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The protozoan parasite Giardia muris colonizes the mouse small intestinal lumen. This parasite is cleared
immunologically from the intestine of normal mice. In contrast, T-lymphocyte-deficient (nude) mice have an
impaired immunological response to G. muris and become chronically infected. In the present study,
trophozoites were harvested from the intestinal lumen of immunocompetent BALB/c mice and nude mice and
examined for surface-bound mouse immunoglobulins by immunofluorescence microscopy. Immunoglobulin A
(IgA) and IgG, but not IgM, were detected on trophozoites obtained from BALB/c mice, from day 10 of the
infection onwards. Trophozoites from nude mice showed very little evidence of surface-bound mouse
immunoglobulin at any time during the 5-week period immediately following infection of these animals with G.
snuris cysts. Intestinal G. muris infection was cleared by the BALB/c mice but not by the nude animals. The data
suggest that parasite-specific IgA and IgG bind to G. muris trophozoites in the intestinal lumen of
immunocompetent BALB/c mice. Intestinal antibodies that bind to trophozoite surfaces are likely to play an
important part in the clearance of G. muris infection by immunocompetent mice. The inabilit of nude mice to
clear this infection at a normal rate is likely to be due to impairment of Giardia-specific intestinal antibody
production.

Giardia muris is a protozoan parasite that colonizes the
mouse small intestinal lumen (14). Immunocompetent mice
are able to clear G. muris infection spontaneously, whereas
T-cell-deficient nude mice have an impaired capacity to
eliminate this infection (2, 13, 18). It is likely that T lympho-
cytes play an important part in the immunological clearance
of G. muris infection, but their actual role in this process is
uncertain. Previous work has shown that intestinal Peyer's
patches of nude mice have a profound deficiency of lympho-
cytes bearing the helper/inducer T cell marker L3T4 (J. R.
Carlson, M. F. Heyworth, and R. L. Owen, submitted for
publication). Several recent studies indicate that clearance
of intestinal Giardia infections is likely to be antibody
dependent (9, 10, 16). Impaired clearance of G. muris
organisms by nude mice may therefore be a result of
defective production of Giardia-specific intestinal antibody,
due in turn to helper/inducer T cell deficiency. The previous
literature contains very little information about the possible
occurrence of antibodies on G. muris trophozoites harvested
from the intestine of immunocompetent mice. In addition,
the question of whether nude mice have an impaired intes-
tinal antibody response to G. muris does not appear to have
been addressed.
The aims of the present study were (i) to compare the

ability of immunocompetent BALB/c mice and nude mice to
generate an intestinal antibody response to G. muris
trophozoites and (ii) to identify the immunoglobulin class(es)
of anti-trophozoite antibody produced in the intestine of G.
muris-infected mice. Antibody production was monitored by
immunofluorescent staining of trophozoites for surface-
bound mouse immunoglobulins at serial times during the
course of G. muris infection.

MATERIALS AND METHODS

Mice. Female BALB/c mice and nude mice were obtained
from Charles River Laboratories, Kingston, N.Y. Mice were

screened for absence of G. muris infection by examination of
fecal suspensions for cysts (14) and were housed in the
Animal Care Facility, San Francisco Veterans Administra-
tion Medical Center. They were fed laboratory chow (Purina
Co.) and water ad libitum. The study was approved by the
Animal Studies Subcommittee of the Medical Center.

Infection with G. muris and harvesting of intestinal
trophozoites. Mice were infected at the age of 8 weeks by
esophageal inoculation of 1,000 G. muris cysts through a
blunt-ended feeding needle. At serial times over the next 5
weeks, mice were fasted oyernight with access to water and
then anesthetized intraperitoneally with sodium pentobarbi-
tal, and the small intestine was removed. G. muris tropho-
zoites were harvested from the intestinal lumen by a tech-
nique described previously (8). Briefly, the intestinal lumen
was lavaged with 20 ml of Eagle minimum essential medium
supplemented with nonessential amino acids and 10% fetal
calf serum or with 20 ml of phosphate-buffered saline (PBS)
containing 0.1% sodium azide. The resulting trophozoite
suspensions were then centrifuged at 450 x g for 5 min, and
the organisms were suspended in 0.5 ml of supplemented
Eagle medium or PBS-0.1% sodium azide. Trophozoites
were counted by microscopic examination in a hemacytom-
eter.

Reagents for immunofluorescent staining of trophozoites.
Polyclonal rabbit antibodies directed against mouse immu-
noglobulin a, -y, and ,u chains were obtained from Litton
Bionetics, Charleston, S.C. These antibodies had been af-
finity purified by the supplier and tested for specificity
against the relevant class of mouse immunoglobulin by
Ouchterlony immunodiffusion and immunoelectrophoresis.
The affinity-purified antibodies were conjugated to fluores-
cein by the supplier.
Rat immunoglobulin G (IgG) monoclonal antibody di-

rected against the a chain of mouse IgA was produced by a
hybridoma cell line (designated 11.44.2-23-5) kindly pro-
vided by John F. Kearney, University of Alabama, Birming-
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TABLE 1. Fluorescence assay of G. muris trophozoites from intestinal lumen of micea

% Immunoglobulin-positive trophozoites (no. of mice)b
No. of days
postinfection BALB/c mice Nude mice

IgA IgG IgM IgA IgG IgM

<10 2 ± 2 (16) 2 ± 2 (17) 0(6) 1 ± 1 (6) 0(6) 0(6)
10-27 (BALB/c) or 15 ± 2C (41) 10 ± 2d (35) 1 (13) 3 ± 1' (36) 2' (36) 0 (18)

11-35 (nude)
a Fluorescent polyclonal antisera against mouse IgA, IgG, and IgM were used at a dilution of 1:10.
b Data are means + standard error.
c Significantly different from BALB/c mice before day 10 (P < 0.001).
d Significantly different from BALB/c mice before day 10 (P < 0.005).
' Significantly different from BALB/c mice (P < 0.001).

ham (17). This hybridoma was cultured in vitro, and the
resulting monoclonal antibody was purified on an affinity
column of Sepharose beads conjugated to goat anti-rat IgG
antibody. The purified monoclonal antibody was then con-
jugated to biotin.

Rat IgG monoclonal antibody against the Fd portion of
mouse IgG (11) was obtained from Accurate Chemical and
Scientific Corporation, Westbury, N.Y. This antibody is
known to react with mouse IgGl, IgG2a, and IgG2b (5). A
biotinylated form of the monoclonal antibody was a gener-
ous gift from Vector Laboratories, Burlingame, Calif.

Fluorescein-conjugated avidin DCS (cell sorter grade) and
biotinylated polyclonal (goat) antibody to avidin were ob-
tained from Vector Laboratories.
ELISA to check specificity of monoclonal antibodies. Wells

of flat-bottomed, 96-well rigid plastic microtiter plates (Dy-
natech Laboratories, Alexandria, Va.) were coated with
mouse IgA, IgG, or IgM (Miles Laboratories, Naperville,
Ill.) by incubation with each of these immunoglobulins at 10
,ug/ml. The wells were then washed, and 2% bovine serum
albumin was added and the plates were incubated to block
sites on the plastic that were unoccupied by mouse immu-
noglobulin. Nonbiotinylated monoclonal antibodies against
mouse IgA and IgG were added in serial dilutions, starting at
a maximum concentration of 40 ,ug/ml. After incubation for
1 h, the plates were washed to remove unbound antibodies
and then incubated with peroxidase-conjugated goat anti-rat
IgG at a dilution of 1:400 (Cooper Biomedical, Malvern,
Pa.). This antiserum did not cross-react with mouse IgG.
After further washing of the plates, o-phenylenediamine
(Zymed Laboratories, South San Francisco, Calif.) and
0.03% hydrogen peroxide were added. The enzymatic reac-
tion was stopped after 10 min by adding 2 N H2SO4, and the
plates were scanned with an enzyme-linked immunosorbent
assay (ELISA) reader (Bio-Tek Instruments, Burlington,
Vt.) at a wavelength of 490 nm, to record the optical density
in each well. This assay showed that the monoclonal anti-
bodies to mouse IgA and IgG reacted with the appropriate
class of mouse immunoglobulin at concentrations of mono-
clonal antibody down to approximately 1 ,ug/ml. The mono-
clonal antibodies did not bind to inappropriate classes of
mouse immunoglobulin.
Immunofluorescent staining of G. muris trophozoites for

surface-bound mouse immunoglobulins. Trophozoites were
incubated with fluorescein-conjugated polyclonal antisera
against mouse IgA, IgM, and IgG in microtiter plates with
U-shaped wells for 1 h in the dark at 4°C. The fluorescent
antisera were used at a dilution of 1:10. After this incubation,
the trophozoites were washed twice in PBS containing 0.1%
sodium azide, placed on microscope slides, and examined
with a Zeiss fluorescence microscope. Fluorescent and

nonfluorescent trophozoites were counted, and the percent-
age of fluorescent organisms was calculated.

Incubation of trophozoites with biotinylated monoclonal
antibodies was also carried out in U-well microtiter plates.
Trophozoites were incubated with 2 ,ug of biotinylated
monoclonal antibody for 1 h at 4°C. Incubations were carried
out in the presence of 1% heat-inactivated rat serum to
minimize nonspecific binding of monoclonal antibodies to
trophozoite surfaces. After being washed with PBS-0.1%
sodium azide, the organisms were incubated sequentially
with fluorescein-conjugated avidin DCS (2 p.g, for 15 min),
biotinylated polyclonal antiavidin (1 ,ug, for 30 min), and
again with fluorescein-conjugated avidin DCS (2 ,ug, for 15
min). The trophozoites were then washed twice with
PBS-0.1% sodium azide, and the percentage of fluorescent
trophozoites was determined by fluorescence microscopy.
Negative control experiments for immunofluorescent stain-
ing involved (i) omission of biotinylated monoclonal antibod-
ies from the incubation sequence and (ii) substitution of
biotinylated anti-mouse T cell monoclonal antibody (2 ,ug of
rat IgG anti-Thy-1.2; Becton Dickinson, Mountain View,
Calif.) for biotinylated anti-IgA or anti-IgG.
The mean number of total trophozoites counted per mi-

croscope slide was >140 for parasites from BALB/c mice
and >220 for parasites from nude mice.

Statistics. Data were analyzed by Student's unpaired t test.

RESULTS
Time course of G. muris infection. Immunocompetent

BALB/c mice cleared G. muris infection 5 weeks after cyst
inoculation, whereas nude mice showed no evidence of
ability to clear this infection from the gastrointestinal tract.

Detection of mouse immunoglobulins on trophozoite sur-
faces. Trophozoites from BALB/c mice showed surface
fluorescence after incubation with fluorescent polyclonal
antibodies against mouse IgA or IgG. Significantly higher
percentages of trophozoites showed fluorescent staining for
IgA or IgG from day 10 of the infection onwards (Table 1).
Virtually no trophozoites from BALB/c mice showed fluo-
rescent staining after incubation with fluorescein-conjugated
polyclonal anti-IgM. Only small percentages of trophozoites
from nude mice showed evidence of surface-bound mouse
immunoglobulin at any time during the 5-week period imme-
diately following inoculation of these mice with G. muris
cysts (Table 1).
The use of monoclonal antibodies to detect mouse immu-

noglobulins on trophozoite surfaces gave results similar to
those obtained with fluorescent polyclonal antibodies. From
approximately day 10 of the infection onwards, trophozoites
from BALB/c mice showed evidence of surface-bound IgA
and IgG (Fig. 1 and 2). The percentage of trophozoites with
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FIG. 1. Fluorescence photomicrograph of G. n
from a BALB/c mouse, showing parasite-bound
trophozoite was incubated with monoclonal anti
text for details of staining procedure).

surface fluorescence was higher for organi
with anti-IgA than for organisms incubated
monoclonal antibody (Fig. 2). Although son
from BALB/c mice showed surface fluores
cubation with anti-Thy-1.2 monoclonal anti
centage of such fluorescent organisms was
parasites incubated with anti-IgG monoclor
corresponding times during the period that
being cleared by the infected mice (Table 2)

DISCUSSION
The findings in the present study provide s

that immunocompetent BALB/c mice genera
IgA response to infection with G. muris tro
vious work has shown that free anti-trop]
present in the intestinal lumen of Giardia-in
16). However, there have been very few c
tempts to look for IgA or other immur
trophozoites harvested from the intestine of
In one study, human IgA was demonstrated
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nuris trophozoite
mouse IgA. The
,-mouse IgA (see

TABLE 2. Surface fluorescence of G. muris trophozoites after
incubation with various monoclonal antibodiesa

% Fluorescent trophozoites (no. of mice)

Day post- With monoclonal antibody Without
inoculation monoclonal

Anti-IgA Anti-IgG Anti-Thy-1.2 antibody

5 <1 (3) <1 (3) 2(3) 1 (3)
13 5 (3) 2 (3) <1 (3) 0 (3)
15 21 (3) 9(3) 1 (3) 1 (3)
17 17 (3) 6 (3) 1 (3) <1 (3)
18 31 (2) 18 (3) 9 (3) 4 (3)

a Trophozoites from the intestinal lumen of immunocompetent BALB/c
mice were sequentially incubated with biotinylated monoclonal antibody to
mouse IgA, IgG, Thy-1.2, or no biotinylated monoclonal antibody, with
fluorescein-conjugated avidin DCS, with biotinylated antiavidin, and again
with fluorescein-conjugated avidin DCS. Means are shown for various time
points during the course of G. muris infection.

trophozoites obtained from patients with giardiasis (M.
isms incubated Briaud, M. Morichau-Beauchant, C. Matuchansky, G.
I with anti-IgG Touchard, and P. Babin, Letter, Lancet ii:358, 1981). Be-
ne trophozoites cause the trophozoites in that study were obtained from each
,cence after in- patient at a single time point, it is not known whether the IgA
ibody, the per- was parasite specific (Briaud et al., Letter, Lancet ii:358,
lower than for 1981). In the present work, increased staining of trophozo-
nal antibody at ites for IgA from day 10 of G. muris infection onwards
parasites were suggests that IgA on trophozoites was specifically directed

against these organisms.
Positive staining of trophozoites for IgG was the most

unexpected finding in the current work; this observation
strong evidence warrants further study. It might, for example, be feasible to
Lte an intestinal quantify free anti-trophozoite IgG in the intestinal lumen of
phozoites. Pre- Giardia-infected mice by an ELISA technique. Previous
hozoite IgA is work has shown that trophozoite-specific IgG occurs in the
fected mice (1, serum of Giardia-infected mice and humans (15, 16), but the
iocumented at- present study appears to be the first in which IgG has been
ioglobulins on demonstrated on Giardia trophozoites harvested from the
infected hosts. intestinal lumen of any mammalian species. A clinical ob-
on G. lamblia servation which suggests that IgG plays a part in the clear-

ance of human G. lamblia infection is that patients with
common variable hypogammaglobulinemia or X-linked im-
munoglobulin deficiency (who are IgG- and IgA-deficient)
appear to be more susceptible to chronic giardiasis than
patients with selective IgA deficiency (3, 6, 10). It is con-

* ceivable that IgG is important for clearing various intestinal
infections, besides giardiasis, in humans and other mam-
mals.

In the present work, the percentages of IgA+ or IgG+
trophozoites from nude mice were significantly lower than
those from immunocompetent animals. As in earlier studies,
nude mice were found to have an impaired ability to clear G.
muris infection. Inadequate production of trophozoite-
specific IgA or IgG or both is the likely reason why these
animals fail to eliminate Giardia parasites at a normal rate.
This impairment of anti-Giardia antibody production may
result from deficiency of helper/inducer T lymphocytes in

-r---------, Peyer's patches and other lymphoid tissues of nude mice
15 20 (Carlson et al., submitted for publication). I recently found
culation that experimental depletion of helper/inducer T lymphocytes
s f d in previously immunocompetent BALB/c mice by injection
incubation with with anti-L3T4 monoclonal antibody (4) inhibits the clear-

-). Details of the ance of G. muris infection (unpublished data). This recent
tes were obtained finding supports the view that helper/inducer T lymphocytes
s infection. Each play a major part in the immune response of mice to G.
except for points muris.
als. Although clearance of G. muris infection is likely to

INFECT. IMMUN.



INTESTINAL ANTIBODY RESPONSE TO G. MURIS 571

depend on intestinal anti-trophozoite antibody, the mecha-
nism by which this antibody exerts its effect is not known. It
has been suggested that antibody may prevent trophozoite
adherence to intestinal epithelial cells (by antibody coating
of trophozoite adhesive discs) and that parasite motility may
be impaired by antibody coating of flagella (9). It is unlikely
that ingestion of antibody-coated (or uncoated) trophozoites
by phagocytes in the intestinal lumen plays a significant part
in the elimination of Giardia infections. Only small numbers
of phagocytes are present in the intestinal lumen of Giardia-
infected mice, and there is no difference between the number
of intraluminal phagocytes in immunocompetent BALB/c
mice and nude mice (7). Two recent observations suggest
that the clearance of G. muris infection by immunocompe-
tent mice is not mediated by cytotoxic lymphocytes. First,
identical numbers of lymphocytes bearing the cytotoxic/sup-
pressor T cell antigen Lyt-2 are present in the intestinal
lumen of immunocompetent mice and nude mice infected
with G. muris (7). Second, mice with natural killer cell
deficiency (beige mice) clear this infection at a normal rate
(M. F. Heyworth, J. E. Kung, and E. C. Eriksson, Gastro-
enterology 88:1418, 1985).

In the present study, not all the G. muris trophozoites
from the intestinal lumen of any BALB/c mouse had detect-
able immunoglobulin on their surface. Previous work has
shown that cultured G. lamblia trophozoites shed surface
antigens into the culture medium (12). Shedding of surface
antigens may be a mechanism by which Giardia trophozoites
achieve some degree of protection against parasite-specific
antibodies in the intestinal lumen of infected hosts. It is
possible that Giardia trophozoites can shed surface antigens
after immunoglobulin molecules have become bound to
these antigens. Loss of surface antigens may explain why
not all of the G. muris trophozoites from any BALB/c mouse
were immunoglobulin positive in the present study. An
important goal of future work will be to identify the tropho-
zoite antigens which are targets for intestinal antibodies in
mice infected with G. muris.
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