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Colostral whey from seven hyperimmunized and two control cows (hyperimmune bovine colostrum) was
examined by Western immunoblotting for the presence of antibody against oocysts and sporozoites of
Cryptosporidium parvum, using rabbit anti-bovine immunoglobulin A (IgA), IgGl, IgG2, and IgM antibodies,
followed by a horseradish peroxidase goat anti-rabbit polyvalent antibody. Although considerable variation
was found in binding activity between cows on different immunization protocols, IgA and IgGl in whey
recognized a greater variety of C. parvum antigens than did IgG2 and IgM. A band at 9 to 10 kilodaltons
appeared unique in that it was recognized only by IgA.

Cryptosporidium parvum (Apicomplexa: Cryptosporidi-
idae) is a parasitic protozoan that infects a wide range of
mammals, including humans. Infections in immunocompe-
tent individuals are usually of short duration, with intestinal
involvement resulting in moderate to severe diarrhea and
possible weight loss. In immunocompromised individuals,
however, infections can become persistent and life threaten-
ing.
Although all known available chemotherapeutic agents

have been unsuccessful for treatment of the disease (3),
recent evidence has suggested parasite susceptibility to
immune modulators. In suckling mice, monoclonal antibod-
ies against several sporozoite surface proteins have limited
the extent of parasite development (1, 22, 23). Prophylactic
administration of hyperimmune bovine colostrum (HBC)
resulted in significant reduction in parasite numbers in C.
parvum-infected mice and calves (1, 4, 6, 22). Direct duode-
nal perfusion of HBC resulted in abrogation of life-threaten-
ing infections in three immunocompromised patients (27, 28,
30).

Despite the successful use of HBC under experimental
conditions for immunoprophylaxis and immunotherapy, the
biologically active substances in HBC have not been deter-
mined. This study was designed to identify the ability of
specific HBC antibodies to bind antigens on Western immu-
noblots of C. parvum.

MATERIALS AND METHODS
Production of colostrum. HBC was produced in seven

multiparous Holstein-Friesian cows. At 10 weeks before
expected parturition (WBP), cows received an intramuscular
injection of an emulsion of 5 ml of Freund complete adjuvant
and 5 ml of C. parvum oocysts in Hanks balanced salt
solution (HBSS) that had been frozen and thawed three
times immediately before mixing. Two animals served as
nonimmunized controls. Oocysts used for immunization
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were obtained from 1- to 2-week-old calves in Beltsville,
Md., and Auburn, Ala., and were cleaned from fecal debris
by sucrose flotation. Oocysts were then sterilized externally
by incubation in a 1.31% (vol/vol) solution of sodium hy-
pochlorite in HBSS for 5 min at 5°C. At 8, 6, and 4 WBP, a
2-ml mixture of Freund incomplete adjuvant (1 ml) and
frozen-thawed (three times) oocysts of C. parvum in HBSS
(1 ml) was infused into the teat canal of each quarter of the
mammary gland and massaged to distribute antigen. The
exact number of oocysts administered at each time period
for the cows varied (Table 1). Colostrum from the first
milking after parturition was collected, and 50-ml samples
were centrifuged at 31,000 x g for 30 min. After removal of
fat, whey was aspirated and frozen at -70°C. Whey col-
lected from nonimmunized animals was processed similarly.

Production and purification of oocysts and sporozoites for
Western blotting. Oocysts and sporozoites of C. parvum
(KSU-1 isolate) were obtained from experimentally infected,
1- to 2-week-old goats, Capra hircus, as described previ-
ously (26. Purification of oocysts by using sucrose and
cesium chloride gradients, excystation procedures, and pu-
rification of sporozoites by DE-52 anion-exchange column
chromatography have been described previously (M. Tilley
and S. J. Upton, Can. J. Zool., in press).

Experimental design. Sodium dodecyl sulfate-polyacryla-
mide gel electrophoresis (SDS-PAGE) was used to separate
proteins and glycoproteins of C. parvum. Both 7.5 and 12%
gels were used in a Mini Gel apparatus (Bio-Rad Laborato-
ries, Richmond, Calif.) with a discontinuous buffer (10).
Both SDS-PAGE and transfer of proteins onto nitrocellulose
were done as described previously (Tilley and Upton, in
press) except for the use of a two-dimensional rather than
multiwell comb. Either 1.9 x 107 frozen-thawed (three
times) oocysts or 7.5 x 107 sporozoites were layered on the
stacking gel. Prestained molecular weight markers were run
placed in separate wells.

After transfer of parasite proteins to nitrocellulose, blots
were blocked with 5% nonfat dry milk in phosphate-buffered
saline (PBS). Nitrocellulose sheets were then placed in a
Miniblotter 16 manifold (Immunetics Inc., Cambridge,
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TABLE 1. Protocol for immunizing cows with
C. parvum oocysts

No. of oocysts (106)

Cow no. Intramuscular, Intramammary gland/quarter
10 WBP 8 WBP 6 WBP 4 WBP

8442 20 24 5 5
8445 20 24 5 5
8455 20 24 5 5
8685 0 0 0 0
8801 20 3 3 0.6
8804 20 3 3 0.6
8809 0 0 0 0
8825 20 3 3 0.6
8826 20 3 3 0.6

Mass.), and residual liquid was aspirated from each lane.
Colostrum samples were diluted 1:10 in PBS, 120 ,ul was
added to each lane, and the apparatus was incubated for 3 h
at room temperature (ca. 23°C) with gentle agitation. Blots
were then washed with 250 ml of PBS and probed with
specific rabbit anti-bovine immunoglobulin A (IgA), IgGl,
IgG2, or IgM diluted 1:1,000 in PBS containing 1% bovine
serum albumin (Table 2). Production of these anti-immuno-
globulins has been described previously (4). After 1.5 h,
blots were rewashed with 250 ml of PBS, removed from the
manifold, and placed in a tray with blocking solution con-
taining a 1:1,000 dilution of goat anti-rabbit polyvalent
immunoglobulin conjugated to horseradish peroxidase (Or-
ganon Teknika, Malvern, Pa.). After 1.5 h, blots were
washed with blocking solution for 30 min, with fresh changes
of blocking solution at 5-min intervals. Blots were then
rinsed twice with PBS and developed by using 4-chloro-1-
naphthol (Bio-Rad) as a substrate. After development, blots
were rinsed in distilled water and photographed, and bands
were analyzed by exponential regression analysis.

RESULTS AND DISCUSSION
Figure 1 illustrates the binding of HBC immunoglobulins

from nine cows to oocyst and sporozoite proteins and

TABLE 2. Protocol for Western blotting of C. parvum
antigens using HBCa

Laneb Initial probe Secondary antibody

A 1:10 dilution of 5% None; 1% BSAC in PBS
nonfat dry milk

B 1:10 dilution of 5% Rabbitd
nonfat dry milk

C 8455e None; 1% BSA in PBS
D 8442 Rabbitd
E 8445 Rabbitd
F 8455 Rabbitd
G 8685 Rabbitd
H 8801 Rabbitd
I 8804 Rabbitd
J 8809 Rabbitd
K 8825 Rabbitd
L 8826 Rabbitd
a Each protocol was visualized by using a horseradish peroxidase-conju-

gated goat anti-rabbit polyvalent antibody.
b Corresponds to the respective lane in Fig. 1.
I BSA, Bovine serum albumin.
d Anti-bovine class- or subclass-specific polyvalent antibody.
e Cow number from which HBC was derived. Corresponds to numbers

presented in Table 1.

glycoproteins of C. parvum. Table 3 summarizes the molec-
ular sizes of the antigens recognized by each of the four
classes and subclasses of antibody. Although considerable
individual variation was found, blots revealed that IgA and
IgGl bound a greater number of antigens than did IgG2 and
IgM. Whey from nonimmunized animals demonstrated little
antibody that bound parasite antigens.

Several studies have suggested that infants fed breast milk
may be at less risk of acquiring cryptosporidiosis than are
bottle-fed infants (2, 7, 9, 16-18, 21, 32). Whereas three
reports indicate a lack of efficacy of colostrum for treating
cryptosporidiosis (8, 20, 25), other studies have shown
pronounced efficacy of HBC on the course of the disease (1,
4, 6, 22, 27, 28).
As reported previously in one serologic study (28), exper-

imental C. parvum infections result in varying levels of
immunoglobulins in an animal. Variation in the intensity of
the reaction on Western blots using whey increased with the
number of oocysts administered as the immunizing dose. In
addition, IgA and IgGl in HBC reacted more intensely with
C. parvum than did IgG2 or IgM. These data are explained in
the accompanying report by Fayer et al. (5), in which whey
from cow 8801 (Table 1) was fractioned into the same
immunoglobulin classes and subclasses examined in this
study and used therapeutically to treat suckling mice in-
fected experimentally with C. parvum. Histologic examina-
tion (24) of all treatment groups revealed that all mice had
significantly fewer developmental stages than did positive
control animals and that mice treated with whole whey or the
IgA or IgGl fraction had even fewer developmental stages
than did those treated with IgG2 or IgM. Although whey
immunoglobulin fractions only from cow 8801 have been
examined thus far (5), it is likely that fractions from more
highly immunized cows (i.e., 8442, 8445, and 8455) will be
found to be as efficacious or more so.
A highly reactive 9- to 10-kilodalton (kDa) band was

observed only when anti-IgA was used to detect bound
antigens. Immunoreactivity of this band has not been clearly
defined, although it is possible that this band appears in a
previously published Western blot with sera from two recov-
ered patients (19); it is also possible, however, that the band
(19) simply represents the dye front. Although of interest
because it reacted only with IgA, the importance of this
molecule during the immunologic response to C. parvum
infections is unknown. However, a more immunologically
important band that was bound strongly by all four antibod-
ies was a 14.5- to 16.5-kDa protein. This molecule appears to
represent a sporozoite surface glycoprotein (23; Tilley and
Upton, in press) and has appeared in several published
immunoblots (13, 14, 19; Tilley and Upton, in press).
The KSU-1 isolate has about 20 sporozoite surface pro-

teins susceptible to 125I labeling (Tilley and Upton, in press).
The most notable are at 102 to 105, 83, 73 to 76, 48, 44, 42,
37 to 39, 29 to 33, 23, and 15 kDa with SDS-PAGE (Tilley
and Upton, in press). These appear to correspond to the
100-, 88- or/and 82-, 68- to 72-, 49- or/and 47-, 45- to 46-, 41-
to 43-, 38- to 40-, 30- to 31- or/and 31.5- to 32-, 23-, and 14.5-
to 16.5-kDa bands, respectively, in this study. Although
several studies have regarded P20 and P23 as immunodom-
inant protein(s) (1, 14, 15, 19, 29; Tilley and Upton, in press),
careful examination of blots from various publications indi-
cates that 44- to 50- and 68- to 76-kDa molecules are also
consistently recognized (11, 13, 14, 19; Tilley and Upton, in
press).

Several high-molecular-weight bands were found to be
unique in blots using whole oocysts as antigen, indicating
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FIG. 1. Western blots of oocysts and sporozoites of C. parvum probed with hyperimmune bovine colostrum. Each set of four blots (A to
D) represents 7.5% (top) and 12% (bottom) gels run on frozen-thawed oocysts (left side) and sporozoites (right side). The immunization
protocol for animals represented in individual lanes can be found in Table 1; the antibody detection procedures for each lane are presented
in Table 2. Molecular size (in kilodaltons) markers are represented to the left of each blot; select antigens are indicated by arrowheads to the
right.
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TABLE 3. Antigens of oocysts and sporozoites of C. parvum as detected by using HBC

Reaction'
Molecular IgA IgGl IgG2 IgM
size (kDa)__ ___ ___

00 SZ 00 SZ 00 SZ 00 SZ

9-10 +++ ++++ - - - - -

13 ++ +
14.5-16.5 ++++++++ ++ + ++++ ++++ ++ ++
20-21.5 ++ ++ + + - - -
23 ++++++++++++ ++++ +++ ++ +++ + +

25 ++ - ++ -+ - ++
30-31 +++ +++++++ + + -

31.5-32 +++ +++ + + + + -+++
36-37 + + + + - - -
38-40 +++++++ ++++ ++++ +++ ++ ++++ +++

41-43 ++++ ++ ++ ++++ +++

45-46 +++ ++++ + ++ ++ + ++

47 +++ + ++ + - - -

49 + + ++ - -
52 ++ ++ + + - - +

56 ++++ ++ + + ++
61 - - + + + + + ++

68-72 ++++ +++ ++++ +++ ++++ ++++ +++ ++++

76 ++ ++ ++ ++ + - -
82 +++ ++ +++ ++ ++ + ++ +

88 ++++++ +++ +++ +++ +++ +++ +++

100 ++ ++ ++ ++ ++ +++ +++ +++

114 + + + + _++ ++

127 + + ++ ++ +++ ++ ++ ++

132 ++ ++ ++ ++ + + ++ ++

137 + + - - - - -
147 ++++++ ++ ++ ++ ++++ + +

150-155 + + ++ +++ ++ + ++ ++

160 + + + + - - + +

167-177 ++ - ++ ++ ++ ++ -

190-205 ++ - ++ + - - ++
211 ++

223 ++ - - - + - -

227 + + - - - +
235 ++ - - - - - -
240 ++ - - - - - -

.250 ++ + + +++-
a Relative intensities of bands that were optimally recognized by cows for a given antibody. -, No reactivity; +, band recognized by antibody; + +, band

well recognized by antibody; +++, band highly recognized by antibody; ++++, band intensely recognized. Although samples were analyzed identically, we
present relative intensities as a means of examining bands within the same gel and not as a means of quantitating antibody concentrations. 00, Oocysts; SZ,
sporozoites.

that these molecules are probably not associated with spo-
rozoites. Most bands were of high molecular size (211, 223,
227, 235, and 240 kDa), whereas two (13 and 25 kDa) were of
low molecular size. Neither of the two lower bands was
prominent, and the 25-kDa band was often masked by an
intensely reactive 23-kDa molecule. The 23-kDa band, which
has been reported by various investigators to migrate be-
tween 20 and 23 kDa, appears to be a surface protein (15, 19,
23; Tilley and Upton, in press). It has been reported by many
investigators to be recognized by most individuals acquiring
cryptosporidiosis (14, 15, 19, 29).

Sporozoite proteins of C. parvum within the range of 15
to 25 kDa are highly immunogenic, and monoclonal anti-
bodies to some of these have been effective in reducing
the severity of C. parvum infections in experimentally in-
fected mice (1, 22, 23). However, caution is advised when
comparing reported Western blots. Results of this study and
others (see below) suggest that at least two surface proteins
of C. parvum sporozoites are being confused. The 23-kDa
molecule, which appears to be weakly iodinated (Tilley

and Upton, in press) but highly immunogenic (14, 15, 19,
29) may have epitopes that cross-react with a variety of
higher-molecular-size species (1, 15). Oral administration
of monoclonal antibodies against this protein has reduced
the severity of disease in experimentally infected suckling
mice compared with controls (1). However, an 18- to 20-kDa
surface protein, often referred to as P20, though intensely
iodinated (Tilley and Upton, in press), appears less immu-
nogenic than P23. We have detected galactose or galac-
tosamine residues on this molecule but have failed to detect
glycosylation on P23 (Tilley and Upton, in press). Effects of
preparation techniques on the degree of glycosylation or
perhaps strain differences may explain the variation in size
of P20 reported by various investigators. Monoclonal anti-
bodies against P20 are also effective at lessening the severity
of disease in experimentally infected suckling mice (1).
Another surface molecule of similar size, which was re-
ported previously (Tilley and Upton, in press) and which we
refer to here as P26, could also be confused with either or
both of the aforementioned proteins.
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