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Observations of Hepatozoon (Apicomplexa:
Adelenia) in blood of the Taiwan anuran Rana

rugulosa Weigmann, 1835
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Abstract
Parasite Hepatozoon gamonts were observed in the erythrocytes of the Taiwan native bullfrog
Rana rugulosa. Ten percent prevalence was detected from the anuran culture farms.  Parasitemia
of intracellular gamonts were observed in around 0.3% (n=22000 erythrocytes) and of intracellu-
lar merozoites in 0.1 % (n=22000 erythrocytes). The intraerythrocytic gamonts and the extracel-
lular merozoites are measured at [ (9.6±1.5) X (2.3 ± 0.6) um, n=72)] and [(10. 6 ± 1.9) X (1.8 ± 0.6)
um, n= 23)] respectively, but there is no significant difference between the two (T-test, Pr. >0.05).
The size of infested erythrocytes was [(22.9 ± 4.5 X (22.8. ± 5.6) um, n=91)], showing no distortion
of shape and the nucleus position.  However, it is larger than the uninfested erythrocytes [(23.1
± 5.2) X (19.5 ± 4.5) um, n=72)] (T-test, Pr<0.05). In histopathology, significantly large quantities
of hemosiderins were detected in the liver parenchyma cells, lesser quantities in cardic and lung
tissues. It indicates that haemolytic anaemia was the primary causes of this chronic blood para-
site infection.

Compared to two major exports of finfish and
tortoise fisheries products, anuran culture
accounts for a smaller proportion in their an-
nual production in Taiwan (Chen, personal
communication). Since the demand for frog
hind legs for human consumption has re-
cently increased, an expanding numbers of
anuran culture farms have been established
in the southern Taiwan. Currently, there are
two major anuran species for commercial
breeding schemes, an exotic American bull-
frog Rana catesbeiana and a native Taiwan Rana

rugulosa (Pang, 2000). R. rugulosa is usually
reared to 15 cm body length about one year
and sold alive at the local market. Across the
strait, R. rugulosa were cultured in southern
Goung Tong province for domestic consump-

tion in China (Yeh, Fei and Hu, 1999). Genus
Hepatozoon Miller, 1908 is an apicomplexan
blood protozoan parasite described in vari-
ous terrestrial vertebrates, anuran, reptiles
and invertebrates (Levine, 1988; Desser, Hong
and Martin, 1995). Hepatozoon species gener-
ally exhibit a heteroxenous life cycle includ-
ing the merogony stage in intermediate frogs
or snakes while gametogony and sporogony
stages occur in the definitive mosquito (Culi-

cidae) hosts (Telfords, 1984; Siddall and Desser,
1991 a,b; Smith, Desser and Martin, 1994;
Desser, et al., 1995; Smith, Kopko and Desser,
1996). Here we report a case of a Hepatozoon

blood parasite infestation in Taiwan-cultured
anuran with histopathlogical observations.
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Twenty R. rugulosa (length = 9-12 cm, weight
= 45-50 g) from anurian farms in Pingtung
county, southern Taiwan showed signs of
listness, necrosis around the mouth and red-
dish hind legs. Blood was taken from the
hearts of the frogs directly after being
euthanised by lethal overdose of anaesthetic.
Thin blood smears were prepared and stained
with Giemsa and Liu’s (Riu, 1953).

For histology, heart, liver, lung, kidney, intes-
tine and spleen were fixed in 10% formalin,
washed, dehydrated through a series of etha-
nol solutions. Organs were blocked in paraf-
fin wax, sectioned at 5-8 um and stained with
Mayer’s haemotoxylin and eosin (H and E)
(Shortt and Cooper, 1948). Mallory and Perls
iron stains were applied to detect hemosiderin
depositions (Prophert, Mills, Arrington and
Sobins, 1992).

Parasitemia was quntified as every Hepatozoon

found per 1000 erythrocytes in the thin blood
films. Measurements of the parasites both in-
tra and extra erythrocytes were performed
under an Olympus BX-50Z compound micro-
scope.

Results
Description of the parasites and parasitemia
The intraerythrocytic gamonts were elongated
[(9.6µm±1.5) (L.) X (2.3µm ± 0.6) (W.), n=72)],
body recurved, with a void nucleus posi-
tioned centrally (Fig 1). The extracellular
merozoites were elongated [(10. 6µm ± 1.9)
(L.) X (1.8µm ± 0.6) (W.), n= 23) ] (Fig 2). The
size of these two are not significantly differ-
ent (T-test, P>0.05).

Parasitaemia
The prevalence is 10% founded in frogs in-
fested with Hepatoozon parasite (n=20). Intra-
cellular gamonts were observed in around
0.3% (n=22,000) of erythrocytes and intercel-
lular merozoites were observed in 0.1 %
(n=22,000) of erythrocytes. From the fresh
blood smears, “free-living” (traveller)
merozoites (Desser, et al., 1995) were seen
crawling among the erythrocytes. The in-
fested erythrocytes were measured at 22.9µm
± 4.5 (W.) X 22.8µm ± 5.6 (L.) (n=91) showing
no distortion or morphological alteration.
Infected cells were, however, larger than the
uninfested erythrocytes 23.1µm ± 5.2 (W.) X
19.5µm ± 4.5 (L.) (n=72) (T-test, P<0.05).

Figure 1. Hepatozoon sp. gamont inside the anurian
erythrocyte (arrow) and merozoite (arrowhead) (10
um ) Figure 2. Hepatozoon sp.  merozoite (arrowhead) in

the anurian granulocyte  (15 um )
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Histopathological observation
In gross pathology, the infected R. regulosa

liver was darker than the uninfected. Few
other histopathological changes were detected
in the liver, but large quantities of golden
brown pigment deposition in
melanomacrophage centers (MMC) (Fig. 3)
were later identified as hemosiderin (Fig. 4)
by iron stain. Smaller hemosiderins were also
observed in the cardiac muscle and lung tis-
sues. Haemolytic anaemia is probably a con-
sequence of Hepatozoon infestation.

Taxonomy
Morphometric measurement is the major cri-
terium for gamont comparison to distinguish
Haemogregariana from Hepatozoon genus
(Lehmann, 1959). However, this has been un-
der debate for some time (Desser, 1991), be-
cause results tend to be variable by morphom-
etry alone (Smith, 1996). Based on the mor-
phological similarity of gamont among dif-
ferent genera of haemogregarines in amphib-
ians, snakes, lizards and mammals, they were
all assigned to the genus Haemogregarina (Ball,
Chao and Telford, 1967; Wozaniak and
Telfords, 1991). However, following improved
understanding of the life cycles, developmen-

tal features and other characteristics, Smith
(1996) extensively revised the genus
Haemogregarina by transferring 42 species in-
cluding those from frogs (Ranidae) and toads
(Bulfonidae) to the Hepatozoon genus. Further-
more, Barta (1996) had classified suborder of
Adeleorina into separate families of
Hepatozoidae, Karyolysidae and
Haemogregarinaidae. Subsequently, the
paraphylic relationship of the genus
Hepatozoon was revealed after Smith and
Desser (1997) performed phylogenetic analy-
sis by 16 morphological, morphometric and
developmental characters. Based on this we
assigned our observations of this blood pro-
tozoan in the present manuscript as
Hepatozoon sp.

Host specificity
Host specificity is considered low in
Hepatozoon species of snakes and lizards
(Desser, 1991). There is currently no report for
Hepatozoon infection in exotic R. catesbeiana in
Taiwan. The gamont we observed here is
smaller than Hepatozoon catesbianae [(22.09µm
± 1.22) X (5.19µm ± 0.52)] described from R.
catesbeiana. The host species-specificity of H.
catesbianae and the possibility of cross trans-

Fig 3. Large darken pigments (hemosiderin)
depositions in the liver MMC (arrow) (H & E stain)
(100X).

Fig 4. The large iron depositions in the liver MMC
(arrowhead) by iron stain (400X).
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mission between these two require further
study. Additionally, there is no previous
record of R. rugulosa being host to Hepatozoon

species (Smith, 1996). Therefore, the
Hepatozoon species reported here could be a
new species. However this can not be stated
conclusively until the full life cycle and de-
velopmental stages are elucidated. The com-
parison of rRNA internal transcribed spacer
1 (ITS) sequences of two closely related spe-
cies Haemogregarina clamatae and Haemogrega-

rina catesbianae has proven useful for distinc-
tion (Kim, et al., 1998). Thus, a similar mo-
lecular approach in addition to morphologi-
cal, morphometric characters and further life
cycle observations is needed to distinguish
Hepatozoon species.

Cytopathology
The cytopathological effects caused by
gamont infestation are varied (Desser, 1991;
Smith, 1996). Erythrocytes of snakes infested
by Hepatozoon fusifex and Hepatozoon sipedon

exhibited huge distortion (Ball, et al., 1967;
1969). H. clamate causes its hosts’, Rana

clamitans and R. catesbeiana, erythrocytes nu-
clei to segment and it is commonly observed
in bullfrogs, green frog and leopard frog (Kim,
et al., 1998). Gamonts of Karyolusus species in
lizards causes erythrocyte hypertrophy and
nuclear displacement (Beyer, 1977).  However,
Hepatozoon rarefaciens did not cause any effect
to host blood cells (Ball, et al., 1967, 1969).
Gamonts are generally considered present in
erythrocytes only, while they are found both
in the erythrocytes and leucocytes of mam-
mals. We did observe one granulocyte in-
fested with gamont, which might suggest the
existence of some variation in gamont infes-
tation preferences or accidental infestation.

Haematopathology
Haemolytic anaemia is commonly observed
in fish protozoan infestation; in suc h cases
the infected erythrocytes show significant in-
crease in size compared to the uninfected
erythrocytes. This enlargement increased the
fragility and permeability of the cell structure,
leading to the breakdown of the erythrocyte
and increased the incidence of entrapment in
the endoreticular system (Roberts, 1989). in
haemorrhagic conditions,  or when
hemoglobins are released in massive
amounts, hemosiderin was detected in the
areas where macrophages contained iron. The
golden brown granule can be seen under light
microscopy, in contrast to ferritin, which is
only visible on electron microscopy (Jain,
1986). When the process rate of erythrocyte
destruction is higher than their production,
hemosiderin will be deposited in the liver cells
(MMC) and the spleen. This condition differs
from haemochromatosis, in that it does not
result from hemolysis but internal metabolic
defects. It is detected predominantly in liver
cells (Jones, Hunt and King, 1997). Reptiles
have a unique mechanism of producing eryth-
rocytes, which transform from thrombocytes
through mitotic and amitotic division (Frey,
1981) and this process increases after chronic
and/or acute blood loss or iron–deficiency
(Frye, 1991). It will be interesting to study this
phenomenon further and how parasitism im-
pacts on it in the future.
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