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ABSTRACT

Cha rac te ris ti cal ly, cryp tos po ri di o sis in sna kes is cau sed by Cryp tos po ri di um ser pen tis. This pa ra si te af fects

the sto mach and may cau se con si de ra ble mor bi di ty and mor ta li ty. This re port des cri bes an over view of the cur -

rent li te ra tu re. After the im por tan ce and pre va len ce of this pa ra si te are de mon stra ted, the pa tho ge ne sis and the

re la ted pa tho lo gy and cli ni cal signs are des cri bed. Sub se quent ly, the dif fe rent di a gnos tic me thods and the ra peu tic

ap pro aches are men ti o ned, as well as their use in the pre ven ti on and con trol of cryp tos po ri di o sis in sna ke col lec ti ons.

SAMENVATTING

Door gaans wordt cryp tos po ri di o se bij slang en ver oor zaakt door Cryp tos po ri di um ser pen tis. Deze maag pa ra siet kan 

voor aan zien lij ke ziek te en sterf te zor gen. In dit ar ti kel wordt een over zicht van de hui di ge li te ra tuur ge ge ven. Na het

aan to nen van het be lang en voor ko men van deze pa ra siet wor den de pa tho ge ne se en de er uit voort vloei en de pa tho lo gie

en kli ni sche symp to men be schre ven. Ver vol gens wor den de ver schil len de di a gnos ti sche met ho den en the ra peu ti sche

mo ge lijk he den aang ehaald, even als hun nut bij de pre ven tie en de bestrijding van cryp tos po ri di o se bin nen slang encollecties

toe ge licht.

HISTORY AND ETIOLOGY

Brown stein et al. (1977) wro te the first com ple te re port

on sna ke cryp tos po ri di o sis. In the mean time, the pa ra si te

has been found in over 40 sna ke spe cies (O’Donoghue,

1995). The spe cies most fre quent ly iso la ted in sna kes

was na med Cryp tos po ri di um ser pen tis (Le vi ne, 1980),

alt hough the re have been oc ca si o nal re ports of C. sau -

rop hi lum, C. par vum and C. mu ris (Xiao et al., 2004).

The se two lat ter spe cies could be pseu do pa ra si tes ori gi -

na ting from prey items. In con trast with most ot her Cryp -

tos po ri di um spe cies, C. ser pen tis main ly in fects the sto -

mach, not the gut. C. ser pen tis is a mo noxe nous (asexu al

and sexu al mul tipli ca ti on in one host) pa ra si te, with en do -

ge nous spo ru la ti on of oo cysts and fe cal-oral trans mis si on.

PREVALENCE AND GEOGRAPHICAL DISTRI -
BU TION

Cryp tos po ri di o sis in sna kes is wi de ly dis tri bu ted

(Mor gan et al., 1999), with pre va len ces of 4% to 73%

being found in the USA (Grac zyk et al., 1996b; Lee et al.,

2002; Xiao et al., 2004) and Bra zil (Ka ra sa wa et al.,

2005), with an ave ra ge hig her pre va len ce in cap ti ve sna -

kes than in wild ones. Although ca ses of sna ke cryp to-

spo ri di o sis have been re por ted in Eu ro pe (Va len tin et al.,

1998), no pre va len ce data is yet avai la ble. 

PATHOGENESIS AND PATHOLOGY

C. ser pen tis is a fa cul ta ti ve pa tho gen. Se ver al fac tors

such as in fec ti ous dose, im mu ni ty, co-oc cur ren ce of other

po ten ti al pa tho gens and vi ru len ce dif fe ren ces be tween
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cryp tos po ri dia strains may play a role in in fec ti on (O’Do -

no g hue, 1995). C. ser pen tis oc curs in wild as well as in

cap ti ve sna kes and is res pon si ble for a high mor bi di ty and

mor ta li ty, es pe ci al ly in this lat ter group (Lee et al., 2002).

The most ap pa rent pa tho lo gi cal chang es in a C. ser pen tis

in fec ted sna ke can be found in the sto mach. Le si ons can

vary from mu co sal pe techi ae to mul tiple fo cal ne cro ses

of the gas tric mu co sa and in cre a sed sli me pro duc ti on

(Fay er, 1990). The most ty pi cal ab nor ma li ty, ho we ver, is

an enor mous thic ke ning of the gas tric wall, which pre -

vents the nor mal pas sa ge of prey items. This pro vi des an

ex pla na ti on for the re gur gi ta ti on of un di ge sted prey one

to three days af ter fee ding (O’Donoghue, 1995).

Mi cros co pic le si ons con sist of hy per plas tic and hy per -

trophic gas tric glands and sub mu co sal ede ma (Fay er,

1990). Cran field and Grac zyk (1994) men ti o ned da ma -

ging of the brush bor der of the gas tric epi the li al cells.

Infil tra ti on of lymp ho cy tes, he ter op hils and ma crop ha -

ges in the la mi na propria was also des cri bed. Except for

the gas tric pa tho lo gy, the re have also been re ports of ca -

tarrhal, fi bri nous to diphthe roid-ne cro tic en te ri tis in Cryp -

tos po ri di um in fec ted sna kes. In the se ca ses, the gas tric

mu co sa was hy pe re mic, but ne ver clear ly af fec ted (Va -

len tin et al., 1998). Ci mon et al. (1996) des cri bed a case

of cryp tos po ri di o sis in two Elap he gut ta ta gut ta ta (corn

sna kes) in which only the bile ducts and the bi li a ry blad -

der were af fec ted.

CLINICAL SIGNS

Sub cli ni cal in fec ti ons

Cryp tos po ri di o sis is a dis e a se with high mor bi di ty and 

va ri a ble mor ta li ty. The im mu ne sta tus of the ani mal and

the in fec ti on pres su re seem to play a de ter mi ning role

(Cran field et al., 1992; O’Donoghue, 1995). This is il lu -

stra ted by the fact that the dis e a se of ten can be as so ci a ted

with re cent im port and cap ti vi ty (O’Donoghue, 1995;

Ka ra sa wa et al., 2005). The va ri ous ratt les na ke spe cies,

which are ea si ly stres sed, as well as ame la nis tic sna kes,

are all more vul ne ra ble to de ve lo ping the dis e a se (Harr et

al., 2000). Infec ted ani mals can shift from ye ars of high

oo cyst shed ding to pe ri ods of low ex cre ti on wit hout cli ni cal

signs. In wild po pu la ti ons, only sub cli ni cal in fec ti ons have

been no ted, which is pro ba bly due to the low in fec ti on

pres su re in na tu re (Upton et al., 1989; Fay er, 1990).

Cli ni cal in fec ti ons

The in cu ba ti on pe ri od is unk nown and alt hough the re

have been re ports of young sna kes with overt dis e a se

(Gods halk et al., 1986), ot hers sug ge sted that cryp tos po -

ri di o sis main ly af fects adult ani mals (Brown stein et al.,

1977; Car mel and Gro ves, 1993).

Cli ni cal signs in sna kes with gas tric in fec ti on in clu de

per sis tent or in ter mit tent post pran di al re gur gi ta ti on one

to three days af ter fee ding, di arrhea, an ex ter nal ly vi si ble

bul ge in the gas tric re gi on, weight loss and le thar gy. The

dis e a se slow ly pro gres ses and re sults in de ath (Brown -

stein et al., 1977; Frey, 1991). Accor ding to Frye (1991),

gas tric en lar ge ment and chro nic post pran di al re gur gi ta ti on

are pa thog no mo nic for gas tric cryp tos po ri di o sis, alt hough

the ex ter nal ly vi si ble gas tric bul ge was not no ted in ot her

ca ses (Grac zyk et al., 1998). 

Some ca ses of Cryp tos po ri di um in fec ti ons in sna kes

only re sul ted in en te ric symp toms of mal di ge sti on, pro -

gres si ve cachexia, oc ca si o nal vo mi ting and di arrhea.

Bac te ri al and vi ral co-in fec ti ons could of ten be de mon -

stra ted in the se sna kes (Va len tin et al., 1998).

DIAGNOSIS

Gas tric la va ge

This tech ni que is very suit able for the di ag no sis of

sub cli ni cal C. ser pen tis in fec ti on (Harr et al., 2000). It is

per for med by in tu ba ting the ani mals in tra-gas tri cal ly to

ad mi nis ter 2% of their body-weight of phosp ha te-buf fe -

red sa li ne (PBS), which is sub se quent ly as pi ra ted. After

cen tri fu ga ti on (7500g, 15 min), the se di ment of the sam -

ples is exa mi ned for the pre sen ce of Cryp tos po ri di um oo -

cysts by me ans of the Me rif lu or® test (Me ri di an Di a gnos -

tics Inc., Cin ci nat ti, Ohio, USA). Me rif lu or® is a di rect

im mu nof lu o res cen ce test (IFT) de sig ned for the si mul ta -

ne ous de tec ti on of Cryp tos po ri di um and Gi ar dia oo cysts 

in fe ces. Cryp tos po ri di um oo cysts can also be de tec ted

by acid fast stai ning of sme ars made from the se di ment of

gas tric la va ge sam ples (Grac zyk et al., 1996b). Gas tric

la va ge of in fec ted sna kes pro du ces sig ni fi cant ly more

po si ti ve test re sults three days af ter fee ding than se ven

days af ter fee ding, re gard less of whe ther IFT or stai ning

is used (Grac zyk et al., 1996b; Harr et al., 2000).

Fe cal exa mi na ti on

Cli ni cal ly af fec ted sna kes shed lar ge amounts of oo -

cysts via their fe ces (Car mel and Gro ves, 1993). How-

ever, this fe cal eli mi na ti on is of ten in ter mit tent, which

can re sult in fal se ne ga ti ve re sults on fe cal exa mi na ti on

(Grac zyk and Cran field, 1995; 1996a; Ka ra sa wa et al.,

2005). An ad di ti o nal dif fi cul ty is the low fee ding and de -

fe ca ti on fre quen cy in sna kes, which ma kes sam pling

more dif fi cult than in ot her ani mal spe cies. Other ham pe -

ring fac tors are the low num bers of oo cysts shed by sub -
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cli ni cal ly in fec ted sna kes and the un sa tis fy ing de tec ti on

li mits. The re fo re, Grac zyk and Cran field (1995) pos tu la -

ted that fe cal exa mi na ti on does not suf fi ce to make ma na -

ge ri al de ci si ons in pre ven ting cryp tos po ri di o sis in sna kes.

Se ver al me thods have been des cri bed to de tect fe cal

oo cysts. For exam ple, sam ples can be stai ned with an

acid-fast stain or with car bol fuch sin af ter se di men ta ti on.

When using stains, one has to take into ac count the fact

that oo cysts are more ea si ly mas ked by the sub stra te

when fe ces are being stai ned than when gas tric la va ges

are being stai ned (Harr et al., 2000; Ka ra sa wa et al., 2005).

A se cond pos si bi li ty is to de tect fe cal oo cysts through im -

mu nof lu o res cen ce. This tech ni que has a bet ter de tec ti on

li mit than stai ning (Grac zyk and Cran field, 1995; Grac -

zyk et al., 1996b). A tech ni que that is less fre quent ly used 

is the ana ly sis of fe cal sam ples using PCR to de tect the

pre sen ce of the 18S rRNA gene (Kim bell et al., 1999),

the COWP gene (Xiao et al., 2000a) or the SSU rRNA

gene (Xiao et al., 2004) of C. ser pen tis.

Mu cus sam ple

Post pran di al re gur gi ta ti on is a fre quent cli ni cal sign of 

cryp tos po ri di o sis. The re fo re, the mu cus co ve ring the re -

gur gi ta ted prey can be sam pled and exa mi ned by me ans

of an acid-fast stain (Grac zyk et al., 1996b).

Post-mor tem his to lo gy, gas tric bi op sy and cy to lo gy

The se are the most re li a ble me thods to de tect Cryp to-

spo ri di um. Exa mi na ti on of se ver al his to lo gi cal sec ti ons

of gas tric tis sue upon ne crop sy is the most de fi ni ti ve

tech ni que for di ag no sis (Cran field and Grac zyk, 1994).

Gas tric bi op sy is pos si ble through eit her ga stro to my or

en dos co py. Ho we ver, Grac zyk and Cran field (1996a; b)

sta ted that this tech ni que might lead to con fu sing, fal se

ne ga ti ve re sults due to the ran dom dis tri bu ti on of cryp -

tos po ri dia in the gas tric mu co sa.

DIFFERENTIAL DIAGNOSIS

Other in fec ti ous pa tho gens, wrong ma na ge ment, ne o -

pla sia, and acu te stress due to ma ni pu la ti on and li ver- or

kid ney fail ure can also cau se vo mi ting (Cran field and

Grac zyk, 1996). In the fa mi ly of Boi dae (boas and py -

thons), chro nic re gur gi ta ti on is of ten due to a vi ral dis e a -

se known as Inclu si on Body Di se a se (Van crae y nest et al., 

2006).

TREATMENT

Hy pe rim mu ne bo vi ne co lo strum (HBC) the ra py

This tre at ment has re sul ted in po si ti ve ef fects in AIDS

pa tients with cryp tos po ri di o sis (Green berg and Cel lo,

1996). It has also pro ved to be be ne fi ci al in se ver al ani -

mal spe cies (Tzi po ri et al., 1994). The re fo re, it was also

eva lu a ted for the tre at ment of sna kes (Grac zyk et al.,

1998). Co lo strum was ob tai ned from a C. par vum im mu -

ni sed cow and ad mi nis te red to C. ser pen tis in fec ted sna -

kes. An in cre a sing num ber of HBC tre at ments re sul ted in 

a de cre a se in oo cyst shed ding. Ani mals that were cli ni -

cal ly ill were not cu red, but the num ber of oo cysts that

could be de mon stra ted was much lo wer than ex pec ted on

the ba sis of the le si ons. In sub cli ni cal ly in fec ted sna kes,

no Cryp tos po ri di um sta dia could be found in his to lo gi cal 

sec ti ons upon ne crop sy. The re fo re Grac zyk et al. (1998)

con si de red them cu red and sug ge sted that HBC tre at -

ment can play an im por tant role in the pre ven ti on and

con trol of cryp tos po ri di o sis in sna ke col lec ti ons.

Ha lo fu gi no ne, spi ra my cin, tri met hoprim-sul fo -
na mi des and pa ro mo my cin

Due to their be ne fi ci al ef fects in the tre at ment of mam -

mals with cryp tos po ri di o sis, the se drugs were also sug -

ge sted for the the ra py of sna kes. Although spi ra my cin

(80-160 mg/kg, p.o.; three ti mes a day), ha lo fu gi no ne

(0,5-1 mg/kg/day or al ter na te day the ra py, p.o.) (Cran -

field and Grac zyk, 1994; Grac zyk et al., 1996a) and tri met -

hoprim-sul fo na mi des (30mg/kg/day, p.o.) (Mirt schin and

Orme rod, 1990; Va len tin et al., 1998) re sul ted in a de cre a se

in oo cyst shed ding and en vi ron men tal con ta mi na ti on, the

tre at ments were not able to eli mi na te the pa tho gen. Pa ro -

mo my cin (100mg/kg/day, p.o.) in du ced no chang es in

the shed ding pat tern (Va len tin et al., 1998). Cli ni cal

signs, such as post pran di al re gur gi ta ti on, were not in flu -

en ced by any of the tre at ments, and he pa to toxic and

nephro toxic chang es were ob vi ous af ter ha lo fu gi no ne

ad mi ni stra ti on (Grac zyk et al., 1996a).

PREVENTION AND CONTROL

Due to the ex cre ti on of high num bers of highly re sis -

tant oo cysts, high in fec ti on pres su res may ari se wit hin

the oc ca si o nal ly li mi ted en clo su res of cap ti ve sna kes, es -

pe ci al ly when hy gie ne and pro per ma na ge ment are lac -

king. Wild li ving sna kes face lo wer in fec ti on pres su re

and less pre dis po sing fac tors. The en do ge nous spo ru la -

ted oo cysts re le a sed in the en vi ron ment have a long sur -

vi val time and are re sis tant against a high num ber of dis -
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in fec tants (Hol ton et al., 1994). For exam ple, oo cysts can 

sur vi ve up to three months at 25-30°C, the tem pe ra tu re

which is pre fer red by most sna kes (Fay er et al. 2000).

Oo cysts also re main vi a ble af ter rou ti ne chlo ri na ti on of

wa ter (Zu et al., 1992). Some pos si ble stra te gies to des -

troy the in fec ti vi ty of Cryp tos po ri di um oo cysts are the

ap pli ca ti on of hy pochlo ri te, am mo nia, for mal de hy de, lyo -

phili za ti on and ex po su re to tem pe ra tu res abo ve 65°C for

30 mi nu tes (Va len tin et al., 1998).

To avoid the in ta ke of Cryp tos po ri di um in col lec ti ons,

a good scree ning pro ce du re is im por tant. It is of ut most

im por tan ce to de tect sub cli ni cal ly in fec ted ani mals and

in ter mit tent oo cyst shed ders. The best way to do this is to

exa mi ne gas tric la va ges (Grac zyk et al., 1996b). Wild-

 caught ani mals and sen si ti ve spe cies should be ob ser ved

very clo se ly when they are pur cha sed and should be

chec ked se ver al ti mes du ring a qua ran ti ne pe ri od of mi -

ni mum 30, but ide al ly 90 days. A rou ti ne con trol of all

ani mals in zoo col lec ti ons, fol lo wed by iso la ti on or eu -

tha na sia of af fec ted ani mals, is advised.

The dis tri bu ti on of C. ser pen tis via wa ter is very ef fi -

cient, which may have im por tant im pli ca ti ons for wild as

well as for cap ti ve po pu la ti ons (Cran field and Grac zyk,

1994). Me thods have been des cri bed to exa mi ne wa ter

sam ples for the pre sen ce of Cryp tos po ri di um oo cysts

and di a gnos tic tools have been de ve lo ped to iden ti fy se -

ver al cryp tos po ri di al spe cies in the se sam ples (Xiao et

al., 2002). The ap pli ca ti on of this know led ge to pre vent

and con trol out breaks of cryp tos po ri di o sis in sna ke col -

lec ti ons has not yet been re por ted.

The role of prey items in the trans mis si on is still a point 

of de ba te. Car mel and Gro ves (1993) sta ted that trans mis -

si on via mice is pos si ble. Ho we ver, ot hers have shown that 

prey ani mals are re frac to ry hosts (Kou de la and Mo dry,

1998). Other aut hors pos tu la te that cryp tos po ri dia of

mice can cau se fal se po si ti ve re sults in the scree ning of

sna kes. By sub mit ting prey items to a free ze-thaw cy cle,

the oo cysts, which may be pre sent in their in tes ti nes, will

be di ge sted in the sto mach of the sna ke (Grac zyk et al.,

1996b). Se ro lo gi cal tests may be an ad di ti o nal tool in the

scree ning of col lec ti ons (Grac zyk et al., 1996b).

ZOONOTIC ASPECT

Up to now, the re have been no re ports of C. ser pen tis

in fec ti ons in hu mans. Ho we ver, the oc cur ren ce of such

an in fec ti on in im mu no com pro mi sed pa tients can not be

ex clu ded (Xiao et al., 2000b). Mo re o ver, sna kes may

spre ad cryp tos po ri di al oo cysts of prey items, in clu ding

C. par vum, which is an im por tant zoon otic pa tho gen.
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