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ABSTRACT:

The ‘Alala (Corvus hawaiiensis) is the most endangered corvid in the world, and
intensive efforts are being made to reintroduce it to its former native range in Hawaii. We
diagnosed Toxoplasma gondii infection in five free-ranging ‘Alala. One ‘Alala, recaptured from
the wild because it was underweight and depressed, was treated with diclazuril (10 mg/kg) orally
for 10 days. Antibodies were measured before and after treatment by the modified agglutination
test (MAT) using whole T. gondii tachyzoites fixed in formalin and mercaptoethanol. The MAT
titer decreased four-fold from an initial titer of 1:1,600 with remarkable improvement in physical
condition. Lesions of toxoplasmosis also were seen in two partially scavenged carcasses and in a
third fresh intact carcass. Toxoplasma gondii was confirmed immunohistochemically by using antiT. gondii specific serum. The organism was also cultured by bioassay in mice from tissues of one
of these birds and the brain of a fifth ‘Alala that did not exhibit lesions. The life cycle of the
parasite was experimentally completed in cats. This is the first record of toxoplasmosis in ‘Alala,
and the parasite appears to pose a significant threat and management challenge to reintroduction
programs for ‘Alala in Hawaii.
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INTRODUCTION

The ‘Alala (Corvus hawaiiensis) is one
of the most endangered corvids in the
world with less than 25 birds remaining in
captivity or in the wild. Free-ranging ‘Alala
are now restricted to a small portion of
their historical range in the South Kona
region of the island of Hawaii (National
Research Council, 1992). Suggested causes for the ‘Alala’s decline include disease,
loss of genetic diversity, introduced predators, or habitat loss (van Riper et al.,
1986; Giffin et al., 1987; National Research Council, 1992).
Data on diseases of free-ranging ‘Alala
are limited. Avian pox (Jenkins et al., 1989)
and avian malaria (Plasmodium relictum)
(Jenkins et al., 1989; Massey et al., 1996)
cause morbidity in young ‘Alala, and Erysipelothrix rhusiopathiae caused the death
of one young bird ⬃8 mo after release into
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the wild (Work et al., 1999). As in other
rare endangered species, the identification
of ‘Alala morbidity and mortality factors
has been hampered by the lack of diagnostic specimens. The marking of captiveraised ‘Alala with radio-transmitters prior
to their release has increased the recovery
of carcasses. However, a number of wildorigin ‘Alala have not been captured and
marked. Even when marked, wild birds
will often not show clinical signs of illness
until just prior to death, and consequently,
confirmatory diagnosis is complicated by
the scavenged or partially decomposed
condition of the recovered carcass. Finally,
if a disease is detected in live birds, therapy can be complicated by lack of information on safety and efficacy of drug use
in endangered species. This paper describes clinical signs, lesions, and chemotherapy of Toxoplasma gondii infection in
‘Alala.
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METHODS

Twenty seven captive-raised ‘Alala (Kuehler
et al., 1994) were released in the South Kona
region (155⬚86⬘E; 19⬚30⬘N) (Hawaii, Hawaii,
USA) from 23 August 1993 through the present
with the most recent release being on 5 January
1999. All birds were fitted with a backpack radiotransmitter (Advanced Telemetry Systems,
Model 10-28, Isanti, Minnesota, USA) and
tracked daily (Kuehler et al., 1995) in the early
stages of the reintroduction period by The Peregrine Fund and U.S. Fish and Wildlife Service
personnel. Mortalities were referred to the National Wildlife Health Center Honolulu Field
Station or the San Diego Zoo. Because of excessive mortalities (7/11 birds) over a 4 mo period, remaining released birds were recaptured
in September 1998, placed in an outdoor aviary
at the reintroduction site, and fed ad libidum a
mixture of fruit, vegetables, scrambled eggs,
and fresh-frozen mice and rats (Gourmet Rodent, Archer, Florida, USA).
One recaptured ‘Alala (bird 1), exhibiting depression and inappetence, was flown from Hawaii to a quarantine facility on Maui. Two to 3
ml of blood in lithium heparin were collected
from a jugular vein with a 3 ml syringe attached
to a 0.6 cm, 0.8 mm needle. Blood was centrifuged, plasma harvested, and stored at ⫺70 C
in cryovials. Blood was obtained at the time of
recapture and on days 44, 57 and 70 post-capture. Weights were measured with a spring
scale (Pesola, Bern, Switzerland) in the field,
and an electronic balance in the quarantine facility.
Serology for T. gondii infection was done using plasma and the modified agglutination test
(MAT) (Dubey and Desmonts, 1987). Plasma
was screened initially at 1:25, 1:50, and 1:500
dilutions, and serial two-fold dilutions were
tested using tachyzoites fixed in formalin and
mercaptoethanol. A titer of ⬎1:25 was considered positive for T. gondii infection.
We treated Bird 1 for T. gondii with an oral
suspension of diclazuril (1 mg/ml) (Janssen
Pharmaceutica, Beerse, Belgium). The dosage
regimen consisted of a loading dose of 10 mg/
kg orally once a day for three days (days 44–
46; Fig. 1) followed by a single dose orally (10
mg/kg) every other day (days 48, 50, 52, 54, 56;
Fig. 1) for a total of 18 days. Behavioral observations to evaluate condition and detect any adverse drug reaction were made every 1–2 hr,
for the first 24 hr and twice daily thereafter
until diclazuril treatment ended. During treatment, Bird 1 was offered scrambled eggs,
fruits, vegetables, and fresh-frozen mice ad libidum.
Four ‘Alala carcasses with tissues available

FIGURE 1. Reciprocal anti-T. gondii antibody titers as measured by the modified agglutination test
for ‘Alala treated with diclazuril. Arrows 1 and 2 represent start and end of treatment with diclazuril, respectively.

for examination were recovered. Birds 2, 3, and
4 were partially scavenged carcasses found in
June, July, and September 1998, respectively.
These birds had been dead for approximately
24–48 hr before they were found and necropsied. Bird 5 was observed healthy in the wild
in April 1999, but was seen acutely ill 2 days
later and recaptured; the bird died the next day
despite supportive care. The carcass was chilled
immediately and a necropsy performed the
next morning.
A complete post mortem examination was
done, and available tissues, including skeletal
muscle, heart, spleen, brain, lung, trachea, kidney, adrenal, gonad, liver, esophagus, proventriculus, ventriculus, small and large intestines,
pancreas, cloaca, and bone marrow were fixed
in 10% buffered formalin, embedded in paraffin, sectioned at 5 m, stained with hematoxylin and eosin (H&E), and examined microscopically. Impression smears of spleen, lung
and liver from Bird 5 were stained with a Romanowsky-type stain (Campbell, 1994), and
also examined microscopically. Age of birds and
time in wild was determined from dates of
hatching and release (Kuehler, 1998).
For immunohistochemical examination, deparaffinized unstained tissue sections on polyL-lysine (Sigma, St. Louis, Missouri, USA)
slides were reacted with anti-T. gondii antibodies made in rabbits (Lindsay and Dubey, 1989)
except that perioxidase/antiperioxidase (Sigma)
system was used. In addition, unstained sections were reacted with anti-bradyzoite specific
(anti-BAG-5) antibodies made in rabbits (McAllister et al., 1996).
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TABLE 1. Sex, days in the wild, approximate age
(days) at death, and date carcass was found for ‘Alala
infected with Toxoplasma gondii.

a

Bird

Sex

1
2
3
4
5

M
F
F
M
M

Days
Age
in wild at death

240
168
197
597
95

408a
356
382
791
321

Date
carcass found

NA
24 June 1998
23 July 1998
2 September 1998
11 April 1999

Age when bird was recaptured on 4 September 1998.

Bioassays in mice (Dubey and Beattie, 1988)
for T. gondii were done using the brain from
Bird 4 and liver, spleen and lung from Bird 5.
Briefly, tissues were homogenized (10% w/v) in
sterile aqueous saline (0.85% NaCl), centrifuged, and resuspended (1 ml deposit in 9 ml
saline) in saline containing 1,000 units/ml of
penicillin and 100 g/ml of streptomycin. One
ml of the suspension was injected subcutaneously into each of four mice which were observed for clinical signs. Tissues of mice that
died were examined for developmental stages
of T. gondii. Survivors were bled 30 to 80 days
after inoculation (DAI) and their sera tested (1:
25) for antibodies to T. gondii. After serologic
testing, the mice were killed and the brain examined for T. gondii tissue cysts (Dubey and
Beattie, 1988). Tissues of infected mice were
subinoculated subcutaneously into clean mice
for maintenance of the parasite. To obtain oocysts, mice with tissue cysts were fed to T. gondii-free cats and their feces examined for oocysts (Dubey, 1995).
RESULTS

Time in the wild for birds 1–5 ranged
from 95–597 days and approximate age at
death ranged from 321–791 days (Table 1).
At capture, Bird 1 was depressed, underweight (440 g), inappetent with dull ruffled feathers, and had a high (1:1,600) titer
to T. gondii (Fig. 1). The bird remained
lethargic during the first 2–3 days of treatment with diclazuril, but gradually improved and showed increasing interest in
food. By the end of treatment, the bird
gained 40 g, and its clinical condition improved markedly. Antibody titers to T.
gondii between capture and the start of
drug therapy dropped two-fold soon after
therapy started, and remained at 1:400

207

(Fig. 1). The ‘Alala has since been placed
into the captive breeding flock, and has
maintained weight, normal clinical demeanor and appetite.
Birds 2 and 3 were partially scavenged
and in poor body condition; Bird 2 had an
enlarged friable spleen, and Bird 3 had focal hemorrhage in the left lung and right
intercostal musculature. Bird 4 was completely consumed by maggots except for
the brain. Bird 5 had an enlarged mottled
friable spleen, pale foci within an enlarged
liver, 0.3 ml of clear yellow fluid in the
pericardial sac, fibrin tags adhering to the
inner intercostal muscles, and diffuse
hemorrhage in skeletal muscles of the
neck and fascia of the trachea.
Histologic examination of tissues in
birds 2 and 3 revealed numerous 10–16
m diameter round tissue cysts filled with
bradyzoites in the brain, acute multifocal
necrosis of neuropil, and perivascular
mononuclear infiltrates (Fig. 2A). Other
lesions included myocarditis, adrenalitis
with tachyzoites, hepatic congestion and
hemosiderosis. No lesions were seen in the
brain of Bird 4. Bird 5 had multiple foci
of necrosis, nonsuppurative inflammation,
and hemorrhage associated with tachyzoites in the spleen, liver, brain, adrenal, and
skeletal muscle (Fig. 2B). Numerous tachyzoites were seen in impression smears
of liver and spleen of Bird 5; many of the
tachyzoites were dividing and their shape
varied with stage of division (Fig. 2C). In
contrast to Birds 2 and 3, tissue cysts with
bradyzoites were rarely observed in the
brain of Bird 5. Fluid from the lung and
liver and antemortem plasma from Bird 5
had MAT anti-T. gondii titers of 1:3,200,
1:1,600, and 1:800, respectively. Tissue
cysts and tachyzoites in tissues of all birds
reacted with polyclonal anti-T. gondii serum. Individual extracellular bradyzoites
and tissue cysts from Bird 3 reacted positively to anti-BAG-5 antibody (Fig. 2D).
Of the four mice inoculated with brain
from Bird 4, two mice died from bacterial
infection (determined by time to death
and presence of bacteria on culture and
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FIGURE 2. A. Tissue cysts (arrowhead) associated with necrosis in the brain of Bird 2. H&E. bar ⫽ 50
m. B. Perivascular necrosis and tachyzoites (arrowhead) in brain of Bird 5. H&E. Bar ⫽ 30 m. C. Toxoplasma gondii tachyzoites (arrowhead) in impression smear of liver from Bird 5. Modified Romanowsky. Bar
⫽ 10 m. D. Immunohistochemical staining of tissue cysts with anti-BAG-5 antibody from brain of Bird 3.
Note different density suggesting different ages of these cysts. Bar ⫽ 10 m.

impression smears of organs) 2 and 4 days
DAI and were discarded. One mouse seroconverted (⬎1:500) to T. gondii 80 DAI,
and the last remained seronegative and
had no tissue cysts in the brain. Brain from
the seropositive mouse containing numerous tissue cysts of T. gondii was subinoculated into four mice all of which died 12
DAI with T. gondii tachyzoites in the lung.
Homogenate of lung from one infected

mouse was subinoculated into four mice
all of which survived. Tissues cysts were
found in the brains of all mice killed 106
DAI. Four T. gondii-free cats fed tissue
cysts shed T. gondii oocysts with a prepatent period of four days. All mice inoculated with liver, spleen, lung and brain from
Bird 5 seroconverted (⬎1:25) by 28 DAI
and tissue cysts of T. gondii were found in
the brain of two mice killed 30 DAI. Tis-
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sue cysts were infective to T. gondii-free
mice.
DISCUSSION

While we did not confirm toxoplasmosis
in the live sick ‘Alala (Bird 1), the MAT
titers were indicative of infection with the
parasite (Dubey et al., 1994). The histologic lesions observed in 3 dead ‘Alala
(Birds 2, 3 and 5) were compatible with
those of avian toxoplasmosis (Brickford
and Saunders, 1966); however, an unusual
feature was the presence of numerous tissue cysts, fewer tachyzoites and severe encephalitis in Birds 2 and 3. Lindsay et al.
(1995a) reported lesions in roller canaries
(Serinus canaria) similar to those seen in
Birds 2 and 3 of this study. In contrast,
most cases of experimental (Dubey et al.,
1994, 1995) and naturally acquired avian
toxoplasmosis (Howerth and Rodenroth,
1985) manifest the presence of numerous
tachyzoites and few tissue cysts. The numerous dividing tachyzoites in tissues of
Bird 5 revealed the proliferative nature of
T. gondii in ‘Alala and was suggestive of
recently acquired acute toxoplasmosis. Although the absence of lesions in Bird 4
prevents us from concluding that T. gondii
was the cause of death, the findings from
Bird 5 indicate that this organism can be
rapidly fatal to ‘Alala.
Toxoplasma gondii was first isolated by
mouse inoculation of internal organs from
apparently healthy American crows (Corvus brachyrhynchos) in Syracuse, New
York (USA) (Finlay and Manwell, 1956).
Franti et al. (1976) found that among freeranging birds in California (USA), antibody prevalence to T. gondii, measured
using the indirect hemagglutination test,
was highest (18%) in American crows. In
a survey of wildlife in the Czech Republic,
Literak et al. (1992), using mouse inoculation of tissues, also found a prevalence
of 18% in apparently healthy Eurasian
Rooks (Corvus frugelicus); however, using
similar methods in the Caucasus (Russia),
Iygiste and Gusev (1962) were unable to
detect T. gondii in two ravens (Corvus cor-
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ax). The presence of T. gondii in corvids
is not surprising given their scavenging
omnivorous habits and the widespread distribution of feline definitive hosts. Because
the parasite can be found in soil (Ruiz et
al. 1973), insects (Wallace, 1973a), and a
variety of wildlife species (Dreesen, 1990),
there are presumably ample opportunities
for scavenging birds like corvids to become
infected.
On Oahu, cats and rodents are infected
with T. gondii (Wallace, 1973b) while insects may serve as transport hosts. The
presence of the parasite in Pacific islands
is closely related to the presence of cats
(Wallace, 1969). Among birds, susceptibility to T. gondii varies with species. Experimentally, chuckar partridges (Alectoris
graeca) were more susceptible to toxoplasmosis than pheasants; raptors were the
most resistant (Dubey et al., 1992).
We suspect that ‘Alala in Kona became
infected with T. gondii by ingesting oocysts from infected feral cat feces, tissue
cysts from transport hosts such as infected
rodents, native or non-native birds, or
from invertebrates that ingest oocysts. Feral cats are present throughout the South
Kona region of the island of Hawaii, and
newly released captive-bred ‘Alala have
been seen investigating and foraging for
insects in non-native mammal feces in the
reintroduction area. These observations indicate that in addition to direct predation,
feral cats pose a significant disease threat
to re-introduced ‘Alala. The parasite may
be a significant factor in the ‘Alala’s decline
by increasing mortality rates directly or indirectly by increasing susceptibility of infected ill birds to predators such as nonnative mammals and native raptors like the
‘Io (Buteo solitarius). Results of cat feeding experiments indicated that the T. gondii strain from ‘Alala (Bird 4) cycled
through cats efficiently.
Efforts to reintroduce ‘Alala in Hawaii
have included intensive non-native mammal trapping and removal to reduce the
chances of predator-induced mortality.
However, in the long term, the elimination
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of T. gondii in reintroduction habitat
would require the elimination of feral cats.
For various reasons, this is unlikely to happen in Hawaii in the near future. Trying
to produce enough captive bred ‘Alala for
release to saturate the habitat and absorb
losses due to the parasite may also be difficult and impractical. Another less desirable management option would involve
treating sick ‘Alala with diclazuril or administering the drug to ‘Alala prophylactically.
It is unclear whether ‘Alala are unusually susceptible to toxoplasmosis. Susceptibility to T. gondii may be increased in
released ‘Alala as they are stressed or lose
weight during the weaning period of the
reintroduction process. This may be due,
in part, to lack of experience foraging in
the wild. The body mass of the sick ‘Alala
(Bird 1) was low for a male (J.G. Massey,
unpubl. data), and some of the birds necropsied were in fair to poor body condition. The prevalence of T. gondii infection
and antibodies in apparently healthy crows
and ravens on the continents suggests that
at least some corvids in these areas survive
infection. The presence of T. gondii from
the brain of Bird 4 suggests that the parasite can reside in ‘Alala brain with no associated lesions. Our findings indicate that
with supportive care, ‘Alala can survive infection with T. gondii. Whether wild ‘Alala
can survive infection without supportive
care is unknown.
Drugs commonly used to treat toxoplasmosis include clindamycin (Sande and
Mandell, 1985), sulfadiazine (Mandell and
Sande, 1985) and pyrimethamine (Webster, 1985). Sulfadiazine was used to successfully treat roller canaries infected with
T. gondii in Australia (Lindsay et al.,
1995a). However, the potential side effects
of these drugs such as colitis (clindamycin), renal damage (sulfadiazine) or anemia (pyrimethamine) (Sande and Madell,
1985; Mandell and Sande, 1985; Webster,
1985) complicates their use in endangered
species.
Diclazuril, a benzene acetonitrile, is

used as an anticoccidial for poultry and
rabbits in Europe (Vanparijs et al., 1989,
1991); diclazuril is not currently available
commercially in the USA. Diclazuril appears to be safe and highly effective
against T. gondii tachyzoites both in vitro
(Lindsay and Blagburn, 1994) and in vivo
(Lindsay et al., 1995b). In the ‘Alala treated with diclazuril, no adverse effects or
plasma changes associated with hepatic or
renal toxicity were seen. The dosage of diclazuril in this study was that used to successfully treat mice experimentally infected with T. gondii (Lindsay et al., 1995b).
The rapid clinical response of Bird 1 to
drug therapy and the associated decrease
in antibody titers suggests that the diclazuril was effective in the treatment of T.
gondii. Diclazuril seems to have valuable
potential for treatment of T. gondii in
birds. Although we did not document side
effects in this instance, there is a clear
need for more systematic evaluations of
this drug as a therapeutic and prophylactic
agent for controlling pathogenic protozoal
infections in avian species other than poultry.
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