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Re-descriptions of Isospora ameivae Carini, 1932 in the
Teiid Lizard Ameiva ameiva and Isospora hemidactyli Carini,
1936 in the Gecko Hemidactylus mabouia, with Particular
Reference to their Endogenous Stages
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Redescriptions are given of the mature oocystdsoEpora ameiva€arini, 1932, from the teiid
lizard Ameiva ameivaandisospora hemidactytCarini,1936 from the geckdemidactylus maboujan
north Brazil. The endogenous stages of the two parasites in the small intestine are described. Those ¢
I. ameivaeare intracytoplasmic, whereas thoselohemidactyliare intranuclear.
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As far as we can ascertain, 47 named specid®e house-geckblemidactylus maboujaand his
of Isosporahave been recorded in lacertilian hostfigures suggested merogony and gametogeny to be
(Levine 1988, Matuschka 1989, Upton et alwithin the cytoplasm of the epithelial cells of the
1991a,b, 1992, Bui et al. 1992, Finkelman &mall intestine (Carini 1936)
Paperna 1994a,b,1995, Cisper et al. 1995, Modry During our studies on some other coccidial
& Koudela 1995, Modry et al. 1997), and mosparasites ofA. ameivaand H. mabouiafrom
descriptions of these have been based only on tiapanema and Belém, north Brazil (Lainson &
morphology of the oocysts and sporocysts. Studraperna 1999), we found some of these lizards to
ies by various authors on the endogenous stages passing oocysts which, on sporulation, were
of at least 17 species, however, have indicated thednsidered as conspecific withameivaeandl.
the parasites of lacertilians with oocysts ohemidactyli The examination of further lizards
isosporan morphology are divisible into two dis-has enabled the following redescriptions of these
tinct groups: those whose endogenous stages & parasites and provided new morphological data
intranuclear, and those whose development is iegarding the exogenous and endogenous stages.
the host cell cytoplasm (Else & Colley 1975, RogieThe development of. ameivaeis intracytoplas-
& Colley 1976, Atkinson & Ayala 1987, Finkelman mic, whereas that of. hemidactylis intranuclear
& Paperna 1994a,b for review and new descripand not intracytoplasmic as first described.
t;lo?;éGl\)/lodry & Koudela 1995, El-Toukhy et MATERIALS AND METHODS
Carini (1932) gave the narf@ospora ameivae On capture, each lizard was housed in a sepa-
to oocysts he described in faeces from the teiid li#ate plastic cage. A pledge of wet cotton-wool in
ardAmeiva ameivérom Salto de Itu, State of Saoa Petri-dish provided water, and the animals were
Paulo, Brazil, and development was said to be ifed with adult and larval stages of the flour beetle,
the gut epithelium. In 1936 he named anotheFenebrio molitor. Collected faecal material from
isosporan, Isospora hemidactyliin faeces from each animal was gently triturated in 2% (w/v) aque-
ous potassium dichromate solution,(¢,0-) and
maintained as a thin layer in a covered Petri-dish
kept at room temperature (approximately 23€24
Presence of isosporan oocysts was established both
by direct microscopy and following flotation by
\If\é%rléosnugg)lc_))r.ted by a grant from the Wellcome Trustzinc sulphate solution (sp.gr. 1.18).
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ards showing only oocysts of. ameivaeor |.  certained, there is at least one refractile body in
hemidactylin the first flotation were examined by the sporozoites, situated posterior to the nucleus.
this method again when further faecal material wasndogenous stagg§igs 4-26): merogony and
available (the interval varying from 5 to 10 days)gametogony occur within the cytoplasm, at the dis-
If still with no concomitant coccidial infection, the tal end of the epithelial cells of the small intestine.
animals were sacrificed after a further 6 days, wheim Giemsa stained smears the smallest undivided
faecal material was removed from the rectum for forms seen (future meronts or gamonts) measured
final examination and the intestine searched f@.7-4.4 x 2.2-3.7. Binucleate meronts were approxi-
endogenous stages. Oocysts and sporocysts watgtely 4.4 x 3.7, while the largest undivided form
measured by normal light microscopy, using a ¥ncountered was 15 x 16 and contained approxi-
100 neofluar objective, x 10 eyepieces and an octhately 40 nuclei. Most of the asexual stages are
lar micrometer. Photomicrographs were preparespherical to broadly ellipsoidal in shape, with the
with a Zeiss Photomicroscope Il and Kodak TMXyacuolated cytoplasm staining a deep, bright blue
100 film. All measurements are jim and are and frequently containing small, scattered, deep red
given as means, followed by the range in parefganules. The nuclei, which are rather irregular,
theses and the shape-index (ratio of length/widthgiiffuse bodies, contain a small number of more
Location of endogenous stages was by microscopifensely staining granules and are quite unlike those
examination of fresh coverslip preparations of guf the developing microgamonts. The number of
e;plthehu.m scrapings at mtt_arvals along the intesnerozoites produced is highly variable, ranging
tine. Thin smears of scrapings from the develogiom 6 to approximately 40. The usual number
mental areas were air-dried and either fixed in al%‘een, however, is between 6-20. The impression

SOI“rt]elmfth%’I ﬂpohdol or in agueous Bpuig‘? fluid gained was that two types of meronts are produced,
Methyl alcohol fixed smears were stained for ong g giying rise to merozoites measuring approxi-

hour by Giemsa’s method (36 drops of stain to 1 a4ely 7.8 x 2 (Figs 8, 9), and another producing
ml distilled water buffered to pH 7.4). Those fixedgy,jjer merozoites which are only approximately
in Bouin's fluid were washed in 70% ethyl alcohols 7 1 (Figs 10, 11). In Giemsa stained material,
;Jntlg-cglﬁur_lesg! rinsed g”ﬁﬂgmt%p Wa(\jte(;,_f?talne_ nd in common with other eimeriids, even the
;Ld .in grr;nde(jle:nni?(?ﬁrei ?)'f ?(t:(::toﬁglxyllolezggfl_ oungest microgamonts_are (eadily di_stinguished
down to pure xylol) and mounted in ‘Permount’ rom meronts.by the uniformity of their densely
P Y stained nuclei, which are frequently angular in

(Fisher Scientific). Portions of intestine with de- haoe and periferally disposed. The cvtoplasm is
velopmental stages were fixed in 10% neutral buff 2P p y gisp : ytop

ered formalin and embedded in paraffin Waxwrtually without vacuoles and stains an even vio-
Histological sections were cut afuh and stained let-blue. Binucleate forms measured 4 x 4, but with

with haematoxylin and eosin growth the parasites tend to become ellipsoidal in
' shape, reaching up to 24 x 16 and containing a large

RESULTS number of nuclei. Fully mature microgamonts are
Redescription ofsospora ameiva€arini, 1932 of approximately the same size and shed a vari-
(Figs 1-26; 49) able number of flagellated, comma-shaped micro-

gametes (sometimes over 100) measuring about

Redescription of the oocyétigs 1-3; 49): ma- 2x 1-th . bulk | ; '

ture forms (50 measured) 17.2 x 15 (15.5-18.5 X 1* there remains a bulky cytoplasmic residuum.
14.1-15.5), shape-index 1.1 (1-1.2), subspherica oung macrogamonts measuring only from 4-7 in
Oocyst wall a single, colourless layer about O. iameter are distinguished by the early appearance

thick, without micropyle or striations, and Whichmc a numl?er of Iarger vaguoles in. the cytoplasm,
may crumple around the sporocysts. No oocyst r vhich stains a delicate, light blue: the nucleus is
siduum, but a spherical polar body measuring 3 @9¢: diffuse and granular, and a karyosome is
3-3.7 x 3.7 is constantly present: initially it ap-SOMetimes visible. In dab-smears, apparently ma-
pears as a structureless, refractile body but assuntdt€ macrogamonts are spherical to sub-spherical
a more granular aspect with age (especially aftéd measure from 13 x13to 17 x 16.3. The cyto-
flotation in ZnSQ). Sporocysts (50 measured)p|‘?‘sm is uniformly h!ghly vacuolated, stains a
are pear-shaped, 12.1 x 7.5 (11.8-13.3 x 7'4_8_1k3r|ght blue and contains a large number of gran-
shape-index 1.6 (1.6-1.7). The Stieda body, if ers of variable size which stain a deep red: the
can be referred to as such, is represented by a vécleus contains a large and densely stained karyo-
inconspicuous thickening of the sporocyst wall agome. The mean measurement of zygotes, or young
the narrower end: there is no sub-Stieda body. POCYStS, is 16 x 15: their cytoplasm stains a deep
bulky sporocyst residuum is composed of findrey-blue and the wall-forming bodies are seen,
granules and some larger spherules. As far as 4@t the first time, as small darker staining bodies
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Isospora ameivam the teiid lizardAmeiva a. ameivarigs 1-3: mature oocysts: P = polar body. Figs 4-20: endogenous steges as
seen in Giemsa-stained smears of epithelial scrapings from the small intestine. Figs 4-11: developing meronts producting large
merozoites (Figs 8, 9) and small merozoites (Figs 10, 11). Figs 12-16: developing microgamonts. Fig. 17: mature microgamont
shedding microgametes. Fig. 18: two young macrogamonts. Fig. 19: mature macrogamont. Fig. 20: zygote. K= karyosome;
N = nucleus; R = residual cytoplasm; WFB = large wall-forming bodies. Bar = 10 ym.



462  Re-description of I. ameivai and I. hemidactyli * R Laison, | Paperna

Isospora ameivam histological sections of the small intestine of the lizanteiva a. ameivashowing the intracytoplas-

mic development of the parasite (arrowed) in the distal portion of the epithelial cells. Fig. 21: mature meront with mero-
zoites. Fig. 22: young microgamont with 3 nuclei. Fig. 23: almost mature microgamont, with peripherally disposed
nuclei. Fig. 24: mature microgamont, shedding microgametes. Fig. 25: macrogamont. Fig. 26: zygote (or young oocyst).
Haematoxylin & eosin. Bar = 10 umlsospora hemidactyin the geckoHemidactylus mabouiaFigs 27-29: mature

oocysts. Fig. 29 indicates the wide size range of both the oocyst and the sporocysts. P = polar body; S = Stieda body; SS
= sub-Stieda body; SP = sporozoites. Bar = 10 pm.
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with rather poorly defined outlines. The nucleusurrounding most of the macrogamonts and zy-

has a large, heavily stained karyosome. gotes. The only intact, mature microgamont seen
Host Ameiva ameivgLinnaeus) (Reptilia: in the stained smears was a perfect, broad ellip-
Teiidae). soid measuring 19 x 15 and containing a large num-

Locality: Carini’s infected lizards were from Salto ber of comma-shaped microgametes. In sections,
de Itu, State of Sdo Paulo, south Brazil, Those ofiost of the mature microgamonts are in similar
the present study were from Capanema, State sfiape. Occasional larger, elongated forms are prob-
Para, north Brazil. ably disintegrating during the shedding of micro-
Sporulation exogenous. The exact time is uncergametes. After this process there remains a cyto-
tain, but the majority of the oocysts were matur@lasmic residuum, which may be compacted or
after 24 hr outside the host. dispersed. The development of the macrogamont
Prevalenceof 17 specimens examined, 12 (70.6%galls for no particular comment. The densely stain-
were infected with. ameivae Concomitant infec- ing cytoplasm is very finely vacuolated and with a
tion with species ofAcroeimeriaand Choleo- number of deep red granules of variable size: the
eimeriawere frequent (Lainson & Paperna 1999)nucleus contains a prominent karyosome. In sec-
Pathogenicity apparently none. The presence ofions the zygotes or young oocysts are at first elon-
the parasite is not accompanied by any notablgated, doubtless due to pressure from the
pathology in the small intestine. neighbouring host cell nuclei, but with migration
- ; - to the epithelial surface they assume the broadly
Redescnptf)gn3gf?|c__)isg;o;a7_Z%Tfsa;ctyﬁsann|, glo”([:);sotidal shape which is to be that of the mature
Redescription of the oocy@dtigs 27-30; 48): ma- Host Hemidactylus maboui@vioreau de Jonnés,
ture forms (50 measured) 21 x 19.2 (16.2-27 x 14818) (Reptilia: Gekkonidae).
23), shape-index 1.1 (1-1.4), predominantly ocality. the infected geckos examined by Carini
subspherical to broadly ellipsoidal, rarely spheri{1936) were from the State of Sdo Paulo, south
cal. Oocystwall asingle, smooth, colourless layeBrazil. Those of the present study were from
about 1.25 thick, with no micropyle: faintly stri- Capanema and Belém, State of Para, north Brazil.
ated. No oocyst residuum, but with the frequerSporulation exogenous. The exact time is uncer-
presence of a spherical to broadly ellipsoidal polagin, but the majority of the oocysts were mature
body of approximately 1-2. Sporocysts (50 meaafter 24 hr outside the host.
sured) 11 x 8.8 (8.7-11 x 7.5-10), shape-index 1Rrevalence of 11 geckos examined, 7 (63.6%)
(1.1-1.5), broadly ellipsoidal, with a nipple-like were infected. Concomitant infections occurred
Stieda body and a conspicuous sub-Stieda bodyith Eimeria boveroiCarini & Pinto, 1930 (3);
The sporozoites are recurved around a bulky re&holeoeimeria rochalimaiCarini & Pinto, 1926)
siduum composed of fine granules intermixed with.ainson & Paperna, 1998 (1) and with bdgh
larger spherules. They possess at least one refr@overoiandC. rochalimai(1). Two geckos showed
tile body, posterior to the nucleus. only oocysts of. hemidactyliin their faeces after
Endogenous stagéFigs 31-47): merogony and repeated flotation concentration.
gametogony is within the nucleus of the epitheliaPathology heavily infected geckos showed no
cells of the small intestine. In some cases, the hastitward signs of infection and histological sections
cell nluclr?us containing the parasite may becomsf the infected gut showed no notable pathology.
greatly hypertrophied, while in others, notably
those containing the microgamonts, it is reduced DISCUSSION
to a fine membrane. In Giemsa stained smears the The hazards of identifying some eimerian
smallest undivided forms seen (future meronts goccidians solely by the morphology of their oo-
gamonts) were spherical and measured from 4-gysts and sporocysts has been discussed by numer-
The only advanced merogonic stage detected fus authors (Finkelman & Paperna 1994 for re-
smears measured 20 x 20, contained approximateligw), and species déospora sensu latare no
60 irregular and diffusely stained nuclei and wagxception. Thus, the oocysts lofamphiboluri
surrounded by a relatively thick band of the hos€annon, 1967 an#l cannoniFinkelman &
cell nuclear material. No asexual forms were founBaperna, 1994, both in Australian lizards, are suf-
in histological sections. Developing microgamont$ciently similar to be easily confused. The en-
are distinguished by their small, compact andogenous stages of the former, however, are in the
densely staining nuclei arranged on the surface eytoplasm of the host cell whereas those of the lat-
the parasite. The host-cell nucleus seems most fr@r are intranuclear.
quently to be reduced to a fine membrane around Itis customary to give the namelsbsporato
the parasite, unlike the thicker nuclear residuurall those intestinal coccidia possessing oocysts with
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Isospora hemidactylin the geckdHemidactylus mabouia Fig. 30: a crushed, mature oocyst, showing the wall to be of a single

layer. Bar =10pm. Figs 31-39: endogenous stages as seen in Giemsa-stained smears of scrapings from the epithelium of the
small intestine. Fig. 31: young macrogamont within the host-cell nucleus. Figs 32-36: macrogamonts: in Figs 32-88lihe hos
nucleus has been reduced to a fine membrane around the parasites, while in Figs 34-36 it is greatly hypertropied @r8aws). Fi

an almost mature meront. Fig 38: an almost mature microgamont. Fig. 39: a mature microgamont shedding a large number of
microgametes: the host-cell nucleus is reduced to a very fine, cyst-like membrane. Figs 40-47: gametogony as seenfin sections
the small intestine. Figs 40-41: intranuclear, developing macrogamonts. Figs 42-43: developing microgamonts, withyeripherall
disposed nuclei: the host-cell nucleus has been reduced to a cyst-like membrane (arrow). Figs 44-45: mature microgamonts,
shedding microgametes. Figs 46-47: zygotes (or young oocysts). Haematoxylin and eosin. Bar =10 p. HCN = host-cell nucleus
R = residual cytoplasm; WFB = large wall-forming bodies.
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10um
Line drawings of the mature oocystslebspora hemidacty(iFig. 48) andsospora ameivag-ig. 49).

two sporocysts, each containing four sporozoitegjong most of the Amazon river, its head-waters in
and which are passed unsporulated in the faeceBeru, Ecuador, and some localities in Central Bra-
regardless of their natural division into two diszil. The southern limit of the species is probably
tinct groups with either intracytoplasmic or intra-Rio Grande do Sul (Avila Pires 1995).
nuclear development of the endogenous stages. The general opinion is that this gecko was trans-
However, peculiarities in the endogenous deveported from Africa to the Americas during the slave
opment of some reptilian coccidians previouslyrade, although its arrival there could be by way of
included in the genuEBimeria by virtue of their floating débris. Throughout its distribution it is
similar oocyst morphology, have led to their reessentially ‘domesticated’ and predominantly
allocation to the gener&holeoeimeriaand found in and around human dwelling places. In
Acroeimeriaby some authors (Paperna &spite of this wide distribution of its host, we are
Landsberg 1989). It might be argued, thereforajnaware of studies oh hemidactyliother than
that similar recourse should be taken to separatt@ose of Carini (1936) and the present observations,
the isosporan parasites, based on the intranucleard it would be interesting to see if the same para-
or intracytoplasmic development of their endogsite occurs itd. mabouigthroughout its geographic
enous stages. So far, specie€bbleoeimeriaand range, particularly in the Old World. There are
Acroeimeriahave been recorded only in reptilesapproximately 70-80 other species tdémidac-
and all have tetrasporocystic, dizoic oocysts. Otylus mostly outside the Neotropics, but the only
the other hand, intranuclear development is knowtescription ofisosporain one of these appears to
to occur in parasites with the oocystic morpholbe that ofl. knowlesiin H. flaviviridis from India
ogy ofCyclospora, Eimeria, Gousséndisospora  (Ray & Das Gupta 1937). This parasite differs from
in fish (Eimeria s.l. andGoussia, amphibians |. hemidactylin its intracytoplasmic development
(Eimeriaandlsosporg and mammalHimeriaand  within the epithelial cells of the intestine, once
Cyclospora (Noller 1923, Davis et al. 1957, Lom again emphasising the importance of the endog-
& Dykova 1982, Mohamed & Molyneux 1990). enous stages when identifying coccidians with
Assignment of a new generic name to intranucleanorphologically similar oocysts.
isosporans (s.l.) of reptiles on this criterion alone There are 20 recognized specieAwfeiva and
would, therefore, necessitate considerable taxéhe genus is widely distributed in Mexico, Central
nomic revision within several genera of the Eimeriand South America and the Antilles: subspecies,
idae, and is best delayed until more information isidely accepted in the past, are not accepted by
available regarding the intranuclear coccidians asore recent herpetologists (Avila Pires 1995).
a whole. Information on the presence and taxonomic status
H. mabouids a widely distributed gecko, found of Isosporain these lizards, based both on the oo-
in Africa south of 10°N, the Antilles (principally cysts and endogenous stages of the parasites, would
the Lesser Antilles - type locality St. Vincent Is-be of considerable interest. To date, the only record
land), Madagascar, and South America. It occu@ppears to be ameivain Ameiva ameivin Bra-
along the coastal region of Brazil and the Guianasil, by Carini (1936) and the present authors.
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