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Healthy adults are susceptible to infection with small numbers of Cryptosporidium parvum oocysts, resulting
in self-limited infection. We investigated if infection of humans with C. parvum is protective 1 year after primary
exposure. At 1 year after a primary challenge with 30 to 106 oocysts, 19 healthy immunocompetent adults were
rechallenged with 500 oocysts and monitored for the development of infection and/or illness. Oocyst excretion
was quantitated by direct immunofluorescence with a C. parvum-specific monoclonal antibody, and anti-C. par-
vum antibodies in serum were detected by an enzyme-linked immunosorbent assay. Fewer subjects shed oocysts
after the second exposure (3 of 19; 16%) than after the first exposure (12 of 19; 63%) (P < 0.005). Although the
rates of diarrhea were comparable after each of the two exposures, the clinical severity as determined by the
mean number of unformed stools passed was lower after reexposure (11.25 versus 8.62; P < 0.05). The number
of anti-Cryptosporidium immunoglobulin G and A seroconversions increased after secondary exposure. How-
ever, the C. parvum serum antibody response did not correlate with the presence or absence of infection.

Resistance to repeated Cryptosporidium parvum infection is
the norm for most animal species, including mice and calves
(12, 13, 21), but anecdotal evidence suggests that this may not
be the case in humans. The mechanisms for the resistance seen
in many species are not well understood but are thought to
involve both innate and acquired factors. For example, C. par-
vum challenge of neonatal mice results in a nonfatal infection
that resolves in approximately 3 weeks, coincident with the
development of a mature gut and the acquisition of normal
flora (10). Further, when the primary challenge of mice is
delayed until adulthood, the infection is light and even more
limited (3 to 5 days) than in neonates (11). An age-related
resistance can also be observed in calves (12). The acquired
response also plays a significant role and involves CD4 (17)
and CD8 (1) lymphocytes, as well as gamma interferon (4).
Interestingly, primates are susceptible to reinfection within 2
weeks after primary exposure but are protected from symp-
tomatic disease (18). This resistance has also been observed in
broilers after repeated exposure to C. baileyi (6).

While primary exposure frequently results in proven infec-
tion and symptomatic disease in healthy adults previously se-
ronegative for C. parvum (7), the resulting susceptibility to
reinfection and illness is unknown. Epidemiological data ob-
tained for Brazilian children suggests that primary infection
with C. parvum does not completely block reinfection upon
subsequent exposure (20) but may protect the host against
clinical illness (5). However, recurrent infections have been
described in healthy adults (5) and in high-risk populations in
areas with high seroprevalence for the disease (20), suggesting
that repeated infection may result in diarrheal illness. The
proportion of subjects who develop disease and/or infection

after reexposure is unknown. In the present study, 19 healthy
adult volunteers were challenged with C. parvum on two occa-
sions separated by 1 year to determine the role of primary
exposure in the development of protective immunity. A 1-year
interval between challenges was selected to resemble the sea-
sonal occurrence of C. parvum infections in nature (19).

MATERIALS AND METHODS

The C. parvum Iowa isolate was prepared for volunteer use as previously
described (7). Primary exposure was carried out with 30 to 106 oocysts to deter-
mine a 50% infective dose (ID50) for healthy adults (7). The primary challenge
was conducted between September 1993 and August 1994. An interim analysis of
the primary challenge at the time of the design and initiation of this study
revealed an ID100 of 500 oocysts; therefore, this dose was selected for the
rechallenge. Once the primary challenge was completed, 500 oocysts represented
an ID86. Volunteers were rechallenged within 11 to 13 months after their primary
challenge date. Subjects who agreed to participate were asked to provide in-
formed consent and were interviewed for any illness in the intervening months
following the initial oocyst challenge. A physical examination and screening
laboratory studies for immunodeficiency were performed as previously described
(7). The study was approved by the University of Texas Committee for the
Protection of Human Subjects.

Evaluation of stools and definition of terms. Volunteers collected all stools
passed for the first 2 weeks of the study and collected stools during three 24-h
collection periods per week thereafter for a total of 6 weeks after challenge. All
stools collected were kept in a cooler with ice and brought to the University
Clinical Research Center at Hermann Hospital the following morning. The
stools were weighed, and an aliquot was placed in 10% buffered formalin (1:4,
vol/vol). A diary was kept by each volunteer describing the time and character-
istics of all stools passed and the symptoms experienced. All stools were exam-
ined for the presence of Cryptosporidium by a direct immunofluorescence assay
(DFA) (9).

Diarrhea was defined as the passage of three unformed stools in an 8-h period,
the passage of four or more unformed stools in a 24-h period, or the passage of
unformed stools in excess of 200 g/24 h accompanied by at least two of the
following symptoms: nausea, vomiting, abdominal pain and/or cramping, tenes-
mus, fecal urgency, or gas-associated complaints. Symptomatic subjects included
those who experienced two or more symptoms. Subjects were presumed to be
infected if oocysts could be identified in their stools or if they experienced
diarrhea and gastrointestinal symptoms in the first 30 days after challenge.
Volunteers were considered uninfected if oocysts could not be identified in feces
and no symptoms were experienced during the duration of the study. The dura-
tion of diarrhea was defined as previously described (8). Wellness was defined as
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a 24-h period with no gastrointestinal symptoms or diarrhea. Relapse was de-
fined as the recurrence of diarrhea after a 24-h period of wellness.

Antibody assays. Serum samples collected on days 0 and 45 after each chal-
lenge were assayed for the presence of anti-C. parvum antibodies (immunoglob-
ulin M [IgM], IgG, and IgA) by a modified anti-C. parvum enzyme-linked
immunosorbent assay (ELISA) as previously described (7), except that a
biotinylated monoclonal antihuman antibody followed by peroxidase-conjugated
streptavidin was used as the detecting antibody. An increase of 0.1 optical density
unit from the prechallenge baseline was considered evidence for seroconversion.

Statistical methods. The proportions of infected or symptomatic volunteers
were compared by Fishers’ exact test. The Kruskal-Wallis nonparametric analysis
of variance was used to analyze the mean time of onset of infection, and the
Mann-Whitney test was used to compare the duration of excretion in the primary
and secondary challenges.

RESULTS

No adventitious agents were identified in the oocyst prepa-
rations by conventional cultures, cell culture, or electron mi-
croscopy. Excystation rates (85.5 to 93.4%), sporozoite yields
(38.7 to 43%), time from oocyst production to the date of use,
and mouse infectivity were similar throughout the study. The
mean number of oocysts ingested by volunteers in the second
challenge ranged from 500 to 510 with a coefficient of variation
of 0.9 to 3.5%.

Of the 29 volunteers who underwent an initial challenge with
C. parvum, 19 (66%) were available for rechallenge 1 year
later. Altogether, 15 (83%) of 18 previously infected volun-
teers and (36%) of 11 who were previously uninfected after the
primary challenge were enrolled in the rechallenge. Five of
these volunteers received $1,000 oocysts during the primary
challenge.

After rechallenge, symptoms compatible with cryptosporidi-
osis occurred in similar proportions (Table 1) to those re-
ported after the initial exposure. Presumed infections were
identified in 15 of 19 volunteers after the first exposure and in
16 of 19 after the second. Nine subjects were infected on both
occasions. Of the 19 volunteers, 8 had diarrhea after the first
and second challenge, 3 only after the first challenge and 3 only
after the second challenge, and 5 did not experience diarrhea
at any time. For the eight volunteers who experienced diarrhea
on both challenges, the mean time to onset (6.6 and 8.18 days)
and the duration of diarrhea (67 and 60 h) were similar. How-

ever, the intensity of diarrhea as determined by the mean
number of unformed stools passed per diarrheal illness was
lower after the rechallenge (8.62 after rechallenge and 11.25
after the first challenge [P , 0.05]).

After primary exposure to C. parvum 13 (68%) of the 19
volunteers had oocysts identified by DFA. In contrast, after
secondary challenge, only (16%) of the 19 volunteers shed
oocysts in detectable numbers (P , 0.005). A reduced occur-
rence of shedding after repeated exposure was also apparent
when the comparison was restricted to volunteers who had
received 500 oocysts on both occasions. In that instance, 3
(100%) of 3 volunteers shed oocysts after the first challenge
compared to only 3 (16%) of 19 after the second exposure (P ,
0.02). No differences were seen in the mean prepatent period
(9.8 and 15 days) or the duration of oocyst excretion (6 and 2.6
days) between those shedding oocysts after primary and sec-
ondary challenge, respectively.

Relapses of diarrhea were common. Eleven volunteers en-
rolled in the rechallenge study had diarrhea after the primary
challenge. Of these, 7 (64%) had one relapse and 2 (18%) had
two or three relapses. In comparison, 4 (45%) had one relapse
after rechallenge and 2 (18%) had three or five relapses. The
duration and severity of relapses were similar between groups.

After the primary exposure, increased antibody reactivity (as
measured by ELISA) was most noticeable for IgM (58%) and
was seen in both infected and uninfected volunteers; no vol-
unteers developed an IgG response (Fig. 1). Of interest, five
volunteers demonstrated antibody reactivity prior to rechal-
lenge; three volunteers had reactive IgG (two of them also had
reactive IgM and one had reactive IgA), one had IgA and IgM
reactivity, and one had IgM reactivity alone. Antibody reactiv-
ity after rechallenge was predominantly of the IgG and IgA
isotypes. However, no correlation was seen between the devel-
opment of antibodies after primary challenge and subsequent
protection as measured by the various outcome variables
(symptoms, diarrhea, and presence of oocysts).

DISCUSSION

This study shows that in healthy adults seronegative for
C. parvum, an initial exposure is not sufficient to protect
against clinical illness 1 year later. Although the incidence,
onset, and duration of clinical illness were similar, there was a
decrease in the severity of disease (as determined by a signif-
icant decrease in the number of unformed stools passed) and
the intensity of infection (as determined by a lesser likelihood
of detecting oocysts).

The difference in the proportions of subjects shedding oo-
cysts was not a function of volunteers receiving a higher inoc-

TABLE 1. Clinical outcome in 19 volunteers exposed
to C. parvum oocysts 1 year aparta

Clinical outcome

No. of volunteers with
outcome after

First challenge
(n 5 19)

Second challenge
(n 5 19)

Presumed infection 15 16
Diarrhea 11 11

Oocysts detected by DFA 9 2b

Oocysts not detected by DFA 2 9
Enteric symptoms, oocysts

detected by DFA
2 1

Enteric symptoms, oocysts not
detected by DFA

0 4

Asymptomatic, oocysts detected
by DFA

2 0

No infection 4 3
Asymptomatic, oocysts not

detected by DFA
4 3

a The initial challenge was conducted with 30 to 106 oocysts. Volunteers were
rechallenged with 500 oocysts. Clinical outcomes are defined in Materials and
Methods.

b P , 0.01 compared to first challenge.

FIG. 1. IgM, IgG, and IgA serologic responses to C. parvum as measured by
ELISA on day 45 after the primary and secondary challenges.
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ulum in the primary challenge, since a separate analysis of
volunteers receiving 500 oocysts on both occasions demon-
strated that when adjusted for inoculum dose, the infection
rate was lower after rechallenge. Furthermore, the decreased
excretion of oocysts is supported by two other observations: (i)
according to our data from the primary infectivity study, a dose
of 500 oocysts during rechallenge in the absence of protection
should have resulted in 86% volunteers excreting oocysts; and
(ii) our previous study has shown that volunteers challenged
with high doses of oocysts actually excrete fewer oocysts than
those who received lower doses (3).

An unexpected finding was the occurrence of diarrhea in the
absence of detectable oocysts (as measured by DFA) after the
secondary exposure. However, epidemiological data support-
ing this observation has previously been described in large-
scale outbreaks (15). This might be explained by the lack of
sensitivity of currently available methods, such as DFA, which
is unable to detect fewer than 10,000 oocysts per ml (2). We
speculate that individuals with clinical cryptosporidiosis who
are DFA negative are excreting few if any oocysts as a result of
an active host immune response. Indeed, for stools from four
of these volunteers examined by flow cytometry, three were
found to be oocyst positive (unpublished data).

Approximately 21% of persons with watery diarrhea during a
large-scale outbreak in Milwaukee in 1993 experienced a clinical
relapse up to 45 days after resolution of the initial symptoms
(16). In our studies, relapses were seen in equal proportions
after the first and second challenges. None of our volunteers
had experienced diarrhea during the year between challenges.

Previous studies have shown that antibodies to C. parvum
can be identified in 19 to 60% of the U.S. population (7, 14).
Seroprevalence can be even higher in developing nations and
in regions with repeated exposure to hoofed animals. However,
the significance and relevance of anti-C. parvum antibodies are
unknown. While others have reported a specific antibody re-
sponse to C. parvum infection in humans (20) in endemic settings,
only a modest correlation was seen between infection and/or
symptoms and the development of antibodies in serum in our
study. IgM conversion was more frequent after primary chal-
lenge, while IgG and IgA conversion was more frequent after
rechallenge. Of interest, five volunteers demonstrated antibody
reactivity immediately prior to rechallenge without any history
of diarrheal illness in the time interval between challenges. No
protection from clinical illness was seen in this subgroup of
subjects when rechallenged. The low antibody response rates seen
by ELISA were not completely unexpected given that infection
with this parasite is limited to the intestinal epithelium, that the
primary protective response to C. parvum is mediated by CD41

lymphocytes, and that the antigens used are limited to the oocyst/
sporozoite stages. Improved methods to study the human hu-
moral and cellular response to C. parvum are needed.

Our data suggests that after repeated exposure to C. parvum,
illness is as likely to occur but oocysts are less likely to be
detected. Further, the IgM response that predominated after
the primary challenge shifted toward an increased IgG reac-
tivity after rechallenge. Thus, we speculate that the IgG-sero-
positive individuals in the general population have experienced
two or more exposures to C. parvum, that symptomatic C. par-
vum infection may be less intense and associated with lower
levels of oocyst excretion after repeated exposure to C. par-
vum, and that repeated exposure may be necessary for the
development of complete immunity.
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