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Abstract. To examine the importance of intestinal inflammation in the diagnosis and pathogenesis of human
cryptosporidiosis, stools of healthy adult volunteers before and after experimental infection were tested for fecal
lactoferrin, interleukin-8 (IL-8), and tumor necrosis factor-� (TNF-�). Stool samples of Brazilian children with well-
defined Cryptosporidium infection, with or without diarrhea, were also tested for IL-8 and TNF-�. Only one of the 14
volunteers challenged with Cryptosporidium had increased fecal lactoferrin. However, of 17 stool specimens from
children with only Cryptosporidium infection from a previous study, 12 had mild to moderately elevated lactoferrin
despite negative work-up for inflammatory enteritides. One of 10 adult volunteers who developed diarrhea with ex-
perimental cryptosporidiosis and three of 11 children with cryptosporidiosis and diarrhea had detectable fecal IL-8. The
level of TNF-� was increased only in one of 14 volunteers and in none of the children. Although considered relatively
non-inflammatory, cryptosporidiosis is often associated with mild inflammation, especially in children in an endemic
area.

INTRODUCTION

Cryptosporidium spp. are coccidian parasites that have
been known to be pathogenic to animals and humans.
Cryptosporidiosis is recognized as a cause of severe pro-
longed watery diarrhea in patients with the acquired immu-
nodeficiency syndrome and also as a cause of sporadic and
epidemic diarrhea in both immunocompetent and immuno-
compromised hosts. In children, cryptosporidiosis has been
associated with persistent diarrhea and malnutrition.1,2

The pathophysiology of diarrhea induced by Cryptospori-
dium is not clear. The parasite is primarily intracellular, but is
extracytoplasmic in the intestinal epithelium of the host. It
elicits a predominantly secretory diarrhea. At least three
types of mechanisms have been proposed3: parasite-induced
damage of intestinal architecture leading to malabsorption
and osmotic diarrhea; the release of metabolites of inflamma-
tory or hormonal nature (or both) as part of the host response
to the infection, which in turn may induce intestinal secretion
possibly associated with malabsorption; and parasite produc-
tion of an enterotoxic moiety responsible for secretory diar-
rhea.3

The purpose of this study was to investigate indications of
an inflammatory component in experimentally acquired C.
parvum infection in healthy adult volunteers and in naturally
acquired cryptosporidial diarrhea in Brazilian children. Stool
samples were assayed for interleukin-8 (IL-8), tumor necrosis
factor-� (TNF-�), and lactoferrin, which were used as indica-
tors of inflammation.

MATERIALS AND METHODS

Informed consent was obtained from the adult volunteers
and parents or guardians of the children. The human experi-
mentation guidelines of the U.S. Department of Health and
Human Services and Federal University of Ceará were fol-
lowed in this study.

Volunteer studies. Healthy, adult volunteers were tested
for anti-C. parvum IgM and IgG by enzyme-linked immuno-
sorbent assay using an antigen preparation from disrupted
oocysts.4 Subjects were grouped by serostatus and challenged
with known numbers of either the Iowa or TAMU isolate of
C. parvum (bovine genotype) oocysts. Seropositive volun-
teers received a median dose of 500 (range � 100–1,000)
oocysts of the Iowa isolate (50% infectious dose [ID50 ] �
10). There were no significant differences in the rate and
intensity of infection between seronegative and seropositive
volunteers. Volunteers were then monitored over a 6–8-week
period for illness and infection parameters. Two or more stool
samples were selected from nine antibody-negative and six
antibody-positive volunteers. Stool samples included one
sample from days 0–2 (before symptoms) and one or more
samples during and following the diarrheal episode. For those
subjects that did not develop diarrhea, stool samples were
selected from the time period in which illness typically oc-
curred. Clinical microbiologic work-up confirmed that no
other known enteric pathogens were present in subjects who
experienced a diarrheal illness. Cryptosporidium parvum oo-
cysts in stool were detected by direct immunofluorescence.
Brazilian cohort. Stool specimens were screened for enteric

bacterial, viral, or parasitic pathogens as a part of a cohort
study of 189 children in Gonçalves Dias, a shantytown in
Fortaleza, Brazil, that has been recently described in detail.2

The epidemiology of cryptosporidial infection and presence
of lactoferrin in their stools were previously reported.5 Stools
that were available from 18 of these children with only
cryptosporidial infection were tested for cytokines, and after
having been frozen at −70°C, were retested for lactoferrin. In
addition, we also studied nutritional status-matched control
children in the same cohort study with no diarrhea for three
weeks and no known enteric pathogens.

Information on breast-feeding history, nutritional status,
and diarrhea were gathered. Diarrhea was defined as three or
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more liquid stools per day lasting at least one day. The chil-
dren were classified according to having acute (AD) or per-
sistent (PD) diarrhea, defined as diarrhea lasting for < or � 14
days, respectively. Salmonella, Shigella, Campylobacter, en-
terotoxigenic (ETEC), enteropathogenic (EPEC), enteroag-
gregative (EAggEC), enteroinvasive (EIEC), or enterohem-
orrhagic (EHEC) Escherichia coli (by gene probes], rotavirus,
Giardia, Cyclospora, or helminths were found using standard
methods as previously described.6,7 Stool specimens were ex-
amined for Cryptosporidium oocysts by fecal concentrations
followed by modified acid-fast and auramine staining.
Fecal dilution. Stool samples were removed from the −70°C

freezer and thawed. Small aliquots were diluted in 1:2 (w/v) in
phosphate-buffered saline containing 2-amino-4-methyl-
thiazole-5-sulfonyl fluoride, aprotinin, and leupeptin (Sigma,
St. Louis, MO). After thorough mixing and centrifugation (10
min at 1,2000 rpm), supernatants were collected and tested
for lactoferrin, IL-8, and TNF-�.
Lactoferrin latex agglutination assay. Stool supernatants

were tested according to the manufacturer’s specifications in-
cluding appropriate kit controls (LEUKO-TEST; Tech Lab,
Blacksburg, VA). Ten microliters of stool supernatant (1:3
dilution) was added to 72.5 �l of diluent yielding a 1:25 dilu-
tion. Twenty-five microliters of the sample and 25 �l of sen-
sitized latex (lactoferrin antibody-coated latex beads) were
mixed and observed for agglutination after three minutes.
Positive and negative controls provided with the test kits were
also performed. Agglutination reaction was graded with the
unaided eye from 0 (no agglutination) to 3+ (large agglutina-
tion with a clear background). For stools positive at a dilution
of 1:25, a two-fold serial dilution (1:50 to 1:800) was done until
lactoferrin was negative. The highest dilution at which the test
result was positive was recorded as the positive titer.
Interleukin-8 and TNF-� assay. IL-8 and TNF-� determi-

nations were performed in stool supernatants using commer-
cially available human IL-8 or TNF-� enzyme immunoassays
(Quantikine IL-8 and TNF-�; R&D Systems, Minneapolis,
MD and Cytoscreen IL-8; Biosource International, Cama-
rillo, CA). Each test was performed according to the manu-
facturer’s specifications. Briefly, standards and samples were
pipetted into wells pre-coated with monoclonal antibodies to
IL-8 or TNF-�. Unbound substances were washed off and a
substrate solution was added to the wells. The color devel-
oped in proportion to the amount of cytokine bound. The
color was measured by an enzyme-linked-immunosorbent as-
say reader. Stool supernatant from a patient with known ac-
tive inflammatory bowel disease and Caco-2 cell culture su-
pernatant served as positive and negative controls, respec-
tively.
Statistical analysis. For statistical comparison between

groups, Fisher’s exact test was used. A significant difference
was defined as P < 0.05.

RESULTS

Cryptosporidiosis in adult volunteers.Among nine Crypto-
sporidium seronegative volunteers, three had diarrhea and
oocyst shedding, three had mild or no diarrhea but with oo-
cyst shedding, and three had neither diarrhea nor oocyst
shedding. Among six seropositive volunteers, three had diar-
rhea and oocyst shedding, two had diarrhea but without oo-

cyst shedding, and one had neither diarrhea nor oocyst shed-
ding.

Thirty-six stool specimens from the 15 immunocompetent
volunteers were tested for lactoferrin, IL-8, and TNF-�
(Table 1). Fifteen stools taken prior to experimental chal-
lenge with C. parvum oocysts were negative for lactoferrin
and IL-8. Of the 21 specimens taken post-challenge, only one
had a lactoferrin titer > 1:50 (titer � 1:400) and three had
detectable IL-8. The specimen with an elevated level of lacto-
ferrin was from a Cryptosporidium-seropositive patient dur-
ing acute diarrhea. That patient also had an elevated level of
IL-8 and oocyst shedding. Lactoferrin, IL-8, and oocysts be-
came undetectable with resolution of symptoms. The other
two stool specimens with elevated levels of IL-8 occurred in
two individuals who did not develop diarrhea or oocyst shed-
ding; one was from a seropositive volunteer on day 42 post-
oocyst ingestion and the other was from a seronegative vol-
unteer on day 9 post-oocyst ingestion. The TNF-� levels in
pre-challenge specimens were undetectable or low (highest
titer � 10.38 pg/ml). The TNF-� levels in post-challenge
specimens were unchanged except for one that had a mildly
elevated level of 53 pg/ml. This was from a seropositive vol-
unteer (on day 10 post-oocyst ingestion) who developed di-
arrhea but did not shed oocysts.
Cryptosporidiosis in children.Of stool specimens screened

for enteric pathogens, 73 yielded Cryptosporidium oocysts.5

Nineteen of these 73 specimens were positive only for Cryp-
tosporidium oocysts and no other pathogen. These specimens
came from 18 children 3–43 months old. Six of these 19 speci-
mens came from children who had height-for-age Z (HAZ) or
weight-for-age Z (WAZ) scores of −2 or lower, and eight of
19 had HAZ scores and seven of 19 had WAZ scores of −1 to
> −2. Eleven of 19 specimens with cryptosporidiosis came
from children who had AD, four who had PD, and four who
had no diarrhea. One child had two episodes of cryptospo-
ridiosis: an earlier one associated with diarrhea and malnu-
trition and another episode, two years later, without diarrhea
and malnutrition. The presence of lactoferrin (qualitative de-

TABLE 1
Fecal lactoferrin (LF), interleukin-8 (IL)-8, and tumor necrosis fac-

tor-� (TNF)-� in seropositive (+) and seronegative (−) adult vol-
unteers with experimental cryptosporidiosis and with (A) or with-
out (N) diarrhea, and in Brazilian children with acquired
cyrptosporidiosis and acute (A), persistent (P), or no (N) diarrhea*

Adults
LF
titer

IL-8
(pg/ml)

TNF-�
(pg/ml) Children

IL-8
(pg/ml)

TNF-�
(pg/ml)

1 +/A 1:400 1375.6 <10 1 A 14.28 11.79
2 +/A <1:50 <10 <10 2 A 183.6 ND
3 +/A <1:50 <10 <10 3 A 252 ND
4 +/A <1:50 <10 <10 4 A <10 11.07
5 +/A <1:50 <10 52.62 5 A <10 <10
6 −/A <1:50 <10 10.38 6 A <10 <10
7 −/A <1:50 <10 <10 7 A <10 11.07
8 −/A <1:50 <10 <10 8 A <10 <10
9 −/A <1:50 <10 <10 9 A <10 <10

10 −/A <1:50 <10 <10 10 A <10 10.38
11 −/N <1:50 <10 <10 11 PO <10 <10
12 −/N <1:50 47.55 <10 12 P ND ND
13 −/N <1:50 <10 <10 13 P ND ND
14 +/N <1:50 57.12 <10 14 N <10 ND
15 −/A ND ND ND 15 N <10 <10

16 N ND ND
17 N ND ND
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scription) was previously reported for the children with
cryptosporidial infection.5 The quantitative lactoferrin levels
of the 17 children with only cryptosporidial infection and no
other known enteric infections are shown in Figure 1.

Thirteen and 10 specimens from infected children were
available for IL-8 and TNF-� assays, respectively (Table 1).
Levels of IL-8 were detectable (15–252 pg/ml) in three of 11
children with diarrhea, but not in those without diarrhea. Lev-
els of TNF-� were not elevated (range � 6–12 pg/ml) in any
of the 10 children with cryptosporidial infections. Fifteen
specimens from children with comparable HAZ and WAZ
scores (two with Z scores � −2; P � 0.257, five with Z scores
> −2 to –1; P � 0.728, and eight with Z scores > −1; P �
0.160), without diarrhea, and with no enteric pathogens were
tested for lactoferrin and IL-8. Lactoferrin levels were el-
evated only in three of 15 of the control children. Levels of
IL-8 were elevated in six (40%) of 15 control children and
three (26%) of 13 infected children, but this difference was
not significant (P � 0.435, by Fisher’s exact test). Unfortu-
nately, specimen quantities in the controls did not permit
measurement of TNF-� levels.

DISCUSSION

An important diagnostic clue in considering whether diar-
rhea is an inflammatory or a non-inflammatory process is the
examination for fecal leukocytes or lactoferrin. In this study,
we used the detection of lactoferrin, a protein found in sec-
ondary granules of polymorphonuclear cells, as a marker for
fecal leukocytes. Since the fecal lactoferrin test is more sen-
sitive than stool analysis for leukocytes, it may help define
mild sub-clinical inflammatory enteritis.8 We noted that only
one of 14 adult volunteers challenged with Cryptosporidium
oocysts had detectable lactoferrin (Figure 1). In contrast, 12
of 17 specimens from children with only Cryptosporidium in-
fection had mild to moderate elevation of fecal lactoferrin.
This included 11 of 13 specimens from children with diarrhea,
but only one of four asymptomatic infections (P � 0.05, by

Fisher’s exact test). In comparison, only three of 15 HAZ and
WAZ score-matched children without diarrhea and no en-
teric pathogens had elevated levels of lactoferrin (P � 0.006,
by Fisher’s exact test; P� 0.025 if the two breast-fed children
with increased lactoferrin are excluded). Although the sample
size was small, this finding suggests that there may be a mild
sub-clinical inflammatory component in cryptosporidiosis in
children with diarrhea.

It is noteworthy that although only six of 18 children were
stunted or wasted (based on the World Heath Organization
standard, i.e., HAZ or WAZ � −2, respectively), an addi-
tional eight were probably mildly malnourished (Z scores �
−1 to > −2), thus affirming previous observations on the as-
sociation of malnutrition with Cryptosporidium infection in
developing countries.1,2 Interestingly, the majority of the chil-
dren with acute diarrhea (11 AD versus 4 PD) and three with
ND had HAZ or WAZ scores � −1 (to −3.1), illustrating that
cryptosporidiosis can be associated with malnutrition inde-
pendent of chronic or persistent diarrhea, as had been shown
by others.9 Inflammatory mediators (e.g., histamine, bradyki-
nin, nitric oxide, platelet-activating factor) and cytokines
(e.g., IL-1 and IL-3) are known to be intestinal secretory
agonists.10 Several studies have implied that locally produced
cytokines such as IL-1�, TNF-�, and IL-8 act as mediators of
mucosal inflammation. Both IL-1� and TNF-� stimulate
prostaglandin production in vitro, and in experimental colitis
the induction of IL-1� precedes the increase of prostaglandin
production.11 Porcine cryptosporidiosis is associated with his-
tologic evidence of inflammation in the lamina propria and
IL-1, TNF-�, and prostaglandins have been postulated to
have a role in the pathogenesis of cryptosporidiosis.12 In con-
trast, expression of TNF-� and IL-1 in adult volunteers did
not correlate with enteric symptoms.13

This study demonstrated that compared with control and
pre-challenge levels of fecal IL-8 in children and human vol-
unteers, respectively, three of 11 children with diarrhea and
one of 11 adults who developed diarrhea post-challenge had
detectable IL-8. Although this difference was not statistically
significant, 40% of the control children were noted to have
elevated levels of IL-8 compared with only 23% of the in-
fected children. Whether this implies protection or immunity
associated with IL-8 positivity in children is unclear and re-
quires further study. Also, only one adult had mildly elevated
levels of fecal TNF-� post-challenge. In contrast, there is evi-
dence of detectable TNF-� mRNA in the majority of jejunal
biopsies of healthy volunteers after experimental challenge,13

and TNF-� and IL-8 mRNA and protein in C. parvum-
infected human intestinal xenografts in severe combined im-
munodeficient mice.14,15 This discrepancy between stool and
intestinal tissue cytokine levels may be explained by the
greater sensitivity of tissue assays and by the need for re-
peated assays to detect fecal cytokines. Furthermore, bacteria
and proteases in the stool specimens could have destroyed
secreted cytokines, resulting in falsely low levels.

There was significantly more inflammation in the children
with naturally occurring cryptosporidiosis than seen in the
adult volunteers. This may be due to the milder illness noted
in volunteer studies. For example, only six of 15 shed oocysts
and most had a short duration of illness. It is possible that the
difference in the intensity of infection and inflammatory re-
sponse was due to the presence of other enteric pathogens
(e.g., cytomegalovirus or other organisms not commonly seen

FIGURE 1. Fecal lactoferrin levels in healthy adult volunteers ex-
posed to Cryptosporidium parvum and Brazilian children with ac-
quired cryptosporidioisis. Each point represents the highest value for
each individual. *Lactoferrin data from 17 children with cryptospo-
ridiosis only of 73 previously reported.5 P � 0.006, by Fisher’s exact
test, P � 0.025 if the two breast-fed children with increased lacto-
ferrin are excluded. � � no diarrhea; � � acute diarrhea; � �
persistent diarrhea; dotted � ooyst shedding; gray � breast-feeding.
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in this population) that our screening methodology had
missed. Also, although not known in this study, the genotypes
of C. parvum isolates from the Brazilian children may be
distinct from those of the adult volunteers. In a recently pub-
lished study,16 the majority of C. parvum isolates recovered
from infected Peruvian children were of the human genotype
(67 of 85 infection episodes).The bovine genotype was re-
ported in only eight cases. Whether inflammatory response is
more pronounced or whether there are other factors involved
in children in developing areas compared with previously
healthy adults warrants further investigation. An inflamma-
tory component of cryptosporidiosis may explain why in mal-
nourished children, the infection is associated more with de-
hydration, fever, vomiting, prolonged diarrhea, longer hospi-
talization, and long-term growth and developmental
shortfalls.17,18 More studies on the inflammatory process ob-
served in endemic cryptosporidiosis are needed to shed light
on the interrelationship of cryptosporidiosis, malabsorption,
and malnutrition especially in children in tropical developing
areas.
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