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Nine Mongolian gerbils (Meriones unguiculatus) were fed with 5.6 x 10° Cystoisospora sporulated oocysts
orally. After 28 days post inoculation (DPI) four animals were euthanized, and their mesenteric lymph nodes were
removed and they were submitted to peptic digestion technique and samples of them were submitted to transmission
electron microscopy for hypnozoites identification. From lymph nodes digestion 4x10* hypnozoites/mL were
obtained. Morphologically they were banana or stick form in shape, and measured 18.17 (15.09-20.02) in length by
6.21 (5.48-7.06) um in width. In the same experiment, at 6 DAI, five gerbils were posted and liver, mesenteric
lymph nodes and spleen were removed from each animal and were homogenized before given to three cats free of
coccidia. All visceras used individually in each cat were capable to induce infection of species, C. felis and C.

rivolta.
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RESUMO

Nove gerbils da Mongolia (Meriones unguiculatus) foram
oralmente inoculados com 5,6 x 10° oocistos esporulados de
Cystoisospora. Apods 28 dias da infeccao (DAI) quatro ani-
mais foram eutanasiados e parte de seus linfonodos
mesentéricos foram usados para microscopia eletronica de
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transmissao para a observagao de hipnozoitas e o restante sub-
metido a digestdo péptica. Da digestdo dos linfonodos
mesentéricos foram obtidos 4x10* hipnozoitas/ml. Estes fo-
ram morfologicamente semelhantes a forma de banana ou de
clava medindo 18,17 (15,09-20,02) de comprimento por 6,21
pum (5,48-7,06) de largura. No mesmo experimento aos seis
DALI outros cinco gerbils foram necropsiados e seus figados,
linfonodos mesentéricos e bagos foram removidos e
homogeneizados. Trés gatos livres de coccidia, cada um de-
les alimentado com um tipo de viscera, eliminaram em suas
fezes oocistos de C. felis e de C. rivolta.

PALAVRAS-CHAVE: Cystoisospora felis, C. rivolta, infec-
¢do experimental, Meriones unguiculatus.

INTRODUCTION

Hypnozoites of Cystoisospora had been already isolated
in visceras of mice, rats, dogs, birds, bovines (FRANKEL;
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DUBEY, 1972; LINDSAY; BLAGBURN, 1994) guinea pig
(HERZOG et al., 1993), rabbits (COSTA; LOPES, 1994),
swine (CARVALHO-FILHO et al., 2001) and chicks
(MASSAD et al., 2003).

The systemic distribution of hypnozoites in the different
visceras evaluated in the intermediated hosts suggests a tropism
more accented by mesenteric lymph nodes, spleen, liver and
Payer’s patches (FRENKEL; DUBEY, 1972; BROSIGKE et
al., 1982; FREIRE; LOPES, 1996). However, Dubey (1979)
observed that the skeletal muscles of mices inoculated with
10° and 109 sporocysts of C. rivolta were capable to determi-
ne infection in cats free of coccidia by shed oocysts of this
parasite in their feces. Despite of this, the author no identified
any forms of this parasite in the musculature through histology
or visceral in print. However, Costa and Lopes (1998) using
peptic digestion (PD) in tissues from rabbits experimentally
infected with C. felis sporulated oocysts, indicated the presence
of hypnozoites in liver, spleen, mesenteric lymph nodes and
Payer’s patches, without identifying them in the skeletal
musculature.

The Mongolian gerbil has not spread out in the scientific
community; however, this animal is considered an experimen-
tal model to many biological studies because of its physical,
metabolic, psychosocial, biochemical and neurological
characteristics (MARSTON, 1972; BURKE, 1979;
RAYHURN; DOUGLAS, 1984; FRAZAO-TEIXEIRA et al.,
2002).

The objective of this research was to isolate hypnozoites
of Cystoisospora in mesenteric lymph nodes of Mongolian
gerbils (Meriones unguiculatus), identified through
Transmission Electronic microscopy, and to infect coccidia
free cats with visceras of previously infected gerbils to deter-
mine the susceptibility and distribution of Cystoisospora
species.

MATERIAL AND METHODS

Sporulated oocysts of Cystoisospora were obtained from
feces of three cats naturally infected at Centre for Zoonosis
Control (CCZ) in the City of Campos dos Goytacazes, State
of Rio de Janeiro, Brazil. They were concentrated by sugar
saturated solution and stored in sulphuric acid solution at 2%
in distilled water, ten times the volume of oocysts. Oocysts
sporulation was completely at 74 hours by using an aquarium
air pump.

An aliquot of oocysts suspension, concentrated and washed
in phosphate-buffered saline (PBS) to remove sulphuric acid
was counted at Neubauer chamber, and inoculum was
determined in way each gerbil received orally 1 mL of
suspension containing 5.6x10° sporulated oocysts of that 96
of C. felis and 4% of C. rivolta.

A total of nine Mongolian gerbils, were infected and
maintained in individual cages. All animals received water
and food ad libitum during the experiment.

In the 28" DAI four animals were euthanized in CO,

saturated chamber in accordance to COBEA (2007). After
that, animals were posted and mesenteric lymph nodes were
removed. Samples of them were used for transmission electron
microscopy (TEM) and remaining material was grinded and
submitted to peptic digestion (PD) in accordance with Olivei-
ra et al. (2001).

The number o hypnozoites of each lymph node was
established according to methodology described for C. rivolta
by Brosigke et al. (1982) and modified by Oliveira et al. (2001).

Hypnozoites, previously fixed in 2% glutaraldehyde (GA)
solution, were measured by using a micrometric ocular K-
15X on a light binocular microscope.

To the TEM, fragments of mesenteric lymph nodes were
placed in 2 mL micro tubes containing Para formaldehyde at
4%, GA at 2.5%, cacodylate buffer 0.1 M, washed in PBS pH
7.0, and post fixed with osmium tetroxid and potassium Ferric
cyanide. For dehydration was used acetone at 30, 50, 70, 90
and 100% at 20 minutes in each concentration. After that,
mesenteric lymph nodes fragments were placed at Epon II in
progressive concentrations in acetone at 100% (1:3, 1:2, 1:1
and 2:1) followed in pure Epon II for seven hours. Fragments
were enclosed in resin, cut in ultra microtome at 50 ¢m in
thickness and they were observed in TEM 900-Zeiss
microscope after using uranile acetate and lead citrate for
contrast.

Thirty six DAI the remained gerbils were posted and liver,
spleen and mesenteric lymph nodes were removed from each
animal.

Three six week old cats, free of coccidia, were fed
individually on grinded liver, spleen and mesenteric lymph
nodes respectively.

Fecal samples taken daily from each cat was divided in
two parts. The first was used for oocysts counts per grams of
feces (OLIVEIRA et al., 2001), and to determine pre patent
(PPP), and patent (PP) periods. The second one was used to
allowed oocysts to sporulate as previously described. Length
and width of sporulated oocysts besides morphology were
also used to determine which species were involved in this
infection.

RESULTS AND DISCUSSION

Cystoisospora oocysts from feces of naturally infect cats
had ellipsoidal appearance in a piriform shape or spherical
format range from 18.39 to 33.35 by 14.41 to 24.11 um in
diameters. Based on morph metric values of sporulated oocysts
they were proportionally divided in 96 and 4% of C. felis and
C. rivolta respectively. Great variability at oocysts dimensions
were also observed by Rocha and Lopes (1971) and their
morphological differences described by Dubey and Mehlhorn
(1998).

The use of GA facilitated identification and measurements
of hypnozoites recovered from mesenteric lymph nodes by
hindering their movements and maintained the original shape
of tissue stages (COSTA; LOPES, 1994; OLIVEIRA et al.,
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Figure 1. Gerbil mesenteric lymph node: A. Various Cystoisospora
hypnozoites (—) near a mononuclear cell, 7000X. B. Amilopectin gra-
nules (=) in a Cystoisospora hypnozoites. 150000X. MET.

2001) and also confirmed by TEM (Figure 1). The isolation
of the parasites confirmed the gerbil as intermediated host of
same Cystoisospora species originated from felines (CAR-
VALHO-FILHO et al., 2004) and mesenteric lymph nodes
besides liver and spleen were considered as predilection site
of Cystoisospora species in other species of animals
(FRANKEL; DUBEY, 1972; COSTA; LOPES, 1994; OLI-
VEIRA et al., 2001).

The number of hypnozoites recovered in the gerbil
mesenteric lymph nodes through PD was 4.0 x 10mL of
suspension. This higher number of recovered hypnozoites
from gerbils in relation to mice (FREIRE; LOPES, 1996)
and rabbits (COSTA; LOPES, 1998) indicated that gerbils
were more sensitive and had smaller capacity of eliminating
these parasites in their tissues. Reinforces this inference

Oliveira et al.

the observation of the parasite through TEM (Figure 1) in
this experiment, since the difficulties in the hypnozoites
observation in other hosts through PD (FRENKEL;
DUBEY, 1972; HERZOG et al., 1993; LINDSAY;
BLAGBURN, 1994; COSTA; LOPES, 1998, OLIVEIRA
etal., 2001) or in histological section (COSTA et al., 2001;
MASSAD et al., 2002). In spite of accentuated
morphological differences (Figure 1) were impossible to
determine what species should be corresponded the
observed hypnozoites.

All gerbil visceras used in this study were capable to
induce infection on cats free of coccidia which shed oocysts
of C. felis and C. rivolta in their feces. The cat that fed on
mesenteric lymph nodes had a PPP of three days and PP of
35 days, while the animal fed on liver, the PPP was four
days and PP of 36 days of PP, the longest of the experiment.
Regarding, the cat that fed on spleen PP was six days, si-
milar data was observed by Frankel and Dubey (1972);
however, PP was briefly, four days only. Dubey and Streitel
(1976) observed that PPP of C. rivolta did not modify when
different inocula were offered to cats free of coccidia,
directly through sporulated oocysts or indirectly through
ingestion of mice tissues infected previously with the same
amount of sporulated oocysts, but in the same work, C. felis
did not demonstrate the same behavior because of its PPP
that went long for cats inoculated with mice tissues. This
results match with the biological cycle of the genus
Cystoisospora described by Dubey (1992) that affirmed
“when the appropriate definitive host eats the infected
herbivore, or infected carnivore that is not the definitive
host, the encysted hypnozoites are liberated of the tissues
through digestion and begin and infection cycle with smaller
PPP”.

The amount of shedding oocysts was not proportional to
the amount of inoculum, because after the gerbils’ inoculation
and subsequent infection of the cats free of coccidia the
percentage of C. rivolta was 3.5 times more than the inoculated
amount as observed by Oliveira et al. (2001; 2002) and Mello
et al. (2003) and indirectly by this work where oocysts shed
by cats, both coccidia had more tropism to the mesenteric
lymph nodes than for the liver. Cystoisospora rivolta in spite
of being eliminated in small quantities of oocysts was more
competitive than C. felis.

CONCLUSIONS

Mongolian gerbils (Meriones unguiculatus) was
considered as intermediated host for C. felis and C. rivolta
and both parasites had more tropism to mesenteric lymph nodes
than to liver and spleen. Cystoisospora rivolta had better
successful to establish than C. felis in cats fed on visceras of
chronically infected gerbils.
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