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Summary :

Outbred suckling mice (NMRI strain) were used as hosts. They 

were initially inoculated with oocysts of human origin, and subse­

quently with parasites recovered from the mouse ileal mucosa. 

Cryptosporidia were counted in an aliquot of whole-ileum homo- 

genate. Parasite load was expressed as Cryptosporidia per centi­

meter of ileum. Serial passage of C. parvum in NMRI mouse 

litters led to a gradual amplification of parasite burden relative to 

animals initially inoculated with the human isolate.
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S everal experim ental m odels o f infestation by 
I  C ryptosporid iu m  p a r v u m  have been  develo­
ped in new born animals (Current and Reese, 

1986; Novak and Sterling, 1991; Reese et al., 1982; 
Scaglia et al., 1991; Sherwood et al., 1982).

Adult immunocompetent mice are almost completely 
resistant to C. p a rv u m  parasitization (Sherwood et al., 
1982), with the exception of the estrus mouse (Liebler 
et al., 1986), the naturally infected guinea-pig (Chrisp 
et al., 1990) and the aged hamster, the latter infection 
probably being due to age-related immunodeficiency 
(Rasmussen and Healey, 1992). Experimentally infec­
ted immunosuppressed rodents (Brasseur et al., 1988; 
Rossi et al., 1990; Rehg, 1991; Ungar et al., 1991) and 
congenitally  im m unodeficient strains o f m ice, i.e. 
nu/nu (T cell-deficient) and SCID (which lack both T 
and B cells) develop chronic infections which are ini­
tially mild but eventually lead to morbidity and death 
(Ungar et a l., 1990; Mead et al., 199D .

Cryptosporidiosis has also been  obtained in both 
con san g u in eou s (L ieb ler e t  a l .,  1986; Novak and 
Sterling, 1991; Scaglia et al., 1991; Sherwood et al., 
1982; Ungar et al., 1990) and outbred mouse strains
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R é s u m é  : D é v e l o ppe m e n t  d ’u n  m o d e l e  d ’in f e c t io n  m a ssiv e  à 

C r y p t o sp o r id iu m  c h ez  le so u r ic e a u  n o n  c o n sa n g u in , n o n  se v r é  

Des souriceaux non sevrés, non consanguins (souche NMRI) sont uti­

lisés comme hôtes. L'infestation initiale est réalisée à partir d'oocys- 

tes d'origine humaine alors que les réinfestations sont effectuées 

avec des parasites récupérés dans la muqueuse iléale des souri­

ceaux. La quantification des cryptosporidies est pratiquée sur un ali­

quot d'homogénéisat de la totalité de l'iléon. La charge parasitaire 

est exprimée par détermination du nombre de cryptosporidies par 

cm d'iléon. Les passages successifs de C. parvum chez des portées 

de souriceaux NMRI aboutissent à une amplification progressive de 

la charge parasitaire par rapport à celle obtenue après infestation 

initiale des souriceaux avec des oocystes d'origine humaine.

(Current and R eese, 1986; Sherw ood et a l., 1982; 
Ungar et al., 1990).

With the excep tion  o f guinea pigs spontaneously 
infected by C ryptosporidium  parvu m , the model used 
by C hrisp e t  a l .  (1 9 9 0 ), exp erim en ta lly  in fected  
rodents do not develop physical signs o f infection. 
However, these animal models are useful for studying 
the replicative cycle, parasite ultrastructure (Current 
and Reese, 1986; Scaglia et a l., 1991), and various 
asp e cts  o f  in fec tio n  (N ovak and Sterling , 1991; 
Sherwood et al., 1982). The efficacy of disinfectants 
(Korich et al., 1990), drugs (Rehg, 1991) and immu­
nological treatments (Arrowood et al., 1989), as well 
as the prophylactic effects o f certain drugs (Fayer and 
Ellis, 1993) have been studied in animal models of 
C ryptosporidium  infection.

Infection is proven by the presence o f oocysts in the 
feces or by the detection o f various stages o f the 
parasite in sections o f the ileum; parasites can also be 
counted in intestinal mucosal scrapings (Current and 
Reese, 1986; Scaglia e t  al., 1991). Quantification of 
the parasite load is essential for testing anticryptospo- 
ridial activity and for studying the natural history of 
the infection. However, oocyst shedding is related to 
fecal output and does not take into account intracel­
lular development of the parasite, while histological 
studies depend on the distribution o f the parasite 
along the intestinal tract.
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Fig. 1. -  Ileal parasite load (steps o f  5000/cm o f ileum ) in a selected batch o f suckling m ice inoculated with a hom ogenate o f  infected 
suckling m ouse ileum  or human oocysts. T he stippled bars represent one experim ent. 
litter a1 (n=6): oocysts from human feces
litter b 1 ( n = l l ) :  Cryptosporidia from  m urine ileal m ucosa after 1 p assage
litter c 1 ( n = l l ) :  Cryptosporidia originating from  m urine ileal m ucosa after 2 passag es
litter d 1 (n = 10): Cryptosporidia originating from  m urine ileal m ucosa after 3 passages.

T he hatched bars represent another exp erim ent. 
litter a2 (n = 7): oocysts from  h um an feces
litter b 2  ( n = l l ) :  Cryptosporidia from  m urine ileal m ucosa after 1 p assage 
litter c2  (n=13): Cryptosporidia from  m urine ileal m ucosa after 2 passages 
litter d2 (n=9): Cryptosporidia from  m urine ileal m ucosa after 3 passages

MATERIAL AND METHODS

The aim of this work was to develop an early, 
high-yield model o f cryptosporidiosis in out- 
bred mice by serial reinoculation of suckling 

animals, with a view to drug screening and studies of 
the immunological response to C . parvu m .

It is based on 4-day suckling NMRI mice. The mice 
w ere initially inoculated with oocysts o f C. p arv u m  
isolated from fresh human feces. Debris were elimi­
nated by serial passage through stainless-steel screens

with a final mesh size o f 32 μm. The oocysts were 
then concentrated and purified on a sucrose density 
gradient (1.04 to 1.10), and collected from the inter­
face (Buraud et al., 1991). After washing in PBS, they 
were stored in 2.5% potassium dichromate at 4°C for 
between 8 to 20 days until use. Prior to inoculation, 
oocysts were washed three times in 0.025 M PBS (pH 
7 .2 ) to rem ove potassium  dichrom ate. They w ere 
then resuspended in 1.0 ml o f PBS and counted using 
an haemocytometer. Suckling mice were inoculated 
by gavage (dO) with 100 μl o f concentrated material 
containing 106 oocysts. Infection was checked  on
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C r y p t o s p o r id iu m  i n f e c t i o n  in  s u c k l in g  m ice

day 6  post-inoculation. Parasite load was determined 
by counting Cryptosporidia in an ileal homogenate. As 
the terminal ileum is the intestinal section most heavily 
in fec ted  w ith C ryptosporid ia in co n san g u in eo u s 
BALB/c mice (Novak and Sterling, 1991), we focused 
on this region to evaluate the severity o f infection. 
Mice w ere killed by chloroform  asphyxiation. The 
small intestine was removed from the abdomen, and 
the ileum, easily recognizable by its color and smaller 
diameter than the jejunum, was isolated and measured 
without traction. The ileum was then split lengthwise 
and homogenized for 25 seconds in 1 ml of PBS using 
a glass tissue grinder with a Teflon pestle mounted on 
a drill press operating at 300 rpm (Potter apparatus). 
An aliquot (20 μl) o f the homogenate was smeared 
onto a glass slide ( 2  cm2) and stained by using a modi­
fied Ziehl-Neelsen technique. Cryptosporidia are easily 
detected at m agnification of x200 (Henriksen and 
Pohlenz, 1981). Parasite load was expressed as Crypto­
sporidia per centimeter of ileum, as follows :

N = n x 50 / L 
where n is the total number o f parasites counted in 
the smear, L the total length of ileum (cm ) homogeni­
zed in 1 ml o f PBS, and 50 the coefficient used to 
transform the number o f Cryptosporidia in 20 μl into 
the number present in the entire ileum (1 ml).

Four consecutive litters o f 4-day-old NMRI mice were 
then infected by ingestion of a day- 6  ileal hom oge­
nate. The homogenates were kept for 7 to 15 days at 
4°C after the addition of penicillin (100 IU/ml), strep­
tom y cin  (1 0 0  μg/ml) and a m p h o te ric in  B (0 .2 5  
μg/ml), until the next inoculation. Subsequent inocu­
lations consisted of 104 Cryptosporidia (all stages) in 
100 μl o f PBS. All experim ents w ere performed in 
d u p lica te  [litter a: m ice in o cu la te d  w ith hum an 
oocysts (a l , n = 6 ; a2, n = 7); litter b : mice inocula­
ted with Cryptosporidia from ileal homogenate after 1 
passage in m ice (b 1, n = 1 1 ; b 2 , n = 1 1 ); litter c : 
mice inoculated with Cryptosporidia from ileal homo­
genate after 2  passages ( c 1, n = 1 1 ; c 2 , n = 1 3 ) and 
litter d : m ice inoculated with Cryptosporidia from 
ileal hom ogenate after 3  passages (d 1, n = 1 0 ; d2 , 
n = 9). Parasite load was checked as previously des­
cribed. A histogram was constructed for each succes­
sive litter, show ing the num ber o f anim als in the 
different parasite load categories (steps o f 5000 Cryp­
tosporidia per centimeter o f ileum).

RESULTS

A l l  10-day mice were positive for C. p arv u m  
in all experiments. Parasite load varied consi-
derably from within a given litter, from 1 0 0  

to 4000 after inoculation with oocysts isolated from

human feces (litters a1 and a 2 , fig. 1 ) and from 300 to 
82000 after inoculation with Cryptosporidia origina­
ting from murine intestinal mucosa (litters b to d, fig. 
1). Parasite load increased regularly from litter b (2nd 
passage in m ice) to litter d (4th passage) and was 
sign ificantly  in creased  after passage 4 (ANOVA; 
p<0.05).

Expressed  as the cum ulative m ean per litter, the 
results were as follows : litter a l  (n = 6 ), 5000; litter 
a2 (n= 7), 5000; litter b 1 (n = 11), 7272; litter b2 
( n = l l ) ,  8 6 3 6 ; litter c 1 (n  = 1 1 ), 14090; litter c2 
(n=13), 8076; litter d1 (n = 10), 23500; litter d2 (n=9), 
17777 Cryptosporidia per cm of ileum.

Few parasites w ere found w hen the hom ogenates 
were used 48 hours after collection, whereas all the 
animals w ere successfully inoculated with hom oge­
nate stored in PBS at + 4°C for 5 to 7 days, with a 
maximum of 6 0  days.

DISCUSSION________________________

P arasite load can be determined by counting 
the number o f parasites present on longitudi­
nal villi in two randomly selected high-power 

fields (X 400) (Novak and Sterling, 1991). However, 
w hen few  parasites are present, they are usually 
concentrated in one area. Fayer et al. (1993) exami­
ned five areas within histologic sections o f ileum, 
caecum and colon and assigned a score for the per­
centage of epithelium parasitized. We considered that 
counting an aliquot of the entire homogenized ileum, 
which contains both free and intracellular forms of 
the parasite, is more representative o f the degree of 
infection than the use of stained 5-μm slices o f ileum. 
W e obtained a mean value for parasite load in the 
whole ileum, rather than point values dependent on 
the section examined, particularly when few parasites 
are present. Furthermore, this counting method is not 
influenced by intestinal transit speed or irregular fecal 
excretion.

We used outbred mice to obtain larger litters; outbred 
and inbred mice have similar susceptibility to C. p a r ­
vum  infection (Sherwood et al., 1982).

The use o f suckling mouse ileum hom ogenates for 
inoculation rather than oocysts isolated from human 
feces means that the inoculum can be 1 0 0  times smal­
ler and yet provide 20 times as many Cryptosporidia. 
Indeed, the ileal homogenate from a heavily infected 
mouse contains several hundred thousand crytospori- 
dia. The regular increase in parasite load observed 
between passage 2  (from a to b) and passage 4 (from 
c to d) points to increased infectivity. The gradual 
increase in parasite load is not only due to amplifica­
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tion of the normal life cycle by repeated penetration 
into enterocytes, but also to an increase in virulence 
through serial passage in the host (a common pheno­
menon in the experimental setting).

A further advantage of this model is that oocyst puri­
fication from mouse ileal hom ogenate is far easier 
than from human or calf feces. This high-yield model 
should prove useful for studying the natural history 
o f C. p a rv u m  infection, drug screening and studies of 
immunological approaches aimed at eliminating the 
infection.
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