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Morphologic and Morphometric Analysis of Hepatozoon spp.
(Apicomplexa, Hepatozoidae) of Snakes

Tatiana Cristina Moco, Lucia Helena O’Dwyer/*, Fabiana Custédio Vilela*,
Thomaz Henrique Barrella*, Reinaldo José da Silva

Departamento de Parasitologia, Instituto de Biociéncias, Unesp, Distrito de Rubido JAni@6¥8-000 Botucatu, SP, Brasil
*Centro de Estudos de Venenos e Animais Pegonhentos, Unesp, SP, Brasil

Hepatozoorspecies are the most abundant hemoparasites of snakes. Its identification has been based mainly on
the morphologic characterization of the gamonts in the peripheral blood of the vertebrate host and also of the cysts
found in the internal organs of the vertebrate and invertebrate hosts. Using a computerized image analysis system,
we studied five species Bepatozoorfrom recently captured snakes in Botucatu, State of S8o Paulo, Brazil, to
evaluate the importance of the morphology and morphometry of the gamonts for the characterizdépatozoon
species and to analyze the morphologic changes induced in the erythrocytes by the parasite. The studied species
wereH. terziiof Boa constrictor amarali, Hepatozogm of Crotalus durissurrificus, H. philodryasof Philodryas
patagoniensisandH. migoneiandH. cyclagrasof Hydrodynastes giga%Ve observed three different groups, one of
them including the speciés$ terzii, H. philodryasandHepatozoorsp. ofC. durissus terrificusand the other two
consisting of H. migoneiandH. cyclagrasi Degree of alterations in the erythrocytes was variable and it may be
useful for characterization oHepatozoorspecies.
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Hepatozoonspecies arethe most abundant also reported (Silva et al. 1999). Morphometric analysis
hemoparasites of snakes (Wozniak et al. 1994). Ma@jlows a more detailed evaluation of cellular morphology,
Hepatozoorspecies have been described among Brazihcluding linear and area measurements.
ian snaked. juxtanuclearigCarini 1947, Pessoa 1967),  Morphological descriptions of mostepatozoorspe-

H. fusifex(Ball et al. 1969) an#l. terzii (Sambon 1909) cies of Brazilian snakes are of fundamental importance to
parasites oBoa constrictorH. romaniandH. capsulata contribute to the knowledge of this group of parasites. A

(Phisalix 1931) parasites @frotalus durissus terrificus complete morphological description dfl@patozoorspe-

H. philodryasi(Carini 1910) parasite oPhilodryas cies should include morphological and morphometric fea-

patagoniensisH. migoneiArantes 1934, Schouten 1934 tures of all stages of the parasite, including the sporogonic
Pessoa et al. 1970) aHdcyclagrasi{Pessoa et al. 1970) stages in the arthropod vector.

parasites oHydrodynastes gigas The objective of the present investigation was to

Identification ofHepatozoorspecies has been basedtudy species dfiepatozoornn recently captured snakes
mainly on the morphologic characterization of the gamonteom Botucatu, State S&o Paulo, Brazil, to evaluate the
in the peripheral blood of the vertebrate host and also iofiportance of morphology and morphometry for the char-
the cysts found in the internal organs of the vertebrateterization of the species, and to analyze the morpho-
and invertebrate hosts. However, these stages are vemgic alterations induced in the erythrocytes by the pres-
similar for the different species éfepatozoonand so ence of the parasite.

the identification based only on these characteristics may MATERIALS AND METHODS
be incorrect (Pessoa & De Biasi 1973, Pessoa et al. 1973). } i
The main reports of Brazilian snakepatozoomjive Snakes and blood collectioParasites of four snake

information on the morpho|ogy of the gamonts (shapépeCieS from Botucatu, S&o Paulo, Brazil, were studied.
stain, and capsule presence) and also provide morpHdie animals were donated to the Center for the Study of
metric data usually consisting of the description of th¥enoms and Venomous Animals of Sdo Paulo State Uni-
length and width of the gamonts and cysts. In receMersity and presentddepatozooron the occasion of the

works, using computerized image analysis systems, mdisst blood examination. Blood was collected from all snakes

surements of the parasite and nucleus areas have bBgrventral tail venipuncture and blood smears were pre-
pared immediately upon collection. Smears were air dried,

fixed with absolute methanol for 3 min and stained with
10% Giemsa for 30 min. The slides were microscopically
surveyed for hemoparasites by light microscopy at 250x
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de S3o Paulo. The studied hosts and parasites were:
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odwyer@ibb.unesp.br cies have been described for this snékguxtanuclearis
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1947) andH. fusifexBall et al. 1969) are morphologically RESULTS
different from the species studied in the present invesjj ; ; ;

gation that isH. terzii (Sambon 1909). The gamonts ofMorthOIOgIC analysis of the parasites

H. terziiare club-shaped organisms with the anterior end Boa constrictor amaraki H. terzii presented an elon-
broad and rounded, the posterior extremity taperirggted and slender shape, with a cellular area of 35.3 + 4.1
slightly to a blunt point and folded back hookwise for &n¥; the length was 14.6 + 0.4 um and the width 2.6 +0.4
length of about 3 pm. They are enclosed within capsulg#. The cytoplasm was slightly stained with no granula-
measuring 14 pm in length and 4 um in breadth. The nucldigns. The nucleus was homogeneous, dense and parallel
measure 3 um in length by 4 um in breadth, and is usualtythe larger axis of the parasite. In 57.3% of the parasites
placed in the posterior half of the body. A variable nunthe nucleus was slightly displaced towards one of the
ber of deeply-staining granules are commonly presentéxtremities and in 42.7% it was in a central position. The
the cytoplasm on either side of the nucleus (Sambamea of the nucleus was of 9.2 + 1.6%uthe length was

1909). 4.6 £ 0.9 um and the width 2 £ 0.3 pm (Fig. 1A). Some
Philodryas patagoniens{€olubridae) - The only spe- erythrocytes were infected with more than one parasite.
cies described for this snakeHs philodryasi(Carini Crotalus durissus terrificus The Hepatozoonsp.

1910). This species measures 11-13 pm in length and 2-8thdied presented an elongated and slender shape. Its
pm in width. The parasitized erythrocytes are not changedllular area was of 33.2 + 4.1 fythe length was 14.7 +
by the parasites and the nucleus maintains its norm@b um and the width 2.4 + 0.4 um. The cytoplasm was
position (Carini 1910). lightly stained and homogeneous. The nucleus was ho-
Hydrodynastes giga€olubridae) - Twdiepatozoon mogeneous, dense, and parallel to the longer axis of the
species have been described in the literature: a small opgrasite. In 51.5% of the parasites the nucleus was lightly
H. migonei(Arantes 1934, Schouten 1934, Pessoa et @isplaced towards one of the extremities and in 48.5% it
1970), and a large onid, cyclagrasiPessoa etal. 1970). was in a central position. Its area was 8.5 + 1.2, jiits
H. migoneis a parasite which presents 12-14 umin lengffength 5.1 + 0.8 pm length and its width 1.7 + 0.4 um
and 3-3.5 um in breadth (Arantes 1934, Schouten 193¢ig. 1B).
Pessoa et al. 197@). cyclagrasis reported as an abnor- - phjlodryas patagoniensisH. philodryasipresented
mal form, with large cytoplasm, with “swollen” and an elongated and slender shape, with a cellular area of
“spongy” aspect, and it induces enlargement of the eryth7 5 + 7. urh a length of14.3 + 1.1 pm length and a
rocyte and displa_cement of nucleus for one of the cglligth of 2.8 + 0.5 um. Its cytoplasm was homogeneous
poles. The parasite can measure up to 35-40 um lengiy ightly stained. The nucleus was homogeneous,
(Pessoaetal. 1970). dense and parallel to the larger axis of the parasite. In
_ Crotalus durissus terrificugviperidae) - The follow- g3 704 of the parasites the nucleus was lightly displaced
ing species have been described in the literatdre: o,yarq one of the extremities and in 6.3% it was in a cen-
romaniandH. capsulatgPhisalix 1931)H. romanimea- 5| position. Its area was of 9.6 + 1.83;its length 5.2 +
sures 17-18 um in length and 8.4 pm in width. The nuclegsg um and its width 2.0 + 0.4 um (Fig.1C). More than one

measures 2-3 um and was not condensedapsulata _ oamont infecting the same erythrocyte was usually found
measures 16.8 um in length and 6.3 pm in width. TI'%_thiS preeting ythrocyte was usually fou

nucleus measures 4.2 um and was condensed (Phisa 'XHydrodynastes gigasThis snake presented two dif-

1931). TheHepatozoorstudied in present investigation ferent parasites: (1. cyclagrasia large parasite almost

was not similar to any of the described species and therg . : )
fore we considered it dsepatozoorsp. occupying the entire cytoplasm of the erythrocyte, pre

Morphologic and morphometric analyseEer each sented an elongated and wider shape. Its cellular area

Hepatozoorspecies we analyzed the shape of the gamo as }é%z fnll.llﬁg%ngrs;gggtg ztg'z;‘rs#‘l Lrlg]sg':]?e'és V\r”e(xjrﬁzla-
the presence of pigment in the cytoplasm, and the format’ ~ ™ Hm. P ytop P 9

and position of its nucleus. Morphometric analysis wa ons and deep staining. The nucleus was homogeneous

performed using the KS-300 computerized image analy d arranged perpendicularly to the longer axis of the

system (Zeiss) at 1000x magnification. The analyzed Vaﬁ_{irasite. In 76.1% of the parasites the nucleus was slightly

ables were: area, length and width of the parasite, a @placed towards one of the extremities and in623.9% it
area, length and width of the nucleus of the parasite. &S In & central position. Its area was 13.9 + 2.6, jis;
g b gth 5.1+ 0.5 um and its width 3.3 + 0.6 um (Fig. 1D). A

total of 100 parasites were analyzed for each infecté‘ﬂ1 . -
snake. We also analyzed 100 normal erythrocytes and 1090K” was usually observed at one of the extremities of
infected erythrocytes in terms of the foliowing variabled€ parasite; (2H. migonej the smaller form was less
area, length and width of the erythrocyte, and area, lendgifpngated and more oval in shape. Its cellular area was
and width of the nucleus of the erythrocyte. 48.6+5.9 prf itslength 11.8 + 1.1 um and its width 5+0.6

Statistical analysis Data obtained for the parasites™M- Its cytoplasm was homogeneous and lightly stained
were compared by analysis of variance, by the Studeﬁt_ﬂd contained a round and large nucleus in relation to the
Newman-Keuls test and by multivariate analysis. Data f&iz€ of the parasite. In 52.5% of the parasites the nucleus
infected and non-infected erythrocytes were compard¥gs slightly displaced towards one of the extremities and
by the t test. All statistical tests were performed using tHB 47.5% it was in a central position. The area of the nucleus
Sigma Stat 2.0 and MVSP 3.1 software, with the level a¥as 13.3 + 2.7 pfy the length was 4.5 + 0.6 um and the
significance set at 5%. width 3.5 + 0.6 pm (Fig. 1E).
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Fig. 1: gamont oHepatozoorspp. in a blood smear. Al. terzii from Boa constrictor amaraliB: Hepatozoorsp. fromCrotalus durissus
terrificus; C: H. philodryasifrom Philodryas patagoniensisD: H. cyclagrasifrom Hydrodynastes gigasE: H. migoneifrom H. gigas.
Magnification, 1000x.
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TABLE |
Comparative analysis of thiéepatozoorspecies studied (n = 100 for each species)
Parasite Nucleus
Parasites Area (L Length (um) Width (um) Area (L Length (um) Width (um)
H. terzii 353+42a 146+04a 26+x04a 92+16a 46+09a 20+03a
H. philodryasi 375+7.2b 143+1.1b 28+05b 9.6+x18a 52+08b 20x04a
Hepatozoorsp. 33.2x41c 147+0.6a 24+04c 85+1.7b 51+08b 1.7+04b
H. migonei 48.6 +59d 11.8+1.1c 49+06d 13.3x27c 45+06a 35+06¢C
H. cyclagrasi 115.2 £11.8e 21.7+1.4d 6.4+08e 139+26d 51+05b 33+06d

The values presented in the Table represent the mean and the standard deviation for each variable; same letters in the columns
represent p > 0.05; different letters in the columns represent p < 0.05.
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Fig. 2: multivariate analysis of the main components for comparison of the speditepatozoonstudied. The values presented on the
ordinate and abscissa axes represent the largest amount of variation in the data set.

Multivariate analysis, which was applied only to the DISCUSSION
linear variables, showed thdt cyclagrasinduced strong

changes in erythrocyte morphology (Fig. 3). The changes The objective of the present study was to evaluate the
in erythrocyte morphology induced by the spedies importance of morphology and morphometry for the char-

terzii, Hepatozoorsp. ofC. durissus terrificusnd byH. acterization oHepatozoorspecies that parasitize snakes.
migoneiwere less obvious than the changes induced gy*€ dimensions and morphology of the fiéepatozoon

H. cyclagrasi(Figs 4, 5, 6). The changes inducedrby SPecies analyzed are in agreement with the description re-
philodryasiwere not evident (Fig. 7). ported in the literature for those species. We evaluated

H. terzii, Hepatozoorsp. ofC. durissus terrificusnd ~linear and area data of the gamonts and submitted them to

H. philodryasiinduced light flattening of the erythrocyte Multivariate analysis, which permitted us to divide the spe-
nucleus, which, however, was not dislocated to the cdlies into three different populations (Fig. 2).

periphery of. In contrasH. cyclagrasidislocated the In most reports omlepatozoorparasitizing snakes,
erythrocyte nucleus to one of the poles in 55.5% of cas@@w species were described on the basis of the length
and laterally in 44.5%, and also induced a marked def@nd width of the gamonts and schizonts and also of oo-
mation of the erythrocyted. migoneicaused displace- Cysts, sporocysts and sporozoites (Pessoa & Biasi 1973).
ment of the erythrocyte nucleus to the poles in 63.1% 64s0, in a recent review article it was reported that many
cases and laterally in 36.9%. In spite of this displacemeftepatozoorspecies were created by simply considering
the changes in the erythrocyte were less evident. a new infected host (Smith 1996).
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The literature reports that exist immature and mature Some reports have demonstrated that the same
gamonts and that these developmental stages couldHepatozoonspecies can infect different hosts (Hull &
interpreted as different species (Smith 1996). Snakes wilamin 1960, Pessoa et al. 1971). Besides, the gamonts of a
actively merogony may present gamonts of different sizesame species ¢tepatozoorcan present slight morpho-
with more slender forms representing an immature precudogic changes depending on the host. Pessoa et al. (1974)
sor to the larger gamonts (Smith et al. 1994). In the presatémonstrated that it was possible to trandféupinambis
paper, the specimens of the five studied species warkthe lizardTupinambis teguixito the snak€. durissus
homogeneous and the differentiation between mature atedrificus. The transfer induced changes in the parasite

immature forms was not observed. so that in the lizard;lepatozoorspecies produced eryth-
TABLE I
Comparative analysis of normal and parasitized erythrocytes of different snakes species
Cell Nucleus
Parasites Area (Ufjn Length (um) Width (pm) Area (1 Length (um) Width (um)
Boa constrictor amarali
Normal 161.3+ 16.1 19.1+1.1 10.2+0.7 19.3+3.0 6.1+0.9 37104
Parasitized 159.8 +18.2 19.7+ B2 9.7+0.72 20.0+2.8 7.3+0.7 3.2+052
Crotalus durissus terrificus
Normal 162.4 £ 21.2 189+1.3 10.6 £ 0.9 242 +39 6.7+0.9 43+05
Parasitized 172.9 + 270 20.3+1.62 104+1.1 24.7+4.8 7.6+08 40+0.628
Philodryas patagoniensis
Normal 155.6 + 24.4 175+23 11.2+1.0 23.4+3.6 75+1.0 40+0.7
Parasitized 167.6 + 199 189+ 2.42 11.2+1.1 22.6+5.8 7.7+0.8 3.7+ @8
Hydrodynastes gigaslarger parasites
Normal 1924 +14.1 20.7+11 11.6 £0.7 33.2+39 75+£0.7 54 +05
Parasitized 187.9+21.9 20.1+ B5 11.9+1.3 29.7 + 2.8 7.3+0.62 5.1+0.52
Hydrodynastes gigas smaller parasites
Normal 192.4 +14.0 20.7+1.0 11.6 +0.7 33.2+33 75+0.6 54+04
Parasitized 252.7 £ 27% 254+ 152 124 +1.62 26.8 + 4.42 8.5+ 0.62 3.9+0.52

a: statistically significant differences in relation to normal erythrocytes.
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Fig. 3: multivariate analysis of the main components for comparison of normal erythro@ytés € 100) and erythrocytes parasitized
(®) (n = 100) byHepatozoon cyclagrasif Hydrodynastes gigasThe values presented on the ordinate and abscissa axes represent the
largest amount of variation in the data set.



1174 Analysis of Hepatozoon spp. of Snakes ¢ Tatiana Cristina Moco et al.

rocyte deformations but this characteristic was gradually The above considerations show that a controversy

lost in the experimental infections. exists on this subject. Some investigators believe that
The possibility that all of thelepatozoorspecies de- severalHepatozoonspecies exist while others discuss

scribed as parasites of terrestrial snakes, which are tratiee possibility that it is a single species presenting differ-

mitted by mosquitoes, constitute a single species whoset morphologic patterns depending on the infected host

blood forms vary with the vertebrate host has also beéamith 1996).

discussed in the literature (Ball 1970, Pessoa et al. 1971). Our results show three different populations, support-
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ing the hypothesis of the existence of several speciessaime snakes studied by us, we observe that disagree-
Hepatozoorthat can infect different species of snakeanent exists about the determination of the species. Our
The parasites found K. gigasare significantly different results show that the gamonts of the spedie®rzii, H.
among themselves and the two are different from the othehilodryasi and theHepatozoonsp. of C. durissus
studied parasites. terrificusdo not differ morphologically, as shown in other

By comparing the present results with those reportedports describing these species (Sambon 1909, Carini
in the literature about thepatozoorparasites of the 1910, Phisalix 1931).
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We also observed different patterns when we an&all GH, Chao J, Telford Jr SR 1969epatozoon fusifesp.
lyzed the changes induced in the erythrocytes by the n., a hemogregarine frofBoa constrictorproducing
parasites. We observed that all parasites induced changesg"ﬂ‘rke_‘sI Tnsog-pg&')og'f?' changes in infected erythrocytes.
mainly in erythrocyte length, as well as nuclear flattening - arasitol 5o: UU-615. . )
(Table 1) and the changes inducedHhycyclagrasivere garlnl A 1910. SobrT uma hemogregarin@t#odryas schottii
more pronounced, with alterations of the erythrocyte a Rev Med S Pauldd: 339-340.

. : . r‘@arini A 1947. Contribuicéo ao estudo das hemogregarinas de
its nucleus in terms of all of the parameters studitd. serpentes da fam“iagboide@sq Biol 31: 61_63_9 g

migoneinduced deformity of the length and width of they|| Rw, Camin JH 1960. Hemogregarines in snakes: the inci-
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