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Abstract

CRYPTOSPORIDIOSIS IN THE IMMUNOSUPPRESSED MOUSE

AND IN CELL CULTURE

by Mercy Prabhu Das

Cryptosporidiosis is a parasitic infection primarily of

recently recognized as an importantthat has beenanima1s

Most cases to datein immunocompromised humans.

in patients with acquired immunodeficiency

cellular

disease

have occurred

Persons with abnormal humoral orsyndrome (AIDS).

h av e also beennormal subjects.and evenimmune function.

affected.

when experimentallydetermine whether or not mice.To

would develop cryptosporidiosis , a testimmun o suppressed.

This strain wasthe AKR/J strain.designed usingwas

previously reported that it was the

the production of 

Pneumo cy s tis

it wasselected because.

respond most readily tostrain shown to

disease caused by the opportunistic protozoan,

done with these mice housed in a roomTests werecarinii.

the were housed in aIn another testwith other mice.

These mice were fed ain a separate room.vinyl isolator

dexamethasone in their drinkinglow (8%) protein diet and

withshow that the mice kept in the roomResultswater.



developed intestinalbut in separate cages.other mice ,

carinii in theirwell as Pneumocy s tiscryptosporidiosis as

only seventeen out of thirty mice that 

the isolator developed

wereHowever,lungs .

Thesethe infect ion.placed in

latent in the mousesuggest that the organisms wereresults

host.

the development of cryptosporidiosis inIn addition to

mad e t oat t emp t wasmi c e ,immuno supp r e s s e d anthe

ganism in cell culture.demonstrate the life cycle of the or

The results showed that Cryptosporidium completed its life

Cryptosporidiumhuman foreskin cell line (LFS).cycle in a

others insuccessfully cultured bypreviously beenhad

primary chicken kidney, porcine kidney and human fetal lung

that an additional cellexperiment demonstratesThiscells

these organisms in cell culture.used to growb eline c an

2
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INTRODUCTION

Cryptosporidium species is a coccidial protozoan of the 

It has been identified in a wide range ofintestinal tract.

snakes (Szabo andhaving been reported in

turkeys and chickens (Hoerr,

vertebrates ,

e t a 1. ,Moore, 1984); avians:

dogs ,rabbits, mice, guinea pigs.an d mamma1s:1 9 7 8) ,

1984b)(Heine e t a 1. ,sheep and monkeys, and mancalves.

The infection causes1983) .Payer et al., 1985; Tzipori,

and calves andpigsguineaenterocolitis in turkeys.

are theDiarrhea and malabsorptiongastritis in snakes, 

outstanding clinical manifestations of the disorder produced

in humans (Anderson and Hall, 1982).

parasitesint e s tina1 tractCo ccidia c ommonare

generallyandEimeriinasub orderthe arecomposing

transmitted by ingestion of contaminated food or water, 

sporozoan parasite, Cryptosporidium was first discovered and

The

described in the gastric epithelia of the laboratory mouse

Itby Tyzzer ( 1907), and was named Cryptosporidium muris .

the brush border of the small intestinal mucosa ininhabits

the variety of hosts described above.

1
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Protozoa are classified in four main classes: Rhizopoda 

Ciliata(ciliates) , Mastigophora(f1 age 11 ates) and(am eb a e ) ,

spore-forming,non-motile,Sp oroz oaSp oroz oa. are

Cryptosporidium is classified underobligatory parasites, 

the following scheme (Levine, 1984):

Anima1iaKingdom

ProtozoaSubkingdom

Apic omp1exaP bylum

SporozoaClass

CoccidiaSub class

EucoccididaOrder

EimeriinaSuborder

CryptosporidiidaeFamily

CryptosporidiumGenus

Initially, Cryptosporidium was thought to be markedly

named as the organismand new species werehost-specific.

Further research revealed that thewas found in new hosts.

could be transmitted to amammalian species, at least.

investigators evendifferent hosts, and somevariety of

suggested that Cryptosporidium may be a single-species genus

This could be due to its lack ofet al., 1980).(Tzipori,

host-specificity (Tzipori and Campbell, 1981).
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been made to transmitattempts haveSo far. no

t o any hostreptiles, or fishCryptosporidium of birds,

Allf ound.in which theyother than the wereone

attempts have been with Cryptosporidiumcross-transmission

( 1984) , fourto LevineAc cordingof mammalian origin.

should be considered valid, atspecies of each host class

crotali in the rattlesnake.They are C.least at this time.

and C. na s orurnmuris in mammals.C . meleagridis in birds; C.

At this time the species designation appearsin the fish.

the procedure used by the majority ofuncertain. Therefore,

the genericthat is, to refer toauthors will be used.

designation.

LIFE-CYCLE

The organisms within the suborder Eimeriina possess a 

life-cycle which entails a phase of sexualreproductive

thesupp1ement swh i chdifferentiation. g ametogony,o r

of asexual multiple fission, or merogony (Figure 1).process

c an b ethe female form, the macrogamete.In this way.

resulting infertilized by the male form, the microgamet e,

lipid anda protectiveThe zygote secreteszygote.a

Theprotein shell, while transforming into

cyst is the infectious form passed in host feces which may 

in the soil for up to one year (Lasser, et

oocyst.an

o o

remain viable

19 79 ; Trier, et al. , 1 974) .a 1. ,



—

___________________I _ _
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Meront II

Moroni I
/

Microgamete

Oocyst (TW)

Excystation Oocyst (tw)

Transmission Sporogony

Outside host

Figure 1. Life Cycle of Cryptosporidium
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described.r ec ently b eenhaveof oocystsTwo types

The thick-thick-walled and thin-walled oocysts.

is passed outside the host and is responsible

They are

walled oocyst

Theto a new host.the diseasetransmission offor

of aand is made upoocyst is autoinfective,thin-walled

This oocyst will nevermembrane.partly degenerate unit 

leave the host, 

contamination and immune response, the infection may remain

indefinitely (Current and Haynes,

f ecal-oralo fab s enc etheand in

1984).

producedtwo to four sporozoites areDuring sporogony.

thehosts ingestanima1When specificwithin an oocyst.

These in turn invadeare released.oocysts, the sporozoites

intestinal epithelium and initiate the life-cyclethe host

und er g osporozoitesIngested1980) .(Bird and Smith,

meront withthe host cell membrane forming amerogony at

The merozoites invadegeneration merozoites.eight first-

form fouragain toand undergo merogonycellsadj acent

second-generationThemer oz oit e s.second-generation

afterdevelop into macrogametes or microgametes

The microgamete

merozoites

epithelial cells.adj acentinvasion o f

wh i ch is theoocystthe macrogamete to form an

transmitted in fecal material to another host

fertilizes

infective form

A characteristic that1979) .e t a 1. ,animal (Weisburger,

thatcoccidia isotherCryptosporidia fromdif ferentiates

o fthe microvillar areaonlyinfectorganismsthese

f ound deepothers arewhi 1 eintestinal epithelial cells.
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within the cytoplasm of intestinal epithelial cells (Pitlik,

1983; Booth, et al., 1980).e t a 1. ,

HISTOLOGY

withpatientfrombiopsyduodenal aIn a

cryptosporidiosis, the villi are slightly reduced in height.

The lamina propria may

and

lengthened.and the crypts are

cellsp1a smao fnumb e rincreasedcontain an

Some epithelial cells liningpolymorphonuclear leukocytes.

height anddecreased inslightlymay b evillithe

into six micrometersThe organisms are twovacuo lat ed.

and ileum, butThey are usually found in the jejunum

duodenum and rectum.

size.

Thein the stomach.are also found

attached to the brush border oforganisms are usually seen

1979; Birdcells (Lasser, et al..the columnar absorptive

The morphologic changes that o c cur areSmith, 1980).and

malabsorption andimpaired digestion.believed to cause

1983; Heine, et al., 1984).diarrhea (Guarda, et al..

PATHOLOGY

that have been reportedMost of the casesDisease:

ex amp 1e ,for apatient s ,immune suppressedinwere

renal-transplant patient with IgA deficiency (Weisburg

1979); a child with hypogammaglobulinemia (Lasser, et

toxoplasmosis

er , e t

al. ,

with disseminated1 9 79) ;al. , womana

1980);and a cryptosporidiosis case(Stemmerman, et al..
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infectioncytomegalovirusdisseminatedbycomp 1icat ed 

(Weinstein ,

cryptosporidia 1 infections there is a frequency of

inthatshowsThis1981) .a 1. ,e t

theandfactor.predisposingimmune suppression 

tendency to secondary infection (Meisel,

aa s

al., 1979). Ine t

been cases in which cryptosporidiosisthere haveaddition,

without anyhealthyinreported personsbeenhas

e t a 1. ,self-limited (Current,The s e areimmuno d eficiency.

et al., 1983).1983; Jokipii,

Watery diarrhea is usually accompanied by

a child.

noSymptoms:

one patient.There was a case ofabdominal pain.

and thesix years.had chronic diarrhea forhowever, who

detected from a jejunal biopsy only two daysorganism was

In addition to the1982).e t a 1. ,before death (Sloper,

weight los s, nau sea.anor exia ,diarrhea,major symptom.

found inhave also beenand splenomegalyhepat omegaly

individual tofrom onebut these varyindividual cases.

another.

has been used inA wide variety of drugsTreatment :

includ eThesecryptosporidiosis.o fthe treatment

sulfadiazine,1983),al. ,(Andreani, e tp ar omomy cin

pent amidin e,sulf ame th oxaz o1e,sulfathalidine,

quinacrine, amphotericin 

None of these drugs has

trisulfapyrimidine,pyrimethamine.

B, metronidazole and trimethoprim.
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of the disease(Stemmerman,effective in the treatmentpr oven

1981; Centers for Disease1980; Weinstein, et al.,

1982a). Spiramycin therapy has b

e t a 1. ,

recently triede enControl,

Six out of tenin patients with cryptosporidial infections.

resolution of the diarrhea. Among the 

time varied from five weeks to

patients had complete 

six patients, the amount of

Tr eatmentthe diarrhea.r e s olu tion ofsixteen weeks for

c1inica1significantinre suitspir amy cinwith may

eradicated from theif the parasite is notimprovement even

to which a drug1984) . The extenta 1 . ,

of help to the patient depends

stool (Portnoy, et

theonmay not bemay or

i sthereIfpatient.theo fimmune logic status

Death may beis grave.the p rogno sisimmunodeficiency ,

imb alane e,electrolyteandlossbyc au s e d wat e r

toxoplasmosisother complications such asmalabsorption, or

1980 ;e t a 1. ,(St emmerman,inf e c tioncytomegaloviruso r

et al., 1981).Weinstein,

DIAGNOSIS

made only byin humansdiagnosis wasOriginally,

Biopsy is no longeret al., 1976).intestinal biopsy (Nime,

stoolbe detected by directsince oocysts c anne ce s s ary

of asmall (half the sizeSince oocysts areexamination.

morphology,inconspicuouso fblood cell) andred

micro s c opyPhase-contrastlikely.underdiagno sis was



10

unstained oocysts.recognition ofpermits observation and

solution is used to concentrate the oocystsSheather’s sugar

the phase-contrastafter which they can be observed under

Ap p endix B ) . Oocysts1982 ;microscope (Reese, et al.. see

4 0 OXunderbe detectedandrefractile canappear

In wet mounts the oocyst contains one to sixmagnification.

A typicaland many small granules.dark, large granules 

oocyst is identified with one prominent dark granule and is

In a mature oocyst, twosurrounded by many small granules.

with or without the singleto four sporozoites can be seen

1983).prominent granule (Current, et al..

Certain authors found the formalin—ether sedimentation

Theof oocyst yield.technique more satisfactory in terms 

cyst wall also becomes permeable after formalin fixation so

is betterthe oocys tthat the detailed structure of

However, if viable1982).recognized (Zakowski, et al..

then the Sheather’s sugar flotationoocysts are required.

method is the technique of choice.

The auramine 0 stain is as effective as the acid fast

stain when a fluorescence microscope is available (Payne, et

However,It is good for rapid screening.al., 1983).

Extraneou sspecific for Cryptosporidium oocysts.it is not

stained and fluoresce.material and debris can also be

differentiated on the basis ofNevertheless, oocysts can be

Th e acid fastthe oocyst wall.the size and structure of

the internalboth the cyst wall andstain demonstrates
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definitely than the auramine 0 stain.structures more

can be used towhich does not stain the oocyst.Iodine,

Cryptosporidium from yeast.differentiate the oocyst of

also help to rule outthat are presentBudding cells

Cryptosporidium (Ma and Soave, 1983).

recommended for rapidThe modified acid-fast stain is

The modified Zieh1-NeeIsen stain is often used.s creening.

thestains red while the rest of the material onThe oocyst

slide stains blue.

ANTIBODIES TO CRYPTOSPORIDIUM

andnormalf ound inantibodiesS e rum were

cryptosporidialwith confirmedimmuno deficient persons

The indirect immunofluorescence (IIP) test wasinfections.

(C ampb ellantibodies in these personsused to detect serum

This particular study demonstrated the 

of circulating antibodies to Cryptosporidium in the

1983).and Current ,

presence

of immuno1ogica1ly normal individuals who had recovered 

from cryptosporidiosis, and in the sera of persons with the

(AIDS) and persistent

sera

immunodeficiency syndromeacquired

cryptosporidiosis .

demonstrated byThe specificity of the antibodies was

the marked reduction in the IIP titer. Antibodies were

NoCryptosporidium oocysts.the surface ofadsorb ed onto

reduction in titer was noted using other coccidian species.

Also noted was the absence of overlap in IIP titers between
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cryptosporidiosis andrecovered fromhadsub j e c t s who

(Campbell and Current,subjects with no known exposure

1983). The prevalence of antibody in a number 

species has been reported by Tzipori and Campbell,

indicates that Cryptosporidia infecting different

of host

( 1981) .

Evidence

antigen detectable byspecies of animals have a common

immuno fluorescence.

ZOONOSIS

thebyinfectioncryptosporidialacquireHumans

i sfrom animalsTransmis siono fingestion oocysts.

possibile by way of oral ingestion of the oocyst stage of

After initiating a survey of Cryptosporidiumthe organism.

and Babb , e t a 1. ,Tzipori and Campbell (1981),in calves.

Evidene e(1982) reported a healthy male who became infected.

thezoonosis resulted fromcryptosporidios i s is athat

calves withfinding that it occurred in caretakers of young 

cryptosporidial diarrhea (Anderson and Hall, 1982 ;

1982; Centers1983; Reese, et al..Blagburn and Current,

for Disease Control, 1982b).

f r omlif e-cycle,theo fcomp 1e tionSuccessful

o fisolateso finfective oocyst ,sporozoite

Cryptosporidium from humans and calves

the chorioallantoic membrane

t o

was demonstrated in

o f chickenendoderm cells of

1983). It wasembryos maintained at 37C (Current and Long,

theof sporozoites on tothat the inoculationfound
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the only one resulting inchorioallantoic membrane was

The only site ofcomplete development of Cryptosporidium.

development was within the microvillous region ofparasite

Sincethe chorioallantoic membrane.endoderm cells of

calf were used, it was foundisolates from a human and a

developmentallyandmorphologicallytheythat are

indistinguishable .

OBJECTIVES

reported ininfections wereSince cryptosporidia1

designed to determineimmunosuppressed persons. a test was

when immunosuppressed, would developwhether or not mice.

The AKR/J strain of mice was selectedcryptosporidiosis .

the strain shown to respond most readily tobecause it was

the opportunisticthe production of disease caused by

1979). Ite t a 1. ,protozoan Pn eumo cy s tis carinii (Walzer,

common life-threatening opportunistic infectionis the mo s t

Transmission of Pn eumo cy s tis carinii isin AIDS patients.

although congenital infection has been reported.air-borne,

The dormant infection can be activated and elicited in mice

and rats by immunosuppressing them.

the mice wereDuring the first part of the experiment.

Forkept in separate cages with other mice in a mouse room.

the mice were housed inthe second part of the experiment.

determine whetherair-filtered isolators in order to
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whether it was transmittedCryptosporidium is air-borne or

via some other route.

cultivation of Cryptosporidium wasSince successful

(Current andaccomplished by others in the chicken embryo 

Long, 1983), development of the parasite in cell culture was

Several flasks of mouse kidney fibroblasts werea11 emp ted.

Whenatmosphere at 37C.and maintained in a 5% CO^ 

the cells were monolayered on

g r own

flask,the bottom of the

introduced into thesesporozoites excysted from oocysts were

culture s.

article describing the developmentDuring this time an

published (CurrentCryptosporidium in cell cultureo f was

thatit was shownIn that paper1984).and Haynes,

in cultured human fetal lungCryptosporidium was grown

Thecells, primary chicken kidney and porcine kidney cells.

recognized underof development avarious stages were

Nomarski differential interference contrast microscope.

primary mouse kidney, human lung andIn my experiment.

Due to the uneven growthhuman foreskin cultures were used.

they werethe human lung and mouse kidney fibroblasts.

Only the human foreskin

o f

discontinued from the experiment.

cultures were used to culture Cryptosporidium.



MATERIALS AND METHODS

A. CRYPTOSPORIDIOSIS IN THE IMMUNOSUPPRESSED MOUSE

Mice maintained in a g ene r a 1 anima1 roomPart 1.

The AKR/J mice that were used in this study were

Bar Harbor, Maine.obtained from The Jackson Laboratory,

AllThere were 22 females weighing between 18 and 20 grams.

23% protein pelleted22 of them were placed on a normal

Thereafter, 17 werediet and tap water for two weeks.mouse

fed a 1 ow (8 %)andseparated, with 5 or 6 mice per cage.

1ibiturnThey were given drinking water ad

(1 mg/liter) plus tetracycline (1

protein diet.

containing dexamethasone

The remaining 5mg/ml) to inhibit the growth of bacteria.

to serve as controls and weremice were placed in a cage

continued on the normal diet and water.

Fecal material of each mouse was examined on the day of

14 following the two-weekdayarrival as well as on

Thereafter, they were checked on aacclimatization period.

The fecal smears were stained with a modifiedweekly basis.

1981) and with aacid-fast stain (Henricksen and Pohlenz,

1980; see Appendix A).fluorochrome stain (Lennette, et al..

became moribund, theyFrom day 42 onward, when some mice

and portions of small intestinewere killed, and the lungs

The intestines werewere fixed in 10% buffered formalin.

sectioned and stained by the Gomori's trichrome. Periodic

15
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the May-Grunwalde o sin, andAcid-Schiff, hematoxylin and

15 mice thatremoved fromThe lungs wereGiemsa stains .

and tissue sectionskilled, and lung impression smearswere

silver orwith Gomori's methenaminestained eitherwere

Giems a stains.

Mice in air-filtered isolatorsPart 2.

A second experiment was performed in order to determine 

AKR/J mice would develop cryptosporidiosis

Thirty-five mice

whether or not

air-filtered isolators.when placed in

They wereLaboratory.The Jacksonobtained fr omwere

Thirtywith five mice per cage.divided into seven cages

used asand five mice wereprincipals ,mice were used as

fed a low (8%) protein dietThe principals werecontrols .

and tetracycline.with dexamethasoneand drinking water

of mice were placed in a vinyl isolator in

Another surgical

These seven cages

filtered.the in-coming airwh i ch was

collected and theisolator was used when fecal pellets were

both these isolators werePrior to use.mice weighed.

S ev era 1cleaned thoroughly with Wexcide.disinfected and

broth andthioglycollateand tubes ofblood agar plates

two isolators toplaced in theSabouraud agar slants were

Itbacteria or fungi present.determine if there were any

Thefound that there were no bacteria or fungi present.wa s



17

that had notnew animal roomisolators were placed in a

had any animals been housed there.previously been used, nor

and fecalcollected twice weekly.Fecal pellets were

Fecal smears werespecime n.smears were made of each

stained with the modified Ziehl—NeeIsen stain as well as the

1984) . Moribund miceauramine 0 stain (Casemore, et al..

could bekilled so that their intestines and lungswere

Thesections made from them.retrieved and histologic

intestinal sections were stained with hematoxylin and eosin

The sections of lungor the May-Grunwald Giemsa stains.

stained with Gomori’s methenamine silver stain or withwere

the hematoxylin and eosin stain.

tests were performed on aLymphocyte transformation

determine their immune status.number of mice in order to

aseptically removed and teased from the mice, 

suspension was prepared by mashing the

The spleen cells

Spleens were

and a single-cell

spleen with a sterile applicator stick.

then washed with Roswell Park Memorial Institute (RPMI)we r e

1640 medium by centrifugation at 1000 rpm for five minutes. 

One ml of ammonium chloride potassium (ACK) lysing buffer

in order to removeadded to the cells in the test-tubewas

f or fourThe cells were refrigeratedthe red cells.

after which 3 ml of RPMIminutes, at a temperature of 4C,

1640 medium was added and the cells centrifuged at 1000 rpm

TheThe cells were washed a second time.for 5 minu t e s.
6 viable cells/ml.2x10cell concentration was adjusted to
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indicator of cell viability.using 0.2% trypan blue as an

One hundred microliters of cells were added to the wells in

a microtiter plate.

included in thisSpleen-cell medium control wells were

the general immunocompetence ofIn addition,exp e rimen t .

monitored with the mitogenthe spleen-cell population was

micrograms/we 11) . The0 . 1(PHA,phytohemagglutinin

terminated after 48 hours ofmi togen-1reated cultures were

the final 8 hours of incubation.Duringincub at ion.

with 1 microcurie/we11 ofcultures were pu1se-1abe1ed 

3
H-thymidine. Cells from each microculture were harvested

fiber-glasso fstripscell harvester ontowith a

Circular discsand washed with saline.scintillation paper.

containing cells were removed and transferred to glass vials

The cell-containing discscontaining scintillation fluid.

(LS 250,a liquid scintillation counterwere counted in

DataCA) for 10 minutes.Beckman Instruments, Fullerton,

counts per minute for each mouse aswere expressed as mean

theforresultsThestimulation index.well aa s

with that of thecompare danima1sexperimenta 1 were

controls.

B. C RY PTOSPORIDIOSIS IN CELL CULTURE

The human foreskin cell cultures (LFS) were grown on

placed incoverslips which12mm sterile glass were

Whentissue culture plate.individual wells in a 24-well
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the cells were monolayered, sporozoites were inoculated onto

ingrwon and maintainedCellseach coverslip.

Dulbecco’s Modified Eagle’s Medium (Grand Island Biological

were

York). mediumTheNewIsland , wasGrandCompany,

(Irvine Scientific10% fetal calf serumsupplemented with

Company, Santa Ana, California),

(Pfizer, Inc., New York, New 

streptomycin (Eli Lilly and Company, Indianapolis, Indiana), 

and 100 micrograms/ml fungizone (E.R. Squibb and Sons,

100 units of Penicillin/ml

York), 100 micrograms/ml

Inc.,

The medium was prepared in doublePrinceton, New Jersey).

sterilized. The sporozoites weredistilled water and filter

Sporozoitesthe same medium. werealso maintained in

incubated in trypsin andexcysted from oocysts that were

Oocysts used for this experiment were 

passed three times in calves, and 

These oocysts were provided in 2.5%

sodium taurocholate.

obtained from a human.

three times in goats.

of Eli LillyWilliam Currentpotassium dichromate by Dr.

Below is the excystationIndiana.Research Laboratories,

procedure used to obtain sporozoites from sporulated oocysts

1984):(Current and Haynes,

Oocysts stored in 2.5% potassium dichromate.

viable and infective for up to 6 months.

1 .

The oocysts are 

2. 5 ml of oocyst suspension in 35ml Sheather’s sugar

solution (10 ml if oocyst count is less than 20 per

field).
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3. Mixture is stirred and centrifuged at 1000 rpm for 10

minu t e s.

4. Oocysts will be concentrated at the surface of the sugar 

and they are removed from the top layer with a 

pasteur pipette and placed in a sterile centrifuge tube.

solution,

Caution: Infectious material.

5. Oocysts are then washed three times by centrifugation

with sterile phosphate-buffered saline (PBS, see Appendix

B) .

6. Washed oocysts are placed in antibiotic solution for

7. Oocysts are washed three times inthree hours at 37C.

PBS .

They are then placed in excystation medium (0.25% trypsin8 .

& 0.75% sodium taurocho1ate) for 30-60 minutes.

and9. Sporozoites are released and washed twice in PBS,

resuspended in culture medium.

10.Twenty-four coverslip cultures, each in a well with a 

total volume of 2 ml, were inoculated with 1 ml of

The well was then filled withsporozoite suspension.

maintenance medium to bring the total volume up to 2 ml.

the cell culturesAfter inoculation of sporozoites.

5% COat 3 7C in aincubated for four hours.wer e 2

to a1lowThis four-hour incubation period wasatmo spher e.

into the cells.attachment and penetration of sporozoites

fresh medium wasthen removed andThe culture medium was
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atmosphere atCell cultures were kept in a 5% CO^

37C throughout the study.

Each coverslip culture that was inoculated was examined

added.

for the various12, 16, 24, 48, 72, 96 hoursafter

developing stages of the parasite.

In order to prepare each cell monolayer for examination

interference contrastdif ferentialunder the Nomarski

the coverslip was removed from the well, placedmicroscope,

it, and examinedon a slide with another coverslip over

under oil immersion.



RESULTS

Cryptosporidiosis in immunosuppressed miceA.

the first part of the experiment areThe results of

Table I. Of the 17 mice used for the test ongiven in

in animmunosuppressed mice that were kept in separate cages

16 survived the testanimal room along with other mice.

One mouse died on day 42 and wasperiod of up to 64 days.

to theduediedIt presumablylost to the study.

All 15 remaining test micepneumocystis-induced infection, 

developed the Cryptosporidium infection during the course of

based on positiveThe diagnoses werethe test period.

stained by the modified Ziehl-Nee1senfecal-pellet smears

staining procedure (Figure 2a). Fifteen of the 16 test mice 

that became moribund due to the pneumocystis infection. were

killed so that the intestines and lungs could be fixed.

determine the tissue infectionsectioned and stained to

c arinii,Pn eumo cy s tisandCryptosporidiumo fstatus

All of the mice revealed parasite stages ofrespectively.

Cryptosporidium as stained by the Giemsa method (Figure 2b) .

both the fecal material andThe level of infections in

positiveThehigh .sectioned intestinal tissues was

withfindings for the intestinal parasite was intermittent, 

only a few mice showing the parasites as being present in

the fecal material on consecutive examination days.

22
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Occurrence of cryptosporidiosis in female AKR/J miceTABLE I. ____________________________________
on an iTninunosuppressive diet/dru% regimen

2 weeks 
on con­
trol 
diet

At Number of days on regimen and infection status: 
positive (+) and negative (-)Mouse

No. arr­
ival

13 20 27 34 42 49 55 62 64 75

1 +Killed++

2 +K+

3 +K+
4 +K+ + +

5 Died+ + + +

6 +K+ ++
7 +K
8 -K+ + +

9 +K
10 -K+ + +

11 D
+K(d60)12 + ++

13 +K+ ++
14 +K+ + +
15 +K(d56)+ + +
16 +K+
17 +K+

Controls
18 ■K

19 ■K

20 -K
21 -K
22 -K
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Figure 2a. Mouse fecal smear showing oocysts of 
Cryptosporidium stained red by the modified Ziehl- 
Neelsen method (1000X).

l

Figure 2b. Intestinal histologic section of a 
mouse showing Cryptosporidium developmental 
stages on the villi. Section is stained by the 
May-Grunwald Giemsa stain (1000X).
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Figure 2a. Fecal smear stained by the modified Ziehl- 
Neelsen stain.

Figure 2b. Intestinal section stained by the May-Grunwald 
Giemsa method.
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Mouse 5, which was consistently positive since day 34, 

was placed on the regular diet, with no dexamethasone on day 

It died on day 57, and the intestinal tissue could not

Nevertheless, this mouse

54 .

be used for histologic sectioning.

the day itfecal material untilexcreted oocysts in its

Mice 8 and 10 were also placed on the regular diet ondied.

found to be negative on days 62 andday 54, and they were

Replacing the mice64, respectively, when they were killed.

have caused the cessation ofthe regular diet appears toon

However, since onlycyst shedding in the fecal material.o o

oocyst shedding, there istwo mice out of three showed no

insufficient data to positively conclude that replacement on

fecal oocyst shedding tothe regular diet did indeed cause

thatorganismsCryptosporidium wereTherestop. were

namely,detected in the intestinal sections of these mice.

numbers 8 and 10.

the immunosuppressed mice developed PneumocystisAll

However, since mouse 11 and mouse 5carinii in their lungs.

it can only bebe used.died and the tissues could not

This positivesumed that they died due to this infection.a s

infection status was confirmed by the stained lung tissues.

positive foranima1sof the five control wasNone

in thesymptomsThere were seenCryptosporidium. n o

of theinfected mice, which agrees with published accounts

infection in mice.



27

the second part of the experiment inThe results of

which the mice were placed in isolators revealed that over a

thirty mice wereperiod of 60 days, seventeen out of

of theother during the coursepositive at some time or

f ound to bethe control mice wasNone ofexperiment.

The results are tabulated inpositive for Cryptosporidium.

table II. There was only one mouse (VI-2) which was shedding 

oocysts from day 14 to day 39 during every test day until

Cage VII was the cage inthe day it was killed (day 42) .

the immunosuppressivewhich every mouse, when placed on

the day of positiveAs indicated.diet, became positive.

Except for cage VII, oocystsdiagnosis varied considerably.

Thenot detected in every mouse in a particular cage.were

the fecal smears was very low.number of oocysts seen in

ranging from three to four per slide.

VI-2 had the infection for a longer period ofMou s e

All the rest of the micetime than any of the other mice.

check and negative duringwere either positive during one

did not have any trace of the infection.the next check, or

fornegativesectionshistologicInt e s tina1 were

No Pneumocystis c arinii was detected inCryptospo ridium.

the lung tissue sections of these same mice.

mitogenic stimulation occurred inNormal response to

the control mice. The averagethe experimental as well as

minute (CPM) for the PHA-stimulated wells of thecount s per

CPM for theand the average42,425,control mice was
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Immunosuppressed mice in isolators.

Only positive mice are shown on test days.

TABLE II.
Five mice per cage.

Number of days on testCage Mouse 
No.

7 14 18 21 25 28 32 35 39 42

I*

1II +

4III +

5 K**+ + +

1 KIV +

5 K++

K(d50)1V +

4 +

K(d48)5 +

1VI +

2 K+ + + + ++ + +

4 K+

5 D***+

1VII K(d46)+

2 K+ + +

3 K(d46)+

4 D(d46)+

5 + + +

* Cage 1, control mice, all negative 
K=killed, K(d no.)=killed on test day 
D=died, D(d no.)=died on test day
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Spleen weights (in grains) of selected controlTABLE III. 
and principal mice.

Weight of spleenMouse No.

0.56*1-3

*1-4 0.58

0.01III-5

IV-2 0.02

VI-2 0.10

VII-2 0.01

* Control mice
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TABLE IV. Results of lymphocyte transformation test using 
phytohemagglutinin (PHA). Results expressed as a mean count 
and a stimulation index (SI). SI calculated as follows: 
mean CPM in PHA culture - mean CPM in non-PHA culture 
mean CPM in non-PHA culture

CONTROL MICE

Stimulation 
Index (SI)

Counts per 
minute (CPM)

Mean CountMouse 
No.

1-1 PHA
4.1276546.381153.3

65239.8
83246.0

Non-PHA
14949.918518.0

11601.2
14730.6

1-2 PHA
80566.6
47460.6 
82677.2

70234.8 2.21

Non-PHA
29341.8
20964.6
15313.2

21873.2

1-3 PHA
28606.0
36916.8
38344.0

9.1434622.3

Non-PHA
2891.4
3782.8
3566.8

3413.7

1-4 PHA
9.433322.3

6360.0
13204.2

7628.8

Non-PHA
552.8
512.2

1130.0

731.7

1-5 PHA
33405.0
34974.2

895.8

23091.7 10.57

Non-PHA
2395.0
2138.2
1452.8

1995.3

42,425
8,593

Average CPM fPHA) 
Average CPM (Non-PHA)
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Table IV- Continued
EXPERIMENTAL MICE

Mouse
No.

Counts per 
minute (CPM)

Mean Count Stimulation 
Index (SI)

III-5 PHA
70061.0
75675.4
74564.8

72868.2 79.6

Non-PHA
885.6
980.2
846.3

904.0

IV-2 PHA
7401.5
9898.6 
8677.2

8659.1 52.4

Non-PHA
126.4
199.5 
160.9

162.3

V-4 PHA
25708.2
48956.0
45628.9

40097.0 43.8

Non-PHA
699.0
715.2

1269.9

894.6

VI-1 PHA
25191.8
24524.8 
23949.0

24555.2 56.9

Non-PHA
383.6
487.7 
399.0

423.4

VI-2 PHA
45762.4
17766.0
28463.2

30663.9 83.6

Non-PHA
220.6
421.0
445.3

362.3

VII-2 PHA
98879.6
55275.0
68998.3

74384.3 82.8

Non-PHA
927.6
835.6 
899.2

887.5

Average CPM (PHA) 
Average CPM (Non-PHA)

41,866
606
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41,866. The average CPM of the non-exp er iment al mice was 

PHA-stimu1ated wells of the experimental animals was 605.7,

This indicatesand that for the control animals was 8,593.

did notthe low-protein dietthat the corticosteroid and

There was no difference in theaffect the response to PHA.

equivalent counts in bothPHA responses because there were

From Tablethe control mice.the experimental as well as

that the stimulation index ranged fromIV, it can be seen

that for thethe control mice, andfor10.572.21 t o

experimental animals was in the range of 43.8 to 83.6. 

stimulation index was higher in the experimental mice than

The

in the controls instead of vice versa.

in order to compare the immunocompetence ofThere fore,

experimentals, the meanthe controls (1-1 to 1-5) and the

the non-PHA-t reat ed wells of each mouse can bec o un t s in

minute of the control micecompare d. The mean counts per

higher than those of the experimentaIs.were

theo fweight sthat thefoundalsoIt wa s

immunosuppressed mice ranged from one-fifth to one-fiftieth

the size of the controls (Table III).

Cryptosporidiosis in cell cultureB .

withinoculatedculture scellTwenty-f ou r were

Cell cultures were examinedsporozoites of Cryptosporidium.

at different times in order to determine the development of
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Eachvarious stages of the life-cycle of Cryptosporidium.

slide with a coverslipcoverslip culture was placed on a

1250X, using aover it, and examined under oil immersion.

interferencedifferential contrastNomarskiNikon

Photographs were taken of the respective stagesmicroscope.

theThe time of appearance and presence of(Figure 3).

various stages are presented in table V.

At about eight hours after inoculation, there were a

Most ofin the culture medium.few free sporozoites seen

human foreskin cells.the sporozoites had penetrated the

the first stage observed at 12 hoursType I meronts were

Merogonous development took place, and bypost-inoculation.

with six or eight14 hours, immature type I meronts

Immature type I merontsmeroz oite s wereseen.were

central refractile body with nucleicharacterized by a

Mature type I merontsaround the periphery of the organism.

them as well as a refractile body.had merozoites within

Mature type II meronts with four merozoites were observed at

Mature type II meronts were seen24 hours post-inoculation.

with merozoites and a refractile body at 48 hours.

sexual stages were present (macrogametesBy 48 hours.

oocysts undergoing sporogony could alsoand microgametes);

72 hours after inoculation of sporozoites.be ob s e rv e d at

1 meronts than type 2 meronts that wereThere were more type

seen in the cell culture.
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Representative stages of development ofFigure 3.
Cryptosporidium in human foreskin cell cultures 
after inoculation of sporozoites, 
observed under a Nikon Nomarski differential 
interference contrast microscope (1250X).
(A) Oocyst showing 3 sporozoites, (B) sporozoite 
above a yeast cell; (C) immature type I meront with 
central refractile body and nuclei around the periphery; 
(D) type II merozoite in the process of leaving the 
host cell; (E) mature type I meront with merozoites;
(F) mature type II meront with merozoites; (G) macro- 
gamete with prominent refractile body; (H) oocyst at 
7 days post-inoculation.

Stages were
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TABLE V. Developmental stages of Cryptosporidium in human 
foreskin cell cultures at selected times after inoculation 
of sporozoites. Stage seen in culture (+); stage not seen (0).

Time after
inoculation
(hours)

Macrogametes/
microgametes

Meronts Oocyst
Type 1 Type 2

12 0+ 0 0

14 0+ 0 0

18 0+ 0 0

24 + 0+ 0

48 + + 0+

72 + + + +

96 + + + +

120 0 + + +

144 0 + + +

168 0 0 0 +
192 0 0 0 +



DISCUSSION

thewithexperimentthefromresultsThe

placed in the 

mice developed cryptosporidiosis

room with other miceimmunosuppressed mice

withoutshow that these

In order for the micebeing inoculated with the parasite, 

to develop the infection, the parasite had to be air-borne

The immunosuppression dietor latent within the mouse host.

caused a depressionand drug regimen that were administered

thereby making it possible for thein the immune status.

corticos teroid ,Dexamethasone, ainfection to increase.

affects both the T and B cells, and hence the cell-mediated

With high dosages, there is a 

lymphoid tissues, for

and humoral immune responses.

variousreduction in the size of

example, the spleen and lymph node (Claman, 1975).

in the mice which were under the immunosuppressive diet

used for the lymphocyte

This was

seen

and drug regimen and wer e

spleens of theWhen compared to the 

control mice, the spleens of the immunosuppressed mice were 

approximately between one—fifth and one—fiftieth the size of

transformation test.

the controls (Table III).

From the results of the lymphocyte transformation test.

that there was relatively more proliferationit can be seen

than thePHA-treated wells of the control micein the non-

to measure thePHA, was usedThe mitogen.experimentals.

Since there were equivalentcompetence of the mice.immune

37
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found in both the experimental and the control micecount s

(Table IV), these reults could not be used to determine the

PHA did not show any effects onimmune status of the mice.

the average mean counts perthe T-lymphocytes. Therefore,

used as a measureof the non-PHA-treated wells wereminut e

Control wells were notof the immune competence ofthe mice.

slow division ofstimulated by PHA, nevertheless, there was

Tritiated thymidine thatthe lymphocytes in these wells.

the DNA of theseadded would be incorporated intowas

newly-dividing cells, and the lower radioactive counts seen

indicate that proliferation ofin the experimental mice

This is an indication of theT-lymphocytes was decreased.

The results from mysuppressed immune status of the mice.

in the PHA-treated wellsexperiment show equivalent counts

of the control and the experimental mice.

Claman (1975), there would not be anyAccording t o

betweendifference in the proliferation of the T-lymphocytes 

the immunocompetent and the immunosuppressed hosts 

immunosuppressed host has been treated with corticosteroids

This can be seen in the

when the

for an extended period of time.

results in Table IV.

The administration of the corticosteroid and the high

carbohydrate diet resulted in the oocysts of Crypto sporidium 

to be detected in the feces by the modified acid-fast stain

the results ofTo my knowledge.and the fluorochrome stain.

o f Cryptosporidiumthe first recordthis experiment are
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infection developing in immunosuppressed mice which were not

The exact transmission of theinoculated with the organism.

not known, however it isorganism in this experiment is

that it is transmitted by fecal-oral contamination.known

on air-borne transmission ofThere have been no reports

Cryptosporidium.

the mice were placed inIn the experiment in which

that 56.7% developedair-filtered isolators, it was found

Thisthe fecal smears.the infection as detected in

the air was filtered fromenvironment was controlled, and

this would rule out air-borneThereforethe outside.

the isolator, and would suggesttransmission from outside

the presence of a latent infection.

transmitted through fecal-oralCryptosporidium i s

it would be expected that the oocysts that

If

contamination.

excreted would be transmitted to the others in the samewere

the number of excreted oocysts is low.Howev e r,ifcage .

In addition.then the possibility of transmission is small.

air-bornehigh ,oocysts isconcentration ofif the

transmission within the isolator would be possible.

can be seen that the number of oocystsFrom the results, it

that were found in the fecal smears was only about three or

therefore the probability of air-bornefour per slide, and

transmission would be very low.

the table of results (Table II)It can be seen from

developed thethat not all the mice in the same cage
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could have been due to theA reason for thisinfection.

the internalingested oocysts.that if the micefact

would have resulted inthe p arasiteo fdevelopment

the host.leavethat did notautoinfective oocysts

mice that did excrete oocysts as detectedTherefore, those

in the feces, would have had the organism present in their

intestine.

The histologic sections of these mice did not show any 

the microvillous region of the intestinalparasites in

VI-2 that did excreteEven in mouseepithelial cells.

detected during every consecutive fecaloocysts that were

evidene e o fits intestinal section did not have anycheck.

the infection must have been at aThere fore.the parasit e.

suiting in the organism failing to attachvery low level, re

Sinceof the small intestine.to the epithelial cells

Cryptosporidium is known for the extensive damage

epithelial cells which results in 

which it destroys

that it

in intestinalcauses

the mechanism by o rmalabsorption.

epithelial cells is unknown, 

epithelial cells directly through 

metabolic or physical effect.

the loss ofaccelerate s

Perhaps it damages the

It hassome toxic effect or 

been suggested that the initial contact between the organism

the shortening or absence of 

microvilli directly under the parasite (Figure 4).

the host-cell involvesand

There is

the parasitic envelope with the plasma

A "feeder organelle"

then the fusion of

the epithelial cell.membrane of
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Parasitophorous vacuole

Parasitic plasma 
__ membrane

.Gly coc aly xMicrovilli

Nucleus

^Attachment zone

Figure 4. Basic ultrastructure of Cryptosporidium 
(Adapted from Garza, D. 1983. Lab. Med. v. 14)
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and microvilli completelydevelops in the attachment zone

degenerate (Garza, 1983).

From the experiment in which Cryptosporidium was shown

seen that isolates into develop in cell culture, it can be

specificity since the humangoats have little or no host

fromdevelopmentcomp 1e t esupportedcellsforeskin

It was also observed that there weresporozoite to oocysts.

This is due to themore type 1 meronts than type 2 meronts. 

fact that type 1 meronts have greater reproductive potential 

because of cyclic development and also because sporozoites

thefrom thin-walled oocysts reinitiatethat are released

This is also one of the reasons that miceendogenous cycle, 

which may have the infection but do not excrete oocysts in

in theirthe organismsfound to havethe feces are

intestinal histologic sections.

additional cell line inThis experiment describes an

The human foreskinwhich Cryptosporidium can be cultured.

in a relativelycells grow uniformly and form monolayers 

short period of time (three to four days) .



SUMMARY AND CONCLUSIONS

the opportunistic agentsCryptosporidium is among

inp rimarilydisease,intestinalimp1ic a t e d in

Data also support the contentionimmunosuppressed persons.

occurs not only in immunocompromisedthat cryptosporidiosis

individua1s .immuno competentinalsobutpat lent s,

diagnosed afterthe maj or ity ofPreviously, cases were

material.bowel biopsysmall or largeexamination of

been diagnosed by recoveringrecent cases haveHowever,

flotation techniquesthe fecal material byoocysts in

Sheather’sexperiment the1983). In my(Garcia e t al. ,

theconcentratewa s used tosugar flotation technique

stained with the modifiedoocysts, and fecal smears were 

Ziehl-Neelsen technique and the auramine 0 stain.

(1982) immunosuppressed inbred PortonSherwood e t a 1

with thethen inoculated them by gastric gavagemice and

failed tothe miceHoweve r,oocysts of Cryptosporidium.

On the other hand, my strain of mice that 

immunosuppressed did develop the infection even though 

they were not given the infective stage oocysts, 

strain I selected was on the basis of the published results

(1979) who showed this strain to become 

much more readily infected with Pn eumo cy s tis carinii

become infected.

were

The AKR/J

of Walzer, et al

44
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They did notthan did the several other strains tested.

check for Cryptosporidium.

thethat in my findingIf one correctly assumes

t hu stested ,the mic e aninlat entparas it e

opportunistic parasite, perhaps it would not follow that all

wa s

this condition.for Cryptosporidium will havemice tested

thatmicethesugge sted in wereb ewouldThis

air-filteredtheinmaint aine dandimmuno suppressed

in a cage of fiveor two miceisolators where only one

The very low level of infection indeveloped the infection, 

the "isolator" mice is a variation noted.

The growth of Cryptosporidium in cell culture in a cell

means ofline other than the ones already noted provides a

Inand metabolism.studying its behaviour, development, 

addition, it also provides a way in which potentially useful 

therapeutic agents can be evaluated.
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APPENDIX A

Stains

Modified Ziehl-Neelsen stain1 .

Carbol fuchsin solution

Solution A

0.3 gBasic fuchsin

10.0 mlEthyl alcohol (95%)

Solution B

5.0 gPheno1

95.0 mlDistilled water

Solutions A and B are mixed.

Loeffler's methylene blue solution

Solution A

0.3 gMethylene blue

30.0 mlEthyl alcohol (95%)

Solution B

O.OlgPotassium hydroxide

100 mlDistilled water
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Mix solutions A and B.

Decolorizer

5% (volume/volume)Sulfuric acid

Staining procedure for the modified Ziehl-Neelsen stain 

(Henricksen and Pohlenz, 1981)

Heat fix smear on heating block (60C) for 5-7 minutes ora .

flame fix.

Flood slide with carbol fuchsin; gently heat slide withb .

Do not letbunsen burner until stain begins to steam.

slide dry out.

Rinse with water.c .

Decolorize with 5% sulfuric acid.d .

Rinse with water.e .

Counterstain with methylene blue.f .

Rinse with water.g •

h. Air dry.

Auramine 0 stain2 .

S olu tion 1

0.1 gAuramine 0

10.0 mlEthyl alcohol (95%)



54

Solution 2

3.0 mlLiquefied phenol

87.0 mlDistilled water

Combine and mix auramine-0 solution with the

Store in amber bottle; filteringphenol-water solution.

stain is not necessary.

Staining procedure for the auramine 0 stain (Payne, et

al., 1983)

Flood slide with auramine 0 stain for 15 minutes.a .

b. Rinse with water.

Decolorize with 0.5% HC1 in 95% ethanol. 

Counterstain with 2.5% potassium permanganate for 3

c .

d .

minu t e s.

Rinse with water.e .

f. Air dry.
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APPENDIX B

Sheather ' s sugar solution

500.0 gSucrose

320.0 mlWa t e r

6.5 gPhenol

1. Boil sugar solution until clear

2. Carefully add phenol and stir (under a fume hood)

3. Cool to room temperature before using

Phosphate-buffered saline (PBS, 0.01 M; pH 7.2)

Solution A

1.38 gSodium phosphate (monobasic)

8.50 mlSodium chloride

1.00 literWater (double distilled)

Solution B

1.42 gSodium phosphate (dibasic)

8.50 gSodium chloride

1.00 literWater (double distilled)

Mix 280 ml of solution A with 720 ml of solution B.

Check pH and adjust if necessary.
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APPENDIX C

in which oocysts wereComposition of antibiotic solution

placed.

5000 IU/mlPenicillin

5 mg/mlStreptomycin

20 micrograms/mlAmphotericin B

0.1 %Glucose

The antibiotics were mixed in phosphate-buffered saline.

Nutritional( ob t aine d ICNfromdietLow-protein

Biochemicals, Cleveland, Ohio)

8%Casein high nitrogen

78%Sucrose

10%Vegetable oil

4%Salt mixture
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