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Gastrointestinal immune events in giardiasis are important in controlling infection. In this study, Peyer’s
patch lymphocytes from mice infected with Giardia muris developed specific, proliferative responses to G. muris
antigen. This proliferation correlated with clearance of infection. Further understanding of the gut immune
response will be helpful in developing immunoprophylactic strategies in the control of giardiasis.

In the common intestinal infection giardiasis, host immu-
nity plays an important role in clearance of Giardia spp. (12,
24, 30), in protection from reinfection (14, 21, 25), and in
production of disease, especially in individuals who present
with spruelike lesions, as determined by intestinal biopsy (7,
23). In the murine model of Giardia muris infection, data
support the importance of both T and B lymphocytes in this
immune response (6). Athymic nude mice cannot clear
infection until they have been reconstituted with lympho-
cytes (24). After reconstitution, it is likely that these mice
clear their infections because they have been supplied with
helper-inducer T lymphocytes, which are required in the
production of intestinal antibody (4, 5, 8, 12, 16). Intestinal
anti-Giardia immunoglobulin G (IgG) and secretory IgA
have been implicated in both protection against and clear-
ance of G. muris (11, 12, 30).

Because of the luminal location of this enteric protozoan,
the gut-associated lymphoid tissue is likely to play the major
role in the development of any immune response (2, 6, 28,
29). Intestinal Peyer’s patches (PP) are the site of antigen
recognition and processing. One of the first steps in this
process may be the ingestion of Giardia antigen by PP
macrophages (2, 8, 20; D. R. Hill, submitted for publication).
This is likely to be followed by antigen processing by
macrophages and sensitization of a population of T cells
which function to help PP B cells differentiate and switch to
produce Giardia sp.-specific secretory IgA (4, 8, 12, 15, 16,
29). In this study, we have examined the development of
antigen-specific lymphocyte proliferation in the PP of G.
muris-infected mice.

(This work was presented in part at the annual meeting of
the American Society of Tropical Medicine and Hygiene,
Washington, D.C., 4 to 8 December, 1988.)

For these studies, the murine model of G. muris infection
was used (26). Six- to eight-week-old female BALB/c mice
(specific pathogen free; Charles River Breeding Laborato-
ries, Portage, Mich.) were screened for the presence of
intestinal parasites and found to be negative. Mice were fed
10°® G. muris cysts by esophageal cannula, and at multiple
time points after infection, stool cyst counts per eight fecal
pellets were determined with a hemacytometer (26) after
sedimentation on a 1 M sucrose gradient. Uninfected mice
were studied simultaneously as controls.

PP cells were obtained by previously established methods
(17, 19, 22). Mice were anesthetized by ether and sacrificed
by cervical dislocation. By using sterile techniques, the
intestines were removed and flushed with cold (4°C) Hank’s
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balanced salt solution. PP were identified, removed, and
placed in cold RPMI 1640 with 5% (vol/vol) fetal calf serum
(GIBCO Laboratories, Grand Island, N.Y.), penicillin (100
U/ml), and gentamicin (50 ng/ml). The PP were teased apart,
the debris was allowed to settle, and the cells in the
supernatant were obtained. The debris was treated with 200
U of collagenase (type IA; Sigma Chemical Co., St. Louis,
Mo.) per ml at 37°C for 60 min to further dissociate adherent
cells (10, 19, 22). These cells were washed and combined
with the previous fraction. All cells were enumerated with a
hemacytometer, tested for viability by trypan blue (0.1%)
exclusion, and differentiated by May-Grunwald staining of
cytocentrifuge preparations. By this method, 2.9 x 107 = 0.9
% 107 cells per mouse were obtained, of which 93.4% + 4.6%
were lymphocytes with greater than 90% viability (values are
means * standard deviations).

G. muris antigen was obtained by harvesting trophozoites
from female CF1 mice 10 days after infection. The small
bowels were opened longitudinally, placed in cold phos-
phate-buffered saline, and shaken vigorously for 10 s. Tro-
phozoites were washed and then purified twice on a metri-
zamide gradient (specific gravity, 1.10) (1). The purified
trophozoite preparation contained less than 400 CFU of
bacteria per 10® trophozoites per ml. Trophozoites were then
concentrated to 5 X 107 to 10 x 107 cells per ml with 1 mM
phenylmethylsulfonyl fluoride, sonicated, and clarified by
centrifugation (5,000 X g, 20 min). Protein concentrations
were determined by the method of Lowry et al. (18).
Approximately 3 mg of protein was obtained per 5 X 107 to
10 x 107 trophozoites.

Atdays 0, 3, 7, 10, 14, 21, 28, 35, 49, and 63 after infection,
PP cells from two infected and two control mice were
concentrated to 10° cells per ml of RPMI 1640 with 2 mM
glutamine, 25 mM HEPES (N-2-hydroxyethylpiperazine-
N'-2-ethanesulfonic acid), 100 U of penicillin per ml, 10 pg
of gentamicin per ml, 100 pg of streptomycin per ml, 5 X
107> M 2-mercaptoethanol, and 10% fetal calf serum. Cells
(10°) were added to triplicate wells of 96-well tissue culture
plates with irradiated splenic accessory cells (3 X 10° cells
per well irradiated at 2,500 rads for 25 min in a Gamma Cell
40, ¥Cs source). For all experiments, spleen cells were
obtained from uninfected BALB/c mice. The optimal G.
muris protein concentration was determined in preliminary
experiments to be 50 pg/ml. G. muris antigen, ovalbumin as
a control antigen (50 wg/ml), or concanavalin A (5 pg/ml) was
added to a total volume of 250 ul per well, and the plate was
incubated in humidified 95% room air-5% CO, at 37°C. After
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FIG. 1. SI of PP cells from G. muris-infected and control,
uninfected mice. PP cells were incubated with G. muris antigen (50
ng/ml) plus irradiated, splenic accessory cells from uninfected mice,
and [*H]thymidine incorporation was measured after 3 days. The SI
is the result of dividing the counts per minute of antigen-stimulated
cells by those of cells without antigen. Bars represent standard
erTors.

72 h, wells were pulsed with [*H]thymidine (1 pnCi per well)
for 4 to 6 h and then harvested, and incorporated radioac-
tivity was measured.

Data are expressed as the stimulation index (SI), in which
the counts per minute of PP cells (with splenic accessory
cells) plus antigen are divided by the counts per minute of PP
cells plus spleen cells alone. Comparisons between groups
were evaluated by Student’s 7 test. All data are expressed as
the mean *+ the standard error of the mean of results from
five complete experiments, with at least three datum points
for each time period.

PP cells obtained from mice infected with G. muris dem-
onstrated blastogenic responses to G. muris antigen. Figure
1illustrates the G. muris-specific SI of PP cells from infected
and control mice during the course of the study. Control
mice remained free of infection with G. muris. From day 0 to
7 there were no differences in the SIs of infected and control
mice. However, the SI of cells from infected mice rose after
day 7, peaked at 9.0 between days 10 and 21, and then
gradually declined, but it remained significantly higher than
the SI from control mice throughout the study (i.e., to day
63). The mean SI + the standard error for PP cells from
infected mice from days 28 through 63 was 5.83 + (.44,
compared with 2.54 = 0.19 for control cells (P < 0.01). The
latter SI did not differ significantly from the mean SI of
control cells for all days (0 through 63), which was 2.78 *
0.13 (P = 0.33). The mean SI of control cells never rose
above 3.6. When PP cells from infected mice were incubated
with ovalbumin as a control antigen, there was no response;
the mean SI for days 0 through 63 was 1.52 * 0.12. The
mean, baseline counts per minute * the standard error in the
absence of exogenous antigen for PP cells from infected mice
(plus irradiated spleen cells) for all days was 2,768 = 338.
The mean counts per minute for these PP cells (plus spleen
cells) incubated with concanavalin A was 229,000 + 41,000.

Figure 2 correlates cyst excretion in infected mice with the
SI of their PP cells. The stool cyst counts began to rise at day
7, remained elevated through day 21, and declined by 3 logs
on day 28 and to below detection (<50 cysts) by day 63. The
SI reached maximum levels 3 to 7 days after cyst counts
peaked. After the maximum SI was reached (at 10 to 21
days), cyst excretion began to decline and the infection was
cleared.
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FIG. 2. A double plot with G. muris cyst excretion (A) and the SI
of PP cells (W) from G. muris-infected mice. Cyst counts were
obtained from eight fecal pellets, and the lower limit of cyst
detection was 50. Bars represent standard errors.

Increasing evidence points to important gastrointestinal
immune events in the control of infection with Giardia
spp. (6). This study demonstrates that during murine infec-
tion with G. muris, there is a specific lymphocyte response
to Giardia antigen, the development of which correlates
with clearance of infection. This finding supports other
work which has examined immune events in PP of
G. muris-infected mice. Carlson and colleagues (3) demon-
strated that the total number of lymphocytes in PP began
to rise at 7 to 10 days, remained elevated through 21 days,
and gradually declined to control levels as infection was
cleared. Associated with this increase was a switch in
surface immunoglobulin markers of B cells from the IgM
isotype to IgA (4). Serum and gut anti-Giardia antibodies
followed this same course by beginning to rise 1 to 2 weeks
following infection (6, 11, 12, 27). Taken together with
previous work, the results from this study suggest a probable
sequence in the host response to Giardia spp. There is initial
antigen processing with a subsequent blastogenic response
in which T cells sensitized to Giardia antigen act as help for
B cells in immunoglobulin switching and maturation for the
production of specific anti-Giardia antibody (3-6, 10, 12, 13,
16).

In our study, the blastogenic response peaked from days
10 through 21 and remained elevated for the duration of the
study, suggesting that even though mice had cleared their
infection, their gut immune system remained primed to
Giardia antigen. This finding is consistent with the resistance
to reinfection that mice demonstrate (25). Although the
specific contribution of B and T cells to the proliferative
response was not measured, it is likely that both are being
stimulated, on the basis of the sequence of immune events in
PP.

Lastly, the Giardia antigen preparation itself induced
weak thymidine uptake in cells from uninfected mice (Fig. 1)
compared with the response by cells from infected mice
incubated with ovalbumin. This suggests a minor mitogenic
effect of the preparation, possibly from Giardia proteins or
from contamination with enteric contents such as endotoxin.

As the immune events in the host response to Giardia spp.
are elucidated, the system used in the present study should
prove valuable in defining the specific antigens to which this
response is directed. This should yield additional informa-
tion in understanding giardiasis and in developing immuno-
prophylactic strategies to control this common infection.



VoL. 58, 1990

This work was supported in part by Public Health Service grant
AI-22438 from the National Institute of Allergy and Infectious
Diseases. D.R.H. is a recipient of the Smith, Kline and French
Laboratories Young Investigator Award of the Infectious Diseases
Society of America.

I thank Roderike Pohl for technical assistance and Robert Clark
for helpful comments and suggestions.

10.

11.

12.

13.

14.

15.

LITERATURE CITED

. Andrews, J. S., J. J. Ellner, and D. P. Stevens. 1980. Purification

of Giardia muris trophozoites by using nylon fiber columns.
Am. J. Trop. Med. Hyg. 29:12-15.

. Bienenstock, J., and A. D. Befus. 1980. Mucosal immunology.

Immunology 41:249-270.

. Carlson, J. R., M. F. Heyworth, and R. L. Owen. 1986.

Response of Peyer’s patch lymphocyte subsets to Giardia muris
infection in BALB/c mice. I. T-cell subsets. Cell. Immunol.
97:44-50.

. Carlson, J. R., M. F. Heyworth, and R. L. Owen. 1986.

Response of Peyer’s patch lymphocyte subsets to Giardia muris
infection in BALB/c mice. II. B-cell subsets: enteric antigen
exposure is associated with immunoglobulin isotype switching
by Peyer’s patch B cells. Cell. Immunol. 97:51-58.

. Cebra, J. J., P. J. Gearhart, R. Ramat, S. M. Robertson, and J.

Tseng. 1976. Origin and differentiation of lymphocytes involved
in the secretory IgA response. Cold Spring Harbor Symp.
Quant. Biol. 41:201-215.

. denHollander, N., D. Riley, and D. Befus. 1988. Immunology of

giardiasis. Parasitol. Today 4:124-131.

. Duncombe, V. M., T. D. Bolin, A. E. Davis, A. G. Cummins, and

R. L. Crouch. 1978. Histopathology in giardiasis: a correlation
with diarrhea. Aust. N. Z. J. Med. 8:392-396.

. Elson, C. O. 1985. Induction and control of the gastrointestinal

immune system. Scand. J. Gastroenterol. 20(Suppl. 114):1-15.

. Elson, C. O., J. A. Heck, and W. Strober. 1979. T-cell regulation

of murine IgA synthesis. J. Exp. Med.149:632-643.

Frangakis, M. V., W. J. Koopman, H. Kiyono, S. M. Michalek,
and J. R. McGhee. 1982. An enzymatic method for the prepa-
ration of dissociated murine Peyer’s patch cells enriched for
macrophages. J. Immunol. Methods 48:33—44.

Heyworth, M. F. 1986. Antibody response to Giardia muris
trophozoites in mouse intestine. Infect. Inmun. 52:568-571.
Heyworth, M. F. 1989. Intestinal IgA responses to Giardia muris
in mice depleted of helper T lymphocytes and in immunocom-
petent mice. J. Parasitol. 75:246-251.

Heyworth, M. F., J. R. Carlson, and T. H. Ermak. 1987.
Clearance of Giardia muris infection requires helper/inducer T
lymphocytes. J. Exp. Med. 165:1743-1748.

Istre, G. P., T. S. Dunlop, G. B. Gaspard, and R. S. Hopkins.
1984. Waterborne giardiasis at a mountain resort: evidence for
acquired immunity. Am. J. Public Health 74:602-604.
Kawanishi, H., L. E. Saltzman, and W. Strober. 1983. Mecha-

16.

17.

18.

19.

20.

21.

22.

23.
24,

25.

26.

27.

28.

29.
30.

NOTES 2685

nisms regulating IgA class-specific immunoglobulin production
in murine gut-associated lymphoid tissues. I. T cells derived
from Peyer’s patches that switch sigM B cells to sIgA B cells in
vitro. J. Exp. Med. 157:433—450.

Kiyono, H., M. D. Cooper, J. F. Kearney, L. M. Mosteller, S. M.
Michalek, W. J. Koopman, and J. R. McGhee. 1984. Isotype
specificity of helper T cell clones. Peyer’s patch Th cells
preferentially collaborate with mature IgA B cells for IgA
responses. J. Exp. Med. 159:798-811.

Kiyono, H., J. R. McGhee, M. J. Wannemuehler, M. V. Fran-
gakis, D. M. Spalding, S. M. Michalek, and W. J. Koopman.
1982. In vitro responses to a T cell-dependent antigen by culture
of dissociated murine Peyer’s patches. Proc. Natl. Acad. Sci.
USA 79:596-600.

Lowry, O. H., N. J. Rosebrough, A. L. Farr, and R. J. Randall.
1951. Protein measurement with the Folin phenol reagent. J.
Biol. Chem.193:265-275.

MacDonald, T. T., and P. B. Carter. 1982. Isolation and
functional characteristics of adherent phagocytic cells from
mouse Peyer’s patches. Immunology 45:769-774.

Owen, R. L., C. L. Allen, and D. P. Stevens. 1981. Phagocytosis
of Giardia muris by macrophages in Peyer’s patch epithelium in
mice. Infect. Immun. 33:591-601.

Oyerinde, P. O., O. Ogunbi, and A. A. Alonge. 1977. Age and
sex distribution of infections with Entamoeba histolytica and
Giardia intestinalis in the Lagos population. Int. J. Epidemiol.
6:231-234.

Richman, L. K., A. S. Graeff, and W. Strober. 1981. Antigen
presentation by macrophage-enriched cells from the mouse
Peyer’s patch. Cell. Immunol. 62:110-118.

Ridley, M. J., and D. S. Ridley. 1976. Serum antibodies and
jejunal histology in giardiasis. J. Clin. Pathol. 29:30-34.
Roberts-Thomson, I. C., and G. F. Mitchell. 1978. Giardiasis in
mice. I. Prolonged infections in certain mouse strains and
hypothymic (nude) mice. Gastroenterology 75:42—46.
Roberts-Thomson, 1. C., D. P. Stevens, A. A. F. Mahmoud, and
K. S. Warren. 1976. Acquired resistance to infection in an
animal model of giardiasis. J. Immunol. 117:2036-2037.
Roberts-Thomson, I. C., D. P. Stevens, A. A. F. Mahmoud, and
K. S. Warren. 1976. Giardiasis in the mouse: an animal model.
Gastroenterology 71:57-61.

Snider, D. P., and B. J. Underdown. 1986. Quantitative and
temporal analyses of murine antibody response in serum and gut
secretions to infection with Giardia muris. Infect. Immun.
52:271-278.

Targan, S. R. (moderator). 1987. Immunologic mechanisms in
intestinal diseases. Ann. Intern. Med. 106:853-870.

Tomasi, T. B. 1983. Mechanisms of immune regulation at
mucosal surfaces. Rev. Infect. Dis. 5(Suppl. 4):S784-S792.
Underdown, B. J., D. L. Skea, G. M. Loney, and D. P. Snider.
1988. Murine giardiasis and mucosal immunity: a model for the
study of immunity to intestinal protozoan parasites. Monogr.
Allergy 24:287-296.



