.86 (4.84) [18-42] 21.40 (3.16) [17-27] 

 

There appeared to be two nuclei or light coloured areas in many cases, perhaps due 

to a vacuole next to the nucleus. Gametocytes seemed to cause slight hypertrophy of 

the host cell and atrophy of the host cell nucleus. 

 
Microgametocytes (Figure 31B; Figure 37C, p. 119): General configuration as for 

the macrogametocytes but very faintly stained. Microgametocytes were less 

numerous than macrogametocytes in White Ibis A99 151 but equally numerous in 

White Ibis A99 050. Nucleus often not clearly disinguishable, appearing very large 

and located centrally. Gametocytes very broad with round ends, somewhat 

amoeboid, displacing the host cell nucleus markedly, some showing the pedestal-like 
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structure. Some round forms free or within erythrocytes were considered to be 

artefacts. Pigment granules as in macrogametocytes, averaging 21, sometimes 

aggregated or clumped near one or both poles. 

 
Immature stages (Figure 31B; Figure 37D, p. 119): Very numerous in White Ibis A99 

151, but only few in other birds. Gametocytes mostly lateral to the host cell nucleus 

or beginning their growth subpolar, curved along host cell nucleus laterally. 

Occasionally with amoeboid outline, already containing pigment granules when very 

small but less than in adult stages. Pigment in margins of parasite or concentrated 

along polar outline. Some erythrocytes infected with two gametocytes as shown in 

Figure 31B.  

 
The morphometric parameters and description conform to Haemoproteus plataleae 

as given by Bennett et al. (1975). Differences include an average of only 25 pigment 

granules compared to an average of 33-45 granules in the literature and less lateral 

displacement of the host cell nucleus. Some gametocytes, however, contained up to 

42 granules and nuclear displacement ranged from slight to marked displacement (0-

0.8). 

 
 
Haemoproteus in Kingfishers (Halcyonidae) 
 

Fourteen birds belonging to this family were collected, of which eight were Sacred 

Kingfishers (Todiramphus sanctus), with one of those found to be positive for 

Haemoproteus spp. (measurements listed in Table 25). The remaining six birds were 

Laughing Kookaburras (Dacelo novaeguineae) but none were infected. 

 

Macrogametocytes (see Figure 32A,B and Figure 38A,B, p. 119): Halteridial 

parasites, occupying more than 50 % of the host cell. Both macro- and 

microgametocytes displaced the host cell nucleus, but were rather slender forms. 

The side of the parasite close to the nucleus was often extended toward the host cell 

nucleus and formed a pedestal-like structure. 



Figure 31:  A - two macrogametocytes of H. plataleae in Threskiornis
molucca (White Ibis) A99 151 (bar = 10 µm). B - macrogametocyte, slightly
immature microgametocyte and two immature gametocytes of H. plataleae
in the same bird (bar = 10 µm).

A B

Figure 32:  A - macrogametocyte of H. halcyonis in Todiramphus sanctus
(Sacred Kingfisher) K98 202 (bar = 10 µm). B - microgametocyte of
H. halcyonis in the same bird (bar = 10 µm).

A B
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Table 25:  Morphometric parameters of cells infected with H. halcyonis  (in 
Todiramphus sanctus K98 202). All measurements in micrometres, standard 
deviation in parentheses ( ), range in square brackets [ ]. 
 

Uninfected erythrocyte  
(n = 10) 

Uninfected erythrocyte 
nucleus (n = 10) 

Length Width Length Width 
14.52 (0.62) 
[13.37-15.18] 

6.71 (0.59) 
[5.78-7.59] 

6.29 (0.21 
[6.02-6.63] 

2.42 (0.29) 
[2.05-2.77] 

Macrogametocytes (n = 16) Microgametocytes (n = 8) 

 

Length Width Length Width 
Parasitised erythrocyte 16.51 (1.09) 

[14.94-18.68] 
6.24 (0.51) 
[5.54-6.99] 

16.34 (0.67) 
[15.30-17.23] 

6.37 (0.43) 
[5.66-6.99] 

Parasitised erythrocyte 
nucleus 

5.87 (0.41) 
[5.18-6.63] 

2.35 (0.26) 
[2.05-2.89] 

6.04 (0.87) 
[5.06-7.71] 

2.24 (0.26) 
[1.69-2.53] 

Parasite 15.31 (0.84) 
[13.74-16.63] 

2.64 (0.30) 
[2.05-3.01] 

15.12 (0.96) 
[13.74-16.39] 

2.64 (0.43) 
[2.17-3.37] 

Parasite nucleus 2.32 (0.82) 
[1.21-3.37] 

2.23 (0.56) 
[1.21-3.25] 

Not visible 

NDR 0.50 (0.22) [0-0.77] 0.53 (0.27) [0-0.89] 
Shape Halteridial Halteridial 
Outline Entire Entire, some amoeboid 
Number of pigment 
granules 

26.56 (5.25) [21-40] 20.88 (2.70) [17-26] 

 

In those cases the poles of the parasite were pointed rather than round. Some 

gametocytes curved around host cell nucleus, others were rather sausage-shaped, 

displacing the nucleus markedly. Outline sometimes amoeboid and some parasites 

even with tapering ends. Causing lateral displacement of the host cell nucleus and 

marked hypertrophy of the host cell and slight atrophy of the host cell nucleus. 

Parasite nucleus ovoid and most often central or subcentral but also sometimes 

subterminal. Cytoplasm coarse, blue and dense. Pigment granules mostly round or 

large rod-shaped, yellow-brown, scattered randomly or clumped, averaging 27. 

Vacuoles only few but quite prominent and large.  



 

 

 

113

Microgametocytes (see Figure 38C, p. 119): General configuration as in 

macrogametocytes but outline more amoeboid, pigment granules concentrated polar, 

often in clumps of three or more. Cytoplasm hyaline, parasite nucleus not seen. 

Pigment granules variable in size or of equal size, averaging 21. Some pink spots 

seen in the cytoplasm, possibly DNA/nuclear material. 

 
Immature form (see Figure 38D, p. 119): Immature forms seen as ring-like vacuoles 

lateral to the host cell nucleus, about one third of the size of the host cell nucleus. 

Sometimes two or three immature gametocytes present in one erythrocyte. Slightly 

more mature young forms exhibited rather amoeboid outlines. Up to 30 pigment 

granules were seen outlining the margins of immature forms.  

 

This parasite conforms to the description of Haemoproteus halcyonis de Mello, 1935 

given by Bennett and Campbell (1973). However, some differences were found; 

some macrogametocytes were longer and more slender, not sausage-shaped as 

others present in the same bird and as described in the literature. They occupied less 

than 70 % of the host cell-parasite complex. Young stages were never found in polar 

or subpolar locations but only lateral to host cell nucleus.  

 

 

Haemoproteus in Rollers (Coraciidae) 
 

Six Dollarbirds (Eurystomus orientalis) belonging to the family Coraciidae were 

examined but only one of them was found to be infected with Haemoproteus sp. with 

the smear containing a total of seven gametocytes (Table 26). The bird was also 

infected with microfilariae and Leucocytozoon gametocytes.  

 
Macrogametocytes (see Figure 33A; Figure 39A, p. 119): Parasites halteridial and 

slender, moderate in size, occupying more than 50 % of the host cell-parasite 

complex, in one case almost amoeboid, displacing the host cell nucleus laterally. 

Marked hypertrophy of the host cell and slight atrophy of the host cell nucleus. 

Parasite nucleus round to oval, central or in one case subcentral,  
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Table 26:  Morphometric parameters of cells infected with H.eurystomae (in 

Dollarbird A99 031). All measurements in micrometres, standard deviation in 

parentheses ( ), range in square brackets [ ]. 

 
Uninfected erythrocyte  

(n = 10) 
Uninfected erythrocyte 

nucleus (n = 10) 
Length Width Length Width 

13.71 (1.00) 
[12.17- 15.06] 

7.34 (0.40) 
[6.75-8.07] 

5.82 (0.52) 
[5.30-6.75] 

2.58 (0.14) 
[2.41-2.77] 

Macrogametocytes (n = 5) Microgametocytes (n = 2) 

 

Length Width Length Width 
Parasitised 
erythrocyte 

15.36 (0.09) 
[15.3 �15.42] 

6.93 (0.26) 
[6.75-7.11] 

15.3 
[14.7 and 15.9] 

7.11 
[6.75 and 7.47]

Parasitised 
erythrocyte nucleus 

5.14 (0.30) 
[4.82-5.42] 

2.73 (0.3) 
[2.41-3.01] 

5.18 
[2x 5.18] 

2.77 
[2.53-3.01] 

Parasite 12.41 (1.31) 
[10.6-14.1] 

2.99 (0.49) 
[2.41-3.61] 

13.13 
[12.53- 13.73] 

2.65 
[2.41-2.89] 

Parasite nucleus 2.68 (0.84) 
[1.93-4.10] 

1.88 (0.22) 
[1.57-2.17] 

2.53 (n = 1) 1.81(n = 1) 

NDR 0.51 (0.03) [0.49-0.53] 0.72 [0.70-0.74] 
Shape Halteridial Halteridial 
Outline Entire Entire 
Number of pigment 
granules 

21.6 (1.95) (min. 19-max. 23) 25 (min. 20, max. 30) 

 

light coloured, staining pink. Cytoplasm coarsely granular with small nonprominent 

vacuoles scattered throughout. Pigment granules round, varying in size, averaging 

22, distributed randomly but not present above the parasite nucleus. Large rod-like 

granules encountered in one gametocyte. Frequently volutin granules present. 

 
Microgametocytes (see Figure 33B; Figure 39B, p. 119): Only slightly immature 

forms seen, general configuration like macrogametocytes but smaller, cytoplasm very 

lightly stained. Pigment granules yellow-brown (haemozoin), small, single or in 

clumps of two or three, situated polar and along the outline of the gametocyte. One 
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microgametocyte with amoeboid ends, containing a high number of vacuoles. 

Immature forms were not found.  

 

The morphological characteristics of gametocytes seen in the family Coraciidae is 

consistent with the description of Haemoproteus eurystomae given by Bishop and 

Bennett (1986). However, differences found included a marked host cell hypertrophy 

of infected erythrocytes present in Dollarbird A99 031. 

 

 

Haemoproteus in Herons (Ardeidae) 
 

Four animals belonging to the family Ardeidae were examined. Only one Nankeen 

Night-Heron (Nycticorax caledonicus) was found to be positive for Haemoproteus sp., 

the remaining birds (one White-faced Heron (Egretta novaehollandiae), one Striated 

Heron (Butorides striatus) and one Cattle Egret (Bubulcus ibis)) were not infected.  

In the Nankeen Night-Heron only elongate pigmented immature gametocytes 

(Figure 34) were seen, adjacent to the host cell nucleus and causing slight lateral 

displacement. The maximum length of gametocytes was only half the size of one 

host cell. Measurements were not taken as the gametocytes were clearly immature. 

Shape microhalteridial, outlines entire. Some gametocytes adhering to the host cell 

nucleus. Pigment granules 5-20, yellow and red, varying in size and distributed 

randomly throughout the cytoplasm. In only one case a parasite nucleus could be 

seen. The parasites encountered seemed to be very similar to those described as 

Haemoproteus mathislegeri by Sacchi and Prigioni (1989). Due to low numbers of 

parasites however a diagnosis based on the morphology cannot be made with 

certainty. 

 

 

 

 

 



Figure 33:  A - macrogametocyte of H. eurystomae in Eurystomus orientalis
(Dollarbird) A99 031 (bar = 10 µm). B - microgametocyte of H. eurystomae in
the same bird (bar = 10 µm).

A B

Figure 34:  Haemoproteus gametocyte in Nycticorax caledonicus 
(Nankeen Night-Heron) A99 348 (bar = 10 µm).
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Haemoproteus in Eagles (Accipitridae) 
 

Seven members of the bird family Accipitridae were examined. Only one animal, a 

Wedge-tailed Eagle (Aquila audax) was found to be positive but only one 

microgametocyte was found (Figure 35). The remaining six birds one Brahminy Kite 

(Heliastur indus), one Black-shouldered Kite (Elanus axillaris), two Whistling Kites 

(Heliastur sphenurus), one Pazific Baza (Aviceda subchristata) and one Collared 

Sparrowhawk (Accipiter nissus) were not infected. The single gametocyte was lateral 

to the erythrocyte nucleus with one end curved around one pole of the erythrocyte 

nucleus. Outline slightly amoeboid. Cytoplasm containing approximately ten pigment 

granules aggregated in clumps at either end of the parasite. The parasite 

encountered was similar to Haemoproteus nisi as described by Peirce and Marquiss 

(1983) but a diagnosis based on the single gametocyte cannot be made with 

certainty.  

 

 

Haemoproteus in Moorhens (Rallidae) 
 

Six animals from the family Rallidae were examined, one Purple Swamphen 

(Porphyrio porphyrio) and five Dusky Moorhens (Gallinula tenebrosa). One individual 

of the latter species was found to be positive for Haemoproteus gametocytes. In this 

bird, three immature morphs were found (Figure 36). The gametocytes were 

positioned lateral to the host cell nucleus without displacing it. Gametocyte outline 

amoeboid, shape halteridial. Cytoplasm hyaline, unpigmented or with three to six 

pigment granules. These forms were believed to represent immature Haemoproteus 

porzanae gametocytes as described by Bennett (1980). However, a diagnosis based 

on the morphology of the few gametocytes seen in this smear cannot be made with 

certainty. 

 

 

 



Figure 35:  Haemoproteus gametocyte found in Aquila audax 
(Wedge-tailed Eagle) K98 150 (bar = 10 µm).

Figure 36:  Haemoproteus gametocyte in Gallinula tenebrosa 
(Dusky Moorhen) B99 037 (bar = 10 µm).
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A B C D

A B C D

Figure 38:  Typical gametocytes of Haemoproteus halcyonis in the halcyonid, 
Todiramphus sanctus (Sacred Kingfisher),  A, B - macrogametocyte, C - micro-
gametocyte, D - immature gametocytes.

A B

Figure 39:  Typical gametocytes of Haemoproteus eurystomae in the 
coraciid, Eurystomus orientalis (Dollarbird), A - macrogametocyte, and 
B - microgametocyte.

Figure 37:  Typical gametocytes of Haemoproteus plataleae in the threskiornithid, 
Threskiornis molucca (Australian White Ibis), A, B - macrogametocyte, 
C - microgametocyte, D - immature gametocyte.
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4.3.3. Plasmodium  
 
Eight species from four families of birds (see Table 9, p. 67) showed either 

intraerythrocytic gametocytes plus schizonts or gametocytes only, which were 

believed to be plasmodial. Measurements of blood stages in these Plasmodium 

infections were not taken, because the parasite is known to be highly pleomorphic. It 

is moreover difficult to identify Plasmodium to species level from the blood stages 

alone, even when all developmental stages are present in quantity in a single smear 

(Bennett et al., 1993a).  

 

 

Plasmodium in Crows and allies (Corvidae) 
 

Four Torresian Crows, seven Australian Magpies, six Pied Currawongs, one Grey 

Butcherbird and one Pied Butcherbird were found to be infected with plasmodial 

gametocytes and some schizonts.  

Erythrocytic schizogony was evident in several birds. In two birds, two 

erythrocytes from one individual each contained six polar or subpolar merozoites 

(see Figure 40A) and in another erythrocyte four polar positioned merozoites and one 

pigment granule were seen. Two broadly ovoid large �foamy� schizonts with one 

central aggregation of golden pigment were found (see Figure 40B), which displaced 

the host nucleus to a polar position. Two erythrocytes were found with an elongate 

schizont lateral to its nucleus giving a streaked appearance and an aggregation of 

pigment at its pole (see Figure 40C,D). In one case, half of the 14 merozoites of one 

elongate laterally positioned schizont were partly outside the erythrocyte, the 

schizont also contained some pigment centrally.  

In all corvids examined, small vacuole-like unpigmented or pigmented forms of 

various shape were encountered polar, subpolar or lateral of the host cell nucleus. 

Displacement of the host cell nucleus was only observed in some cases. Frequently 

two or more forms could be seen within one erythrocyte. Many birds were infected 

with elongate morphs mainly in lateral position. Some of these were halteridial 
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sausage-shaped morphs, mostly with entire outlines, which contained 12-18 rod-like 

or round scattered pigment granules or clumps of pigment. Additionally elongate 

morphs were encountered, which exhibited highly amoeboid internal margins. They 

occupied about 20-30 % of the host cell and contained 4-5 yellow-brown pigment 

granules of various sizes or they occupied 30-40 % and contained mostly 12-18 

scattered yellow-brown or brown, variable in size, pigment granules. The parasites 

generally touched the erythrocyte margins, but rarely the erythrocyte nucleus (see 

Figure 40E,F). Some elongate gametocytes with one to ten yellow-brown pigment 

granules of various sizes exhibited vacuolated cytoplasm. Some elongate nearly 

circumnuclear or completely circumnuclear morphs were found, which occupied 

almost 90 % of the host cell but did not displace the host cell nucleus. They 

contained 14-33 randomly distributed golden pigment granules. 

Other morphs encountered frequently were round, broadly ovoid and irregular 

shaped gametocytes in polar or subpolar position, which generally caused polar 

displacement of the host cell nucleus (see Figure 41A-D). These morphs occupied 

10-50 % of the host cell. Round gametocytes were pigmented, containing mainly 3-8 

(up to 21) yellow-brown and dark brown round singular or clumped pigment granules. 

Frequently, the host cell was grossly distorted by the parasite. Broadly ovoid 

gametocytes usually contained 2-3 large pigment granules and 1-4 vacuoles, some 

broadly ovoid or irregular ovoid gametocytes touched the erythrocyte nucleus and 

contained 1-3 small or large pigment granules and occasionally a small vacuole. 

Irregular shaped morphs contained up to 12 scattered round pigment granules of 

varying size and caused nuclear displacement. 

Crescent-shaped gametocytes in polar position contained 1-10, golden and 

dark brown pigment granules. They occupied up to 50 % of the host cell. The host 

cell nucleus was displaced polar and the host cell distorted by some, but not all, of 

the larger parasites.  

Nine species of Plasmodium were recorded by Bennett et al. (1993a) from 

Corvidae: P. cathemerium, P. circumflexum, P. elongatum, P. gallinaceum, P. 

juxtanucleare, P. lophurae, P. polare, P. relictum and P. vaughani. 

 



Figure 40:  A - intraerythrocytic Plasmodium schizont in Gymnorhina tibicen
(Australian Magpie) L98 339 (bar = 10 µm). B - intraerythrocytic Plasmodium
schizont in G. tibicen (Australian Magpie) A99 344 (bar = 10 µm). C, D -
intraerythrocytic Plasmodium schizonts in Corvus orru (Torresian Crow)
B99 166 (bar = 10 µm). E - elongate plasmodial gametocyte in G. tibicen
(Australian Magpie) K98 106 (bar = 10 µm). F - elongate plasmodial gameto-
cyte in S. graculina (Pied Currawong) B99 150 (bar = 10 µm).
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Figure 41:  A - spherical Plasmodium gametocytes in Gymnorhina tibicen
(Australian Magpie) K98 291 (bar = 10 µm). B - spherical Plasmodium gametocyte
in Strepera graculina (Pied Currawong) B99 077 (bar = 10 µm).  C, D spherical and
ovoid plasmodial gametocytes in Corvus orru (Torresian Crow) B99 166
(bar = 10 µm).
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In this study, small gametocytes of variable shape and position could not be 

taxonomically determined. Halteridial sausage-shaped morphs with entire outlines 

may represent P. polare or P. lophurae (subgenus Giovannolaia), elongate morphs 

with highly amoeboid internal margins resembled P. elongatum (subgenus Huffia), 

elongate gametocytes with vacuolated cytoplasm were similar to P. vaughani 

(subgenus Novyella) and elongate nearly circumnuclear or completely circumnuclear 

morphs may represent P. circumflexum or P. lophurae (subgenus Giovannolaia). 

Round gametocytes and broadly ovoid gametocytes most likely represent P. relictum 

or other species of the subgenus Haemamoeba. Ovoid gametocytes in contact with 

the erythrocyte nucleus represent P. juxtanucleare (subgenus Novyella) and irregular 

shaped morphs were very similar to P. durae (subgenus Giovannolaia) but could not 

be identified definitively. Broadly ovoid large schizonts are likely referable to P. 

relictum (subgenus Haemamoeba), four polar positioned merozoites were interpreted 

as P. juxtanucleare schizonts (subgenus Novyella), six polar or subpolar merozoites 

similar to those of P. durae (subgenus Giovannolaia) or P. vaughani (subgenus 

Novyella), the elongate schizont lateral to its nucleus giving a streaked appearance 

most likely represents P. lophurae or P. circumflexum (subgenus Giovannolaia), and 

the schizont with 14 merozoites resembles P. circumflexum (subgenus 

Giovannolaia). Most Corvids examined had multiple infections with 2-4 possible 

Plasmodium species. 

 

 

Plasmodium in Honeyeaters (Meliphagidae) 
 
Five Noisy Miners (Manorina melanocephala) from the family Meliphagidae were 

found infected with plasmodial parasites. In four of these birds, small, mostly 

unpigmented morphs were found mainly in polar or subpolar position. These young 

morphs were highly variable in shape, mainly round and ovoid but also of elongate or 

irregular shape and generally did not displace the host cell nucleus. Multiple invasion 

of erythrocytes with 2-4 gametocytes was common. In one bird, a high number of 

laterally positioned elongate gametocytes with irregular internal margins and 2-6 
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polar pigment granules were present, without causing displacement of the host cell 

nucleus. Also encountered were mainly laterally positioned halteridial gametocytes 

with entire outlines, possibly representing Haemoproteus ptilotis gametocytes. The 

majority of these gametocytes were touching the host cell nucleus but did not cause 

any displacement. Pigment granules were mainly scattered and large, ranging from 

1-16 but were clumped in one bird with 5-6 granules. Large round gametocytes with 

up to seven small pigment granules centrally and large irregular shaped gametocytes 

with four granules were seen, causing displacement of the host cell nucleus. 

Erythrocytic schizogony was indicated in two cases from the same bird, containing 

four merozoites and without displacing the host cell nucleus.  

Identification of the morphs described above is difficult, for in most birds only 

gametocytes were found. Bennett et al. (1993a) did not list the family Meliphagidae in 

their checklist of avian species of Plasmodium. Small variable shaped gametocytes 

could not be identified as they represent immature stages of possibly various 

Plasmodium spp., and did not exhibit fixed morphological characteristics typical of 

particular species. Large round gametocytes could be identified as belonging to the 

subgenus Haemamoeba, and were not inconsistent with P. relictum. Elongate 

gametocytes with irregular internal margins belong either to the subgenus 

Giovannolaia, Novyella or Huffia (possibly P. elongatum). Halteridial gametocytes in 

contact with the host cell nucleus may or may not be H. ptilotis and/or P. 

nucleophilum, from the subgenus Novyella. Large irregular shaped gametocytes 

resemble P. durae. The schizont is consistent with that of P. vaughani or P. rouxi. It 

is probable that most of the birds possessed multiple infections with 2-3 of these 

subgenera or species. 

 

 
Plasmodium in Figbirds (Oriolidae)  
 

From 13 birds examined, only one Southern Figbird (Sphecotheres viridis) was 

positive for Plasmodium spp. Two gametocytes were found in total: one immature 

small, broadly ovoid gametocyte, containing two pigment granules, positioned 
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subpolar, occupying approximately 20 % of the host cell, and a large broadly ovoid to 

round form, very light stained, occupying approximately 60 % of the host cell, 

containing 19 pigment granules, which were aggregated in three groups of 4-7 

granules. Both forms displaced host cell nuclei to polar positions.  

Bennett et al. (1993a) recorded three species in the family Oriolidae; P. 

relictum, P. rouxi and P. vaughani. The morphs found were identified as belonging to 

the subgenus Haemamoeba. Identification of the species is difficult since no 

intraerythrocytic schizonts were seen. However, the gametocytes showed all the 

characteristics of P. relictum.  

 

 

Plasmodium in Pigeons and Doves (Columbidae) 
 

One Domestic Pigeon (Columba livia) was found containing parasites which were 

believed to be of plasmodial origin. Exclusively immature stages were seen, which 

resembled vacuoles with either irregular or entire outline, of ovoid, elongate or very 

irregular shape, and often with one or more pointed ends, either unpigmented or 

occasionally containing one round dark polar pigment granule. The morphs were 

found in lateral, subpolar or polar position. In 50 % of affected erythrocytes two of 

these morphs were present in one erythrocyte.  

Bennett et al. (1993a) recorded ten species in Columbidae: P. cathemerium, 

P. circumflexum, P. dissanaikei, P. elongatum, P. gabaldoni, P. lophurae, P. 

nucleophilum, P. polare, P. relictum and P. vaughani. No mature or intraerythrocytic 

forms were encountered, so further identification was not possible.   
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4.3.4. Other blood parasites found 
 
Trypanosomes 
 
Trypomastigotes were seen in low numbers in three birds (see Table 10, p. 68). 

However, the true prevalence is likely to be higher given that thin blood smears are 

not an ideal diagnostic technique for the detection of Trypanosoma spp.  

 
Trypanosoma in Crows (Corvidae) 
 
Within the family Corvidae, two birds were found containing one trypanosome each 

(see Figure 42). Important structures, such as the nucleus of the trypanosome, were 

impossible to determine in one bird, and only several parameters could be measured: 

PK = 7.2 µm, PA = 35.0 µm, BW = 5.4 µm, PK/PA = 0.21. The parasites appeared to 

be rather slender, the kinetoplast round and terminal, staining densely purple with 

Giemsa. Nucleus and juxtanuclear vacuole, free flagellum and myonemes not visible. 

Undulating membrane only partly visible. The cytoplasm could not be assessed. The 

anterior end gradually tapered to a point. The undulating membrane and the parasite 

nucleus were visible in the smear from the second bird but neither free flagellum, 

kinetoplast, myonemes or juxtanuclear vacuole were visible. The parasites 

resembled Trypanosoma corvi as described by Nandi and Bennett (1994).  

 

 

Trypanosoma in Honeyeaters (Meliphagidae) 
 
Four trypomastigotes were found in one meliphagid, a Noisy Friarbird (Table 27). 

One trypomastigote was broad and deformed by neighbouring cells while the 

remaining three forms were rather slender. The cytoplasm was coarsely granular with 

many small vacuoles but none showed a free flagellum, an undulating membrane or 

myonemes. The kinetoplast was always positioned terminal at the posterior end, 

staining densely purple with Giemsa, round or ovoid. Anterior end tapering gradually 
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to a point. Nucleus in all cases central, variable in shape with a narrow band from 

one side to the other, small and round, or rectangular and large (in two cases).  

This description is very similar to that of Trypanosoma anellobiae given by 

Bennett et al. (1994b). The dimensions and relationship of structures to each other 

match, with the exception of �a long free flagellum� which could not be found here. It 

is, however, most likely that none of the stages showed an undulating membrane or 

free flagellum due to post-mortem degeneration of the trypanosome. 

 
Table 27:  Morphometric parameters of trypanosomes found in Noisy Friarbird  
(K98 105) 
 
Morphological parameters  
(in µm) 

1. 2. 3. 4. 

Posterior end to kinetoplast (PK) 6 1.2 3.6 2.4 
Kinetoplast to centre of nucleus (KN) 13.9 12 10.8 10.2 
Posterior end to centre of nucleus (PN) 14.5 13.3 14.5 12.7 
Centre of nucleus to anterior end (NA) 14.5 10.8 12.7 14.5 
Length of body without free flagellum (PA) 28.9 24.1 27.1 27.1 
Length of free flagellum (FF) - - - - 
Total length including free flagellum 28.9 24.1 27.1 27.1 
Maximum body width excluding undulating 
membrane (BW) 

8.4 5.4 5.4 5.4 

PK/PA 0.21 0.05 0.13 0.09 
PN/PA 0.5 0.55 0.54 0.47 
Nuclear index (PN/NA) 1 1.23 1.14 0.88 
Kinetoplast index (PN/KN) 1.04 1.11 1.34 1.25 
 
 
Microfilariae 
 
Microfilariae (Figure 43) were found in low numbers in seven individual birds (Table 

11). Regrettably, it is generally impossible to identify larval roundworms on the basis 

of their morphological characteristics. It is usual to examine the morphological 

characteristics of the adult worms. Even then problems of identity exist with adults 

(whose taxonomy is dependent on their location in the body) and the morphology of 

the mouth and auxillary copulatory organs, which are generally not well developed 

and are difficult to assess.  



Figure 42:  Trypanosoma corvi in Cracticus torquatus 
(Grey Butcherbird) L98 248 (bar = 10 µm).

Figure 43:  Microfilaria in Philemon corniculatus (Noisy Friarbird)
K98 105 (bar = 10 µm).
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5. RESULTS OF HISTOPATHOLOGICAL EXAMINATION 
 

Many blood parasites produce tissue schizonts within the vertebrate host in order to 

achieve rapid multiplication via the production and release of merozoites, which 

become macro- and microgametocytes in the blood stream. The majority of parasites 

encountered during the haematological examination in this study were members of 

the genera Leucocytozoon, Haemoproteus and Plasmodium, which are known to 

produce tissue schizonts. There are many reports concerning possible or proven 

pathogenicity of schizonts and therefore an objective of this study was to examine 

the birds post-mortem for evidence of tissue pathology.  

 
 
5.1. Birds positive for schizonts 
 

This survey showed lesions associated with haematozoa in the tissues of 34 birds 

belonging to 11 species in seven bird families (see Table 28). 

 
 
5.2. Description and identification of schizonts and possible pathogenic effects  
 

Recent studies have indicated the difficulty of distinguishing megaloschizonts of 

Leucocytozoon spp. histologically from schizonts of Haemoproteus spp. While 

mature gametocytes may well aid in the identification of megaloschizonts (Randall 

and Reece, 1996), caution needs to be exercised when suggesting relationships 

between the presence of megaloschizonts in tissues and the presence of 

gametocytes in blood smears as low intensity infections with other haematozoa could 

have been overlooked. The tissue stages found in this study could sometimes not be 

identified with certainty as belonging to a particular genus and are therefore 

described seperately for each bird family. 

 
 



 

 

 

131

Table 28:  Schizonts found in birds examined. Affected were 34 birds of 11 species 
from 7 bird families. Question marks indicate uncertainty of diagnosis or effects. L = 
Leucocytozoon, H = Haemoproteus, P = Plasmodium, P/H = Plasmodium or 
Haemoproteus, T = Trypanosoma, M = microfilariae. 
 
Bird 
family 

Bird species Blood 
sta-
ges  
  

ID-
Nummer 

Tissue 
affected 

Schi-
zont 

Pathological 
consequences 
of the schizont 

L J98 427 Heart and 
kidney 

L Thrombosis in 
kidney 

L  K98 063 Heart and 
spleen 

L Embolus in 
spleen 

P K98 106 Heart L (?) (?) 
L  K98 265 Lung L Tissue 

displacement, 
obstruction of 
vessel, slight 
inflammation 

P, L L98 252 Spleen L Thrombosis 

Australian 
Magpie  
(Gymnorhina 
tibicen) 

P, M A99 344 Kidney L Tubular 
destruction 

L K98 100 Heart and 
kidney 

L Myocarditis and 
nephritis, 
obstruction of 
vessels, 
thrombosis 

L K98 118 Heart and 
kidney 

L Myositis, nephritis 

L K98 293 Liver L Thrombosis 
P A99 331 Heart and 

skeletal 
muscle 

(?) Severe 
myocarditis and 
myositis 

Pied 
Currawong 
(Strepera 
graculina) 

P B98 150 Heart and 
skeletal 
muscle 

(?) Severe 
myocarditis and 
myositis 

P/H J98 023 Liver L Thrombosis Grey 
Butcherbird 
(Cracticus 
torquatus) 

L A99 075 Liver (?) (?) 

H, L K98 158 Skeletal 
muscle 

H (?) Slight myositis 

P B99 097 Skeletal 
muscle 

H (?) Slight myositis  

Corvidae 

Torresian 
Crow  
(Corvus orru) 

P, M B99 166 Lung L Obstruction of 
vessel, 
thrombosis 
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 (Table 28: continued) 
Bird 
family 

Bird species Blood 
sta-
ges  

ID-
Nummer 

Tissue 
affected 

Schi-
zont 

Pathological 
consequences 
of the schizont 

H, L K98 150 Heart and 
spleen 

(?) Tissue 
displacement and 
inflammation in 
spleen 

P K98 164 Spleen (?) Part obstruction 
of a small vessel 

P, L K98 177 Spleen and 
lung 

L  Tissue displace-
ment and inflam-
mation in spleen 

L L98 017 Skeletal 
muscle 

L  Thrombosis? 

H A99 028 Skeletal 
muscle 

L Part obstruction 
of a small vessel 

Noisy Miner 
(Manorina 
melanoce-
phala) 

P, M A99 291 Liver (?) Thrombosis? 
H, L, 
T, M 

K98 105 Heart and 
spleen 

(?) Displacement of 
tissue 

Melipha-
gidae 

Noisy Friarbird 
(Philemon 
corniculatus) H, L L98 243 Liver (?) (?) 

L K98 410 Liver, lung 
and skeletal 
muscle 

Displacement of 
tissue 

P, L L98 363 Lung - 

Oriolidae Southern 
Figbird 
(Sphecothe-
res viridis) 

L A99 277 Skeletal 
muscle 

L 

(?) 

L K98 029 Heart and 
liver 

- 

L K98 207 Lung, liver, 
spleen, 
kidney, 
skeletal 
muscle 

Slight myositis, 
tissue 
displacement, 
obstruction of 
vessels  

L A99 040 Skeletal 
muscle 

Slight focal 
myositis 

Podargi-
dae 

Tawny 
Frogmouth 
(Podargus 
strigoides) 

L B99 074 Skeletal 
muscle 

L 

- 

Columbi-
dae 

Domestic 
Pigeon  
(Columba livia) 

H A99 091 Lung H Tissue displace-
ment, substantial 
blockage of 
vessels 

Halcyoni-
dae 

Sacred 
Kingfisher 
(Todiramphus 
sanctus) 

H K98 202 Skeletal 
muscle 

H - 

Psittaci-
dae 

Sulphur-cres-
ted Cockatoo 
(Cacatua 
galerita) 

L K98 241 Kidney L Obstruction of 
tubuli 
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Schizonts found in birds of the family Corvidae 
 

Sixteen birds in this family were positive for schizonts which were in most cases 

megaloschizonts of Leucocytozoon. These schizonts were identified from the 

myocardium, lung, spleen, kidney and liver of 11 corvids, e.g. six Australian Magpies 

(Gymnorhina tibicen), two Pied Currawongs (Strepera graculina), one Grey 

Butcherbird (Cracticus torquatus) and one Torresian Crow (Corvus orru). 

Leucocytozoon schizonts were seen in cardiac muscle of five Australian Magpies and 

two Pied Currawongs (see Figure 44A,B), being mostly elongate (sometimes helical) 

and ranging in size from 10-180 x 10-35 µm and following the course of myocardial 

fibres. These schizonts contained basophilic vacuolated or granular (1 µm) material 

and in some cases a central body (5 µm), and were surrounded by a delicate 

eosinophilic wall and displaced muscle fibres. The number of schizonts varied 

between one in all sections and 100 in each section. An inflammatory reaction (with 

macrophages, lymphocytes and granulocytes) was apparent in two of the five birds. 

The identification was based on the presence of central bodies in some schizonts, 

the simultaneous presence of typical schizonts in other organs together with a high 

number of Leucocytozoon gametocytes in the deep circulation, as well as the 

similarity to schizonts of L. (A.) caulleryi as described by Akiba et al. (1971). 

Leucocytozoon schizonts were found in the spleen (see Figure 44C,D), 

kidneys (Figure 45A,B,C), liver (Figure 45D) and lung of nine corvids (five Australian 

Magpies, two Pied Currawongs, one Grey Butcherbird and one Torresian Crow). 

Splenic schizonts ranged from 25-190 x 20-160 µm, generally with a central body 

(25-70 x 20-53 µm) but in one case without (Figure 44C). They contained up to 50 

cytomeres (7-10 µm diameter) and 1 µm basophilic round merozoites. Schizonts in 

kidneys ranged from 50-360 x 30-160 µm and generally contained vacuolated 

cytoplasm, a dark basophilic or polychromatic central body (5-40 x 15-30 µm), up to 

20 surrounding cytomeres (5-15 µm) in maturing, and up to 60 cytomeres (15-30 µm) 

in mature schizonts. Cytomeres often contained clearly defined spherical basophilic 

merozoites of 1 µm. The schizonts were surrounded by a thin (2-5 µm) eosinophilic 

wall.  
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Schizonts in the liver were 172-240 x 140-160 µm in size with 50 cytomeres 

(10-20 µm) containing basophilic vacuolated material or spherical merozoites of 1 

µm. Leucocytozoon schizonts in lungs were 120-390 x 100 µm, with up to 100 

cytomeres (10-15 x 15-20 µm) and surrounded by a 1-2 µm wide eosinophilic wall but 

without a central body.  

The schizonts described above were mostly located in the lumen of vessels 

and were thought to have infected endothelial cells, except for some in kidneys which 

possibly infected renal tubular cells. The morphology of the schizonts in spleen, 

kidney, liver and lung which contained a central body and cytomeres conformed to 

previous descriptions of L. simondi megaloschizonts as given by Huff (1942) and 

Desser (1967), L. sakharoffi megaloschizonts as given by Wingstrand (1948) and 

Peirce (1993) and L. marchouxi megaloschizonts as given by Peirce et al. (1997). 

Repeated sections of the same schizonts showed their appearance at different 

levels, leading to the positive identification of those schizonts without central bodies. 

The splenic schizont shown in Figure 44C was similar to Leucocytozoon schizonts as 

described by Huff (1942) and several renal schizonts (see Figure 45C) were similar 

to those of L. dubreuili and L. fringillinarum as described by Khan and Fallis (1970). 

Haemoproteus schizonts in various stages of degeneration were identified 

from skeletal muscle (m. pectoralis) of two Torresian Crows (see Figure 46A), were 

80-800 x 45-240 µm in size and contained 2�11 segments of 25-50 x 20-45 µm. The 

contents were vacuolated and basophilic but only rarely contained merozoites (1 

µm). They were surrounded by an eosinophilic wall (up to 5 µm) or encapsulated with 

fibrous material and inflammatory cells (mainly macrophages and plasma cells). One 

bird showed a high number of these schizonts, some of which were also surrounded 

by free merozoites. The identification of schizonts was based on those described by 

Earlé et al. (1993) from two Bleeding Heart Doves (Gallicolumba luzonica) infected 

with high numbers of H. columbae.  

One schizont found in a Grey Butcherbird remained unidentifiable. It was 

75x49 µm in size and occupied half of the wall of a hepatic arteriole. It was filled with 

dark basophilic vacuolated contents but merozoites could not be seen.  

 



Figure 44:  Schizonts found in Corvidae.  A - putative Leucocytozoon
schizonts with inflammatory response from the myocard of Strepera
graculina (Pied Currawong) (bar = 100 µm). B - putative Leucocytozoon
schizont from the myocard of Gymnorhina tibicen (Australian Magpie) (bar
= 100 µm). C - megaloschizont of Leucocytozoon causing an embolus in
the spleen of G. tibicen (Australian Magpie) (bar = 100 µm). D - typical
megaloschizont of Leucocytozoon with central body and surrounding
cytomeres from a splenic vessel of G. tibicen  (Australian Magpie)
(bar = 100 µm).
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Figure 45:  Schizonts found in Corvidae. A - typical megaloschizont of
Leucocytozoon in kidney of Strepera graculina (Pied Currawong) (bar =
100 µm). B - typical megaloschizont of Leucocytozoon from in the kidney
of S. graculina (Pied Currawong) (bar = 100 µm). C megaloschizont of
Leucocytozoon in the kidney of G. tibicen (Australian Magpie) (bar = 100
µm). D - megaloschizont of Leucocytozoon in the lumen of a hepatic
vessel of Cracticus torquatus (Grey Butcherbird) (bar = 100 µm).
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A spectacular finding were schizonts found in heart and skeletal muscle of two 

Pied Currawongs (see Figure 46B,C,D and E). In each bird, one large multilocular 

schizont was found in cardiac muscle, in one case 440x350 µm and in the other 

case, 720x540 µm in size, occupying one half of the right ventricular wall and 

surounded by a 400-600 µm wide area of inflammation and necrosis. The schizonts 

contained two and 15 segments in varying degrees of maturity or degeneration and 

were surrounded by a 5 µm wide eosinophilic wall. Some less degenerate 

compartments contained either loosely or tightly packed basophilic, round merozoites 

(1 µm diameter). The schizonts were nearly encapsulated by collagenous material 

and by a predominantly mononuclear cell infiltrate. Numerous of sigmoid to round 

mature and degenerating, multilocular schizonts were found in skeletal muscle of 

both birds (ranging from 180-1340 x 170-300 µm). They contained up to 28 segments 

with clearly defined round merozoites (1-2 µm) filling most of each segment except a 

marginal rim. Most degenerate schizonts contained eosinophilic reticular material and 

occational erythrocytes and were surrounded by macrophages, lymphocytes and 

plasma cells. Less often, uniloculate schizonts were found (60-450 x 60-410 µm in 

size) which contained dark blue foamy material. The generic identity of these 

schizonts could not be determined. 

Pathological effects due to Leucocytozoon schizonts could be observed in the 

myocardium and kidneys of two birds with an inflammatory infiltrate (macrophages, 

plasma cells, granulocytes, syncytia) in myocard and pericard, myocardial 

haemorrhage and inflammation in the kidneys (consisting of granulocytes, 

macrophages and lymphocytes). It is believed that inflammation, displacement of 

tissue, blockage of vessels and destruction of renal tubuli were the cause of clinical 

disease in both juvenile birds which displayed either ataxia and convulsions or 

weakness and splenomegaly without any signs of trauma or other obvious infections. 

In all other corvids the displacement of tissue, blockage of vessels, thrombosis or 

emboli and slight inflammation due to Leucocytozoon schizonts appeared to have 

had little or no impact on the health of infected birds.  

Haemoproteus schizonts in the skeletal muscle of two Torresian Crows 

caused only slight focal myositis and scarring but dramatic pathological changes  
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were present in heart and skeletal muscle of two Pied Currawongs where schizonts 

of unknown identity caused displacement, thrombosis, obstruction of vessels, 

distention of capillaries, myocarditis with calcification, fibrosis and severe obliteration 

and atrophy of the heart muscle. In skeletal muscle, displacement of muscle tissue 

and haemorrhage were seen, which in later stages were replaced by white blood cell 

infiltrations of mainly macrophages and lymphocytes in neighbouring muscle tissue. 

This inflammatory resulted in extensive and massive focal parasitic myositis with 

degeneration, regeneration and calcification of muscle. Schizonts further caused 

rhabdomyolysis and fibrosis. Muscle function was most certainly impaired and most 

likely painful. Tongue, oesophagus, proventriculus, ventriculus and skeletal muscle 

(wings, legs and rump) were affected. Clinical signs observed included had been 

weight loss, poor asymmetrical flight with suspected soft tissue injury or subclinical 

illness. The birds� health had deteriorated within two days. The more heavily affected 

bird lost weight and lost voluntary muscle function progressively. Post-mortem 

examination revealed pale kidneys and a dark, enlarged spleen in the more heavily 

affected bird.  

 

 

Schizonts found in birds of the family Meliphagidae 
 
Histopathological examination of birds in this family showed schizonts in spleen, 

lung, skeletal muscle, liver and heart of six Noisy Miners (Manorina melanocephala) 

and two Noisy Friarbirds (Philemon corniculatus). Parasite identification was 

complicated by the high number of multiple infections found in peripheral blood. 

Schizonts of unknown identity were found in heart, spleen, lung and liver of 

four Noisy Miners and two Noisy Friarbirds. Some of these were large, round, 

unsegmented schizonts (see Figure 47A) in the spleen and lung of two Noisy Miners 

and the spleen one Noisy Friarbird. The schizonts ranged from 240�640 µm in 

diameter and contained basophilic vacuolated and granular material (1 µm diameter) 

and were surrounded by a 2 µm eosinophilic wall. The peripheral rim of each 

schizont remained merozoite-free. These intact schizonts were especially numerous  
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Figure 46:  Schizonts found in Corvidae. A - putative Haemoproteus schizont in
skeletal muscle of Corvus orru (Torresian Crow) (bar = 100 µm). B - multilocular
megaloschizont of unknown identity in the myocard of Strepera graculina (Pied
Currawong) (bar = 500 µm). C - sigmoid multiloculate megaloschizont of unknown
identity in skeletal muscle of the same bird (bar = 250 µm). D - unilocular
megaloschizont surrounded by severe inflammation in skeletal muscle of another
S. graculina (Pied Currawong) (bar = 250 µm). E - round multilocular
megaloschizont with granular contents from the same bird (bar = 250 µm).
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in the spleen of one Noisy Miner, where many degenerate large, round schizonts 

were also present surrounded by wavy fibrous capsule, inflammatory cells and 

syncytia and sometimes containing erythrocytes, syncytia, macrophages, 

lymphocytes and homogenous eosinophilic material. It is not clear whether the 

schizonts belonged to Leucocytozoon, Haemoproteus or possibly other genera. The 

three affected birds showed double infections with either Haemoproteus and 

Leucocytozoon, or Plasmodium and Leucocytozoon gametocytes. It was moreover 

noted that frequently a much higher number of Leucocytozoon gametocytes was 

seen in the deep circulation of these birds than in the peripheral blood. The schizonts 

caused marked displacement of functional tissue and deteriorating schizonts in the 

spleen caused local inflammation with macrophages, lymphocytes and syncytia, and 

fibrous reparation processes. 

Several smaller schizonts of unknown identity (see Figure 47B) were found in 

liver parenchyma, and endothelial cells of vessels in the heart, kidney, skeletal 

muscle and spleen of two Noisy Miners and two Noisy Friarbirds. Cardiac schizonts 

ranged from 25-35 x 15-30 µm whereas hepatic schizonts were up to 120 µm in 

diameter, either containing lightly basophilic vacuolated or granular contents (1 µm 

diameter) and a surrounding wall (up to 4 µm wide).  

Several Leucocytozoon schizonts (20-60 x 20-30 µm) were situated in 

vascular endothelia of skeletal muscle of two Noisy Miners. They contained highly 

vacuolated (1 µm) basophilic contents and were surrounded by a 2 µm wide 

eosinophilic wall. One schizont contained a bean-shaped central body (8x5 µm) with 

amorphous dark material and five cytomeres. The schizonts were similar to those of 

L. simondi described by Desser (1967) in brain tissue nine days post infection with 

sporozoites. Furthermore, the central body and cytomeres are typical features of 

Leucocytozoon spp.. 

Few schizonts were associated with any evidence of vascular obstruction or 

thrombosis and most did not appear to have had any deleterious effects on the host.  
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Schizonts found in birds of the family Oriolidae 
 
Schizonts were found in liver, lung and skeletal muscle of three Southern Figbirds 

(Sphecotheres viridis). Typical mature Leucocytozoon schizonts were seen in the 

liver of one bird. They were 170-290 x 120-160 µm in size (see Figure 47C), 

contained 20 to 40 compartments each loosely filled with round (1 µm) merozoites 

some of which were dispersed beyond the 2 µm wide eosinophilic wall and were 

occationally surrounded by granulocytes, lymphocytes and macrophages. The 

largest transverse section showed a 70x60 µm central body filled with basophilic 

granular and eosinophilic homogenous material.  

Immature Leucocytozoon schizonts found in the lung tissue (see Figure 47D) 

were 50-130 x 40-110 µm in diameter, with a central body (45 µm diameter) 

surrounded by 7-40 round cytomeres (5-20 µm diameter) containing dark basophilic 

granular contents and in some cases foamy amorphous eosinophilic material but no 

merozoites. The central body was basophilic, reticular and filled with granular 

material and a triangular area of amorphous basophilic material. The schizonts were 

situated in lumina of a small vessels and host cells most likely were of endothelial 

origin. The schizonts with central bodies and compartmentalisation (cytomeres) were 

similar in appearance to the megaloschizonts of L. simondi described by Desser 

(1967), L. marchouxi as described by Peirce et al. (1997) and L. sakharoffi as 

described by Peirce (1993). 

Small round to reniform schizonts were detected in the lumen and the wall of 

small vessels in the lung and skeletal muscle of three birds. These schizonts were 

15-70 x 15-35 µm in size, contained dark merozoites (1 µm or less) or foamy 

basophilic material and were surrounded by 1 µm wall. Cytomeres were not clearly 

seen so that these schizonts could not be identified with certainty although they are 

reminiscent of Leucocytozoon. All birds of this family infected with schizonts only had 

Leucocytozoon gametocytes in the peripheral blood (which was, with one exception, 

the only haemoparasite found in this bird family), supporting their identification as 

Leucocytozoon. A much higher number of gametocytes than in peripheral blood was 

seen in liver and lung of one bird with schizonts in liver, lung and skeletal muscle. 

 



A B

C D
Figure 47:  Schizonts found in the family Meliphagidae and Oriolidae. A - large
unsegmented schizont of unknown identity in the spleen of Manorina melano-
cephala (Noisy Miner) (bar = 250 µm). B - schizont of unknown identity in the
vessel wall of heart muscle in Philemon corniculatus (Noisy Friarbird) (bar = 100
µm). C - typical Leucocytozoon megaloschizont found in in hepatic tissue of
Sphecotheres viridis (Southern Figbird) (bar = 100 µm). D - megaloschizont in
lung tissue of the same bird (bar = 100 µm).
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One juvenile hand-raised bird developed head tilt without any obvious reason, 

this coincided with high numbers of Leucocytozoon gametocytes in liver and lung 

tissue and several Leucocytozoon megaloschizonts in liver, lung and skeletal muscle. 

It is therefore possible that the Leucocytozoon infection produced the clinical signs 

displayed by this bird. Leucocytozoon schizonts have previously been found in brain 

tissue in ducklings experimentally infected with L. simondi (see Desser 1967) and L. 

(A.) caulleryi (Miura et al. 1973). Obvious histopathological findings included 

displacement of tissue, focal inflammation with granulocytes, lymphocytes and 

macrophages next to a megaloschizont in the liver, thrombosis caused by several 

schizonts in the lung and complete or part obstruction of the affected vessels in two 

Southern Figbirds, one with ataxia and severe splenomegaly. Whether this pathology 

has affected the birds� health is unknown but suspected. 

 

 

Schizonts found in birds of the family Podargidae 
 

Leucocytozoon schizonts were found in the lung, liver, spleen, kidney, skeletal and 

cardiac muscle of four Tawny Frogmouths (Podargus strigoides). Typical maturing 

Leucocytozoon schizonts were seen in muscle tissue (see Figure 48A), connective 

tissue, lung tissue, spleen (see Figure 48B) and kidney of two birds. The schizonts 

were either solitary or in groups of two to four and were and were 48-160 x 28 µm up 

to 160x145 µm (spleen) in size. They were surrounded by an eosinophilic (1-2 µm) 

wall, contained one central body (in rare cases 2) 30-50 µm in diameter and up to 

100 cytomeres (5 µm in diameter). The central bodies stained dark blue, purple or 

light pink. The cytoplasm in most schizonts was basophilic, vacuolated (5-15 µm in 

diameter) or often granular with spherical merozoites (1 µm). Schizonts in muscle 

tissue were surrounded by collagenous layers 4 µm thick and erythrocytes, 

macrophages and some granulocytes. Two splenic and one renal schizont lacked a 

central body but were beginning to compartmentalise and were otherwise similar to 

those described above. Schizonts with cytomeres with or without central bodies 

resembled megaloschizonts of Leucocytozoon described by Desser (1967), Peirce 
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(1993) and Peirce et al. (1997). The compartmentalised schizont in the spleen was 

described as a typical megaloschizont of L. podargii by Adlard et al. (in press). A 

slight inflammatory response and encapsulation with fibrous tissue was only seen in 

association with one group of muscle schizonts. 

Generally small, possibly immature, schizonts (40-60 x 35-45 µm) were found 

in the wall of a small arteriole in the liver and in cardiac and skeletal muscle of three 

birds and were packed with, round, basophilic (1 µm) merozoites, except for a except 

for a myocardial schizont which appeared degenerate, filled with basophilic 

vacuolated material and was surrounded by an indistinct eosinophilic wall. The 

schizonts were consistent in appearance to early schizonts of L. (A.) caulleryi 

described by Isobe and Akiba (1999) and were frequently present together with more 

mature typical Leucocytozoon schizonts. 

Quite different morphological features were found in a fourth bird where the 

schizont was degenerate (see Figure 48C) and mostly depleted, 400x172 µm in size 

and detached from the neighbouring muscle tissue. It consisted of approximately 50 

compartments (30 µm diameter) surrounded by a (1 µm) well defined wall. The 

schizont contained were eosinophilic round structures, reticular fibres or amorphous 

eosinophilic material. One compartment, however, was filled with round basophilic 

cells (2 µm) with 2-4 nuclei each. The schizont was embedded in fibrous material and 

surrounded by plasma cells and macrophages. The schizont was similar to those 

described by Miura et al. (1973) from ovaries of L. (A.) caulleryi infected chicken. The 

schizont caused slight inflammatory response and a marked encapsulation with 

fibrous tissue. 

There were no obvious pathologic changes other than noted above. However, 

displacement of tissue and a certain degree of obstruction of vessels was caused by 

most of the schizonts in all affected organs. The bird infected with a high number of 

schizonts in lung, liver, spleen, kidney and skeletal muscle presented in poor health 

with an apparently insignificant skin wound. It cannot be shown conclusively that 

Leucocytozoon was pathogenic in this case, but given the high number of 

megaloschizonts and inflammatory responses associated with some muscle 

schizonts, Leucocytozoon might well have had an influence on the health of the bird.  



Figure 48:  Megaloschizonts of Leucocytozoon found in Podargidae.
A - group of typical Leucocytozoon schizonts in skeletal muscle of a 
Podargus strigoides (Tawny Frogmouth)  (bar = 100 µm). B - typical 
megaloschizont of Leucocytozoon in the spleen of the same bird 
(bar = 100 µm). C - megaloschizont of Leucocytozoon in skeletal 
muscle of another P. strigoides (Tawny Frogmouth) (bar = 100 µm). 
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The other three remaining birds did not seem to be affected by the presence of 

schizonts. 

 

 

Schizonts found in birds of the family Columbidae  
 
One Domestic Pigeon (Columba livia) was infected with protozoan tissue stages in 

extraordinarily high numbers in the lung. These irregular shaped schizonts were seen 

in vessels throughout the lung (see Figure 49A), ranged in size from 50-400 x 50-120 

µm and often appeared branched. The parenchyma was full of these forms which 

aggregated and congested vessels and probably originated from endothelial cells. In 

this bird, numerous H. columbae gametocytes were found in blood smears. Tortuous 

branching schizonts of H. columbae have been described in lung tissue by Aragao 

(1908), Huff (1942) and Ahmed and Mohammed (1977) who also described V-

shaped, peanut-shaped and triradiated forms. Gardiner et al. (1988) described 

smaller but similar schizonts from the lung of pigeons.  

The high number of schizonts in vessels caused displacement in lung tissue 

and restricted blood flow in the lungs. This is likely to have caused a decrease of 

capacity for gas exchange/oxygen uptake. Inflammatory responses were not seen. 

The bird was emaciated and also suffered from a Trichomonas gallinae infection with 

caseous plaques in the oral cavity and crop. It is not known whether the presence of 

Haemoproteus schizonts in the lung alone could have caused the animal to become 

moribund, but the number and extent of schizonts in this organ was substantial.  

 

 

Schizonts found in birds of the family Halcyonidae  
 

One Sacred Kingfisher (Todiramphus sanctus) with a moderate intensity of 

Haemoproteus gametocytes in the peripheral blood also showed a schizont in 

skeletal muscle (see Figure 49B). Several transverse sections of the same schizont 

were made and revealed hundreds of round basophilic merozoites up to 1 µm in 
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diameter. The merozoites were lying loosely within a cavity of 75-95 x 40-45 µm in 

size, surrounded by muscle fibres. A delicate schizont wall could be seen.  

The schizont encountered is believed to be a schizont of Haemoproteus similar to 

those described by Atkinson et al. (1986) and Atkinson and Forrester (1987) in the 

muscle of turkeys infected with H. meleagridis. The schizont did not seem to have 

caused any pathological effects.  

 

 

Schizonts found in birds of the family Psittacidae  
 
The only Sulphur-crested Cockatoo (Cacatua galerita) positive for blood parasites 

also revealed tissue schizonts in kidney tissue (see Figure 49C). Up to three of these 

schizonts were found in every section of renal parenchyma. The schizonts often 

lacked distinct outlines and surrounding walls were never detected. The sizes varied 

between 35-65 x 25-30 µm and the contents were basophilic, foamy, with vacuoles 

(1-4 µm) in diameter and granular material. In some cases, dark blue or grey granular 

material was seen in tubuli. The host cells infected were unclear but were possibly 

tubular cells. In one case, a schizont was associated with a glomerulum. 

Leucocytozoon fringillinarum and L. dubreuili schizonts have previously been 

reported from renal proximal tubules of the kidney (Khan & Fallis, 1968; 1970), and 

the schizonts found in the Sulphur-crested Cockatoo were similar in size and shape. 

Neither gametocytes nor schizonts have been described from the family Psittacidae 

with the exception of �abnormal leucocytozoonoses� in Europe. The schizonts seen 

in the sections caused obstruction of renal tubuli, and were found in large numbers in 

the kidney. The bird was in poor body condition and exhibited hepatosplenomegaly 

but was also infected with PBFD (Psittacine Beak and Feather Disease) and showed 

a high tapeworm burden. Given these factors, the contribution of Leucocytozoon to 

decreased health and body condition could not be quantified with certainty. 
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Figure 49:  A - Haemoproteus schizonts in lung tissue of a Columba
livia (Domestic Pigeon) with extraordinarily high parasitaemia with
Haemoproteus gametocytes (bar = 100 µm). B - putative Haemoproteus
schizont in skeletal muscle of Todiramphus sanctus (Sacred Kingfisher)
(bar = 100 µm). C - putative Leucocytozoon schizont from the kidney of
Cacatua galerita (Sulphur-crested Cockatoo) (bar = 100 µm).
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6. RESULTS OF PHYSICAL AND HAEMATOLOGICAL PARAMETERS 
 
6.1. Body condition of infected birds  
 
The body condition of birds positive for haematozoa was compared to that of non-

infected birds within each bird family in order to determine possible correlations 

between body condition and parasitaemia. A strong correlation would imply that 

haematozoa might have pathogenic potential or that the infected bird was in poor 

body condition and more susceptible to infection. Body condition was assessed using 

five qualitative grades: emaciated, poor, fair, good and very good. Possible 

correlations between body condition and parasite were examined by comparing body 

condition within bird family.  

In the family Columbidae, the majority (67 %, n = 6 ) of Haemoproteus positive 

birds (n = 9) were in good to very good body condition as were the majority (85 %, n 

= 28) of uninfected Columbids (n = 33). Two of the three Haemoproteus positive 

birds in poor body condition were clearly affected by severe concurrent Trichomonas 

gallinae (canker) infections and the third bird by the presence of an ingested fishing 

hook. The Haemoproteus infections in this family are believed to have no influence 

on the body condition of the birds. The only Leucocytozoon infection in this family 

coincided also with severe trichomoniasis, which caused plaque formation and 

obstruction of the upper airway and the oesophagus, possibly leading to emaciation. 

Given the presence of trichomoniasis, the possible contribution of Leucocytozoon to 

the reduced body weight is unclear. 

In the family Corvidae, 46 % (n = 23) of the uninfected birds (n = 50) were in 

good and very good body condition whereas only 27.3 % (n = 6) of the birds with 

Leucocytozoon as a single infection (n = 22) and 30 % (n = 3) of the birds with 

Plasmodium as a single infection (n = 10) were in good body condition. A similar 

percentage (26.7 %) (n = 12) was seen when taking all 43 birds into account which 

were positive for Leucocytozoon, Haemoproteus or Plasmodium as single or double 

infections. This finding did however not proof to be of significance.  
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Analysis of the family Meliphagidae revealed that 85 % (n = 17) of the 20 birds 

infected with Leucocytozoon, Haemoproteus or Plasmodium as single or multiple 

infections were in good condition. The low number of cases for each parasite and 

seven cases of multiple infection prevented more comprehensive analyses but 

infections did not appear to be correlatd to body condition. A similar situation was 

seen in the bird families Oriolidae and Podargidae, where Leucocytozoon infected 

birds were found to be mainly in good and very good body condition. 

Some 28 healthy birds from ten bird species which were euthanased for 

various non-health related reasons were also examined. Ten of these birds were 

infected with the above mentioned three parasites and were exclusively in good and 

very good body condition. 

 
 
Body condition versus intensity of parasites 
 
Since changes in body condition take a long time to develop, correlations between 

the intensity of infection and body condition were not examined in depth. However, 

there was a difference regarding the percentage of high intensity infections in birds 

with poor body condition compared to birds with good and very good body condition. 

Thirty-eight percent (n = 13) of thin and emaciated haematozoa infected birds (n = 

34) showed haematozoa in high and very high intensity, whereas only 14.5 % (n = 9) 

of birds in good or very good body condition (n = 62) were infected with high intensity 

infections. This proved to be a significant finding (Chi-square 6.9, df 1, p ≤ 0.01). 

Birds with poor body condition harboured seven cases of high intensity infections 

with Plasmodium, one high intensity infection with Leucocytozoon and four cases of 

high intensity infection with Haemoproteus and one case of either Plasmodium or 

Haemoproteus (undetermined). The birds in good and very good body condition 

harboured three high intensity infections with Plasmodium, three high intensity 

infections with Leucocytozoon and three high intensity infections with Haemoproteus. 

The higher percentage of high intensity infections in birds with poor body condition 

could be interpreted either as birds in poor body condition being immunologically 
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compromised and more susceptible to infection or that haematozoa in high numbers 

(either alone or in combination with other disease-causing agents) compromise the 

fitness of the host.  

 

 

6.2. Haematological analysis 

 

Influence of infections on the packed cell volume (PCV) 
 

Species of Leucocytozoon, Plasmodium and Haemoproteus have been reported to 

cause anaemia. Even though most of the birds collected in this study were diseased, 

had experienced serious mechanical trauma, or both, it was considered worthwhile to 

explore any correlation between anaemia and parasitaemia despite the fact that 

many birds were dehydrated at the time of blood collection so that haematocrits may 

be artificially high resulting in conservative estimates of anaemic animals.  

Haemoglobin parameters were not examined in this survey so anaemia could 

rarely be classified as haemorrhagic or haemolytic. There are numerous causes for 

these two types of anaemia: haemorrhagic anaemia can be caused by blood-sucking 

parasites or other chronic or acute blood loss, haemolytic anaemia can be caused by 

numerous physiological disorders (such as autoimmune responses) and infection, 

and mild nonregenerative anaemia can be caused by chronic diseases.  

Packed cell volumes of 20 % or less in juveniles and 30 % or less in subadults 

and adults were conservatively regarded as anaemic throughout all bird families. 

Poor body condition was shown to not necessarily be correlated with apparent 

anaemia since 77 % of 39 emaciated or thin adult uninfected birds still maintained 

packed cell volumes greater than 30. Birds with obvious blood loss (n = 81) were not 

included in the analyses. The packed cell volume was obtained from a total of 418 

birds. 

Among the 209 remaining adult and subadult haemoparasite-negative birds of 

all families 17 birds or 8.1 % of adults and subadults and of the 95 juveniles six birds 

or 6 % showed anaemia, whereas 32 % (n = 17) of haematozoa positive adults and 
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subadults (n = 54) and three birds or 10 % of the juveniles (n = 31) showed anaemia. 

This means a significantly higher number of haematozoa infected birds (Chi-square 

17.2, df 1, p ≤ 0.001) and especially more adult and subadult birds than expected 

(Chi-square 20.7, df 1, p ≤ 0.001) showed anaemia compared to non-infected birds.  

A comparison between haematozoa positive and negative adult/subadult birds 

in the families Columbidae, Corvidae, Meliphagidae, Oriolidae and Podargidae 

revealed that 33 % or 15 birds of the 45 with haematozoa infected birds showed 

anaemia whereas only 13 % or five birds of the 38 non-infected birds were anaemic. 

In the juvenile infected birds of those families (n = 30) 17 % and in the juvenile 

noninfected birds (n = 39) 5 % were anaemic. All age classes combined revealed that 

only seven of 77 haematozoa negative birds were anaemic but 20 of the 75 

haematozoa positive birds were. This means that significantly more haematozoa 

infected birds than expected showed anaemia (Chi-square 8.0, df 1, p ≤ 0.01). 

Relatively more high intensity infections were seen in anaemic birds compared 

to non-anaemic birds. Nine (53%) of 17 positive adult and subadult birds with 

anaemia were found to harbour high and very high intensity infections with 

Plasmodium, Haemoproteus and Leucocytozoon.  

Non-anaemic infected adult and subadult birds (n = 37) only showed six high 

intensity infections. Within all age classes ten of 20 anaemic birds and 12 of 65 

nonanaemic birds harboured high intensity infections. These findings mean that a 

significantly higher number of adult/subadult anaemic birds than expected showed 

high intensity infections (Chi-square 7.8, df 1, p ≤ 0.01) and that regarding all age 

classes together the same significance applies (Chi-square 6.5, df 1, p = 0.01). 

In anaemic birds infected with Plasmodium six out of seven cases (86 %) were 

high intensity infections, whereas in non-anaemic birds with Plasmodium infections 

only one out of eight cases (13 %) was a high intensity infection. In birds infected 

with Leucocytozoon only one in six anaemic birds (17 %) and one in 12 non-anaemic 

birds (8 %) harboured a high intensity infection, and in birds infected with 

Haemoproteus one in three anaemic (33 %) and four in 14 non-anaemic birds (29 %) 

were infected with high intensities of this parasite.  
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Nonetheless, the correlation exists between haematozoa and anaemia and 

appears to be contributed mostly by high gametocyte intensities of species of 

Plasmodium. 
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7. DISCUSSION 
 

This survey demonstrated a high prevalence of haematozoa (22 %) consisting mainly 

of the genera Leucocytozoon, Haemoproteus and Plasmodium in both endemic and 

feral birds (n = 499) examined in South-East Queensland. This means that suitable 

arthropod vectors (mosquitoes, simulids, ceratopogonids and hippoboscids) were 

common throughout the sampling sites as most birds examined were not migratory 

species. The broad geographic region indeed offers good breeding grounds for these 

arthropods with fast-flowing rivers suitable for simulids (vectors of Leucocytozoon) 

and slow-flowing streams and lakes for vectors of Haemoproteus and Plasmodium. It 

is important to note that the method of sampling (through wildlife hospital accessions) 

may have imparted a bias towards infected animals, thereby yielding an elevated 

rather than true prevalence in wild populations. The relatively short collection period 

during the Australian summer, which is also the end of most bird breeding seasons, 

allowed only an estimation of the prevalence and intensity of infection. A long-term 

study sampling birds at random from the population would more effectively determine 

prevalence and uncover seasonal variation patterns. 

The most commonly encountered parasite genus was Leucocytozoon with a 

prevalence of 13.6 %. The prevalence of Haemoproteus and Plasmodium was 

significantly less at 5.4 % and 4.4 %, respectively. Most Leucocytozoon 

parasitaemias were low in intensity, which is typical for chronic infections. Often, only 

one parasite was found on a whole blood smear. It is therefore likely that some 

infections were overlooked due to poor test sensitivity. In addition, biological variation 

due to diurnal fluctuations of Leucocytozoon gametocytes in the peripheral blood, as 

described from poultry by Roller and Desser (1973) and Pittman-Noblet and Noblet 

(1976), may have influenced measurements on the occurrence and intensity of 

infections. The prevalence of haemosporidian infection found in this survey is quite 

high when compared with many other surveyed areas of the world. It is, however, 

lower than those known from surveys in Norway (Fallis et al., 1969), North America 

(Greiner et al., 1975b), Kuwait (Mohamed & Al-Taqui, 1975) and Canada (Bennett et 

al., 1991a). While Haemoproteus seems to be a common parasite in all regions of 
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the world and has been in this study (possibly because of its less specialised 

breeding requirements), the prevalence of Leucocytozoon infections is known to vary 

greatly. A similar high prevalence of Leucocytozoon infection has been reported from 

North America where 17.7 % of 57,000 birds were infected (Greiner et al., 1975b) 

and from Canada (Bennett et al., 1991a) and Norway (Fallis et al. 1969). Kučera 

(1981a) concluded that Leucocytozoon may possibly have its main distribution area 

north of 43 º latitude, but Leucocytozoon was also reported from lower latitudes in 

Jamaica with a 7.4 % prevalence (Bennett et al., 1980b). In over 10,000 birds 

examined from Central Europe, only 5.7 % were found to be positive for 

Leucocytozoon (Kučera, 1981a) and only a very low prevalence was found in 

Venezuela and South-East Asia (Gabaldon et al., 1974a; 1974b; McClure et al., 

1978). Leucocytozoon was apparently nearly absent in 35,000 neotropical birds 

(White et al., 1978). 

Despite the high numbers of Psittacidae collected in this study (n = 188), only 

two birds were positive for a yet undescribed species of Leucocytozoon. This 

supports the theory that closed nests give juvenile birds more protection from vectors 

and therefore parasites. As in other surveys (see Greiner et al., 1975b), sea- and 

shorebirds (n = 12) were haematozoa-free, most likely due to a lack of vector-host 

interactions. The reasons as to why other bird species were positive or showed a 

higher percentage of haematozoa compared to others remain unknown. The bird 

families Podargidae and Oriolidae were almost exclusively infected with 

Leucocytozoon and the family Corvidae harboured a high number of Leucocytozoon 

infections, mainly in low intensities. The prevalence of Leucocytozoon infections 

declined from 21 % to 9 % in all birds over the 4 month collection period but 

differences between months were not statistically significant. Members of the family 

Columbidae were almost exclusively positive for Haemoproteus, whereas all parasite 

genera were seen in the honeyeater family, Meliphagidae.  

In this study, the Australian endemic Wonga Pigeon (Leucosarcia 

melanoleuca) was recorded as a new host species for Haemoproteus columbae (see 

Lederer et al., 1999), while other material contributed to formal descriptions of 

Leucocytozoon podargii and L. ibisi (see Adlard et al., in press). 
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Interesting findings were the marked size differences seen in Leucocytozoon 

gametocytes in this study. Immature Leucocytozoon gametocytes could also be seen 

in erythrocytes. Uncharacteristic pigmented gametocytes of this parasite were also 

found, possibly as artefacts or caused by degenerative processes as suggested by 

Wingstrand (1948). Some birds with low peripheral blood parasitaemias exhibited 

enormous numbers of gametocytes in the deep circulation of internal organs, 

perhaps an indication of diurnal periodicity of Leucocytozoon gametocytes. The 

species L. oriolis was found to be morphologically similar to L. sakharoffi and given 

that the family Oriolidae has been incorporated into the Corvidae by Sibley and 

Monroe (1990, 1993), the assumed family specificity of Leucocytozoon spp. suggests 

that L. oriolis is likely to be a junior synonym of L. sakharoffi. 

The identity of schizonts was not always clear. Myocardial schizonts found in 

Pied Currawongs (Strepera graculina) and Australian Magpies (Gymnorhina tibicen) 

were identified as Leucocytozoon on the basis of their similarity to L. (A.) caulleryi 

schizonts described by Akiba et al. (1971) and the fact that some had a central body 

as seen in Mallard Ducks infected with L. simondi (Huff, 1942). Similar cases 

observed in Pied Currawongs and Australian Magpies from the Sydney area have 

been identified as Leucocytozoon spp. by Hartley (pers. communication). However, 

elongate schizonts in heart tissue have also been reported for Haemoproteus 

fringillae and some Plasmodium species (e.g. P. gallinaceum, see Garnham, 1966) 

and a search of the literature did not reveal any descriptions of L. sakharoffi 

schizonts from the heart muscle of corvids. It was generally difficult to identify small, 

presumably immature, schizonts frequently found in walls of vessels in various 

organs. Identification of large multilocular schizonts was confounded by conflicting 

reports of these schizonts in the literature. Similar cases have been described by 

Hartley et al. (1981) and Hartley (1992) who first identified them as Leucocytozoon 

and then as Haemoproteus when Haemoproteus gametocytes were seen in surviving 

birds. In this study both birds affected showed infections with moderate and high 

numbers of several Plasmodium species, but not Leucocytozoon or Haemoproteus 

gametocytes. Lesions similar to these have not been described from L. sakharoffi in 

corvids. Heavy infections in Hooded Crows (Corvus corone cornix) were described 
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by Wingstrand (1948), but only megaloschizonts with cytomeres and central bodies 

were seen, and none were found in skeletal muscle. Similar large schizonts have 

been described as �aberrant leucocytozoonosis� from Psittacines overseas (e.g. 

Walker and Garnham 1972) without finding any gametocytes. The schizonts were 

thought to belong to Leucocytozoon because of their striking resemblance to 

megaloschizonts of L. (A.) caulleryi. Bennett et al. (1993b), however, diagnosed 

Besnoitia in some of these Psittacines and the matter remains to be resolved.  

Identification of schizonts proved especially difficult in the family Meliphagidae. 

Large unsegmented schizonts were found which differed from most descriptions of 

Haemoproteus schizonts in the literature including Haemoproteus meleagridis as 

described by Atkinson (1986), H. columbae as described by Ahmed and Mohammed 

(1977), H. fringillae as described by Khan and Fallis (1968), H. nettionis as described 

by Sibley and Werner (1984). They were spherical and up to 500 µm in diameter 

which is notably larger than those described in the literature; with the exception of 

putative H. columbae schizonts in skeletal muscle of one Bleeding Heart Dove 

(Gallicolumba luzonica) described by Earlé (1993) and L. (A.) caulleryi schizonts 

described by Miura et al. (1973). No previous reports were found regarding schizonts 

of H. ptilotis. The three birds which harboured these large schizonts showed double 

infections with either Haemoproteus and Leucocytozoon, or Plasmodium and 

Leucocytozoon gametocytes with one bird displaying a low intensity of 

Leucocytozoon gametocytes in the peripheral blood and a much higher number of 

Leucocytozoon gametocytes was seen in the deep circulation.  

As stated by Bennet et al. (1993b), few reports exist on mortality caused by 

blood parasites in wild birds, since scavengers quickly eliminate all traces. In this 

study, most birds were found in gardens or on roads in suburban areas, while injured 

or infirm birds probably went undetected in the more remote hinterland. 

Nevertheless, there were no differences in the geographic distribution of haematozoa 

positive and negative birds. A confounding factor in the examination of the possible 

pathogenicity of haematozoa is the presence of concurrent diseases or trauma. In 

this study, pathology was caused by inflammation due to myocardial and renal 

Leucocytozoon schizonts in two Pied Currawongs (Strepera graculina). Myocardial 
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schizonts possibly had pathological consequences in other birds simply due to their 

physical presence alone, but evidence from this is equivocal. Severe pathology was 

caused by multilocular schizonts of unknown identity in the heart and skeletal muscle 

of two Pied Currawongs. In the family Meliphagidae, large round schizonts of 

unknown identity caused marked displacement of functional tissue and deteriorating 

schizonts in the spleen also caused local inflammation with macrophages, 

lymphocytes, syncytia and fibrous reparation processes. Negative effects on the 

health of the birds could, however, not be demonstrated. Leucocytozoon schizonts in 

the family Oriolidae were associated with signs of pathology in two juvenile birds and 

the high number of Leucocytozoon schizonts in several tissues from one Tawny 

Frogmouth (Podargus strigoides) might well have had an influence on the bird�s 

health. A substantial number of Haemoproteus schizonts was found in lung tissue of 

one Domestic Pigeon (Columba livia) but coincided with a Trichomonas gallinae 

infection so that no statement could be made on possible pathogenicity of 

Haemoproteus. It is possible that the combination of these two parasites caused 

harm or that one infection assisted the other�s establishment by compromising the 

immune sysytem. Most birds, however, did not appear to be affected significantly by 

the presence of schizonts despite the variable occurrence of tissue displacement, 

obstruction of vessels, thrombosis/emboli and inflammation. 

Peirce (1984) suggested that reduction in the body mass in a dove (Turtur 

chalcospilos) was associated with infection by Leucocytozoon and Haemoproteus, 

while Bennett et al. (1988) did not find such a correlation. In this study, a correlation 

between parasitaemia alone and low body weight could not be seen, but thin and 

emaciated infected birds showed significantly more intense infections than those in 
good or very good body condition (p ≤ 0.01). Furthermore, a significantly higher 

number of infected birds (p ≤ 0.001) showed anaemia compared to uninfected birds 

and significantly more anaemic birds (particularly adults/subadults) had high intensity 

infections (p ≤ 0.01). Leucocytozoon infections were found in significantly more 

juveniles than other age groups (p ≤ 0.01).  

Identification of blood parasites using morphology of blood and tissue stages 

alone was found to be unsatisfactory. Even though morphological criteria are 
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available to describe Leucocytozoon and Haemoproteus (see Bennett et al., 1972; 

1991b), identification using morphology alone is often not possible. The host species 

becomes an important character, following the assumption of host family specificity. 

Leucocytozoon has been described as highly pleomorphic by Bennett et al. (1991b) 

and indeed showed marked size variation in this study. There is much uncertainty 

regarding the microscopic identification of schizonts. The schizonts of most species 

are unknown and recourse to other diagnostic techniques are needed to characterise 

them. Molecular characterisation through sequence determination of species-specific 

DNA motifs offers a real opportunity for overcoming problems in the identitfication of 

both tissue and blood stages of these parasites. Once determined, these specific 

DNA regions can be applied as in situ probes on histological sections/blood smears 

and identity determined unambiguously. 

This survey covered only a small part of the Australian continent, which 

contains a variety of different geological and climatic regions. More surveys from 

hitherto unexamined areas are certainly necessary to determine Australia�s 

haematozoan biodiversity. The program of specimen collection and identification will 

continue through the IRCAH at the Queensland Museum, and, in collaboration with 

the University of Queensland, the extent and biology of Australia�s avian haematozoa 

will be determined in time. 
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8. SUMMARY 
 

Although many surveys have been conducted on haematozoan parasites of birds 

worldwide, few studies have been made on the Australian continent. This survey was 

conducted on 499 birds brought into a wildlife hospital in South-East Queensland. 

Haematological examination revealed that 22 % of the birds were positive for some 

sort of blood parasite: 13.6 % were infected with Leucocytozoon, often in low 

numbers; and Haemoproteus and Plasmodium were detected in 5.4 and 4.4 %. 

Microfilariae and trypanosomes were only found in 1.6 and 0.6 % of birds. High 

Leucocytozoon prevalences were found in the Oriolidae, Meliphagidae, Podargidae 

and Columbidae and parasite species were identified using morphologic criteria and 

reference specimens in the International Reference Centre for Avian Haematozoa, 

Brisbane. The Wonga Pigeon (Leucosarcia melanoleuca) was found to be a new 

host species for H. columbae and an undescribed Leucocytozoon sp. was also found 

in the family Psittacidae. Correlations were found between poor body condition and 

the intensity of haematozoa as well as between parasitaemia and anaemia. 

Schizonts were found in tissues of a third (= 34) of all gametocyte positive 

birds. Leucocytozoon schizonts in cardiac muscle and kidney were found to be 

associated with significant pathology in two Corvids and severe pathology was 

caused by unidentified schizonts in cardiac and skeletal muscle of two more Pied 

Currawongs. Leucocytozoon schizonts were suspected to have had pathologic 

effects in two Southern Figbirds (Sphecotheres viridis) and one Tawny Frogmouth 

(Podargus strigoides), as were Haemoproteus schizonts in lung tissue of one 

Domestic Pigeon (Columba livia).  
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9. ERWEITERTE ZUSAMMENFASSUNG  
 

Rose Lederer: Studien über Blutparasiten bei Vögeln aus Süd-Ost Queensland 

 

Aviäre Blutparasiten (Hämatozoen) haben weltweite Verbreitung, und sie wurden in 

der Vergangenheit auch in Australien gefunden. Verglichen mit anderen Ländern ist 

allerdings nur wenig über die Prävalenz, Taxonomie und pathologische Bedeutung 

dieser Parasiten in wildlebenden Vögeln bekannt, und nur wenige Präparate des 

�International Reference Centre for Avian Haematozoa� (IRCAH), dessen Sitz 

Brisbane ist, stammen aus Australien. In der vorliegenden Studie wurde Material von 

499 Vögeln aus einem Wildlife Park (Currumbin Wildlife Sanctuary) in Queensland, 

Australien, während der Sommermonate (Ende Oktober bis Ende Februar) 

gesammelt, untersucht und ausgewertet. Die Vögel waren zumeist verletzt oder 

krank eingelieferte Tiere, die euthanasiert werden muβten. Hämatozoen wurden 

dabei im peripheren Blut von 110 (= 22 %) aller gesammelten Vögel gefunden, wobei 

Leucocytozoon spp. mit einer Prävalenz von 13,6 % dominierten. Haemoproteus 

spp. wurden in 5,4 % und Plasmodium in 4,4 % entdeckt. Mikrofilarien wurden in nur 

1,6 % und Trypanosoma in 0,6 % aller Vögel gesehen. Eine äuβerst hohe Prävalenz 

von Hämatozoen war vor allem in den Vogelfamilien Oriolidae (Figbirds), 

Meliphagidae (Honeyeaters), Podargidae (Frogmouths) und Columbidae (Pigeons) 

vorhanden. Die Hämatozoen wurden taxonomisch im IRCAH aufgrund ihrer 

morphologischen Merkmale und familiären Wirtsspezifität bestimmt. Dabei konnte die 

Wonga Pigeon (Leucosarcia melanoleuca) als neue Wirtsspezies für Haemoproteus 

columbae beschrieben werden. Weiterhin wurde Leucocytozoon erstmals in der 

Familie Psittacidae gefunden. Diese Familie fiel auβerdem durch eine 

auβerordentlich niedrige Prävalenz von Hämatozoen auf. Nur zwei der 188 

untersuchten Tiere erwiesen sich als positiv. Eine Korrelation zwischen schlechter 

körperlicher Kondition und Intensität von hämatozoärer Infektionen konnte 

festgestellt werden, und ein höherer Prozentsatz hämatozoenpositiver Vögel erwies 

sich als anämisch, verglichen mit hämatozoennegativen Vögeln. Eine Korrelatioon 

bestand auβerdem zwischen Anämie und Intensität der Infektionen.  
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Die obengenannten 110 durch Blutausstriche positiv befundenen Vögel 

wurden im weiteren Projektverlauf auf parasitäre Gewebestadien (Schizonten) 

untersucht. Solche wurden in 34 Vögeln gefunden und morphologisch charakterisiert. 

Leucocytozoon-Schizonten im Gewebe (Herz, Niere, Leber, Lunge, quergestreifte 

Muskulatur und Milz) einiger Vögeln wurden dabei als pathogen erachtet. 

Entzündliche Veränderungen verursacht durch Schizonten wurden im Myokardium 

und in den Nieren von zwei Pied Currawongs (Strepera graculina, Corvidae) 

entdeckt. In zwei Vögeln derselben Spezies wurde hochgradige Myositis und 

Myokarditis aufgrund multilokulärer Megaloschizonten unbekannter Identität 

beobachtet. Schizonten von Leucocytozoon waren vermutlich in zwei Southern 

Figbirds (Sphecotheres viridis) und einem Tawny Frogmouth (Podargus strigoides) 

pathogen. Als vermutlich pathogen wurde auβerdem ein starker Befall mit 

Haemoproteus-Schizonten im Lungengewebe einer Haustaube (Domestic Pigeon, 

Columba livia) erachtet. Verdrängung von Gewebe, Lumeneinengung von Gefäβen, 

Thrombosierung/Emboli und fokale Entzündungen wurden in mehreren Vögeln 

beobachtet, ohne daβ Auswirkungen auf den Gesundheitszustand der Tiere 

festgestellt werden konnten. Die Identifizierung von Hämatozoen (vor allem ihrer 

Schizonten) mittels morphologischer Kriterien erwies sich als eine eher mangelhafte 

Methode zur Diagnostik und Charakterisierung von Hämatozoen. Daher ist die 

Entwicklung und Anwendung molekularer Techniken anzustreben, die eine 

zuverlässige Identifikation von Blutparasiten erlauben würden.  
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13. APPENDIX 2  
 
Summary of 69 species from 28 avian families examined for haematozoa. Numbers 
in brackets indicate the number of birds with double or multiple infections. 
 
 
 
 
Bird Species 
[ordered by family] 
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Accipitridae  7 1       
Heliastur indus Brahminy Kite 1 0       
Elanus axillaris Blackshouldered Kite 1 0       
Heliastur sphenurus Whistling Kite 2 0       
Aquila audax Wedge-tailed Eagle 1 1   1    
Aviceda subcristata Pacific Baza 1 0       
Accipiter cirrocephalus Collared Sparrowhawk 1 0       
Alcedinidae  3 0       
Alcedo azurea Azure Kingfisher 3 0       
Anatidae  8 0       
Chenonetta jubata Australian Wood Duck 7 0       
Aythya australis White-eyed Duck 1 0       
Ardeidae  4 1       
Egretta novaehollandiae White-faced Heron 1 0       
Butorides striatus Striated Heron 1 0       
Bubulcus ibis Cattle Egret 1 0       
Nycticorax caledonicus Nankeen Night-Heron 1 1   1    
Centropodidae  1 0       
Centropus phasianinus Pheasant Coucal 1 0       
Charadriidae  6 0       
Vanellus miles Masked Lapwing 6 0       
Columbidae  44 11       
Geophaps lophotes Crested Pigeon 13 1 1      
Sreptopelia chinensis Spotted Turtle-Dove 13 0       
Columba livia Domestic Pigeon 12 9   8 1   
Leucosarcia melanoleuca Wonga Pigeon 1 1   1    
Macropygia amboinensis Brown Cuckoo Dove 1 0       
Geopelia humeralis Bar-shouldered Dove 1 0       
Streptopelia risoria Barbary Dove 3 0       
Coraciidae  6 2       
Eurystomus orientalis Dollarbird 6 2(1) 2  1   1 
Corvidae  95 45       
Corvus orru Torresian Crow 15 6(2) 3 4 1   1 
Gymnorhina tibicen Australian Magpie 27 16(5) 10 8   1 2 
Strepera graculina Pied Currawong 23 16(1) 11 4  2   
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(Appendix 2: continued) 
 
 
 
 
Bird Species 
[ordered by family] 
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Cracticus torquatus Grey Butcherbird 6 5(1) 3   1 1 1 
Cracticus nigrogularis Pied Butcherbird 2 1    1   
Grallina cyanoleuca Australian Magpie-Lark 18 1 1      
Coracina  
novaehollandiae 

Black-faced  
Cuckoo-Shrike 

4 0       

Cuculidae  2 0       
Eudynamis scolopacea Common Koel 2 0       
Falconidae  2 0       
Falco cenchroides Nankeen Kestrel 2 0       
Halcyonidae  14 1       
Dacelo novaeguineae Laughing Kookaburra 6 0       
Todiramphus sanctus Sacred Kingfisher 8 1   1    
Hirundinidae  3 0       
Hirundo neoxena Welcome Swallow 3 0       
Laridae  8 0       
Larus novaehollandiae Silver Gull 5 0       
Sterna bergii Crested Tern 2 0       
Anous minutus Black Noddy 1 0       
Megapodiidae  4 0       
Alectura lathami Australian Brush Turkey 4 0       
Meliphagidae  28 20       
Manorina melanocephala Noisy Miner 24 17(4) 10 5 5   1 
Philemon corniculatus Noisy Friarbird 3 3(3) 3  3  1 1 
Philemon citreogularis Little Friarbird 1 0       
Oriolidae  13 10       
Sphecotheres viridis Southern Figbird 13 10(1) 10 1     
Passeridae  8 0       
Chloebia gouldiae Gouldian Finch 1 0       
Passer domesticus House Sparrow 6 0       
Lonchura  
castaneothorax 

Chestnut-breasted 
Mannikin 

1 0       

Phalacrocoracidae  1 0       
Phalacrocorax carbo Great Cormorant 1 0       
Podargidae  21 11       
Podargus strigoides Tawny Frogmouth 21 11(1) 11     1 
Procelariidae  4 0       
Puffinus tenuirostris Short-tailed Shearwater 4 0       
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(Appendix 2: continued) 
 
 
 
 
Bird Species 
[ordered by family] 
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Psittacidae  188 2       
Trichoglossus 
haematodus 

Rainbow Lorikeet 146 1 1      

Glossopsitta pusilla Little Lorikeet 1 0       
Trichoglossus 
chlorolepidotus 

Scaly-breasted  
Lorikeet 

19 0       

Melopsittacus undulatus Budgerigar 3 0       
Cacatua galerita Sulph.-crested Cockatoo 5 1 1      
Cacatua roseicapilla Galah 6 0       
Cacatua sanguinea Little Corella 1 0       
Alisterus scapularis Australian King Parrot 1 0       
Glossopsitta 
porphyrocephala 

Purple-crowned Lorikeet 2 0       

Platycercus elegans Crimson Rosella 1 0       
Platycercus eximius Eastern Rosella 2 0       
Platycercus adscitus Pale-headed Rosella 1 0       
Rallidae  6 1       
Gallinula tenebrosa Dusky Moorhen 5 1   1    
Porphyrio porphyrio Purple Swamphen 1 0       
Sturnidae  1 0       
Sturnus vulgaris Common Starling 1 0       
Threskiornithidae  19 5       
Threskiornis molucca Australian White Ibis 18 5 1  4    
Platalea regia Royal Spoonbill 1 0       
Turnicidae  1 0       
Turnix variae Painted Button Quail 1 0       
Tytonidae  1 0       
Tyto alba Barn Owl 1 0       
Zosteropidae  1 0       
Zosterops lateralis Silvereye 1 0       

 
Total 
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14. Appendix 3  
 
List of positive birds within their species and family, showing parasite involved and 
intensity of parasitaemia (H = Haemoproteus, L = Leucocytozoon, P = Plasmodium, 
T = Trypanosoma, M = Microfilaria). Numbers in brackets indicate multiple infections. 
 
Families and 
species 
(Blood positive) 

 
Common Name 

# 
Ex

am
in

ed
 

# 
Po

si
tiv

e 

Identification numbers, type and 
intensity of parasite 

 

Accipitridae  7 1  
Aquila audax Wedge-tailed 

Eagle 
1 1 B99 105: H low (1/smear) 

Ardeidae  4 1  
Nycticorax 
caledonicus 

Nankeen Night- 
Heron 

1 1 A99 348: H low (1.1/1000) 

Columbidae  44 11  
Geophabs 
lophotes 

Crested Pigeon 13 1 J98 394: L high (3/1000) 

Columba livia Domestic Pigeon 12 9 K98 117: H high (7.78/1000) 
K98 194: H moderate (3.6/1000) 
K98 262: H moderate (3.3/1000)  
K98 394: H moderate (2.1/1000) 
A99 081: H low (0.6/1000) 
A99 091: H very high (290.4/1000) 
A99 163: P/H moderate (2.6/1000) 
A99 317: H high (6.9/1000) 
B99 179: H high (10.6/1000) 

Leucosarcia 
melanoleuca 

Wonga Pigeon 1 1 K98 120: H low (6 in 2 smears) 

Coraciidae  6 2  
Eurystomus 
orientalis 

Dollarbird 6 2(1) K98 264: L low (4 per smear) 
A99 031: H low (7 per smear),  
               L low (2 per smear), 
               M low (1 per smear) 

Corvidae  95 45  
Corvus orru Torresian Crow 15 6(2) K98 158: H very high (42.3/1000),  

               L low (0.1/1000) 
K98 473: P low (4 per smear) 
L98 101: L low (3 per smear) 
A99 133: P moderate (2/1000),  
               L low (2 per smear) 
B99 097: P very high (31.6/1000) 
B99 166: P very high (24.2/1000),  
               M low (1 per smear) 
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(Appendix 3: continued) 
 
Families and 
species 
(Blood positive ) 

 
Common Name 

# 
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# 
Po
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Identification numbers, type and 
intensity of parasite 

 

Gymnorhina tibicen Australian Magpie 27 16(5) J98 389: L low (1 per smear) 
J98 427: L low (0.11/1000) 
K98 063: L  low (1 per smear) 
K98 106: P high (5.4/1000) 
K98 265: L  low (6 per smear) 
K98 276: L low (0.5/1000) 
K98 291: P high (4.4/1000),  
               L low (1 per smear) 
K98 379: L low (3 per smear) 
K98 385: P low (1.1/1000)  
L98 237: T low (1 per smear ),  
               M low  (1 per smear) 
L98 240: L moderate (0.9/1000) 
L98 252: P high (8.7/1000),  
               L (1 per smear) 
L98 339: P high (6.5/1000) 
A99 240: L low (0.4/1000) 
               P low (0.6/1000) 
A99 344: P high (4.2/1000),  
               M low (1 per smear) 
B99 099: P low (6 per smears) 

Strepera graculina Pied Currawong 23 16(1) J98 364: L low (1 per smear) 
J98 366: L low (3 per smear) 
K98 100: L moderate (0.55/1000) 
K98 118: L low (2 per smear) 
K98 279: L low (1 per smear) 
K98 293: L low (1 per smear) 
K98 314: L low (2 per smear) 
K98 378: L low (2 per smear) 
L98 125: L low (5 per smear) 
L98 254: L low (2 per smear) 
A99 084: P/H high (13.4/1000) 
A99 331: P moderate (2/1000) 
B99 040: P low (1.9/1000) 
B99 077: P/H moderate (3.1/1000),  
               L low (1 per smear) 
B99 124: P moderate (2.6 /1000) 
B99 150: P very high (43.8/1000) 

Cracticus torquatus Grey Butcherbird 6 5 J98 023: P/H mod (2/1000) 
K98 243: L low (2 per smear) 
L98 025: L low (0.3/1000) 
L98 248: T low (1 per smear),  
               M low (3 per smear) 
A99 075: L low  (1 per smear) 

Cracticus 
nigrogularis 

Pied Butcherbird 2 1 A99 174: P/H low (4 per smear) 
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(Appendix 3: continued) 
 
Families and 
species 
(Blood positive ) 

 
Common Name 

# 
Ex

am
in

ed
 

# 
Po

si
tiv

e 

Identification numbers, type and 
intensity of parasite 

 

Grallina cyanoleuca Australian 
Magpie-Lark 

18 1 K98 086: L low (4 per smear) 

Halcyonidae  14 1  
Todiramphus 
sanctus 

Sacred Kingfisher 8 1 K98 202: H moderate (3.9/1000) 

Meliphagidae  28 20  
Manorina 
melanocephala 

Noisy Miner 24 17(4) K98 080: L low (1 per smear) 
K98 139: L low (7 per smear) 
K98 150: H moderate (3.2/1000),  
               L low (0.3/1000) 
K98 154: H low (1 per smear) 
K98 164: P high (10.7/1000)  
K98 177: P very high (18.6/1000),  
               L moderate (1.9/1000) 
K98 281: L low (3 per smear) 
K98 415: P/H moderate (3.4/1000) 
L98 017: L low (0.4/1000) 
L98 241: L low (3 per smear) 
L98 299: L moderate (1.5/1000) 
L98 336: H low (1 per smear) 
A99 007: L low (3 per smear) 
A99 028: H low (1.7/1000) 
A99 291: P very high (24.3/1000), 
               M (1 per smear) 
B99 090: H low (2 per smear) 
B99 180: P moderate (2.8/1000),  
               L low (1 per smear) 

Philemon  
corniculatus 

Noisy Friarbird 3 3(3) J98 266: H moderate (4/1000),  
               L low (2 per smear) 
K98 105: H very high (16.4/1000),  
               L moderate (1.9/1000),  
               T (3 per smear),  
               M (9 per smear)  
L98 243: H moderate (2.9/1000), 
               L low (2 per smear) 
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(Appendix 3: continued) 
 
Families and 
species 
(Blood positive ) 

 
Common Name 

# 
Ex
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in

ed
 

# 
Po

si
tiv

e 

Identification numbers, type and 
intensity of parasite 

 

Oriolidae  13 10  
Sphecoteres viridis Southern Figbird 13 10(1) K98 410: L high (6.1/1000) 

L98 036: L low (6 per smear) 
L98 117: L low (1 per smear) 
L98 340: L low (3 per smear) 
L98 363 : Pl low (2 per smear),  
                L low (1 per smear) 
A99 131: L low (2 per smear) 
A99 132: L moderate (1.2/1000) 
A99 277: L high (6.7/1000) 
A99 356: L high (4.5/1000) 
B99 082: L low (1 per smear) 

Podargidae  21 11  
Podargus strigoides Tawny Frogmouth 21 11(1) K98 029: L moderate (1.14/1000) 

K98 044: L low (0.4/1000) 
K98 147: L high (2.6/1000) 
K98 207: L high (3.4/1000) 
L98 264: L high (3/1000) 
A99 040: L low (0.2/1000) 
A99 041: L low (2 per smear) 
A99 310: L low (0.3/1000),  
               M (4 per smear) 
B99 074: L  low (10 per smear) 
B99 114: L low (3 per smear) 
B99 147: L low (2 per smear) 

Psittacidae  188 2  
Trichoglossus 
haematodus 

Rainbow Lorikeet 146 1 L98 003: L low (4 per  smear) 

Cacatua galerita Sulphur-crested 
Cockatoo 

5 1 K98 241: L moderate (0.7/1000) 

Rallidae  6 1  
Gallinula tenebrosa Dusky Moorhen 5 1 B99 037: H low (5 per smear) 
Threskiornithidae  19 5  
Threskiornis 
molucca 

Australian White 
Ibis 

18 5 K98 031: L moderate (2/1000) 
K98 050: H moderate (2/1000) 
K98 203: H low (0.8/1000) 
L98 311: H moderate (3.9/1000) 
A99 151: H high (11.1/1000) 

Total  439  110  
 
 


