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Abstract - Therapy based on the protective passive immunity of hyperimmune bovine colostrum
(HBC) was applied to 12 moribund Leopard geckos (Eublephari.s macularius) infected with Crvp-
to.sporidium sp. The geckos were lethargic and moderately to severely emaciated, weighing on aver-
age 36 % of the baseline body weight value. Seven gastric HBC treatments at 1-week intervals each
decreased the relative output of Cryptosporidium sp. oocysts and the prevalence of oocyst-positive
fecal specimens. Histologically, after 8 weeks of therapy, seven out of 12 geckos had only single devel-
opmental stages of Cryptosporidium sp. in the intestinal epithelium, and three, one and one geckos
had low, moderate and high numbers, respectively, of the pathogen developmental stages. The HBC
therapy was efficacious in decreasing the parasite load in moribund geckos. Morphometric and
immunologic analysis of C/’By:’f<!.s/x’W!/;Mm sp. oocyst isolates originating from Leopard geckos (E. mac-
ulariu.s) demonstrated differences between gecko-derived oocyst isolates and isolates of C. serpen-
ti,s recovered from snakes. &copy; lnra/Elsevier, Paris.
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Résumé - Traitement par du colostrum hyperimmun bovin de geckos léopards (Eublepharis
macularius) moribonds, infectés par Cryptosporidium sp. Une thérapie basée sur le transfert
d’immunité passive protectrice de colostrum hyperimmun bovin (CHB) a été appliquée à



12 geckos léopards (Eublcl)hari.y macularius) moribonds, infectés par Crypfosporidium sp. Les
geckos étaient léthargiques et modérément à sévèrement maigres, ne pesant en moyenne que 36 %
de leur poids normal. Sept traitements gastriques de CHB, à une semaine d’intervalle chacun, ont
fait baisser le taux d’excrétion d’oocystes de Cnpfos!wridium et la présence d’oocystcs dans les
selles. Histologiqucment, après huit semaines de thérapie, sept des 12 geckos n’avaient qu’un
stage de développement du Crypfosporidium dans leur épithélium intestinal, et trois, un et un
geckos avaient respectivement des taux bas, modérés et élevés des stades de développement du
pathogène. La thérapie CHB a été efficace pour rabaisser le taux de parasites chez les geckos
moribonds. Des analyses morphométrique et immunologique des oocystes de Cr.!7!to.yl)oridiulii
provenant de geckos léopards (E. macularius) ont présenté des différences par rapport aux
oocystes provenant de serpents (C. !ei7)eiitis). &copy; Inra/Elscvier, Paris.
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1. INTRODUCTION was safe and efficacious in clinical and sub-
clinical cryptosporidiosis in snakes [ 1 3 we

The high morbidity and frequent mortal- applied this treatment to Crypto.sporidium
ity caused by Crvptosporidium infections sp.-infected moribund E. muculurius to
in snakes is due to the lack of safe and effi- determine if the HBC therapy would
cacious anticryptosporidial drugs 13, 4]. Pro- decrease the output of Cryptosporidium sp.
tective passive immunity based on oral oocysts and rescue the moribund geckos
administration of hyperimmune bovine from unavoidable death.

colostrum (HBC) was safe and efficacious in
murine [1], ovine [15] and porcine ! 16] cryp-
tosporidiosis. Heterologous protection of 2. MATERIALS AND METHODS
HBC has been demonstrated against
C. wrniri infections in guinea pigs [ 14] and Thirteen E. morulorius originating from a pri-
C. serpeutis infections in snakes 1131. [ . vale collection and infccted with CrB1Jtos/JOrid-

. 

ium sp. were transported to the Baltimore Zoo
Although the reports on gekkonid cryp- (galtimore, MD). All geckos were anorectic and

tosporidiosis are scant, they always relate moderately to severely emaciated; most of them
to high mortality. Cryptosporidium sp. were lethargic and all had their tails severely
oocysts were observed in squash prepara- deficient of fat. All geckos had a history of pcr-
tions of the cloacae of moribund Madagas- slstcnt voiding of high numbers of Crvp-
car giant day geckos (Phelsumo rnadugus- 

tos/JOndlll/11 sp. oocysts as determined by the
car giant day geckos (Phelsiti7i(i l71ad!lé!as- acid-fast stain (AFS). Upon an-ival, thc gcckos
cctrieusis grandls) [ 18]. Cryptospondu/l11 were classified into three categories depending on
spp. oocysts have been recovered from the their body weight: 23 ± g (moderate), 10 ± g
feces of moribund Sand geckos (Chondro- (poor) and 8 ± g (very poor). Fecal specimens
dactylu.s angulifer) and Mediterranean were collccted atdefecation from all geckos and

geckos (Hel71idaclvlus turcicu.s turcicus) examined for CrvptosfJondlll/11 sp. oocysts by
r.m ! ’. : .... AFS and i III MUnOfl Lloi-esceiit antibody (IFA) of[ 19]. Crvpto.ljJondllll71 - ... serpenflS Illfectlons MER/vLUORTM r C 1’B1) t o.Bporu .1’ lWl1 /G’ /(II’( I. /(I test t
have been histologically documented in the kit 191. Twelve geckos were randomly, evenly
anterior of both stomach and small intes- divided into four treatment groups; the l3th
tine of Leopard geckos (Eublepharis mac- gccko served as a control. The number of controls
ularius) in a colony experiencing epizootic- was minimized because the HBC treatment was

type mortality 2 j aimed at rescuing geckos from death. Geckos
’ 

were weighed and kept as described previously
Leopard geckos are enjoying explosive [2].

popularity as lizard-pets because of their Liquid HBC was prepared as described pre-
small size, unlimited color patterns and viollsly [13]. The IgG content of the liquid
appropriate temperament 121. As the HBC colostrum was 58 mg/mL [13]. One hall’ of the



liquid colostrum was lyophilized [6] resulting in
powdered colostrum and both the liquid and the
powder were stored for 3 week at-20 °C until l
use.

Colostrum was administered to geckos by
gastric intubation seven times at weekly inter-
vals (figure /). Geckos of groups I and II were
administered liquid HBC at a volume of I and
3 % of their body weight (g to mL), respectively.
Geckos of groups III and IV were administered
the same relative volume as groups I and II,
respectively, of powdered HBC reconstituted
(16 %) in distilled water. The control gecko was
administered saline at a volume of 3 % of his

body weight in a similar manner as the HBC-
treated animals. Fecal specimens were collected
at defecation, refrigerated at 4 °C and tested for
Cryptosporidium sp. oocysts by the AFS. The
number of oocysts was counted for 10 min under
40 x objective magnification, and 30 randomly
selected oocysts from each gecko were measured
and their shape index (length/width) was deter-
mined [ 19]. The relative oocyst output was mea-
sured by mean number of oocysts per fecal spec-
imen per animal (figure 1).

A week after the last administration of HBC,
all geckos were cuthanizcd and necropsied !8J. [.
The entire gastrointestinal track was collected,
opened, fixed in buffered formalin, and embed-
ded in paraffin. Fivc-micromctrc-thick sections
stained with hematoxylin and eosin were exam-
ined under light microscopy for developmental
stages of Cryptosporidium sp. This procedure
was also applied for all geckos that died before
termination of the experiment (figccre /). The
severity of Cryptosporidium sp. infection was
scored [5] and classified into class 1, 2, 3 or 4.
Class I included the cases that yielded only sin-
gle developmental stages of Cryptosporidium
sp. (< 0.5 % of intestinal epithelial cells infected).
Class 4 included the most severe cases with mul-

tiple developmental stages of Cryptnsporiclium
sp. (approximately 65 % of the intestinal epithe-
lial cells infected). Classes 2 and 3 included cases
in which approximately 5 and 25 %, respectively,



of the intestinal epithelial cells harbored devel-
opmental stages of Cryptosporidium sp.

Statistical analysis was camied out with Statis-
tix 4.1 (Analytical Software, St. Paul, MN, USA).
The variables were examined by Runs test to
determine if their distribution conformed to a
normal distribution, and if not, the nonparamet-
ric test, Kruskall-Wallis analysis of variance
(ANOVA), was used to determine the signifi-
cance of differences between variables.

3. RESULTS

No significant differences were observed
in intensity of Cryptosporidium sp. infec-
tions, decrease of oocyst output or preva-
lence of oocyst-positive fecal specimens
among the four HBC treatment groups
(Kruskall-Wallis ANOVA).

Five out of 12 (42 %) HBC-treated geckos
died before termination of the therapy (figure
1), and the control gecko died during the
first week. No mortality was observed among
geckos of moderate body conditions.

All geckos were positive for develop-
mental stages of Cryptosporidium sp. which
occurred exclusively in the small intestine.
No Cryptosporidium sp. developmental
stages were present in the stomach or cloaca
of any gecko. The severity of Cryp-
tosporidium sp. infection was not related to
the body weight of geckos.
No significant differences were detected

in the length, width or shape index among
oocyst isolates originating from 13 geckos
(ANOVA). The overall oocyst length varied
from 6.2 to 7.8, x = 6.8 ± 0.5 pm, width

ranged from 5.7 to 6.1, x = 5.9 ± 0.3 pm,
and the shape index varied from 1.00 to
1.29, x = l.15 ± 0.01 pm. The intensity of
fluorescence of all Cryptosporidium sp.
oocysts isolates obtained with the MERI-
FLUORTM test was consistently very low.

The mean values of relative oocyst output
progressively decreased during the HBC
therapy (figure 1). Also, the prevalence of
oocyst-positive fecal specimens decreased
during the HBC therapy (figure l). Neither

Eimeria sp. nor Isospora sp. oocysts were
detected in the fecal specimens. The mean
body weight of geckos increased during the
8-week HBC therapy; however, this increase
was due to the survival of geckos from mod-
erate body conditions.

Considering the severity of Cryp-
tosporidium sp. infection, overall, only one
gecko was in class 4; the animal had disor-
ganized architecture of the intestinal mucosa
and thinned epithelium. Seven of 12 geckos
had only single developmental stages of
Cryptosporidium sp. (class 1) in the intesti-
nal epithelium which had normal architec-
ture. Three other geckos had a low number
of developmental stages of Cryptosporid-
ium sp. on the surface of intestinal epithe-
lium (class 2) and one gecko had a slightly
higher number of the parasite’s develop-
mental stages (class 3).

4. DISCUSSION

Although three published reports on
Cryptosporidium infections in geckos
describe near 100 % epizootic-type mortal-
ity [2, 18, 19], the clinical importance of
cryptosporidiosis in gekkonids remains
unclear. Two reports indicate Eirneria bry-
gooi and Iso.spora gekkonis, documented in
Cryptosporidium-infected geckos, and
potential (but not documented) bacterial or
viral infections [17-19]. Another report sug-
gests Escherichia coli as a major etiologic
agent killing Leopard geckos, whereas
detected Isospora spp. infections have not
been considered as a factor significantly
contributing to their death [2].

It has been demonstrated that Cryp-
tosporidium-infected Leopard geckos that
lost approximately 50 % of the body weight
(baseline value of 38 g) died shortly there-
after [2]. In the present study, the majority of
Leopard geckos weighed approximately
only 25 % of the baseline value (average
36 %); yet, the mortality rate was 42 °!°. It is
believed that the discrepancy between
expected (100 °lo) and observed (42 %) mor-



tality rates was due to the HBC therapy
applied to the moribund geckos.

Histological sections of Cryptosporid-
ium-infected Leopard geckos that died dur-
ing the epizootic [2! revealed moderate num-
bers of Cryptosporidium developmental
stages in the anterior stomach and anterior
intestine [2!. Because geckos in the present
study were much more emaciated that those
described previously !2J, we expected to
find developmental stages of Cryp-
tospridium in the gastric region of geckos
in the present study. However, none of 12 2
Leopard geckos, including five animals that
died during therapy duration, had develop-
mental stages of Cryptosporidillm sp. in the
gastric region. We conclude that the lack of
Cryptosporidium sp. developmental stages
in the gastric region of Leopard geckos was
due to HBC therapy.
Cr)pto’Bporidiu/11 sp. oocysts originating

from Leopard geckos in the present study
and in the previous study [2] differ from the
oocysts of C. serpenlis. Gecko-derived
oocysts produced consistently a very weak
immunotluorescent antibody (IFA) reaction
with the MERIFLUDRrM test. A weak IFA
reaction with the MERIFLUORTM test con-

forms to the previous results 12 Up to date,
all snake-derived C. serpenti.s oocyst iso-
lates, and some CryptosjJoridill/11 sp. oocysts
isolates from lizards, turtles and tortoises,
have produced strong IFA reactions [7-13J. ] .
Crvptosporidium sp. oocysts from Leopard
geckos in the present study were bigger than
C. serpenti.s oocysts that were measured pre-
viously under the same microscope [8-10].
In addition, gecko-derived oocysts in the
present study had values of morphometri-
cal parameters similar to those obtained from

oocysts originating from other species of
geckos [18, 19]. Also, all 13 Cryptosporid-
iurn sp. oocyst isolates originating from 13 3
Leopard geckos in the present study were
uniform with regards their size and mor-
phology. Cross-transmission experiments
determining the host-species specificity of
gecko-derived Cryptoa7!oridium sp. oocysts
should address the question as to whether

these oocysts represent different parasite
species.

Based on the decreased output of oocysts
and lowered prevalence of oocyst-contain-
ing stools, absence of the parasite in the gas-
tric region, and much lower than expected
mortality rate of moribund Crypto.sporid-
ium sp.-infected Leopard geckos, we con-
clude that the HBC therapy was heterolo-
gously efficacious in decreasing the load of
the parasite that may represent species dif-
ferent from C. serpentis. However, the effi-
cacy of HBC was lower in geckos than
observed previously in C serpentis-infected
snakes [13! which may be due to the intesti-
nal location of CrB’ptosporidiul11 sp. infection
in these geckos. Besides the anticryp-
tosporidial activity of immunoglobulins pre-
sent in the HBC, the colostrum itself is rich
in easy-digestible proteins which when
delivered orally may be beneficial for geckos
with significant weight lost.
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