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Jejunal biopsies from volunteers challenged with Cryptosporidium parvum were examined for tumor necrosis
factor alpha (TNF-a) and interleukin (IL)-1b mRNA. Postchallenge biopsies from 15 of 28 (54%) volunteers
expressed TNF-a; 14% expressed IL-1b. Cytokine expression did not correlate with enteric symptoms, sug-
gesting that TNF-a and IL-1b are not key mediators of diarrhea in human cryptosporidiosis.

Cryptosporidiosis is characterized by watery diarrhea. The
mechanisms by which Cryptosporidium parvum causes diarrhea
have not been clearly defined. Some studies suggested that
disease was mediated by an enterotoxin (8, 9). However, no
parasite enterotoxin has been identified. Others have sug-
gested that host molecules might account for enterotoxin-like
activity. In a porcine model, C. parvum infection was associated
with increased chloride secretion as well as with sodium and
glucose malabsorption (1–3). The altered chloride secretion
and solute malabsorption were inhibited by prostaglandin syn-
thesis inhibitors and were reproduced by the addition of pros-
taglandins (1). Prostaglandins are produced by the intestinal
wall in response to proinflammatory cytokines or C. parvum
infection (1, 12).

The proinflammatory cytokines tumor necrosis factor alpha
(TNF-a) and interleukin (IL)-1b are key stimulators of pros-
taglandin synthesis. In cryptosporidiosis, TNF-a has been de-
tected in the gut in porcine and human xenograft models (11,
20). Treatment of porcine mucosa with TNF-a mimicked the
effects of C. parvum infection (11). This response was revers-
ible with prostaglandin synthesis inhibitors. Similarly, IL-1b
can induce intestinal chloride secretion via prostaglandins (10).

These same proinflammatory cytokines could also directly
alter the mucosal epithelial integrity, leading to diminished
barrier function (14, 22). The increased permeability may re-
sult in back diffusion of ions and water into the gut lumen,
thereby contributing to a greater loss in gastrointestinal fluids.
Altered barrier function has been documented in several stud-
ies of human cryptosporidiosis (7, 13, 24). Some studies have

noted proinflammatory cytokines in biopsies from AIDS pa-
tients with chronic cryptosporidiosis (17). However, enzyme-
linked immunosorbent assays (ELISAs) did not identify
TNF-a protein in stools of patients with cryptosporidiosis (21).

To clarify the role of TNF-a and IL-1b in the pathogenesis
of Cryptosporidium-induced diarrhea, we studied the expres-
sion of these cytokines in jejunal intestinal biopsy specimens
from normal volunteers experimentally challenged with C. par-
vum. Cytokine expression was then analyzed in relation to the
development and timing of symptoms and of oocyst shedding.

Thirty immunocompetent volunteers were challenged with
defined doses of C. parvum oocysts as described previously (4,
5, 15, 16). Ten prechallenge biopsies were available (from 10
volunteers, including 2 with only prechallenge biopsies). Thir-
ty-eight postchallenge biopsies from 28 volunteers (obtained
from 1 to 31 days postchallenge) were examined for TNF-a,
and 21 of these biopsies from 21 volunteers were also exam-
ined for IL-1b. Prechallenge anti-C. parvum immunoglobulin
G and immunoglobulin M antibody status was screened by
ELISA using oocyst antigen (5). Oocyst excretion was mea-
sured and quantitated by direct immunofluorescence (6). The
volunteers recorded all enteric symptoms for 6 weeks postchal-
lenge. Jejunal biopsies were obtained as previously described
(19, 23), fixed in diethyl pyrocarbonate-treated paraformalde-
hyde, and stored in 70% alcohol until sectioning. Bluescript
SK(2) plasmids containing cDNA for human TNF-a and
IL-1b (American Type Culture Collection, Manassas, Va.)
were prepared using ion-exchange chromatography (Qiagen
Inc., Chatsworth, Calif.) (18, 23). The plasmid cDNA was lin-
earized with the appropriate restriction enzymes. Sense and
antisense RNA probes were synthesized by in vitro transcrip-
tion using the appropriate polymerases in the presence of
[35S]-UTP (TNF-a [sense, HindIII, SP6 polymerase; antisense,
HincII, T7 polymerase] and IL-1b [sense, KpnI, T3 polymer-

* Corresponding author. Mailing address: Infectious Diseases Sec-
tion, Department of Medicine, Baylor College of Medicine, One Bay-
lor Plaza, Room 561E, Houston, TX 77030. Fax: (713) 790-0681. E-
mail: arthurw@bcm.tmc.edu.

1172

 on January 21, 2017 by U
niversity of N

orth T
exas Libraries

http://iai.asm
.org/

D
ow

nloaded from
 

http://iai.asm.org/


ase; antisense, EcoRI, T7 polymerase]). In situ hybridization
was performed on paraffin-embedded jejunal biopsy tissue sec-
tions (19, 23). The concentration of probe providing an optimal
positive signal with minimal background was assessed for each
probe using peripheral blood mononuclear cells stimulated
with lipopolysaccharide and phytohemagglutinin as the posi-
tive control. The sense strand of each probe was used as the
negative control. The slides were examined by bright-field mi-
croscopy, and the number of cells overlaid with numerous
silver granules was counted. The number of positive cells was
quantitated as previously described (19, 23).

TNF-a mRNA was detected on 16 of 38 (42%) postchal-
lenge biopsies, compared to only 1 of 10 prechallenge biopsies.
Fifteen of 28 (54%) volunteers had at least 1 biopsy demon-
strating TNF-a mRNA. TNF-a was primarily observed over-
lying cells in the lamina propria of both crypts and villi (Fig. 1).
IL-1b mRNA was detected in only 3 of 21 (14%) postchallenge
biopsies, which was not significantly different from prechal-
lenge.

While expression increased after exposure to C. parvum,
TNF-a was not associated with illness. TNF-a was detected in
biopsies from 12 of 23 (52%) symptomatic and from 3 of 5
(60%) asymptomatic volunteers (P 5 1.0, Fisher’s exact test).
Among the symptomatic volunteers, TNF-a expression was not
significantly different for biopsies obtained before, during, or
after the period of symptoms (3 of 12 [25%], 4 of 8 [50%], or
5 of 11 [45%], respectively). Overall, 4 of 11 biopsies obtained
from days 6 to 13 postchallenge (near the time of symptoms)
expressed TNF-a compared to 4 of 11 obtained earlier and 8 of
16 obtained 14 or more days postchallenge. There was also no
relationship between the quantity of cells expressing TNF-a
mRNA and either the presence or timing of symptoms. Thus,
TNF-a expression was not associated with either the presence
or timing of symptoms. Likewise, postchallenge biopsies from

1 of 3 asymptomatic and 2 of 18 symptomatic volunteers ex-
pressed IL-1b (P 5 0.39, Fisher’s test). Thus, IL-1b was also
not associated with symptoms. The number of positive biopsies
was too small to comment on the timing of expression.

Both seropositive and seronegative volunteers expressed
TNF-a and IL-1b. TNF-a was found in 7 of 11 (64%) sero-
positive and 8 of 17 (47%) seronegative volunteers (P 5 0.39,
chi-square test). IL-1b was found in 1 of 10 (10%) seropositive
and 3 of 14 (21%) seronegative volunteers (P 5 0.61, Fisher’s
test). Neither TNF-a nor IL-1b significantly correlated with
the presence or absence of oocyst shedding (Table 1). There
was also no association with the challenge dose.

In summary, we noted increased expression of TNF-a but
not of IL-1b in response to the C. parvum challenge. This is
consistent with prior data from model infections of pigs and of
human intestinal xenographs (11, 20). Others have not found
TNF-a protein in stool by ELISA (21). This may be a reflection
of greater sensitivity of our assay. Alternatively, since TNF-a

FIG. 1. Jejunal biopsies from normal volunteers with experimental human cryptosporidiosis were probed by in situ hybridization using
[35S]-labeled riboprobes for cytokine mRNA. Cytokine mRNA is detected as numerous black-silver grains overlying cells primarily in the lamina
propria of the villi (arrowhead) and crypts (arrows). The original magnification of both photographs was 5003. (A) TNF-a. (B) IL-1b.

TABLE 1. Biopsies from immunocompetent volunteers challenged
with C. parvum were probed for expression of

TNF-a and IL-1b mRNA

Category of volunteers
TNF-a

positive/total
(%)

IL-1b
positive/total

(%)

Volunteers with prechallenge biopsies 1/10 (10) 1/7 (14)
Volunteers with postchallenge biopsies 15/28 (54) 3/21 (14)
Volunteers who shed oocysts 7/13 (54) 1/9 (11)
Volunteers not shedding oocysts 8/15 (53) 2/12 (16)
Asymptomatic volunteers 3/5 (60) 1/3 (33)
Symptomatic volunteers 12/23 (52) 2/18 (11)

Biopsies before symptoms 3/12 (25) 1/6 (16)
Biopsies during symptoms 4/8 (50) 1/6 (16)
Biopsies after symptoms 5/11 (45) 0/9 (0)
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was primarily found in the lamina propria, it may not be trans-
ported into the gut lumen or may be degraded during the pas-
sage from the site of infection in the small bowel to the stool.

Previously, Kandil and colleagues suggested that TNF-a is a
major mediator of diarrhea in porcine cryptosporidiosis (11).
In contrast, our data demonstrate that neither TNF-a nor IL-
1b was significantly associated with symptoms in human vol-
unteers. We cannot exclude the possibility that TNF-a or
IL-1b may synergize some unmeasured factor to cause diar-
rhea in cryptosporidiosis. However, our data suggest that it is
unlikely that the diarrhea in human cryptosporidiosis is pri-
marily mediated by these cytokines.

Interestingly, similar proportions of patients who were un-
infected (asymptomatic and no oocysts shed), infected (oocyst
positive), and presumably infected (symptomatic without oo-
cysts) expressed TNF-a. This contrasts with prior data that dem-
onstrated an association between expression of gamma interferon
and prevention of oocyst shedding (23) and an association of
IL-15 with control of oocyst shedding in seronegative volun-
teers (P. Robinson et al., submitted for publication). Indeed,
expression of TNF-a did not correlate with expression of either
gamma interferon or IL-15. While TNF-a expression corre-
lated with C. parvum exposure, it is not clear whether it plays
a role in clearing the parasite or is merely an incidental finding.
For now we can conclude that expression of TNF-a is not
sufficient to explain the pathogenesis of diarrhea in cryptospo-
ridiosis.
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