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Ultrastructure of Hepatozoon boigae (Mackerras, 1961) nov. comb.
from brown tree snakes, Boiga irregularis, from northern Australia
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Abstract Intraerythrocytic bodies identified as haem-
ogregarine gamonts were found in 29% of 97 brown
tree snakes (Boiga irregularis) examined during a hae-
matological survey of reptiles in Australasia during
1994–1998. The morphological characteristics of the
parasites were consistent with those of Haemogregarina
boigae Mackerras, 1961, although the gamonts were
slightly larger and lacked red caps but contained dis-
tinctive polar grey capsules. Gamonts did not distend
host cells but laterally displaced their nuclei. They were
contained within parasitophorous vacuoles and pos-
sessed typical apicomplexan organelles, including a
conoid, polar rings, rhoptries and micronemes.
Schizonts producing up to 30 merozoites were detected
in endothelial cells of the lungs of 11 snakes. The ab-
sence of erythrocytic schizogony suggests the parasites
belong to the genus Hepatozoon. Electron microscopy
also revealed the presence of curious encapsulated or-
ganisms in degenerating erythrocytes. These stages did
not possess apical complex organelles and were sur-
rounded by thick walls containing circumferential
junctions and interposed strips reminiscent of oocyst
sutures.

Introduction

Haemogregarines (Apicomplexa: Haemogregarinidae)
are common haemoprotozoan parasites of reptiles but
are generally non-pathogenic to their hosts. The main

genera infecting reptiles are Haemogregarina, Hepato-
zoon, Karyolysus and Hemolivia (cf. Mackerras 1961;
Petit et al. 1990; Barnard and Upton 1994). Conven-
tionally, haemogregarine species have been differentiated
on the basis of host occurrence, gamont morphology
and site of schizogonous development. However, the life
cycles of most species are not known and host specificity
has been assumed rather than demonstrated. The reli-
ability of gamont morphology for species differentiation
is also questionable, due to their pleomorphy. The pre-
sent study describes the morphology and ultrastructure
of haemogregarines detected in brown tree snakes (Boiga
irregularis) during the course of a large-scale survey
conducted on haemoparasites of reptiles in the south-
western Pacific. Brown tree snakes are endemic to
Australasia but were accidentally introduced to several
Pacific islands where they have become pest species.

Materials and methods

Brown tree snakes were collected opportunistically from coastal
regions in central and northern Queensland and the Northern
Territory in Australia, from the Solomon Islands and from the
island of Guam in the southwestern Pacific Ocean during 1994–
1998. All collections were made under wildlife and animal ethics
permits issued by regional authorities. Animals were caught
manually during the evenings when they came out to feed. Blood
was collected from the caudal vein, two blood smears prepared
and the remaining blood fixed in 3% glutaraldehyde in 0.1 M
sodium cacodylate buffer (pH 7.2). Snakes were released at the
site of capture, except for 11 animals which were transported
back to the laboratory and maintained in terraria. These snakes
were kept for varying periods of time (from 1 week to 2 years)
and then killed by barbiturate overdose for pathological exam-
ination. Blood smears were fixed in methanol, stained with
Giemsa (1:15 in Sorensen’s buffer, pH 7.2) for 10 min and ex-
amined under oil immersion. Aliquots of glutaraldehyde-fixed
blood were gently centrifuged, the cell pellets washed in buffer
and then embedded in 2% agarose to facilitate handling. Gel
blocks were post-fixed in 1% osmium tetroxide, prestained in
0.5% uranyl acetate in 50% ethanol, dehydrated and embedded
in Epon resin. Ultrathin (50 nm) sections were cut, stained with
uranyl acetate and lead citrate and examined using a TEOL101
electron microscope. Tissue samples collected at post-mortem
(lung, liver, spleen, kidney, heart, skeletal muscle) were fixed in
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buffered 10% formalin and 3% glutaraldehyde and processed for
histology and electron microscopy using standard preparative
techniques.

Results

A total of 97 brown tree snakes were collected during
the survey: 64 from northern Australia, 21 from Guam
and 12 from the Solomon Islands. Haemogregarines
were detected in blood smears from 28 snakes, all orig-
inating from central Queensland in Australia. Parasita-
emia ranged over 1–90% and repeat sampling of captive
snakes indicated infections could persist under labora-
tory conditions for up to 2 years. No clinical signs of
disease were apparent in any of the snakes. No
haemosporidia, piroplasms or trypanosomes were de-
tected in blood smears. Low numbers of coccidian oo-
cysts and strongyle eggs were occasionally detected in
faecal samples from 12 snakes. Ticks recovered from
seven snakes were identified as Amblyomma and Apo-
nomma spp.

Intra-erythrocytic gamonts

The haemogregarine developmental stages detected in
the blood smears were all intraerythrocytic gamonts and
no schizonts were detected in red blood cells. The ga-
monts did not distend host cells but caused marked
lateral displacement of their nuclei. Infected erythrocytes
usually stained paler than uninfected erythrocytes, but
there was no evidence of haemoglobin denaturation or
granulation. Mature gamonts were crescent-shaped with
lightly basophilic granular cytoplasm, dense centrally
located nuclei and prominent polar caps staining light
blue-grey (Fig. 1). They were contained within parasi-
tophorous vacuoles and most infected cells contained
single gamonts, although infections by two gamonts
were occasionally observed. The gamonts ranged over
16.0–17.3 lm in length (mean ± standard deviation
= 16.3±0.78; n=30) and 4.0–4.8 lm in width
(4.4±0.32; n=30). The gamonts were monomorphic,
being remarkably uniform in size, shape, appearance,
location and effect on the host cell. Electron microscopy
revealed the presence of characteristic apicomplexan
organelles in the anterior half of the gamonts (Fig. 2),
including a conoid, 2–8 rhoptries and up to 50 micro-
nemes (Fig. 3). The conoid was located at the apex of
the gamonts and appeared as a truncated cone of fibrils
within the anterior polar ring. The rhoptries were elon-
gate, electron-dense, saccular organelles ranging over
100–200 nm in cross-sectional diameter, while the mi-
cronemes were smaller, electron-dense, elliptical organ-
elles ranging over 80–120 nm in diameter. Gamonts
were bounded by a trilaminar pellicle supported by
longitudinal subpellicular microtubules which were in-
terrupted at the polar rings. The parasite nucleus was
elongate and located in the posterior half of the gamont.

The gamonts were located within membrane-bound
parasitophorous vacuoles separating the parasites from
the host cell cytoplasm and haemoglobin. Shrinkage
artifacts frequently exaggerated the vacuolar space
between gamonts and host-cell cytoplasm; and the vac-
uole membrane was occasionally observed to adhere to
the gamont pellicle (Fig. 3). The cytoplasm of infected
erythrocytes was homogeneous and the haemoglobin
content appeared unchanged, compared with that of
adjacent uninfected cells.

Tissue schizonts

Schizonts at different stages of maturity were observed
in capillaries in the respiratory tracts of the 11 snakes
from which post-mortem samples were collected
(Fig. 4). The schizonts were evident as multinucleate
ovoid bodies ranging over 10–40 lm in diameter. They
markedly distended the vascular endothelial cells and
laterally displaced the host-cell nuclei. Transmission
electron microscopy of the turgid cells confirmed their
identity as capillary endothelial cells (Fig. 5). Cross-
sections of mature schizonts revealed the presence of up
to 30 merozoites, ranging in width over 1.2–2.4 lm and
located within large membrane-bound parasitophorous
vacuoles. The majority of merozoites were peripherally
located around a central mass of electron-lucent vacu-
oles (Fig. 6).

Thick-walled intra-erythrocytic forms

During the course of the transmission electron micro-
scopic investigations, curious thick-walled intra-erythr-
ocytic stages were detected in seven brown tree snakes
(exclusively in four snakes, but in conjunction with
typical haemogregarine gamonts in another three). In-
fected erythrocytes showed extensive degenerative
changes in haemoglobin content, with a marked loss in
electron density and considerable granulation (Fig. 7).
The erythrocyte membrane appeared serrated due to the
presence of numerous small protrusions projected out-
wards from the cell (Fig. 8). The erythrocyte nuclei were
frequently triangular in appearance, their chromatin
content pale and diffuse (except around the margin) and
they were laterally displaced by the parasitophorous
vacuole. Shrinkage artifacts within the vacuole were
common. The contained organisms were stellate in ap-
pearance and ranged over 2–4 lm in diameter. They
possessed a large, centrally located nucleus, ribosome-
rich cytoplasm and several large, electron-dense gran-
ules. They lacked any typical apical complex organelles
and no mitochondria were observed. The most distinc-
tive feature of these stages was the thick wall completely
surrounding them. The wall was electron-dense and
ranged in thickness over 100–160 nm (Fig. 9). It
contained two prominent circumferential sutures or
junctions which divided the wall into halves (Fig. 9). The
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junctions contained lip-like thickenings of the wall (up
to 320 nm thick), with two interposed electron-dense
strips forming a 250-nm channel through the wall
(Fig. 10). Repeated examination of blood smears from
these snakes by light microscopy failed to reveal any
stages which were unequivocally referable to the thick-
walled stages detected by electron microscopy.

Discussion

Haemogregarine parasites were a common finding in
brown tree snakes, being detected at a prevalence of
29% in the 97 snakes examined. However, marked dif-
ferences were observed in the geographic distribution of
infected snakes. All infections were found in snakes from
northern Australia (prevalence of 44%) and none in
those from Guam or the Solomon Islands. The absence
of infections in island populations suggests either that
the snakes which colonized the islands after their acci-
dental introduction in the 1950s were not infected, or
that the transmission of infections could not be sus-
tained due to a lack of suitable vectors. Haemogrega-
rines may be transmitted by a range of haematophagous
invertebrates, including leeches, acarines (ticks, mites)

and insects (mosquitoes, flies, lice); and vertebrates ac-
quire infections through vector bites or the ingestion of
infected vectors. Regrettably, the vectors and transmis-
sion cycles of most haemogregarine species are un-
known. Future studies should be conducted on snake
populations in their natural home range of northern
Australia. Haemogregarines have previously been de-
tected in 26 species of Australian snakes, including seven
colubrid species, eight boid species and 11 elapid species
(O’Donoghue and Adlard 2000). Boiga irregularis is a
colubrid snake and haemogregarines have been detected
on several occasions in snakes collected in Queensland
and the Northern Territory (cf. Mackerras 1961).

Infections varied markedly in their intensity (para-
sitaemia ranging over 1–90%), but no clinical signs of
disease were noted, even in the most heavily infected
snakes. Gamonts occupied approximately half the vol-
ume of infected erythrocytes but usually did not distend
the host cell. The erythrocyte nucleus was laterally dis-
placed and the cytoplasm stained paler than uninfected
cells. Nonetheless, it is not known whether these changes
manifest any haematological abnormalities, as normal
values for most blood parameters have yet to be estab-
lished for this snake species. Gamonts are essentially
dormant stages awaiting ingestion by vectors, so their

Fig. 1 Light micrograph of
erythrocytes from the brown
tree snake, Boiga irregularis,
showing crescent-shaped
gamonts of Hepatozoon boigae
laterally displacing host-cell
nuclei. Bar 5 lm

Fig. 2 Electron micrograph of
B. irregularis erythrocyte
infected with Hp. boigae
gamont, showing parasite with
conspicuous nucleus and apical
complex organelles. Bar 1 lm

Fig. 3 Electron micrograph of
anterior region of Hp. boigae
gamont located within
parasitophorous vacuole in B.
irregularis erythrocyte. Note
presence of prominent apical
complex organelles (conoid,
micronemes, rhoptries)
enclosed within parasite pellicle.
Bar 0.5 lm
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cytopathologic effects may be limited. They are non-
dividing stages and do not release daughter cells via host
cell lysis. However, the longevity of infected cells is not
known. The persistence of infections in the captive
snakes for up to 2 years in the absence of vector chal-
lenge suggests that infected cells are not lysed or pre-
maturely cleared from the circulation. Alternatively,
infections might persist through constant replenishment
by asexual multiplicative stages of parasite in host tis-
sues. In this study, numerous schizonts were detected in
the lungs of the 11 snakes kept from 1 week to 2 years
prior to post-mortem. No gross or histopathological
changes were detected, suggesting that the tissue stages
were transient or did not elicit host inflammatory re-
sponses. Mature schizonts distended the host endothelial
cells into the lumen of the blood vessels and merozoites
were presumably liberated by host cell lysis. However,
no ischaemic or haemorrhagic changes were observed in
host tissues on gross or histopathological examination.
There is therefore no direct evidence that haemogrega-
rine infections caused significant pathology in brown
tree snakes during their schizogonous proliferation in
tissues or their gamont formation in erythrocytes.

The identification of the haemogregarine genus and
species infecting the snakes was problematic. Different
parasite species have conventionally been described on
the basis of host occurrence and gamont morphology.
However, little is known about the actual host-specificity
of the parasite species and the gamonts exhibit consid-
erable pleomorphism. To date, a total of 22 Haemo-
gregarina spp have been described from Australian
snakes, including six from colubrids, eight from boids
and eight from elapids (O’Donoghue and Adlard 2000).
Two Haemogregarina spp have previously been de-
scribed from brown tree snakes, Hg. boigae and Hg.
mirabilis. At the light microscopy level, the gamonts
detected in this study were consistent with previous de-
scriptions of those of Hg. boigae Mackerras, 1961, ex-
cept that they were slightly longer and did not have
prominent red caps, but contained conspicuous and
distinctive polar grey capsules. The gamonts were the
same size as those of Hg. mirabilis, but the latter were
paler staining and lacked polar caps. Species described
from other colubrid snakes (cf. Mackerras 1961) include
Hg. calligaster from the northern tree snake, Dendrela-
phis calligastra (forms smaller gamonts without polar

Fig. 4 Light micrograph of lung
tissue from the brown tree
snake, Boiga irregularis,
showing two multinucleate
schizonts of Hp. boigae located
within endothelial cells. Bar
20 lm

Fig. 5 Electron micrograph
showing cross-section through
Hp. boigae schizont located
within parasitophorous vacuole
in endothelial cell in snake lung.
Bar 2 lm

Fig. 6 Electron micrograph
through mature schizont of H.
boigae showing up to
20 merozoites and numerous
electron-lucent vacuoles. Bar
2 lm
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caps), Hg. dendrophidis from the common tree snake,
D. punctulata (forms pale gamonts without polar caps),
Hg. aspidomorphi from the slate-grey snake, Stegonotus
plumbeus (forms thin gamonts with anterior nuclei and
pale polar caps), and Hg. stegonoti, also from S. plumb-
eus (forms large gamonts with thick membranes and
recurved tails). While the gamonts found in this study
were most similar to those of Hg. boigae, the sites of
development of the schizonts suggest that the parasites
may not belong to the genus Haemogregarina.

The current classification of haemogregarine taxa is
based on a combination of characters, including parasite
developmental cycle, host occurrence, vector and route
of transmission (cf. Telford 1984). Most workers recog-
nize three families: Haemogregarinidae (containing the
genera Haemogregarina, Cyrilia and Desseria), Karyo-
lysidae (containing the genera Karyolysus andHemolivia)
and Hepatozoidae (containing the genus Hepatozoon).
Siddall (1995) suggested that chelonian haemogregarines
be regarded as Haemogregarina sensu stricto, whereas

fish haemogregarines be classified as Cyrilia or Desseria,
or left as Haemogregarina sensu lato. Smith (1996) sub-
sequently suggested that all members of the genus Hae-
mogregarina in snakes, crocodilians, lizards, amphibians,
birds and mammals be transferred to the genus Hepato-
zoon. The key characters used to differentiate genera are
sporogonic development, vector transmission and sites of
development. Haemogregarinids produce oocysts with
naked sporozoites in the gut of leech vectors, vertebrates
are infected by vector bite and schizogony occurs in host
erythrocytes. Hepatozoids produce oocysts containing
numerous sporocysts in the haemocoel of various vectors
(insects, acarines, leeches), vertebrates are infected by
ingesting vectors and schizogony occurs in vascular en-
dothelial cells in host tissues. Karyolysids produce
sporokinetes and motile spores in the gut and ova of mite
vectors, vertebrates become infected by ingesting mites
and schizogony occurs in host vascular endothelial cells.
Although the vectors and complete developmental cycles
of the parasites detected in the brown tree snakes remain

Fig. 7 Electron micrograph of
thick-walled gamont located
within parasitophorous vacuole
in B. irregularis erythrocyte
with irregular membrane,
diffuse haemoglobin and turgid
nucleus. Bar 1 lm

Fig. 8 Electron micrograph
through erythrocyte infected
with thick-walled gamont
showing membrane protrusions
and diffuse haemoglobin
content. Bar 200 nm

Fig. 9 Electron micrograph of
thick-walled gamont showing
central nucleus, cytoplasm with
electron-dense vacuoles and
granules and prominent thick
wall with conspicuous junctions
at opposite ends. Bar 400 nm

Fig. 10 Electron micrograph of
suture-like junction in thick
wall, showing lip-like terminal
swellings and electron-dense
lines in close apposition. Bar
100 nm
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to be determined, the presence of extra-erythrocytic
rather than intra-erythrocytic schizonts suggests that
they belong to the genus Hepatozoon. Accordingly, it is
suggested that Hg. boigae from brown tree snakes be
reassigned to Hp. boigae (Mackerras, 1961) nov. comb.,
pending further investigations on vector identity and
developmental cycle.

The ultrastructural detection of the curious thick-
walled, electron-dense stages in degenerating host
erythrocytes presented an enigma. No corresponding
thick-walled stages were found by light microscopy
despite repeated examination, suggesting that they were
rare and only detected fortuitously. In contrast, they
were detected in seven snakes and were particularly
numerous in ultra-thin sections of erythrocytes from
four snakes. The reason for the discordance between the
light and electron microscopic findings is not known but
is not considered to be attributable to preparative arti-
facts, as the organisms were unique and regular in form.
The infected host cells also showed profound degener-
ative changes, with marked haemoglobin depletion and
numerous knob-like protrusions of the cell membrane.
Similar protrusions have been described on reptilian and
amphibian erythrocytes infected with Karyolysus spp
(Beyer 1977), Haemogregarina spp (Desser and Weller
1973; Paterson et al. 1988) and Hepatozoon spp (Nadler
and Miller 1985) and they even resembled those found
on human erythrocytes infected with Plasmodium falci-
parum (Aikawa et al. 1983). Similar cytoplasmic changes
have also been detected in erythrocytes infected with
Karyolysus spp (Beyer 1977) and Hepatozoon spp
(Nadler and Miller 1985). However, all previous studies
described gamonts with typical apicomplexan features
rather than the thick-walled stages found in this study,
which were completely devoid of apical complex or-
ganelles (notably a conoid, rhoptries, micronemes).
While the possession of these organelles may vary
depending on the stage of parasite development, the
occurrence of a wall 100–160 nm thick with bipolar
junctions was unique.

An extensive literature search failed to reveal an or-
ganism with a comparable wall. Hervas et al. (1997) de-
scribed some unusual electron-dense stages of Hp. canis
in dog erythrocytes, but the walls were 60 nm thick and
no junctions were observed. The junctions did show some
structural similarities to excystation suture lines de-
scribed in the inner sporocyst walls of Toxoplasma gon-
dii, Sarcocystis and Isospora spp (Scholtyseck 1973;
Speer et al. 1998). The suture lines possessed prominent
lip-like thickenings with interposed strips, but they were
usually only 140 nm thick (compared to 320 nm ob-
served in this study). Comparisons made with the walls of
other spore-forming protists revealed few similarities.
Haplosporidia infect aquatic invertebrates and form
spores with coats 100–200 nm thick, with an apical op-
erculum and sometimes a filamentous tail (cf. Perkins
1990). Myxozoans infect invertebrates, fish, amphibians
and reptiles and form multicellular spores with walls
200–500 nm thick, containing prominent cell junctions

between apposing valves (cf. Lom 1990). Microsporans
infect a wide range of invertebrate and vertebrate hosts
and form unicellular spores with walls 150–200 nm thick,
composed of distinct endo- and exo-spore layers (cf.
Canning 1990). A range of viruses, rickettsia, bacteria
and fungi have been found to form smaller intra-ery-
throcytic inclusions in reptiles, but the structures did not
have comparable walls and their internal features were
distinctive (Telford 1984; Desser and Yekutiel 1986;
Desser and Barta 1988, 1989; Barnard and Upton 1994).

As we are unable to reconcile their ultrastructure with
any previously published reports, the identity of the
thick-walled intra-erythrocytic stages in the brown tree
snakes remains speculative. It is not known whether they
were encapsulated gamonts awaiting uptake by a suit-
able vector, aberrant developmental stages forming a
wall more usually associated with sporogonic develop-
ment, hitherto undescribed novel stages of Hp. boigae,
or developmental stages of another unrelated organism.
Molecular characterization studies may reveal their
phylogenetic relationships, but genotypic research on
haemogregarines is still in its infancy due to difficulties
encountered in purifying parasite DNA and developing
useful PCR primers (Perkins and Keller 2001).
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