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ABsTRAcT: Seven- to 8-day-old Arc/Swiss mice were infected with 100,000-120,000 Cryptosporidium
parvum oocysts. At 8

days postinfection(PI) the jejunum, ileum, cecum, colon, and rectum were removed. Using a simple extractionprocedureand
purificationby Ficoll gradientcentrifugation,we rountinelyobtainedbetween 3-6 million and up to 15 million purifiedoocysts
per mouse. For in vitro cultivation, purifiedoocysts were pretreatedin a low pH (2.5-3) 0.5% trypsin solution for 20 min,
resuspendedin supplementedRPMI-1640 containingglucose 0.1 g (5.55 mM), sodium bicarbonate0.3 g, bovine bile 0.02 g,
folic acid 25 tg, 4-aminobenzoic acid 100 Mg,calcium pantothenate50 Mg,ascorbic acid 875 gg, penicillin G 10,000 U and
streptomycin0.01 g per 100 ml, and 1%fetalbovine serum(pH 7.4 beforefiltration),and used to inoculateconfluentmonolayers
of the human adenocarcinomacell line HCT-8. Incubationwas in a candlejar at 37 C. We tested numeroussupplementsto
RPMI-1640, differentpHs, and atmosphericconditionsand found the parametersdescribedabove producedthe greatestparasite
numbersin vitro. We obtainedsignificantlysuperiorgrowthof C. parvumgrownin HCT-8 cells using the conditions described
above than in cultureconditions describedpreviously.

AND METHODS
MATERIALS
isolates
Cryptosporidium

Cryptosporidium is a protozoan parasite with a worldwide
distribution. Cryptosporidium parvum is the species found infecting a range of domestic and wild animals, and humans (Casemore, 1990; Fayer et al., 1990; O'Donoghue, 1995) between
which cross-transmission can occur (reviewed by O'Donoghue,
1995). The parasite primarily invades the epithelium of the
gastrointestinal tract of infected hosts causing asymptomatic
infections or an acute or chronic cholera-like diarrheal disease,
which can be life-threatening or cause failure to thrive in infants,
children, and immunocompromised individuals (Isaacs et al.,
1985; Current, 1989; Guarino et al., 1995). The serious nature
of cryptosporidiosis in high risk groups is compounded by the
lack of curative treatment strategies. In this respect, a major
limiting factor has been the lack of a cultivation system for
biochemical studies and for the systematic assessment of potential anticryptosporidial chemotherapeutic agents.
An important prerequisite for the establishment of a suitable
cultivation system for C. parvum is a reliable and easily obtainable source of oocysts, a simple oocyst purification procedure, and identification of optimal conditions for growth. Although many studies have reported the in vitro development
of C. parvum in various cell lines, most of these studies have
found that, despite some development of C. parvum, the percentage of cells infected is low. The work of Upton, Tilley, and
Brillhart (1994a, 1994b, 1995) and Upton, Tilley, Nesterenko,
and Brillhart (1994) has identified a number of important growth
additives, culture conditions, and a cell line that has been shown
to greatly enhance growth of C. parvum in vitro. We have examined a number of these variables and have optimized conditions in our laboratory that produce superior growth of C.
parvum in vitro. In addition, we report a simple method for
obtaining large quantities of purified oocysts from mice suitable
for in vitro cultivation and for molecular and biochemical studies.

The C. parvumisolate used for the majorityof in vivo and in vitro
manipulationsin this study was originallyobtainedfrom a calf in Millicent, South Australiain 1993 and has subsequentlybeen passaged
throughmice in our laboratory.This C. parvumisolate was designated
Cl. Cryptosporidium
parvumisolatesfromhumanswereobtainedfrom
individualsin WesternAustraliaand used to inoculate mice (Table I)
and 1 isolate (H2) used for in vitro cultivation. The calf isolate and
several human isolates have been previouslycharacterizedby Morgan
et al. (1995).

Infectionof mice and collectionof oocysts
We have modified the method describedby Current(1990) for recoveringoocysts from mice. Seven- to 8-day-oldARC/Swissmice (Animal ResourcesCentre,Murdoch,WesternAustralia)were inoculated
with 100,000-120,000 oocysts per os using a plastictube (diameter0.7
mm) attachedto a 1-ml syringe.Mice began sheddingoocysts on day
4 postinfection(PI). Fecal samples were collected per rectum on days
6 and 7 PI and placed into dH20O(distilled water)( 0.25 ml/mouse)
containing0.02%Tween-20 (BDH, Poole, England)and storedat 4 C.
On day 8 PI, mice were killed (CO2exposure)and the jejunum,ileum,
cecum, colon, and rectumremoved, placed in dH20/0.02% Tween-20
(approximately4 ml/mouse), and dissected into smallersegments.Intestinal and fecal material was pooled and Sputasol (0.005 g/ml of
suspension;Oxoid, Hampshire,England)added before the suspension
was thoroughlyhomogenizedat 4 C. The homogenatewas left at RT
(room temperature)for 90-120 min on a rotary mixer before centrifuging at 2,000 g for 10 min. The suspensionwas washed twice with
cold dH20/0.02% Tween-20 by centrifugingat 2,000 g for 8 min. An
ether extractionwas performedby resuspendingthe oocyst-containing
pellet firstwith dH20/0.02%Tween-20, addingether(2 ml of etherper
8 ml of suspension)and mixing vigorously(20-30 sec) before centrifugingat 2,000 g for 8 min. The supernatantlayerswere removed,and
the pelletwas washedtwicein cold dH20 as describedabove.Additional
oocysts wererecoveredby remixingthe supernatantlayersfollowingthe
etherextractionand recentrifugingas describedabove to pelletandwash
oocysts. Oocysts were resuspendedin cold sterile PBS (phosphate-buffered saline) and stored at 4 C until furtherpurification.

Purification
of oocysts collectedfrommice

Received 19 December 1995;revised24 May 1996;accepted24 May
1996.

Oocysts were further purified using a modification of the method
describedby Lumb et al. (1988). Modificationsincluded reductionof
the numberof Ficoll gradientsfrom 6 to 2 and changingthe centrifugation speed and time. Gradientswere formed by layering2.5 ml of a
0.5%and 1.0%Ficoll 400 (Pharmacia,Uppsala, Sweden)solution pre-
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TABLE
I. Results of mice inoculatedwith differenthuman (and calf) isolates of C. parvum.
Isolate
code

Sex and age
of patient*

Age and strain
of mouse

No. of mice
infected

Oocyst
dose/mouse

Fecest

Gutl
(oocysts/mouse)

5

20,000

-

-

3
5
7
5
5

20,000
20,000
50,000
100,000
10,000

-

-

6-day BALB/c
8-day ARC/Swiss

5
8

100,000
80,000

+
+-2+

+
5,000

NA

8-day ARC/Swiss

8

100,000

-

-

F, 7 yr
M, 3 yr
NA, 6 yr
M, 8 yr
M, 2 yr
M, 2 yr
Calf

8-day ARC/Swiss
8-day ARC/Swiss
7-day ARC/Swiss
7-day ARC/Swiss
7-day ARC/Swiss
7-day ARC/Swiss
7-day ARC/Swiss

100,000
100,000
100,000
100,000
100,000
1,000,000
100,000

+-4+
+-4+

PAH

F, 2 yr

7-day ARC/Swiss

PAH
PP
KW
084
GM

F, 2 yr
M, 3 yr
F, 1 yr
NA
M, 43 yr

7-day
6-day
6-day
6-day
6-day

H5
CNA

M, 7 yr
M, 1 yr

H11

H10
H6
H2
H4
H1
H1
Cl

BALB/c
BALB/c
BALB/c
BALB/c
BALB/c

8
8
30
8
4
4
> 100

2-6 million
3-6 million

* NA = informationnot available.
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Oocystsquantitated
$Gutexaminedbypreparing

paredin PBS containing 16%sodium diatrizoate(ICN, Aurora,Ohio)
into a 10-ml centrifugetube startingwith the 1.0%Ficoll layer at the
bottom. Two to 4 ml of oocyst suspensionwas layeredonto the top of
a cold Ficollgradient(4 C) and tubescentrifuged(swingingbucketrotor)
for 15 min at 1,000 g at RT. Oocystswere collectedfromthe PBS/0.5%
Ficoll interphaseand washedtwice with cold dH20Oas describedabove.
Additional oocysts were also recoveredfollowing Ficoll gradientcentrifugationby resuspendingpellets in PBS and recentrifugingon fresh
gradientsand collecting oocysts as describedabove. Purifiedoocysts
were resuspendedin cold sterilePBS and 15 Mlof an antibioticsolution
(gentamycin5.0 mg/ml, lincomycin 4 mg/ml, ampicillin 10 mg/ml)
added per ml of resuspendedoocysts before storageat 4 C.

Invitrocultivation
Excystationof oocystsand culturemedium: Excystationwas carried
out by exposing0. 1-1-ml aliquotsof purifiedoocysts to 9 ml of freshly
preparedexcystation medium consisting of filter-sterilized(0.22 4m
filter)dH20 (pH 2.5-3) containing0.5%trypsin(1:250;Difco, Detroit,
Michigan)and incubatingat 37 C for 20 min, with mixing every 4-6
min. The excystationsuspensionwas centrifugedat 1,500 g for 4 min
at RT, oocysts resuspendedin RPMI-1640(Sigma,St. Louis, Missouri)
basal medium (RPMI-1640bm)containingsodium bicarbonate0.3 g,
bovine bile 0.02 g (Sigma),penicillin G 10,000 U, and streptomycin
0.01 g per 100 ml (adjustedto pH 7.4 before filtration).
Preparationand infectionof host cells: We evaluated the cell lines
MDCK, Caco-2, human fibroblasts(HF, Health Laboratoriesof Western Australia),HT-29, a colon cancercell line (LIM1215;LudwigInstitutefor CancerResearch,Victoria,Australia;Whiteheadet al., 1985),
and HCT-8 (ATCC;CCL244).In preliminarytesting,we found thatthe
human ileocecal adenocarcinomacell line HCT-8 supportedthe best
growthof C.parvumand was subsequentlyused for routinecultivation.
HCT-8cells weremaintainedin 25-cm2tissuecultureflasksin RPMI1640 supplementedwith 1%fetalbovine serum(FBS;Gibco,Auckland,
New Zealand),antibiotics(as above),andsodiumbicarbonate(as above)
at 37 C in a 5%CO2incubator.For subculture,HCT-8 cells weregrown
in RPMI-1640 containing 10%FBS. HCT-8 culturesthat had recently
reachedconfluentmonolayersgrownin 25-cm2flasksor 24 well plates
were inoculated with C. parvum by removing existing medium and
replacingit withRPMI-1640bmcontainingpretreatedoocysts(seeabove)
and incubatingat 37 C in a candlejar for between80 and 90 min. The
medium was then removed and replacedwith RPMI-1640 containing
differentsupplementsand incubatedfor 72-120 hr at 37 C underdif-

ferentatmospheres(see below). We routinelyused an oocyst inoculum
of between 2,000 and 5,000 oocysts/cm2of culturearea.
Growthsupplementsand cultureconditions: The following supplements were added to RPMI-1640 and evaluated for their effects on
cryptosporidialgrowth:0.01, 0.015, 0.02, 0.03, 0.04, 0.05, 0.06, and
0.08 g/100 ml bovine bile;0.1, 0.25, 0.3, and0.6 g/100 ml biosate(BBL,
Cockeysville,Maryland);0.3 g/100 ml lactalbumin(Sigma);0.3 g/100
ml yeast extract (BBL);0.3 g/100 ml trypticase(BBL);0.3 g/100 ml
tryptone(Oxoid);0.3 g/100 ml tryptone(Difco);0.3 g/100 ml peptone
(Sigma);0.3 g/100 ml Trichomonasmedium (Oxoid);0.02 g/100 ml
sodiumtaurocholate(BDH);0.1, 0.25, 0.3, 0.4, and0.5 g/100 ml sodium
bicarbonate;0.24 and 0.1 U/ml insulin; 1 and 2 mM sodium pyruvate;
50 and 100MMmercaptoethanol;0.5 and 1 mM cysteine;0.01 and 0.02
g/100 ml ascorbicacid (Sigma);nonessentialamino acids (Flow, McLean, Virginia);5.55, 6.25, 12.5, 25, and 50 mM glucose; 1%Ficoll
400; 1 mM glutathione; 15 and 20 mM Hepes; 1% hypoxanthinethymine medium supplement(Sigma);1, 2, 5, and 10%FBS;2, 5, and
10% new born calf serum (CSL, Parkville, Australia),and omitting
serum.The complete medium was as describedby Upton et al. (1995),
ml folic acid (ICN),400
in additionto the vitamin mixture:100
200 gg/100 ml calcium pantogg/100 ml 4-aminobenzoicacid (ICN),/g/100
thenate(ICN), 3,500 ,g/100 ml ascorbicacid (Sigma),addedat 20, 25,
50, and 100%originalconcentrations.Many of these supplementswere
also tested in combinationand underdifferentatmosphericconditions
including5%CO2,anaerobic,candlejar, and microaerophilic.We have
also assessed media adjustedto the pH values (beforefiltration)7.15,
7.25, 7.35, 7.4, 7.55, and 7.75.

Microscopyand examinationof cultures
We used standardlightmicroscopyto examinecultures.An Olympus
IM or Olympus IMT-2 inverted microsope (the former fitted with a
heatingchamber)were set-upwith a blue filterand raisedcondenserto
provide optimal viewing conditions. Parasiticstages were easily identified using this system and cultureswere examined daily at magnifications rangingfrom x 150 to x 600.

of growth
Quantitation
A semiquantitativemethod was developed to assess growth of C.
parvum.Cell monolayersgrownin 24-well plateswere inoculatedwith
5,000 oocysts/well and after incubation in RPMI-1640bm for 80-90
min, replacedwith differentmedium formulationsand incubatedfor
72 hr. Growth was quantifiedin duplicatewells after wells had been
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1. Lightphotomicrographs
FIGURE
of developmental
stagesof C parvumin HCT-8cellsin vitro48 hr afterinfection.Mediumusedwas
optimizedRPMI-1640(seetext)andincubationwasin a candlejar.Magnification:
(a) x 200;(b) x 400.
washed2 timesin PBS,filledwith 1 ml Hank'sbalancedsaltsolutiuon,
andscoringtheabsenceor presenceof 1 or moreendogenous
stagesin
5 randomfields,6 timesperwellat x 600 magnification,
i.e., 30 fields
perwell, 60 fieldspergrowthconditiontested.GrowthdatawereanU-test.
alyzedusingthe nonparametric
Mann-Whitney

6 million and up to 15 million oocysts/mouse. Oocyst recovery
rates from mouse fecal/intestinalhomogenates were found to
be between65 and 85%.Phase-contrastexaminationof purified
oocysts revealed clean preparationswith minimal or no contamination with debris, bacteria,or yeast.
We have infected neonatal mice (6-8 days) with oocysts isoRESULTS
lated from 15 differenthumanfecal samples(TableI). We found
Mousemodeland oocyst purification
that oocysts from 1 of these isolates (H2) produceda high oocyst
Ficoll
mouse
model
and
a
our
gradient purification excretionrate comparableto that obtainedfrom the calf isolate
Using
method for obtainingoocysts we routinelyobtainedbetween 3- (Cl1) used in this study,whereasthe remainingsamplesproduced
no or low oocyst excretion rates in mice (Table I).
5(

Invitrocultivation
Using RPMI-1640bm, we tested 6 cell lines (MDCK, Caco2, HF, HT-29, LIM1215,and HCT-8)and foundthatthe human
cecal adenocarcinomacell line HCT-8 produced the highest
o- 0 g 2
parasitenumbersin vitro. We observed that confluentHCT-8
monolayers more than 2 days old, and monolayers with less
than 100%confluencydid not producecomparablenumbersof
endogenous stages to those obtained with recently confluent
monolayers.
12
~a
Many of the media supplementsdescribedabove were used
S)
alone, in combination, or both, and although not all combinations at differentatmospheresand pH were tested, we have
formulateda medium and incubation conditions that provide
a0b
optimal growth. The optimum medium composition and in2. Comparisonof growthof C. parvumafter 72 hr: (a) op- cubationconditionswere as follows:RPMI-1640 supplemented
FIGuRE
timizedRPMI-1640(see text)incubatedin a candlejar; and (b) as with sodium bicarbonate0.3 g, bovine bile 0.02 g, glucose 0.1
describedby Uptonet al. (1995) using5%CO2(*P < 0.001).Growth
of 1ormoreendogenous g, folic acid 25 ug, 4-aminobenzoic acid 100 ug, calcium panwasassessedbyscoringtheabsenceorpresence
at tothenate50 tg,ascorbicacid 875 ug, per 100 ml, pH 7.4 (before
stagesin 5 fields,6 timesin eachof 2 wellsusinga lightmicroscope
x 600 magnification.
filtration), 1%FBS, and incubate in candle jar at 37 C, with
co
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medium changesevery 48 hr (Fig. 1). This formulationreplaced
RPMI-1640bm for resuspendingoocysts after pretreatmentin
trypsin and was used to infect cell monolayersdirectly.
We have compared growth of C parvum in our optimized
medium and in that describedby Upton et al. (1995) grownin
a candlejar and in a 5%CO2 incubator.We observed superior
growthof C. parvumin our optimized medium with incubation
in a candlejar comparedto growthin medium and conditions
describedby Upton et al. (1995) (Fig. 2) and found that peak
numbersof endogenousstages occurredbetween 48 and 72 hr.
Althoughgrowthin our optimizedmediumwas not significantly
differentin culturesincubatedin a candlejar or in 5%CO2,we
consistently observed better growth in cultures incubated in
candlejars. Incubatingculturesin anaerobicor microaerophilic
atmospheresresultedin poor growthof C parvum.
DISCUSSION

and, therefore,rountinely use oocysts less than 6 mo old for
cultivation. Storagein PBS also enables oocysts to be used for
in vivo and in vitro infections,as well as DNA and biochemical
proceduresdirectlywithout the necessarywash proceduresrequired when workingwith oocysts stored in dichromate.
The variation in infectivity of isolates of C parvumin mice
is likely to be a reflectionof the differencesin host specificity
of the parasite.This is supportedby the resultsof genetic characterization,which revealedthat the human C parvumisolate
H2, which produced high oocyst excretion rates in mice was
more closely relatedto calf isolates (includingCl) than to other
closely relatedhuman isolates of C parvum(HI1,H4, H5, H 6,
H10, H 11; Morganet al., 1995) that producedlow, or no, infections in mice. Other cross-transmissionstudies have also
revealeddifferencesand similaritiesin infectivityand virulence
of calf and human isolates of C parvumin differenthosts (Current et al., 1983; Currentand Reese, 1986; Pozio et al., 1992).
However, this is the firststudy to comparethe infectivity of C
parvum in mice using geneticallycharacterizedisolates and to
show that geneticallyrelatedisolates behave similarlyin vivo.
These findings also support our initial suggestion (Morganet
al., 1995) that differentisolates of C parvumare likely to vary
in their zoonotic potential.
We used oocysts that had been exposed to a simple pretreatment step and resuspendedin media containingbile to infect
cell monolayers. This procedurehas 3 advantagesover using
sporozoitesto infectcells:(1) it is simpleto performand requires
only 1 centrifugationstep;(2) sporozoiteshave not been exposed
to undue stress such as filtrationand centrifugationassociated
with sporozoite purificationprocedures;and (3) once sporozoites are releasedfrom the oocyst they are in immediate contact
with host cells.Upton, Tilley,and Brillhart(1994a, 1994b, 1995)
and Upton, Tilley, Nesterenko,and Brillhart(1994) used a Clorox pretreatmentof oocysts before infectingcells for the same
reason as discussed above; however, their procedurerequires
additional centrifugationsteps to remove the Clorox from the
oocysts before infectingcells.
We found that FBS concentrationsabove 2%were inhibitory
and resultedin a reducedgrowthof C parvumwith increasing
concentrations,in addition to causinghost cell overgrowthand
making visualization of the endogenous stages difficult.Interestingly, omission of serum from the medium usually resulted
in an increase in parasitenumbers comparedto cultureswith
serum, even after 72 hr, which is in contrastto the findingsof
Gut et al. (1991). However,the omission of serumfromcultures
also resultedin a slight deteriorationof the host cell monolayer
and, therefore,to reduce this effect, 1%FBS was added to the

In this study,best oocyst yields wereobtainedfrom mice aged
between 7 and 8 days at the time of infection and by collecting
fecal samplesbeforeharvestingoocystsfromthe gastrointestinal
tracton day 8 PI. Current(1990) also recommendedharvesting
oocysts from the gut of infected mice on day 8 PI, and a study
by Sinski et al. (1992) using mice infected at 3-6 days of age
producedpeak intestinal oocyst numbers 8 days PI.
Experimentallyinfectedneonatalmice have been usedto study
the life cycle, development,and infectivity of C parvum(Sherwood et al., 1982; Currentand Reese, 1986; Ernestet al., 1986;
Scaglia et al., 1991; Novak and Sterling, 1991; Sinski et al.,
1992), to assess oocyst viability (Sherwoodet al., 1982; Fayer
et al., 1991), to test drugs against the parasite (Tzipori et al.,
1982; Angus et al., 1984; Blagburnet al., 1991; Fayerand Ellis,
1993; Rohlman et al., 1993), and in immunologicalstudies of
cryptosporidiosis(Moon et al., 1988;Harpand Whitmire,1991).
Although Current(1990) described a technique for isolating
oocysts from the gut of infected mice, this is the firststudy that
describesa techniquein which oocysts have been obtainedfrom
mice, further purified using a simple procedure, and subsequentlyused for the reproducibleestablishmentof in vitro cultures.
Althoughthe number of oocysts generatedusing experimentally infected mice in the present study (3-15 million oocysts/
mouse; after purification)is less than the numberusually shed
by infected neonatalcalves (1-10 million oocysts/g of feces for
1 wk; Angus, 1990), it provides ample material for in vitro
cultivationand small-scalemolecular(Morganet al., 1995) and
biochemical studies. In addition, the smaller oocyst yields obtainableusingmice are compensatedfor by the ease in handling, optimum medium formulation.
maintaining, and processing material from mice infected with
C. parvum compared to calves and other large animals.
The oocyst purification method is simple to perform, inexpensive, and was found to be very reliable. The Ficoll gradients
can be prepared in advance and stored at 4 C for up to 6 mo
without any loss in performance. Oocyst preparations are very
clean and when used for in vitro cultivation do not result in
bacterial or yeast contamination. Purified oocysts stored in PBS
were successfully used to infect mice and susceptible cell monolayers after 6 mo storage. We have noticed, however, that oocyst
storage results in a gradual decline in the efficiency of oocysts
to produce endogenous stages in vitro compared to fresh oocysts

The removal of oocysts 80-90 min after infecting cells was
not necessary and does not inhibit development of C. parvum,
which is in contrast to the findings of Eggleston et al. (1994).
Under our conditions, the pH of the medium usually remains
alkaline even after 72 hr, unlike the medium described by Upton
et al. (1995), which changed to an acidic pH after 24 hr, due
likely to the high serum (10%) and glucose (11 g/L) concentration.
In our growth studies, we used between 2,000 and 5,000 oocysts/cm2 of culture area, which is far fewer oocysts (or sporozoites) than described in other studies (on the order of 10,0001,000,000 oocyst/cm2; Current and Haynes, 1984; Flanigan et

This content downloaded by the authorized user from 192.168.52.63 on Wed, 28 Nov 2012 20:06:32 PM
All use subject to JSTOR Terms and Conditions

MELONI
ANDTHOMPSON-C.
PARVUM:
INVIVOANDINVITRO 761

al., 1991; Rasmussenet al., 1993; Egglestonet al., 1994;Upton,
Tilley, and Brillhart, 1994a, 1994b, 1995; Upton, Tilley, Nesterenko, and Brillhart, 1994; Woods et al., 1995), and we still
achieved high cell infection rates. We consistentlyobtainedinfection rates of between 30 and 60% after 2-4 days growth.
Higher infection rates were achieved with higher oocyst doses.
Growthof a humanisolate (H2) of C.parvumproduceda similar
level of infection and developmentas the calf isolate, Cl. It was
observed, however, that optimal conditions for growth of C.
parvumin HCT-8 cells were not the ideal conditionsfor growing
the parasite in other cell lines. Therefore, it is essential that
optimalcultureconditionsbe determinedforgrowingC.parvum
in differentcell types.
Although no attempt was made to quantify the differentendogenous stages present during in vitro growth, we identified
type 1 meronts, macrogamonts,microgamonts,and immature
stages, and have also observed merozoitesbeing releasedfrom
meronts and merozoites infecting cells. We did not identify
oocysts, a resultconsistentwith the findingof Upton et al. (1995)
who reported limited oocyst production in HCT-8 cells. We
would like to point out 3 observationsof interest. One is that
although numerous macrogamontswere producedduring cultivation, we never observed 4 merozoites being released from
a meront. This is surprisingbecause it is known that the 4
merozoites contained in type 2 meronts give rise to macrogamonts (and microgamonts)(Fayeret al., 1990). Secondly,once
merozoites were released from the meront they infected cells
very quickly, usually within 30 sec, but often after only a few
seconds. The penetrationof the merozoiteinto the host cell was
very rapid and did not appearto involve any prior attachment
or adhesionto the cell. In addition,if a merozoitefailedto infect
a cell within 1 min, it invariablydid not infect a cell thereafter.
Finally,we consistentlyobservedmerozoitesbeingreleasedfrom
meronts shortly after medium changes(1-15 min), and we believe this to be a resultof the suddenrise in pH that occursafter
adding fresh medium.
In this study, we described a mouse model that is easy to
handle and maintain and, combined with a purificationprocedure, provides a relatively simple method for the establishment of the parasitein most laboratories.In addition, we have
simplifiedand optimizedin vitro cultivationmethods.This was
achievedby performinga 1-stepexcystationprocedurefor treating oocystspriorto inoculatingcells,usingsupplementedRPMI1640, reducingthe serumconcentration,and incubatingcultures
in a candlejar. Until an in vitro cultivationmethodis developed
that allows for the productionof largenumbersof oocysts and
continuouscultureof C. parvum,the proceduresoutlinedin this
study will be of great benefit to current and future reseachers
working on this intriguing parasite.
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