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Abstract: Toxoplasma gondii atypical type II genotype was diagnosed in a pet peach-faced lovebird (Agapornis roseicollis) based on histopathology, immunohistochemistry, and multilocus DNA typing. The bird presented with severe neurological signs, and hematology was suggestive of chronic granulomatous disease. Gross post-mortem examination revealed cerebral hemorrhage, splenomegaly, hepatitis, and thickening of the right ventricular free wall. Histologic sections
of the most significant lesions in the brain revealed intralesional protozoan organisms associated with malacia, spongiform changes, and a mild histiocytic response, indicative of diffuse, non-suppurative encephalitis. Immunohistochemistry
confirmed the causative organisms to be T. gondii. DNA isolated from the brain was used to confirm the presence of T.
gondii DNA. Multilocus genotyping based on SAG1, altSAG2, SAG3, BTUB, GRA6, c22-8, c29-2, L358, PK1, and Apico
markers demonstrated the presence of ToxoDB PCR-RFLP genotype #3 and B1 gene as atypical T. gondii type II. The
atypical type II strain has been previously documented in Australian wildlife, indicating an environmental transmission
route.
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Toxoplasma gondii is a ubiquitous, cyst-forming, apicomplexan parasite renowned for its ability to infect all endothermic
vertebrates, i.e., mammals and birds [1]. Potentially all birds
can become intermediate hosts for T. gondii, as indicated by seroprevalence in over 38 species of wild birds across 8 avian orders [1]. Subclinical and chronic infection is prevalent in many
avian species; however, susceptibility to infection and disease
varies across species [1]. Reports of acute disease and death
suggest that psittacines, passerines, columbiformes, and galliformes are most susceptible to clinical infection [1,2]. Reports
of lethal toxoplasmosis in psittacines have been seen in native
Australian and New Zealand parrots, captive psittacines in
North and South America, a Swanson’s lorikeet (Trichoglossus
moluccanus), 2 budgerigars (Melopsittacus undulatus) in Switzerland and the Netherlands, and experimentally infected budgerigars in the United States [1-6]. To our knowledge we report
the first T. gondii-associated lethal encephalitis in a pet peachfaced lovebird (Agapornis roseicollis).
The susceptibility and severity of toxoplasmosis in individuals

and among species varies, and insights into the population structure and unique genetic polymorphisms of T. gondii strains may
explain strain-specific disease states or increased biological potential for virulence [7]. The current understanding of T. gondii
genetic diversity suggests that both clonal and recombinant
(atypical or nonarchetypal) isolates of the lineages I, II, III, and
the more recent, type 12, exist [8,9]. The types II, III, and 12 have
been isolated from birds of prey species and a virulent type II
from a black-winged lory (Eos cyanogenia) in North America [4,9].
Atypical or nonarchetypal genotypes are typically reported from
birds in South America and geographically isolated regions such
as New Zealand and Australia [10,11]. Atypical type II isolates
were described as the causative agent of mortality in native New
Zealand bird species and a type I/III variant was isolated from a
diseased Valley quail (Callipepla californica) in Brazil [6,12]. In
Australia, molecular genotyping studies have revealed the presence of atypical type II strains in marsupials and marine mammals, but there is no genetic data on T. gondii isolates from birds
[11,13-15].
The aim of this study was to genetically characterize T. gondii
infection in a case of lethal toxoplasmosis in a pet peach-faced
lovebird (A. roseicollis) and describe the disease and microscopic
lesions. A female peach-faced lovebird of unknown age was
presented with ataxia to the Avian Reptile and Exotic Pet Hospital at the Camden Campus of the University of Sydney in Au-
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gust 2014. The lovebird was found free-flying outside and adopted by the owner 1 year prior to its presentation. During this
time, it was confined to the house, and the owner did not have
a cat. The bird did eat the owner’s food, but any meat eaten was
thoroughly cooked. Observations during physical examination
revealed feather destruction of the contour feathers over the sternum. The lovebird had a mild polycythemia (PCV 66%, normal
range 20-57%), hyperproteinemia (estimated total protein 53
g/L, normal range 24-46 g/L), a leucocytosis (40,600 cells/µl,
normal range 4,000-16,000 cells/µl), heterophilia (25,578 cells/
µl, normal range 1,600-12,000 cells/µl), and a monocytosis
(6,902 cells/µl, normal range less than 1,800 cells/µl) [16]. Plasma uric acid was elevated (715 µmol/L, normal range 178-287
µmol/L) and there was a mild increase in creatinine phosphokinase (1411 U/L, normal range less than 400 U/L). Whole body
radiographs were not diagnostic. The lovebird was treated with
fluid therapy and azithromycin. A transient improvement was
observed followed by a general deterioration in neurological
signs. A week after the first presentation, the lovebird’s ataxia
had worsened, it had intention tremors, and a head tilt. The
bird was euthanized at the owner’s request.
At necropsy, representative samples of the brain, spleen, liver,

proventriculus, and heart tissue were processed for histological
examinations using standard procedures. The most significant
histopathological finding was diffuse, non-suppurative encephalitis. This was characterized by a focally extensive area of hemorrhage in the caudal cerebrum (Fig. 1A), accompanied by malacia, lymphoplasmacytic cuffing (Fig. 1B), spongiform changes
in the white matter and gliosis, and a mild histiocytic response.
Clusters of intracytoplasmic organisms were seen where the
hemorrhage was most extensive (Fig. 1C). The spleen was twice
the normal size, with depletion of histiocytes and lymphocytes.
The liver had a mild, multifocal periportal lymphoplasmacytic
response, and many scattered hepatocytes had shrunken nuclei
or were pyknotic. There was moderate to marked thickening of
the proventricular lamina propria. The wall of the right atrium
and right ventriculus was thickened and there was significant
hypertrophy of the myofibres. Tachyzoites in the brain stained
positive with anti-T. gondii antibody (Fig. 1D) and were negative with the negative control. Immunohistochemical staining
was used to differentiate T. gondii stages from other cyst-forming
coccidia in the brain as previously described [13].
Samples of the fresh brain were stored at -20˚C prior to
DNA extraction. Genomic DNA was extracted from 25 mg of
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Fig. 1. Peach-faced lovebird (Agapornis roseicollis) brain lesion with extensive hemorrhage (A), lymphoplasmacytic cuffing (B), and intralesional cysts (arrow) (C); H&E stain. Inset (D) is anti-T. gondii antibody positive bradyzoites in the lovebird brain; IHC stain.
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brain tissue using the Bioline Isolate II Genomic DNA kit (Bioline, Alexandria, New South Wales, Australia), and the phylogenetically informative portion of the D1/D2 domain of the
large subunit rRNA gene (LSU) was PCR amplified and directly sequenced. The obtained LSU sequence (GenBank no.
KT314077) unambiguously matched to T. gondii LSU. To identify the genotype of T. gondii, nested PCR amplification was
applied to T. gondii-specific genetic markers at B1, SAG1, alt-

SAG2, SAG3, BTUB, GRA6, c22-8, c29-2, L358, PK1, and Apico
loci [17]. The sequenced loci revealed the presence of T. gondii
type II alleles, with the exception of B1 and Apico (Table 1).
Two nucleotide peaks were detected at 3 nucleotide positions
(positions 366, 378, and 504) in the lovebird B1 sequence,
when compared with the B1 reference sequence (Fig. 2B). The
guanine/adenine polymorphism at position 378 is not found
in classical strain types I, II, and II, but has been described in

Table 1. Genotyping results determined by bidirectional sequencing of the 11 DNA markers, followed by virtual RFLP (NEBcutter, New
England Biolabs Inc.) and comparison to type I (GT1), type II (ME49), and type III (CTG) reference sequences from ToxoDB (http://
toxodb.org/toxo/)
Genotype/Isolate ID

B1

SAG1 alt- SAG2 SAG3

BTUB

GRA6

C22-8 C29-2

L358

PK1

Apico

Type I (ToxoDB #10)*/GT1

I

I

I

I

I

I

I

I

I

I

I

Type II (ToxoDB #1)*/ME49

II or III

II or III

II

II

II

II

II

II

II

II

II

Type III (ToxoDB #2)*/VEG

II or III

II or III

III

III

III

III

III

III

III

III

III

Atypical type II (ToxoDB #3)/AgapornisTg1

U-2

II or III

II

II

II

II

II

II

II

II

I

a

*Genotype of strains I, II, and III from ToxoDB v11 sequences. U-2 is a unique genotype with a classic type II RFLP banding pattern (SNP identified
by sequencing).											
a

A

366

G T A Y T C G

G T A Y T C G

378

A G A R A G G

A G A R A G G

504

A C A S G T G

A C A S G T G

533

C C T A G T A

C C T A G T A

B

Fig. 2. Bidirectional B1 sequence chromatographs showing the single nucleotide polymorphisms (SNPs) (A). Solid triangle above the sequence indicates a double peak. Sequence residues Y = C/T, R = G/A, and S = G/C. A SNP at nucleotide position 533 that has been
previously identified in Australian wildlife was not called by CLC Main Workbench in isolate AgapornisTg1. (B) Summary of polymorphisms in the B1 gene compared to type I and II/III reference strains. “U” indicates a nonarchtypal allele; I, II, or III refers to the archetypal
allele from the type I, II, or III strain. B1 PCR was run using MyTaq Red Mix (Bioline, Australia). Amplification products were bidirectionally
sequenced (Macrogen Inc., Seoul, South Korea), assembled using CLC Main Workbench v 6.9 including “secondary peak calling” tool
set to cut off of 0.2 (QIAGEN, CLC Bio, Aarhus, Denmark).
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other Australian mammals [11,13-15]. Dinucleotide peaks at
positions 366 and 504 are consistent with strain type II or III
(Fig. 2A). A SNP at position 178 in the Apico locus corresponds with archetypical type I allele. The RFLP genotype of
the peach-faced lovebird is ToxoDB #3 atypical type II
(ToxoDB isolate ID: AgapornisTg1).
Presence of Chlamydia spp. was ruled out by a TaqMan
qPCR test targeting the 23S ribosomal DNA [18], and DNA
from the lovebird tested negative for the presence of Psittacine
beak and feather disease virus capsid DNA by PCR [19].
Clinical signs associated with acute toxoplasmosis in passerines, columbiformes, and galliformes commonly include diarrhea, depression, and dyspnea, which are explained by the tissue distribution of T. gondii cysts or tachyzoite-associated lesions in the enteric system, central nervous system, and lungs
[1,20,21]. In contrast, reports of clinical toxoplasmosis in psittacines more often describe nonspecific signs such as feather
fluffing and reduced activity [1-3,20,21]. Histologically, toxoplasmosis in psittacines is reported to be most severe in the
heart, lung, liver, and spleen, and is characterized by myocarditis, pneumonia, hepatic necrosis, and splenomegaly in association with disseminated tissue cysts [20,21]. The histological
findings of this investigation are mostly consistent with those
previously reported in psittacines. The exception in this case is
the finding of diffuse, non-suppurative encephalitis, and signs
of ataxia. T. gondii-associated encephalitis has not been previously reported in a naturally infected psittacine, and documentation of toxoplasmosis in captive lovebirds does not exist, and therefore is not often considered a differential. Our
findings show that toxoplasmosis should be considered in
birds with neurologic signs. The post-mortem examination on
this bird was incomplete so the presence or absence of lesions
in the kidneys and lungs was not documented. However, the
presence of a hypertrophy of the right ventricle could be consistent with increased resistance to outflow as the result of
chronic pulmonary disease.
Hematological findings in birds with toxoplasmosis are not
typically reported [1-4,6,9,12,20,21]. The hematological findings in this study suggested that the lovebird was experiencing
a chronic granulomatous disease, which was supported by histopathology of the brain lesions. These findings suggest that
hematology may prove to be a useful tool for narrowing the
differential diagnosis list for birds with toxoplasmosis. Important differential diagnoses for these types of hematological
changes include Chlamydia psittaci infections, mycobacteriosis,

and systemic fungal infections [22]. The latter 2 can cause encephalitis or, in fungal infections, brain infarcts, although these
lesions are uncommon. C. psittaci infection was ruled out by
PCR assay. Determining the nature of the brain lesion antemortem would have required advanced imaging techniques.
Hyperuricemia was most likely secondary to dehydration, since
the owner noted that the bird had difficulty in drinking due to
ataxia.
Perhaps one of the most common causes of immune suppression in parrots is infection with the psittacine beak and
feather disease virus and infection in lovebirds is common [23].
This bird was negative for this virus; however, it is not known if
other factors might have been impacting its immune function.
The recent expansion in the use of DNA sequencing for molecular genotyping has enabled the identification of unique
polymorphisms and genetic diversity of T. gondii isolates, particularly in wildlife [17]. Molecular genotyping has increased
the knowledge of T. gondii strain types in Australian marsupials
and marine mammals, which give clues to the epidemiology
of T. gondii in wildlife [11,14,15]. Our finding of an atypical
type II strain (ToxoDB RFLP genotype #3) in a pet peach-faced
lovebird has also been previously identified in a free-ranging
common wombat (Vombatus ursinus) in Australia, suggesting
that exposure to resistant T. gondii oocysts in the environment
is a likely transmission route [11]. The same atypical type II
strain has also been reported in pet Eurasian siskins (Spinus spinus) and Oriental skylarks (Alauda gulgula) in China, which are
bred in semi-free range systems and share the same environment with people in urban areas [24].
While it is highly unlikely that direct transmission of T. gondii
from a pet bird to humans could occur, due to the confinement
of oocysts to the gastrointestinal tract and tissue cysts to internal
organs, pet birds may be indicators of the risk of environmental
transmission to any intermediate host [24]. Infection in this case
is presumably as a consequence of T. gondii oocyst ingestion. Felids are the definitive host for T. gondii, and the risk of oocyst
contamination in waterways or soil is increased in urban areas
with high cat populations [1]. As the owner did not have a cat,
the direct route of exposure is not known. However, it is most
likely that the infection was a result of ingestion of oocyst-contaminated food or water.
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