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Antibodies to cryptosporidium were detected by indirect immunofluorescence
in over 80% of sera from 10 animal species, including humans.

The genus Cryptosporidium, an enteric coc-
cidian parasite, has been identified in a wide
range of vertebrates (2). Since their discovery in
1907 (11), cryptosporidia have been reported to
be associated with enteritis in a number of spe-
cies, including calves (4, 5, 7, 9, 15), lambs (1,
12), turkeys (8), foals (10), humans (3, 6, 14, 17),
deer (S. Tzipori, K. W. Angus, I. Campbell, and
D. Sherwood, submitted for publication), and
possibly others. The different cryptosporidium
isolates were designated on the basis of their
host origin (11, 16) and location within the gut
(11) and the duration of the endogenous life
cycle (16). However, we have shown that cryp-
tosporidium isolates from calves, lambs, deer,
and humans infect other species. Thus, the calf
isolate induced diarrhea in lambs (S. Tzipori, K.
W. Angus, E. W. Gray, I. Campbell, and F. Allan,
Am. J. Vet. Res,, in press) and piglets (S. Tzipori,
E. McCartney, G. H. K. Lawson, A. C. Rowland,
and I. Campbell, submitted for publication) and
subclinical infection in laboratory animals (13).
On this basis, it was argued that Cryptospori-
dium, like Toxoplasma, is probably a one-spe-
cies genus (13).

In this communication, we describe an indirect
immunofluorescence (IF) procedure for detec-
tion of antibodies to cryptosporidium and report
the prevalence of antibody in a number of host

ies.

A 1-day-old, specific pathogen-free (SPF)
lamb was inoculated with cryptosporidium orig-
inally isolated from calves with diarrhea (Tzipori
et al., in press) and subsequently passaged once
in SPF rats (13). The lamb was killed when
moribund 48 h after the onset of anorexia and
diarrhea. Four gut portions were taken from the
middle and lower ileum for histology and cryo-
stat sections. The most extensively infected site,
as assessed by examination of hematoxylin-and-
eosin-stained preparations, was selected for
cryostat sectioning. Numerous examples of the
endogenous stage of the parasite life cycle were
seen. Cryostat sections from uninfected SPF
lambs were used as negative controls.

1 Present address: Veterinary Research Laboratory, “Att-
wood,” West Meadows, Victoria 3047, Australia.

On two separate occasions, sera collected from
10 species of animals, including humans (Table
1), were diluted 1/10 in phosphate-buffered sa-
line and tested in an indirect IF test against
cryostat sections of infected and uninfected tis-
sues. The results presented in Table 1 indicate
that the majority of sera gave positive reactions
with infected sections. Figure 1 shows the typical
granular fluorescence coating the villi of infected
gut sections.

Seven calves and eight lambs of up to 30 days
of age and two newborn pigs all deprived of
colostrum had no serum antibodies against cryp-
tosporidium. Calves and lambs which were
maintained under SPF conditions were still se-
rologically negative 7 days after experimental
inoculation with cryptosporidium but were pos-
itive after 14 days.

None of the eight fluorescein-conjugated an-
tispecies antisera used for indirect procedures
reacted directly with cryostat sections of in-
fected or control gut. (Rabbit anti-sheep serum
was used with sera from sheep, cattle, and deer
because of their close serological relationship).
It is not known whether cryptosporidial antigens
are shared by other microorganisms found in the
gut, but rabbit sera raised against K99 (adher-
ence antigen of enterotoxigenic Escherichia coli
affecting lambs) and rotavirus failed to react
with the infected and control gut sections.

Further criteria of specificity were as follows.
(i) The fluorescence was extracellular and had a
granular character unlike that of enterotoxigenic
E. coli. (ii) No fluorescence was detected in gut
sections of age-matched uninfected SPF lambs.
(iii) Negative results were obtained with mouse
intestine from and an SPF colony susceptible to
cryptosporidium infection. (iv) Seroconversions
in calves and lambs occurred after experimental
inoculations. (v) The direct IF test was negative.

This communication reports the first serolog-
ical procedure for the detection of antibodies
against cryptosporidium. The results show that
cryptosporidia infecting different species of ani-
mals have a common antigen detectable by IF
and that antibodies to cryptosporidium are very
prevalent among, as well as within, the host
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TaBLE 1. Prevalence of antibodies against
cryptosporidium in 10 species of animals

Positive by indi-

No. of: rect IF
Species Sam-
Sources ples No. %
tested
Humans Wide® 21 18 86
Dogs Wide 20 16 80
Cats Wide 23 20 87
Cattle Wide 25 25 100
Sheep 3 23 23 100
Pigs 5 43 41 95
Deer 2 12 12 100
Horses Wide 22 20 91
Mice 1° 11 ]
Chickens 1 25 22 88
% Randomized samples from blood donors at a hos-

pital in Edinburgh.

® Pools (six mice per sample) from an SPF mouse

F16. 1. Indirect IF staining of a villus from a lamb
infected with cryptosporidium.

species. Although the number of samples tested
was small, the high prevalence of positive sera
suggests that the organism is indeed widespread.

Although the IF test may detect only group-
specific antigen(s) and is nonquantitative, it was
sufficiently sensitive to detect seroconversion in
many of the samples tested. There was no dif-
ference in the quality of the fluorescence ob-
tained with antisera from different host species.

The nature of the antigen(s) detected by IF
was not examined but it is likely to be complex
and to involve various stages of the parasite
during its life cycle. However, since electron
microscopy reveals only few oocysts adhering to
the mucosa, they are unlikely to be a major
source of antigen.

The lack of host specificity, the identical be-
havior of cryptosporidia isolated from different
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host species in experimental animals, and
the present evidence of shared antigenicity
strengthen an earlier suggestion (13) of a single-
species genus.

We thank J. O. Jarrett, University of Glasgow Veterinary
School, Glasgow, for supplying cat sera and Anne Ferguson,
Western General Hospital, Edinburgh, for provision of human
sera.

LITERATURE CITED

1. Berg, L. E, A. C. Peterson, and T. P. Freeman. 1978.
Ovine cryptosporidiosis. J. Am. Vet. Med. Assoc. 173:
1586-1587.

2. Levine, N. D. 1973. Protozoan parasites of domestic ani-
mals and of man, 2nd ed., p. 229-230. Burgess Publish-
ing Co., Minneapolis, Minn.

3. Meisel, J. L., D. R. Perera, C. Meligro, and C. E.
Rubin. 1976. Overwhelming watery diarrhoea associ-
ated with a cryptosporidium in an immunosuppressed
patient. Gastroenterology 70:1156-1160.

4. Meuten, D. J., H. J. van Kruiningen, and D. H. Lein.
1974. Cryptosporidiosis in a calf. J. Am. Vet. Med.
Assoc. 165:914-917.

5. Morin, M., S. Lariviere, and R. Lallier. 1976. Patholog-
ical and microbiological observations made on sponta-
neous cases of acute neonatal calf diarrhoea. Can. J.
Comp. Med. 40:228-240.

6. Nime, F. A,, J. D. Burek, D. L. Page, M. A. Holscher,
and J. H. Yarolley. 1976. Acute enterocolitis in a
human being infected with the protozoan cryptospori-
dium. Gastroenterology 70:592-598.

7. Pohlenz, J., H. W. Moon, N. F. Cheville, and W. J.
Bemerick. 1978. Cryptosporidiosis as a probable factor
in neonatal diarrhoea in calves. J. Am. Vet. Med. Assoc.
172:452-457.

8. Slavin, D. 1955. Cryptosporidium meleagridius (sp nov).
J. Comp. Pathol. 65:262-270.

9. Snodgrass, D. R., K. W. Angus, E. W. Gray, W. A.
Keir, and L. W. Clerihew. 1980. Cryptosporidia as-
sociated with rotavirus and Escherichia coli in an out-
break of calf scour. Vet. Rec. 106:458-459.

10. Snyder, S. P., J. J. England, and A. E. McChesney.
1978. Cryptosporidiosis in immunodeficient Arabian
foals. Vet. Pathol. 15:12.

11. Tyzzer, E. G. 1907. A sporozoan found in the peptic
glands of the common mouse. Proc. Soc. Exp. Biol.
Med. 5:12-13.

12. Tzipori, S., K. W. Angus, I. Campbell, and L. Cle-
rihew. 1981. Diarrhoea due to cryptosporidium infec-
tion in artificially reared lambs. J. Clin. Microbiol. 14:
100-105.

13. Tzipori, S., K. W. Angus, I. Campbell, and E. W.
Gray. 1980. Cryptosporidium: evidence for a single-
species genus. Infect. Immun. 30:884-886.

14. Tzipori, S., K. W. Angus, E. W. Gray, and 1. Camp-
bell. 1980. Vomiting and diarrhoea associated with
cryptosporidium infection. N. Engl. J. Med. 303:818.

15. Tzipori, S., 1. Campbell, D. Sherwood, D. R. Snod-
grass, and A. Whitelaw. 1980. An outbreak of diar-
rhoea attributed to cryptosporidial infection. Vet. Rec.
107:579-580.

16. Vetterling, J. M., H. R. Jervis, T. G. Merrill, and H.
Sprinz. 1971. Cryptosporidium wrairi sp. n. from the
guinea pig Cavia porcells with an emendation of the
genus. J. Protozool. 18:243-247.

17. Weisburger, W. R., D. F. Hutchean, J. H. Yardley, J.
C. Roche, W. D. Hillis, and P. Charachte. 1979.
Cryptosporidiosis in an immunosuppressed renal-trans-
plant recipient with IgA deficiency. Am. J. Clin. Pathol.
72:473-478.



