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The effects exerted by human recombinant interleukin-1b (hrIL-1b) and

the prostaglandin inhibitor indomethacin on the course of Cryptosporidium baileyi

infection in chickens were studied. Daily oocyst shedding was monitored by a

quantitative method throughout the experiment. Humoral immune response to

C. baileyi was assessed by ELISA at 3 weeks of age while the level of cellular

immune response to phytohaemagglutinin-P (PHA-P) by a skin test at 23 days of

age. Parenteral application of hrIL-1b decreased oocyst shedding to 62%, but the

infection ran a similar course in treated and control birds. The PHA-P skin test

demonstrated increased cellular immune reaction in chickens receiving IL-1b, but

there was no significant difference in the humoral responses of the two groups as

detected by ELISA. On the other hand, indomethacin mixed to the feed lessened

oocyst shedding to 13.7% and also shortened its duration. Immunological pa-

rameters as reflected by PHA-P skin test and ELISA results indicated enhanced

cellular but unaltered humoral immune response. These data suggest that the sys-

temic application of interleukin-1 can induce partial protection against C. baileyi

in chickens and that prolonged, abundant oocyst shedding is due to an indometha-

cin-sensitive immunodepression via the prostaglandin pathway.
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Cryptosporidium baileyi is a widespread coccidian parasite of most avian

species (Lindsay and Blagburn, 1990) that can inhabit the microvillous brush-

border of epithelial cells lining the respiratory, alimentary and urinary tracts.

Oral experimental infection of chickens with C. baileyi oocysts does not always
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produce clinical signs (Current et al., 1986), although naturally occurring en-

teroepithelial cryptosporidiosis can result in weight loss, weakness and diarrhoea

(Gorham et al., 1987).

During the development of immunity to pathogens avian macrophages pro-

duce interleukin-1 (IL-1) which acts on granulocytes and lymphocytes, e.g. by in-

ducing T cell proliferation (Klasing, 1991). When T lymphocytes promoting the

cellular immune response are activated, they release IL-2, an important cytokine

for the differentiation of T and B lymphocytes, NK cells and macrophages of birds

(Kaiser, 1996). In situ synthesized prostaglandins (PGs), especially PGE2, suppress

IL-2 production in mammals (Chouaib et al., 1984), while indomethacin can re-

verse this action via inhibition of PG synthesis (Vane, 1971). A similar role of in-

domethacin has been found in chickens (Macari et al., 1993).

IL-1 was demonstrated earlier as an important factor in controlling infec-

tion of chickens with closely related Eimeria spp. (Byrnes et al., 1993) and IL-2

decreased oocyst shedding and disease susceptibility during chicken coccidiosis

(Isobe and Lillehoj, 1993). The pivotal role of T cells in the expulsion of pri-

mary, and resistance to secondary, infection with C. baileyi was suggested, as

both chemical or surgical thymectomy of chickens (Hatkin et al., 1993; Sréter et

al., 1996) and abrogation of macrophage phagocytic activity (Ree et al., 1994)

resulted in the establishment of reinfection. However, information is still lacking

on the role of IL-1 and immunoregulatory PGs during experimental crypto-

sporidiosis of chickens.

The chicken IL-1 receptor has 60% amino acid sequence homology with

its human counterpart (Guida et al., 1992), and human recombinant IL-1b im-

proved vaccination against numerous poultry pathogens (Ananiev et al., 1997).

On the other hand, the chicken IL-1 has been only partially purified (Klasing and

Peng, 1987). Thus the purpose of the present study was to provide information

on the role of IL-1 and on the effect of PG-inhibitor indomethacin on the out-

come of experimental cryptosporidiosis, assuming that human IL-1b has similar

effects in man and in chicken (Rothwell, 1991; Macari et al., 1993) and that

orally administered cyclo-oxygenase inhibitors could reverse suppressed IL-2

production in mammals (Endres et al., 1990).

Materials and methods

Experimental design

Newly hatched chickens were randomly assigned to groups of 12 birds

kept with continuous illumination in electrically heated, wire-bottomed cages.

Feed and water were available ad libitum. The basal diet (Bábolna Co., Bábolna,
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Hungary) consisted of a commercial-type starter ration that contained 20.3%

crude protein and had been specially formulated to exclude anticoccidials, anti-

oxidants and antibiotics.

The study was performed in two parts (Experiment 1 and Experiment 2).

In Experiment 1 one group of Arbor Acres chickens (IL1) received a daily in-

tramuscular injection of 5 ng human recombinant interleukin-1b (ARIVETINÔ,

described by Ananiev et al., 1997) from Day 6 until Day 11, and another group

served as control (IC1). In Experiment 2 one group of Tetra-H chickens (IND)

was fed with indomethacin mixed to their feed at 100 mg/kg from Day 6. Birds

of the same breed and age served as controls (IC2). The chickens were weighed

at the age of 23 days.

Oocysts of C. baileyi were originally isolated from an outbreak in Hun-

gary (Dobos-Kovács et al., 1994) and were maintained by serial passages in

chickens. Isolation, storage and preparation of the inoculum were performed as

described by Current et al. (1986). At the age of 1 week, chickens were inocu-

lated orally with 8 × 105 C. baileyi oocysts. From Day 4 postinfection (PI) the

total faeces of all groups was removed and weighed daily. The oocyst content

for each 24-h period was determined by a quantitative method described previ-

ously (Varga et al., 1995). When oocysts were not found by this technique, fae-

cal samples were checked with Sheather�s sugar flotation method utilizing its

higher sensitivity to detect low-level infections (Current, 1990).

ELISA

Blood samples were taken from all chickens at 3 weeks of age. Sera were

stored at �20 °C until use. For antigen preparation oocysts were purified by su-

crose-gradient centrifugation as described by Ortega-Mora et al. (1992). The oo-

cysts were finally collected in phosphate-buffered saline (PBS) containing 2 mM

phenylmethylsulfonyl fluoride (PMSF), 1 mM ethylenediamine tetra-acetic acid

(EDTA) and 0.25 mM trans-epoxysuccinyl-L-leucylamido-(4-guanidino) butane

(Sigma, St. Louis, USA), homogenized, and subjected to three freeze-thaw cy-

cles involving incubation in liquid nitrogen for 10 min and subsequent thawing

at 37 °C. The resulting suspension was centrifuged at 17,000 g at 4 °C for

30 min. The supernatant was collected and the protein concentration determined

according to the method of Bradford (1976). ELISA plates were coated with this

antigen in 0.06 M carbonate buffer (pH 9.6) at a concentration of 1 mg protein in

100 ml per well at 4 °C overnight. Further steps of the ELISA were performed

according to the method described earlier (Hornok et al., 1996) except that no

second antibody was used and plates were incubated with rabbit anti-chicken

IgG conjugated to horseradish peroxidase (Nordic, Tilburg, The Netherlands) at

a dilution of 1:1000.
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PHA-P skin test

At the age of 23 days the birds were injected intradermally between the 3
rd

and 4th digits of the right foot with 100 mg phytohaemagglutinin-P (Sigma) in

0.1 ml sterile physiological saline solution (PSS). The left foot was similarly in-

jected with 0.1 ml PSS to serve as a control. The response to PHA-P and PSS

was evaluated by determining the thickness of the interdigital skin with a mi-

crometer 12 h after injection (Corrier and DeLoach, 1990). The cutaneous PHA-

P response was calculated as follows: swelling = (PHA-P post-injection thick-

ness) � (PSS post-injection thickness).

Statistics

Mean values were compared by t-test and differences were considered

significant when P < 0.05.

Results

To compare the susceptibility of two breeds to C. baileyi, Arbor Acres

and Tetra-H chickens were used in Experiment 1 and Experiment 2, respec-

tively. The prepatent period was 5 days in all groups. In Experiment 1 intramus-

cular application of hrIL-1b for 6 days resulted in a decrease of oocyst shedding

to 62% in Group IL1 when compared to the controls (IC1) (Table 1), but it did

not shorten the patency and the infection ran a similar course in the two groups

(Fig. 1). Optical density (OD) values at serum dilution 1:80 in the ELISA per-

formed at 3 weeks of age and mean body weights (MBWs) showed no signifi-

cant difference between IC1 and IL1 chickens. Skin thickness of IL-1 treated

chickens was significantly higher than that of IC1 birds in the PHA-P skin test

(P < 0.01) (Table 1).

In Experiment 2, oral continuous indomethacin uptake diminished the

amount of oocysts shed by Group IND to 13.7% of that of the controls (IC2)

(Table 1), and also shortened its duration by 5 days. Differences in the course of

mean individual C. baileyi oocyst shedding between these groups were more ap-

parent towards the end of the infection (Fig. 2). ELISA OD values indicated no

alteration in humoral responses of IND chickens when compared to IC2 ones 2

weeks postinfection, whereas the PHA-P skin test demonstrated significantly

enhanced cellular immunity (P < 0.01) (Table 1). There was no significant dif-

ference between the MBWs of the groups in Experiment 2. However, the MBW

of Arbor Acres chickens in Experiment 1 was significantly higher than that of

Tetra-H ones in Experiment 2 (data not shown).
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Table 1

Different parameters in chickens inoculated with 8 × 105 Cryptosporidium baileyi oocysts

at 1 week of age, including mean total oocyst shedding (TO/group) in millions, the length

of the patent period in days, optical density (OD) values in the ELISA at 3 weeks of age

at serum dilution 1:80 (multiplied by 1000) and skin thickness in phytohaemagglutinin (PHA)

skin test in millimetres (mm) at 23 days of age

IC1
*

IL1
�

IC2
**

IND
�

TO/group (106) 1345.2 835.2 1617.6 222

Patency (days) 13 13 16 11

ELISA OD × 1000 341.4 ± 188.5 322.3 ± 189.1 428.9 ± 160.5 452.4 ± 140.7

PHA thickness (mm) 0.475 ± 0.144 0.696 ± 0.194 0.31 ± 0.189 0.594 ± 0.104

*Infected control (Experiment 1); �Interleukin-1 treated group, parenterally receiving hrIL-1 from 6

to 11 days of age; **Infected control (Experiment 2); �Indomethacin-treated group, receiving 100 mg

per kg of feed from 6 days of age
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Fig. 1. Mean daily individual oocyst shedding of IC1 (infected control) chickens and IL1 chickens

(receiving hrIL-1 parenterally from 6 to 11 days of age) in Experiment 1. Birds in both groups

were inoculated with 8 × 105 Cryptosporidium baileyi oocysts at 1 week of age

Discussion

IL-1, IL-2 and PGE2 are important regulators of cellular immune re-

sponses. Peripheral IL-1b production is increased during infection and inflam-

mation (Ulich et al., 1990). IL-1 was found to play an important role in chicken

coccidiosis (Byrnes et al., 1993) and cells of Eimeria-infected chickens had

greater capacity to produce it. The 60% amino acid sequence homology between

Days after infection

Oocysts (× 10
6
)
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human and avian IL-1 receptor (Guida et al., 1992) may reflect functional ho-

mology between phylogenetically conserved molecules (Heguy et al., 1992)

which was further substantiated by successful induction of fever response fol-

lowing parenteral hrIL-1b application in both man and chicken (Rothwell, 1991;

Macari et al., 1993). In Experiment 1 parenteral application of human recombi-

nant IL-1b reduced oocyst shedding by 38% without a major effect on the course

of the infection. Being the key cytokine of the macrophage�T cell interaction in

birds (Klasing, 1991; Klasing, 1994; Qureshi et al., 1994), it enhanced the pro-

liferation of chicken lymphocytes in the PHA-P skin test. On the other hand, it

did not alter the humoral response to C. baileyi at 2 weeks postinfection, when

the biggest differences had been demonstrated earlier between infected and un-

infected chickens (Hornok et al., 1998b), confirming that circulating antibody

levels show no correlation with protection during cryptosporidiosis (Hornok et

al., 1996).
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Fig. 2. Mean daily individual oocyst shedding of IC2 (infected control) chickens and IND chickens

(receiving 100 mg indomethacin per kg of feed from 6 days of age) in Experiment 2. Birds in both

groups were inoculated with 8 × 105 Cryptosporidium baileyi oocysts at 1 week of age

PGs, especially PGE2, can inhibit IL-2 synthesis and production by mam-

malian T cells (Chouaib et al., 1984). Although cytokine production can also be

suppressed by a PG-independent pathway (Stevens and Olsen, 1994), orally ad-

ministered cyclo-oxygenase inhibitors (such as aspirin and indomethacin) in-

crease IL-2 production (Endres et al., 1990), and indomethacin can restore and

significantly increase IL-2 levels during protozoan infections of mammals

(Calabresi et al., 1992). PGs are often associated with parasite-induced immuno-

suppression via inhibition of IL-2 secretion (Cillari et al., 1986; Tarleton, 1988).

Days after infection
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IL-2 was also shown to decrease the susceptibility of chickens to coccidiosis and

Eimeria oocyst shedding (Isobe and Lillehoj, 1993).

In Experiment 2, the PG inhibitor indomethacin was very effective in de-

creasing the reproductive potential of C. baileyi and in accelerating its expul-

sion. It also caused an increased cellular, cutaneous basophil hypersensitivity re-

action to PHA-P. Since this is a thymus-dependent response mediated by T cells

(Stadecker et al., 1977), it suggests the involvement of IL-2 (Kaiser, 1996). The

opposite can be observed when dexamethasone depresses IL-2 production and

enhances oocyst shedding during chicken coccidiosis (Isobe and Lillehoj, 1993).

On the other hand, the application of indomethacin might have also in-

duced effects other than increased IL-2 production, such as reversing the inhibi-

tory effect of locally liberated PGs on leukocyte migration (Bonta and Parnham,

1979), antibody-dependent cell-mediated cytotoxicity (Droller et al., 1978) and

NK cell activity (Gendron et al., 1992). Indomethacin promotes the migration of

polymorphonuclear leukocytes into inflamed tissue (Higgs and Flower, 1981) and

NK cell activity (Gogu and Blumberg, 1992). It was also reported to inhibit PG-

mediated stimulation of anion secretion and suppression of NaCl absorption during

cryptosporidiosis (Argenzio et al., 1993). However, this cyclo-oxygenase inhibitor

would not be suggested for therapy, since it is ulcerogenic (Prescott, 1976).

Differences between the parasitological parameters and ELISA results of

the control groups reflect breed variation of chickens in susceptibility to C. bai-

leyi infection. Since Tetra-H chickens shed more oocysts, the reproductive po-

tential of this parasite seems to be independent of the body weight of its host.

Parenteral application of C. baileyi oocyst extract and maternal immunity

conferred by hens resulted in a reduction of oocyst shedding to 60% and 45%,

respectively (Hornok et al., 1996; Hornok et al., 1998a). On the other hand, the

oral inoculation of C. parvum oocysts into chickens yielded 83% protection to

C. baileyi challenge (Sréter et al., 1997). The findings of the present study with

the highest (more than 86%) protection reported so far confirm the pivotal role

of local, cellular mechanisms in the elimination of C. baileyi infection, and sug-

gest that prolonged, abundant oocyst shedding is due to an indomethacin-

sensitive immunodepression via the PG pathway.
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