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Development of Hepatozoon caimani (Carini, 1909) Pessoa,
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the Frog Rana catesbeiana and the Mosquito Culex fatigans
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The sporogony oHepatozoon caimanias been studied, by light microscopy, in the mos@litex fatiganged
on specimens of the caim@aiman c. crocodilushowing gametocytes in their peripheral blood. Sporonts iniciate
development in the space between the epithelium of the insect gut and the elastic membrane covering the haemocoele
surface of the stomach. Sporulating oocysts are clustered on the gut, still invested by the gut surface membrane.
Fully mature oocysts were first seen 21 days after the blood-meal. No sporogonic stages were found in some uniden-
tified leeches fed on an infected caiman, up to 30 days following the blood-meal. When mosquitoes containing
mature oocysts were fed to frogeptodactylus fuscuand Rana catesbeianalysts containing cystozoites devel-
oped in the internal organs, principally the liver. Feeding these frogs to farm-bred caimans resulted in the appear-
ance of gametocytes in their peripheral blood at some time between 59 and 79 days later, and the development of
tissue cysts in the liver, spleen, lungs and kidneys. Transmission of the parasite was also obtained by feeding young
caimans with infected mosquitoes and it is suggested that both methods occur in nature. The finding of similar cysts
containing cystozoites in the semi-aquatic lizaMeusticurus bicarinatugexperimentally fed with infectedC.
fatigans suggests that other secondary hosts may be involved.
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For many years, all haemogregarines recorded in thaemogregarines in their blood. As a result he amended
blood of crocodilians were assigned to the gedae- the name of the parasite epatozoon pettit{ Thiroux
mogregarinaunder the following specific namebtg. 1910). Inrecentyears the suggestion has been made that
hankini Simond, 1901 of the Indian ghavi@avialis all crocodilian haemogregarines should be transferred to
gangeticus; Hg. crocodilinorunBdrner, 1901 in the genuslepatozooi(Siddall 1995, Smith 1996), although
Crocodylus acutusind Alligator mississipiensidrom  H. pettitiandH. caimaniappear be be the only parasites
North America;Hg. caimaniCarini, 1909 inCaiman for which there is supportive evidence from the demon-
latirostris from Brazil; Hg. pettitiThiroux, 1910 inCr.  stration of the sporogonic stages, characteristic of that
niloticus from Africa; Hg. serrei Phisalix, 1914 of genus (Hoare, 1932, Pessba etal. 1972).

Paleosuchus trigonatufrom South AmericaHg. Lainson (1977) recorded haemogregarines in the eryth-
sheppardSantos Dias, 1952 f@r. niloticusfrom Africa; rocytes of 46 of 60 (76.7%) you@iman c. crocodilus
and unnamed speciestddemogregarinan Cr. porosus (Linn. 1758) from Bragancga, State of Par4, North Brazil,
from Sri Lanka ancr. palustrisfrom Sumatra (Wenyon diagnosed as a speciesHépatozoorby its sporogonic
1926, Levine 1988). cycle in experimentally infecte€ulex fatigans.No in-

Chatton and Roubaud (1913) described the sporogofections were seen in 14 juvenile specimens of another
of anHepatozoorsp., in wild-caught tsetse-flie§los- caimanpPaleosuchus trigonatubutmorphologically simi-
sina palpalis in Africa and suspected that the parasitéar blood forms have been noted in the black caiman,
originated from either a lizard or a crocodile on which th&elanosuchus nige from Pard (Lainson, unpublished
insects had fed. Itremained for Hoare (1932), however,abservations).
show that similar multisporocystic oocysts developed in In the present communication we report our studies
laboratory-breds. palpalisfed onCr. niloticusthat had on the life-cycle oH. caimaniof C. c. crocodilusin-

volving the experimental infection of the mosquio
fatigans wild-caught and farmed frogé dptodactylus
fuscusandRana catesbeianaespectively) and caimans
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absolute methyl alcohol and stained by Giemsa’s methaaf. mature oocysts at 23 d.p.i. They were retained for
Two infectedC. c. crocodilushowing abundant haemo- periodic examination of their blood for the appearance
gregarines in the erythrocytes were sacrificed, and inof gametocytes.
pression smears of liver, spleen, lungs and kidney stained Photomicrographs were prepared using a Zeiss “Pho-
by the same method. Pieces of these tissues were fixetbimicroscope I1I" and Kodak TMX 100 film. All measure-
10% buffered neutral formalin for histology. Similar matements are given in um, followed by the range in parenthe-
rial was obtained from six specimens©fc. yacardrom ses.
the State of Mato Grosso. _ _ RESULTS
Development in mosquitoes - C. fatigased in these ) o . .
experiments were from laboratory-bred colonies of mos- Natural infection in the caiman, C. c. crocodilus and
quitoes originating from the outskirts of Belém, Para, Nortf- C. yacare- Characteristic of the genus, the gameto-
Brazil: they were maintained at a temperature of from 24ytes ofH. caimanishow no sexual dimorphism and are
26°C. During the period 1992-1998 we fed a total of eighgstricted to the mature erythrocytes. They are enclosed
separate batches of these mosquitoes on restrained,iiha capsule, which may or may not be strongly stained
fected caimans for the purpose of separate studies on thi- 1), and from which occasional extracellular parasites
sporogonic cycle off. caimaniand experimental trans- ¢an be seen to be emerging (Fig. 2). The larger intracellu-
mission to caimans and intermediate hosts. lar gametocytes measure approximately 12.15 x 4.3 (10 x
For the sporogonic cycle, fully fed mosquitoes werd.75 — 13.75 x 3.75), (50 measured) and have a dense,
dissected at 1, 2-3, 6, 9 and 12 h post feeding and tRtensely staining nucleus placed somewhat laterally in
guts and contained blood clot smeared, fixed in methifie parasite: less frequently it may be in the form of a
alcohol and stained by Giemsa’s method. The remainitgdely dispersed reticulum (Fig. 5). Within their capsule
mosquitoes were periodically dissected in order to follofe gametocytes are doubled up on themselves (Fig. 4)
development of the oocysts in fresh coverslip prepariving them a sausage-like appearance. Extracellular forms,
tions. For histology, some guts were fixed entire in 10940wever, appear as long, slim bodies, measuring 20.7 x 3
buffered neutral formalin, embedded in glycol metacrylatel6.2 X 2.5 — 25 x 4) (25 measured). They are only occa-
medium (GMA medium of Agar Scientific Ltd) and cut atsionally found in blood films (Figs 2, 3) and are best seen
2-3 um with a glass knife on a Sorval JB4 microtome: seti the bloodmeal of mosquitoes recently fed on infected
tions were stained with haematoxylin and eosin. Furthégimans (Fig. 16). Erythrocytes containing a single, ma-
material was fixed for transmission electron microscopyture gametocyte are rarely enlarged, but their nucleus is
Development in the frogs Leptodactylus fuscus arfshed to a lateral or polar position (Fig. 1): erythrocytes
Rana catesbeianalp 1995, three wild-caught. fuscus containing two, or even three parasites undergo some
and three farm-bre®. catesbeianavere force-fed with enlargement and deformation (Fig. 6).
batches of infecte@. fatigansat 23 and 22 d.p.i. respec- ~ NO schizonts were detected in stained smears of the
tively, and in 1998 a further . catesbeianaere fed liver, spleen, lungs and kidney of the eight naturally in-
with other infected mosquitoes at 23 d.p.i. Some frogected caimans examined, but scanty to abundant
were killed with chloroform at periods ranging from 14 tgnonozoic and dizoic cysts were found in all of these tis-
28 d.p.i. and fresh, squash preparations of pieces of liv&tes (Figs 7-9), predominantly in the liver. They measured
were examined under coverslips. Giemsa-stained da#.6 x 10 (12.5. x 6.25 —21.5 x 21) (25 measured) and
smears were prepared from the liver, lungs, spleen afit¢ contained zoites 12.5x 3.7 (10 x 1.25-15 x 4).
kidney. Some of thR. catesbeianevere retained for fur- Development in the mosquit&xtra-erythrocytic ga-
ther observations and transmission experiments. metocytes were readily detected in the smears of mos-
Transmission to caimanguvenile, uninfected caim- quito guts made from 1-12 h after these insects had fed on
ans were obtained from the “Crocodile Safari” Zoologicadhfected caimans (Fig. 16). In one smear made at 12 h the
Gardens, on the outskirts of Belém, where they had beBHcleus of afew elongate gametocytes, and other spheri-
raised from eggs. They were maintained in an insecal forms, was divided into 2-4 portions (Figs 17, 18), but

screened animal house, on a diet of new-born laboratotg Were unable to detect stages typical of the adeleid
white mice. association of male and female parasites, the production

Transmission via the frog R. catesbeiai®ix of the Of gametes and the process of fertilization. A fresh cover-

frogs that had been fed with heavily infected mosquito&§p preparation of a dissected mosquito gut made at 11
in 1998 were sacrificed 30 d.p.i. and, following the deteél-p.i. showed young, uninucleate sporonts under the elas-
tion of cysts in their livers, fed entire to six farm-bredic membrane on the outer surface of the midgut (Fig. 19),
caimans: blood films of these were periodically checke?d Giemsa-stained smears made at 13 and 14 d.p.i. con-
for the appearance of haemogregarines. Two of the cait@ined others with early nuclear division (Figs 20, 21). In
ans were killed 13 and 14 d.p.i., smears of liver, spleefiesh preparations made at this time there appeared the
lung, kidney and the small intestine stained by Giemsast signs of elevations on the surface of some parasites
method, and pieces of these tissues fixed in 10% bufferédd- 22), later to be thrown into the bulb-like protrusions
neutral formalin for histology. The surviving four animalgnto which the dividing nuclei migrate during formation of
were reserved for further observations. the sporocysts (Fig. 23).

Transmission via infected mosquitodsvo farm-bred Although developing sporozoites were seen in some
C. c. crocodilusvere each force-fed with fo@. fatigans Sporocysts at 18 d.p.i, completely mature oocysts (Fig.
from a batch of mosquitoes shown to have large numbet4) were first seen in dissected mosquitoes 21 d.p.i. and
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were crowded in large numbers in the haemocoele, on ttagned an estimated 80-100 spherical sporocysts, but no
surface of the intestine (Fig. 26). They measured up &pparent residuum. Sporocysts varied from 20-30 in di-
260 um in diameter and possessed a delicate, colourlagseter and contained an estimate of from 12-24 crescentic
oocyst wall enclosed by the elevated elastic membranesgforozoites budded off from a conspicuous residual body,
the midgut surface (Figs 24, 25). The largest seen camther like a hand of bananas (Figs 27, 28). Living sporo-

Figs 1-15.Hepatozoon caimanin Caiman crocodilus crocodiluand C. c. yacare Fig.1: intraerythrocytic gametocytes: two showing
conspicuous capsules and another apparently uncapsulated. Figs 2, 3: free gametocytes: one is emerging from its cagghule~{grrow
4: gametocyte, showing doubling up of the parasite in the erythrocyte. Figs 5, 6: multiple infection of erythrocytes, astdcytganith

a reticulated nucleus. Figs 7-9: monozoic and dizoic cysts in liver smears. Figs 10-13: developing schizorsnimahgropriaof the
ileum of two experimentally infected caimans, 13 and 14 days after these animals were fed with infected mosquitoes. Seetonihst
haematoxylin and eosin. Figs 14,15: segmented schizonts, as seen in smears of the small intestine of the same animaGistaisad b
method. Bars = 10 pm for all figures
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zoites measured 19-22 x 4-5 (25 measured) and frequerilyvarious authors (Smith & Desser 1998).

showed conspicuous movements within the sporocyst: Both fresh preparations and sections of infected mos-
freed sporozoites fixed in Bouin's fluid and stained by guitoes showed development to be remarkably asynchro-
modified Giemsa’s method measured slightly less, probeus. Thus, at 13 d.p.i., single mosquitoes showed a mix-
ably due to shrinkage following fixation (Figs 29, 30). Theure of parasites showing early and late sporoblast forma-
intensely staining nucleus is located more towards thien (Figs 31-34). In most cases sporocysts were fully
broader and rounded extremity: large but less densehature at 21 d.p.i, but in some batches of mosquitoes the
staining masses probably represent the crystalloid inclsporozoites were incompletely differentiated at 22 d.p.i,
sions described in the sporozoitesH#patozoorspp. possibly the result of temperature fluctuations.

Figs 16-21: development diepatozoon caimaniin the mosquitoCulex fatigans Fig. 16: freed gametocytes in a Giemsa-stained smear
of the intestine and contained blood, 3 h after the blood-meal. Figs 17,18: elongated and spherical (arrowed) forms aittuclgiide

a smear made 12 h after the blood-meal. Fig. 19: freshly dissected mosquito gut, 11 days after the blood-meal, showiheate uninuc
sporont beneath the elastic membrane on the outer surface of the midgut. Figs 20, 21: giemsa-stained smear of a modquotatents,an

13 days after the blood-meal: early nuclear division of sporonts. Bars = 10 um
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Development in the frogs Leptodactylus fusca anckertainly this was due to the above-mentioned delay in
Rana catesbeianaVonozoic, dizoic and hexazoic cystsdifferentiation of sporozoites, as shown in a parallel sample
were abundant in the liver bf fuscu28 days after they of infected mosquitoes subsequently examined by TEM.
had been fed with infected mosquitoes (Figs 35-37, 39)Cysts were consistently present, however, in the ten

No cysts were detected in the first thReecatesbeiana C. catesebiand&ed with infected mosquitoes at 23 d.p.i.
fed with infected mosquitoes at 22 d.p.i. in 1995: almodh 1998 (Figs 38, 40).
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Figs 22-25: development diepatozoon caimanin Culex fatigansas seen in coverslip preparations of freshly dissected mosquitoes. Figs
22, 23: developing elevations of the sporont surface prior to formation of the sporoblasts, 14 days after the blood-m&éluBar Eig.

24: mature oocyst on the gut surface, 21 days after the infective blood-meal. Bar = 100 um. Fig. 25: enlarged view ofotheystame
showing its position beneath the stretched elastic membrane on the surface of the midgut (arrowed), ow: oocyst wall; ne afeimbra

midgut surface. Bar = 20 pm
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Development of the cysts, principally in the liver and  No intraerythrocytic parasites were detected in any
less frequently in the lungs and the spleen, appeareddfthe infected frogs.
be within the reticulo-endothelial cells. Morphologically =~ Transmission to caimans via cystic stages in the frogs
they were indistinguishable from those seen in the vis- fuscus and Rana catesbeian®ne of the wild-caught
cera of naturally infected caimans (Figs 7-9) . In fresh livdrogs, L. fuscusshowing abundant cysts in its liver, was
squashes (Figs 39-41) the cysts are ovoid to spheriéad to a young, wild-caught caiman in which no
bodies measuring 15 x 10 (14.5 x 12 — 21 x 20) (25 melaaemogregarines could be detected after repeated exami-
sured). They usually contained one or two slender zoitestion of stained blood films. Gametocytes were detected
very rarely four to six, and a prominant residual body ah its blood just over two months later.
large spherules. In Giemsa-stained smears (Figs 35-38) The twoC. c. crocodilusacrificed 13 and 14 days after
the residual body was inapparent, possibly having beéeing fed with infected frogs showed no gametocytes in
destroyed in the process of fixation. their blood, but developing and mature schizonts were abun-

Figs 26-30: development ¢iepatozoon caimarin Culex fatigans. Fig. 26: mature oocysts clustered on the gut surface, 21 days after the
infective blood-meal. Fresh preparation. Bar = 200 um. Figs 27, 28: freed, living sporocysts from a ruptured oocyst, shi@amitesp

and prominent sporocystic residuum (R). Bars =10 um. Figs 29, 30: freed, Giemsa-stained sporozoites from a ruptured rsporocyst;
nucleus. The cluster of sporozoites probably represents the entire contents of a single ruptured sporocyst. Bouin &ikatid®. uB
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dant in the smears and sections ofldmina propriaof imposed on others. No schizonts were detected in the liver,
the small intestine. Young undivided forms possessedspleen, lungs and kidneys of these animals.

highly vacuolated cytoplasm containing from 2-6 nuclei  The four surviving caimans fed with infected frogs
(Figs 10-13). Segmented schizonts were 15.8 x 13 (13 x 9.6howed no gametocytes in their blood when examined 52
20.7 x 18) as seen in Giemsa-stained smears (Figs 14, days later, but gametocytes were present in their erythro-
and 16.5x12.2 (14 x 14 — 22.2 x 11.8) in sections (25 of eaclgtes when they were next examined 79 d.p.i. The pre-
measured). As far as we could ascertain they producedtent period was, therefore, at some time between
from 6 to 10 crescentic merozoites measuring approximaté2-79 days.

11.2x2 (9.6 x 2.2 -16 x 2.2): the number may have been Transmission to caimans via infected mosquitoes -
greater in some schizonts in which some nuclei were sup@&he twoC. c. crocodilusfed with infected mosquitoes

Figs 31-34: asynchronous sporogonic developmentHepatozoon caimanin a singleCulex fatigans 13 days after the blood-meal. Fig.

31: beginning of sporoblast formation. Fig. 32: more advanced stage, with uninucleate sporoblasts almost budded off.34%igs 33,
separated (arrowed) and separating sporoblasts, with early nuclear division subsequently giving rise to the sporocystsnadd cont
sporozoites. Histological sections stained with haematoxylin and eosin. Bar = 10 um for all figures



110  Life-cycle of Hepatozoon caimani * Ralph Lainson et al.

Figs 35-41: resting cystic stages ldépatozoon caimarin a variety of experimental secondary vertebrate hosts. Figs 35-37: in Giemsa-
stained liver smears of the frdgeptodactylus fuscusnonozoic, dizoic and hexazoic cysts (one cystozoite in the latter is in a different
focal plane). Fig. 38: in the frogana catesbeianaFigs 39-41: living cysts in squash preparations of liver from the ftogsscusand

R. catesbeianand the lizardNeusticurus bicarinatafollowing their ingestion of infecte€ulex fatigans;c: cystozoite; R: residual body.

Bar =10 pm for all figures

first showed gametocytes in their peripheral blood 82 dagéialyses are needed to settle the question as to just how
later, the prepatent period being somewhere between #pany valid species of the genus exist in crocodilians of
82 days. Monozoic and dizoic cysts, indistinguishableoth the Old World and the Americas.
from those developing in frogs and in the viscera of natu- In discussing the transmission Idf pettiti of Cro-
rally infected caimans, were relatively abundant in smea€9dylus niloticus Hoare (1932) suggested that this oc-
of the liver, but rare in those of the spleen, lungs arfdiired when an infected tsetse fly settles in the open
kidneys_ No Schizogonic stages were detected. mouth of the qrocodile to feed a_nd_when the animal, irri-
DISCUSSION tated _by the_ bite, “... may snap its jaws and cru_sh the fly,
thus liberating the cysts of the haemogregarine in the
It remains highly probable that most haemogregarindsiccal cavity”. We succeeded in transmittidgcaimani
described in crocodilians throughout the world are sp#s clean caimans by feeding them with infec@datigans
cies ofHepatozoonWe feel, however, that it is unwise toand, as newly hatched caimans snap at almost every-
transfer all of those described under the namea¥- thing that moves, it quite likely includes mosquitoes com-
mogregarinato the genuddepatozooruntil observa- ingto feed onthem. Itis notable that many of the infected
tions have been made on their sporogonic cycle in tlamimals we studied were estimated to be only a few months
invertebrate host. Thus, allocation of the nat@@mogre- old.
garina crocodilinorunto a haemogregarine of the Ameri-  Landau etal. (1970a, 1970b, 1972) indicated the impor-
can alligator by Borner (1901) may have been justifiedant role of endogenous cysts located in the tissues of a
for Khan et al. (1980) have since described erythrocytaecondary host in the transmissionH#fpatozoorspe-
schizogony of a haemogregarine in this crocodilian, arades. In a study oH. domergueodf snakes and lizards in
a sporogonic cycle typical of the gendaemogrega- Madagascar they described the life-cycle as follows:
rina in leeches removed from wild-caught alligators.  mature oocysts develop in mosquitoes which have in-
From their very similar morphology and the pattern ofested gametocytes during a blood-meal on an infected
their sporogonic cycles, we consider the haemogregarirssake, and the mosquitoes may then be eaten by the liz-
of C. latirostris and C. crocodilusto be conspecific, ard host, allowing the released sporozoites to gain en-
namelyH.caimani(Carini 1909, Pess0a et al. 1972). Therance into the viscera, principally the liver. Here they
haemogregarine of another genMglanosuchus niger become encysted and, by the process of successive
has indistinguishable blood forms and a similar sporogonégmdodyogenies, produce from two to six cystozoites. The
cycle (Lainson, unpublished observations), which leadysts remain latent in the tissues until the lizard is eaten
us to suggest that all theepatozoonspecies of the by the snake predator, when the cystozoites are released
Alligatorinae (American caimans and alligators) may, imnd penetrate organs, such as the liver and lungs. In
fact, beH. caimani.Cross-infection experiments and DNAthese organs they undergo successive, large-progeny
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schizogonic divisions which eventually complete the cycle Both the natural invertebrate vector(s) and the inter-
by the production of gametocytes which invade the penediate vertebrate host(s) Hf caimaniremain to be
ripheral blood. From our present study we feel that @determined. It may be that a variety of haematophagous
similar process is the predominant mode of transmissi@nthropods can serve as vectorstfierfull sporogony of

for H. caimani. Hepatozoorspp. has been recorded in experimental or

Whether or not frogs are the major source of cysts aftural infections oC. fatigans, C. tarsalis, C. pipiens
this parasite in nature remains to be determined. Duriagd C. territans(Mackerras 1962, Booden et al. 1970,
the present studies infected mosquitoes were also fedBashtar et al. 1984, Desser et al. 199&)es togoand
specimens of the semi-aquatic teiid lizéddusticurus Aedes aegypi{Ball et al. 1969, Lowichik et al. 1993),
bicarinatusand cysts containing from 1-4 cystozoitesAnopheles stephen&iandau et al. 1972), the ticksgas
were later encountered in the liver and lungs of thesgumpti and Hyalomma aegyptiunfGarnham 1955,
animals (Fig. 41). Unfortunately, it is uncertain if thes®aperna et al. 2002), triatomid bugs (Da Rocha e Silva
cysts were those &f. caimani or of anotheHepatozoon 1975), a sand flyl.utzomyiasp. (Lainson, unpublished
we have occasionally encountered in the erythrocytes alfservation) and the tsetse f3lossina palpaligHoare
N. bicarinatusand the sporogony of which has also beeh932). We have fourtd. caimanito develop equally well
followed in C. fatigans(Lainson, unpublished observa-in C. fatigansand A. aegypti both of which feed avidly
tions). on caimans in the laboratoryinally, in view of the role

The number of cystozoites produced per cyst seernftsetse flies in the transmissiontéf pettiti in Africa,
to vary both with the species bliepatozoorand within  tabanids must figure in the list of suspects, especially as
the same species. Monozoic cysts have been recordedr different species of these flies have been shown to
for H. griseisciuri of squirrels (Desser 1990); bothfeed onC. c. crocodilusn Amazonian Brazil (Ferreira et
monozoic and dizoic fdt. balfouriof jerboagHoogstraal al. 2002). There have been a number of unsuccessful at-
1961); dizoic forH. sauromaliof the iguanid lizard tempts to transmit haemogregarines of both crocodilians
Sauromalus hispidug.ewis & Wagner 1964), monozoic and snakes by leeches, although the parasites have on
to hexazoic foH. domerguei{Landau et al. 1972) and occasions produced sporulated oocysts (Pessba &
H. caimani(present investigation), and dizoic to octozoidCavalheiro 1969a, b, Khan et al. 1980, Ball 1958, Smith et
for H. kisraeof the lizardAgama stellioqPaperna et al. al. 1994). These, and our own failure to obtain develop-
2002). Cysts containing four or more cystozoites magent of H. caimaniin leeches suggests them to be un-
present problems in their differentiation from mature, prisuitable vectors ofiepatozoon.
mary schizonts, which are of similar size. Prior to matu- In their description of the developmentidf caimani
rity, however, the schizonts may be recognised by thie the mosquitdCulex dolosus Pesséa et al. (1972) re-
presence of several nuclei in the undivided cytoplaseorded the apparent division of the sporont of young
(Figs10-12), whereas in the cysts successive endoecysts into two “sporoblasts”, one of which degener-
dyogenies immediately result in a pair, or pairs, odted while the other completed development in the usual
cystozoites. In addition, both sporozoites and cystozoiteay. We failed to see such division of the sporont and
usually contain prominant crystaloid inclusions (Smith &are of the opinion that the two bodies they observed rep-
Desser 1998), which are absent in merozoitBsthe resented two sporonts in close apposition and enclosed
present study, although such inclusions were very cohy the overlying elastic membrane of the insect stomach.
spicuous in Giemsa-stained sporozoites from rupturédhe individual oocyst walls of the two parasites are clearly
oocysts (Fig. 29), they were much less obvious ivisible in the Figs 6 and 7 of these authors.
cystozoites in the tissues of the frogs and caimans (Figs Landau et al. (1972) showed that different genera of
7-9, 35-38), and Paperna et al. (2002) noted their apparéinérds and snakes can harbour cystHloflomerguei
absence in some cystozoitesHbfkisrae. and that gametocytes tifis parasitesirculate in the pe-

A surprise in our study has been the detection of schipheral blood oboth the snake and the lizard hosts, thus
izonts only in thdamina propriaof two experimentally greatly facilitating infection of the mosquito vector. Our
infected caimans sacrificed at 13 and 14 d.p.i., and odemonstration of resting cystsldf caimaniin two dif-
inability to demonstrate schizogonic stages in the liveferent genera of froggeptodactylusnd Ranasuggests
lungs, spleen and kidney of eight animals with naturdat, in the same way, there may be a wide range of anuran
infections of undetermined duration. This, and the failureosts foH. caimani.As far as we are aware there was no
of other authors to demonstrate schizonts in the viscetavelopment of gametocytes of this parasite in the blood
of naturally infected caimans (Carini, 1909, Di Primio 192%f the experimental frogs. Although Paperna and
Pessba et al. 1972) suggests that after the penetratiorsofallridge (2001) found that gametocytedHa#molivia
the intestinal epithelium by sporozoites or cystozoitespariag a haemogregarine of the Australian lizard
subsequent schizogony is limited to taeina propria Tiliqua rugosa eventually did appear in the blood of
of the small intestine. It is unfortunate that, in the expedizards of other genera that had been fed with infected tick
ancy that schizonts would be located in the liver, spleetiscera, it was only after an abnormally long prepatent
or kidney, we did not examine the intestines of the natperiod. Quite likely, the more drastic moveldf caimani
rally infected animals. In other speciesH#patozoon from a reptilian host to an amphibian may entirely pre-
particularly those of snakes, large schizonts, producimiude the production of gametocytes in frogs.
many merozoites, are usually abundant in the liver, lungs The possible role of lizards as secondary hosts of the
and other organs. cystic stages oH. caimanirequires further investiga-
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tion, and our apparent transmission of this parasite to tBeooks DR 1979. Testing the context and extent of host-para-
lizard Neusticurus bicarinatuseeds confirmation with _ site coevolutionSyst Zook8: 299-307. o
laboratory-bred lizards. Carini A 1909. Sur une hémogrégarineGriman latirostris

As cysts containing cystozoites were readily demon-, Paud.Bull Soc Pathol Exot:71-472. . o
strable in the tissues of both naturally and experimentaﬁf}“aﬂon E, Roubaud E 1913. Sporogonie d'une hémogrégarine

; . . S 7 chez une tséts&(ossina palpalifk. Desv.).Bull Soc Path
infected caimans, a third route of transmission by canni- Exot § 226-233.

balism needs to be considered. ~Cannibalism appearyy9 rocha e Silva EO 1975. Ciclo evolutivo Hepatozoon
be most frequent among juvenile crocodilians of different - trjatomae (Sporozoa,Haemogregarinidae) parasita de
size in overcrowded conditions (Alderton 1991). triatomineos.Rev Saude Publ Sio Paulo3®3-391.

There remain other gaps in our knowledge of the lifei Primio R. 1925.Contribuic&o para o conhecimento das haemo-
cycle, in particular the fertilization process in the inverte- gregarinas do BrasiGciencia Méd 3574-576.
brate vector. This probably follows a similar pattern t@esser SS 1990. Tissue “cystsHeépatozoon griseisciufn
that described by Mackerras (1962) Forbreinli of the the grey squirrel ciurus carolinensi&melin, 1788), with
Australian lizard/aranus tristisn experimentally infected __ Studies on the life cycl@. Parasitol 76 257-259.
C. fatigans namely, association of the male and fema|gesster ?S‘ Hong H, Martin ?SI t1995' The life h'Sttory' ultra-
gametocytes, production of four flagellated gametes by structure, and experimental transmissiorHefatozoon

. L - catesbiana@. comb., an apicomplexan parasite of the bull-
each microgametocyte, fertilization and the production of frog, Rana catesbeiarand the mosquitGulex territansn

the zygotes giving rise to the oocysts. Landau etal. (1972), ajgonquin Park, Ontarial Parasitol 81 212-222.

however, described the microgametocyte-bfdomerguei  Ferreira RLM, Henriques Al, Rafael JA 2002. Activity of
as producing only two gametes. Possibly, our failure to tabanids (Insecta: Diptera: Tabanidae) attacking the rep-
find undoubted stages of the fertilization process was tilesCaiman crocodilugLinn.) (Alligatoridae) andunectes
because a search for them was not made beyond 12 h p.imurinus(Linn.) (Boidae), in the Central Amazon, Brazil.

If one accepts the hypothesis of co-speciation, which Mem Inst Oswaldo Cruz 9133-136.
postulates that parasites and their hosts speciate in s{@nham PCC 1955. A haemogregarine infectiorigas
chrony (Brooks 1979), the apparent restriction of the br””ér:"lgg"znsg Soc tTrOp '}"E? Hé/g.&g " lected i
schizogony oH. caimanito thelamina propriaof the oare - N protozoa blood parasites cotected In

. L . . Uganda, with an account of the life cycle of the crocodile
small intestine is of particular interest. It suggests that haemogregarin®arasitology 24210-224.

invasion of the liver and other organs in the more evolvgghogstraal H 1961. The life cycle and incidencelepatozoon
vertebrate hosts may have been of secondary develop-palfouri (Laveran, 1905) in Egyptian jerboaiulusspp.)

ment in the evolution of the genkkepatozoon. and mites Haemolaelaps aegyptiukeegan, 1956).
A further paper is to be published on the ultrastruc- J ProtozooB: 231-248.
ture of the sporogonic stagestbf caimani Khan RA, Forrester DJ, Goodwin TM, Ross CA 1980. A hae-
mogregarine from the American alligatoAlligator
ACKNOWLEDGEMENTS mississippiensis). J Parasitol 6824-328.

o Lainson R 1977 Trypanosoma cecil. sp., a parasite of the
To Constancia M Franco, Manoel C de Souza and Antonio  South American cayma@aiman crocodilus crocodilus

J de Oliveira Monteiro for technical assistance. DrMarcia CC (Linnaeus, 1758) (Crocodilia: Alligatoridae). In EU Can-
Valutl Centen0.0f the-“RémaZOn” frog farm k|nd|y _prOVIded nir‘]gl Prc)tozc)c”ogyl Vol |||’C|unbury Cottre” Press’
the frogs bred in captivity, and Dr Jorge AA Monteiro, of the  Berkhampstead, p. 87-93.

“Crocodile Safari” Zoological Gardens, the young caimang.andau I, Chabaud AG, Michel JC, Brygoo ER 1970a. Mise en
Histological sections were prepared by Marina Schein, Depart- évidence d’'un double mode de transmission chez un
ment of Animal Sciences, Rehovot (Figs 31-34) and Walter M Hepatozoomnle reptiles malgacheS.R Acad Sc PariSér.

Campos, Instituto Evandro Chagas (Figs 10-13). D, 270 2308-2310.
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