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Secretory immunoglobulin A (IgA) antibodies (sIgA) directed against cholera toxin (CT) and surface
components of Vibrio cholerae are associated with protection against cholera, but the relative importance of
specific sIgAs in protection is unknown. A monoclonal IgA directed against the V. cholerae lipopolysaccharide
(LPS), secreted into the intestines of neonatal mice bearing hybridoma tumors, was previously shown to
provide protection against a lethal oral dose of 107 V. cholerae cells. We show here that a single oral dose of
5 to 50 Lg of the monoclonal anti-LPS IgA, given within 2 h before V. cholerae challenge, protected neonatal
mice against challenge. In contrast, an oral dose of 80 tLg of monoclonal IgA directed against CT B subunit
(CTB) failed to protect against V. cholerae challenge. A total of 80 pg of monoclonal anti-CTB IgA given orally
protected neonatal mice from a lethal (5-.g) oral dose of CT. Secretion of the same anti-CTB IgA antibodies
into the intestines of mice bearing IgA hybridoma backpack tumors, however, failed to protect against lethal
oral doses of either CT (5 jg) or V. cholerae (107 cells). Furthermore, monoclonal anti-CTB IgA, either
delivered orally or secreted onto mucosal surfaces in mice bearing hybridoma tumors, did not significantly
enhance protection over that provided by oral anti-LPS IgA alone. These results demonstrate that anti-LPS
sIgA is much more effective than anti-CT IgA in prevention of V. chokerae-induced diarrheal disease.

Vibrio cholerae organisms are gram-negative, uniflagel-
late, motile bacteria which are spread via the fecal-oral
route. After ingestion, V. cholerae enters the small intestine,
adheres to mucosal surfaces, and forms colonies that secrete
cholera toxin (CT), the agent responsible for the massive
secretory diarrhea that is the hallmark of the disease (7, 14,
22). Colonization of the intestine by V. cholerae evokes a
mucosal immune response in the host, including secretion of
immunoglobulin A (IgA) antibodies (sIgA) that are thought
to be involved in limiting the duration of the primary
infection and in imparting resistance to subsequent oral
challenge (10, 13, 16-20, 33). This response includes poly-
clonal sIgA antibodies directed against both CT and bacterial
surface components including the outer membrane lipopoly-
saccharide (LPS) (10, 15, 19).
There is limited information about the relative efficacies of

specific sIgA antibodies in protection (14). Systemic immu-
nization of rabbits with both CT and LPS provided more
effective protection against V. cholerae challenge than im-
munization with either antigen alone (34). Although the
mechanism of this synergistic protection was not defined, it
was suggested that anti-LPS and anti-CT antibodies together
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could enhance protection by interfering with two separate
events in V. cholerae pathogenesis, colonization and CT
action (34). The relative abilities of anti-LPS sIgA alone,
anti-CT sIgA alone, or both to protect against V. cholerae,
however, have not been systematically studied.
We previously demonstrated that the specificity of muco-

sal immune responses to enteric viruses and bacteria can be
analyzed by mucosal immunization followed by generation
of hybridomas from Peyer's patch cells and characterization
of the monoclonal IgA antibodies produced in hybridoma
cell culture (21, 38, 39). Monoclonal sIgA antibodies pro-
duced in this way were tested for their abilities to protect
against oral challenge with enteric pathogens in syngeneic
mice with a hybridoma backpack tumor method that results
in secretion of monoclonal IgA antibodies into the intestinal
lumen via transepithelial transport (21, 39). With this ap-
proach, we demonstrated that secretion of a monoclonal IgA
directed against an Ogawa strain-specific carbohydrate
epitope of the LPS of V. cholerae can protect suckling mice
against oral challenge with a lethal dose of these organisms,
presumably by preventing epithelial colonization (39). In
addition, we recently produced and characterized three
hybridoma cell lines that secrete monoclonal IgA antibodies
directed against two distinct epitopes on the binding (B)
subunit of CT (CTB) (1). These antibodies were shown to
protect cultured monolayers of human intestinal enterocytes
against CT binding and action in vitro, but their capacity for
protection against live V. cholerae in vivo was not assessed.

In the present study, we have directly compared the
abilities of anti-CTB and anti-LPS monoclonal IgA antibod-
ies to protect mice against lethal oral doses of V. cholerae
and CT. These experiments, in which the antibodies were
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either administered as a single oral dose or secreted contin-
uously from hybridoma tumors, demonstrate that anti-LPS
IgA is much more efficient than anti-CTB IgA in protection
of suckling mice against V. cholerae.

MATERIALS AND METHODS

Hybridoma cells. The hybridoma cell lines producing
monoclonal IgA antibodies used in this study were generated
in this laboratory and have been described previously (1, 38,
39). All produce dimeric and polymeric IgA. Monoclonal
IgA RB3, used as a control in some experiments, is directed
against the sigma 3 protein of reovirus (38). Monoclonal IgA
2D6 is directed against an Ogawa-specific carbohydrate
epitope of the V. cholerae LPS (39). Three monoclonal IgAs
directed against CT recognize two distinct epitopes on the B
subunit, neither of which corresponds to the GM1 binding
site (1). Hybridoma cell lines were maintained in Serum Free
Protein Free Medium (Sigma Chemical Co., St. Louis, Mo.)
supplemented with penicillin and streptomycin (GIBCO,
Grand Island, N.Y.).

Concentration and quantitation of IgA antibodies. Super-
natants from hybridoma cultures were concentrated in a
stirred ultrafiltration cell at 4°C (Amicon, Beverly, Mass.),
resuspended in phosphate-buffered saline (PBS), and again
concentrated. Concentrated IgA in PBS was sterilized by
passage through a 0.22-,um-pore-size ,uSTAR filter (Costar,
Cambridge, Mass.) and stored at 4°C until use.

Total IgA in concentrated hybridoma supernatants or
biological samples was quantitated by a sandwich enzyme-
linked immunosorbent assay (ELISA) with a purified mono-
clonal IgA (MOPC-315) from myeloma cells as a standard
(Sigma). Rabbit polyclonal antibodies directed against
mouse IgA (Zymed, South San Francisco, Calif.) were
applied as a coating to 96-well plates in carbonate-bicarbon-
ate buffer, pH 9.6. Nonspecific protein binding sites were
blocked by incubation with 5% nonfat dry milk in PBS. After
extensive rinsing with PBS, IgA standard concentrations and
unknowns were allowed to bind at 4°C overnight. Bound IgA
was detected with rabbit anti-mouse IgA coupled with horse-
radish peroxidase (Zymed) and developed with O-phenylene
diamine as substrate.

Specific anti-CT IgA antibody was quantified by ELISA,
with, as standard, a preparation of anti-CTB IgA from
hybridoma supernants whose concentration had been deter-
mined as described above. Ninety-six-well plates were
coated by incubation with 1 ,ug of CT per ml (100 ,ul per well)
in carbonate-bicarbonate buffer, pH 9.6, and nonspecific
protein binding sites were blocked by incubation with a
solution of5% nonfat dry milk in PBS. After being washed in
PBS containing 0.2% Tween (PBS-Tween), hybridoma su-

pernatants or intestinal washes were incubated in these
plates for either 2 h at room temperature or overnight at 4°C.
Bound immunoglobulins were detected with rabbit anti-
mouse IgA as described above. ELISA reaction products
were read on an ASA 400 ELISA reader (SLT Instruments,
Salzburg, Austria). Standard curves were generated (Cricket
Graph; Cricket Software, Malvern, Pa.), and IgA concentra-
tions were calculated.

Oral challenge of neonatal mice. BALB/c mice (Charles
River Laboratories, Wilmington, Mass.) were bred in the
Children's Hospital animal facility. Pups in litters born on
the same day were distributed equally among dams. Suckling
mice aged 5 days and weighing 4.0 to 4.5 g were used in oral
challenge experiments with CT or V. cholerae. V. cholerae
organisms (Ogawa 395) were grown overnight in L broth, pH

Cholera Toxin Dose Response

oral dose
(jg)

5
10 I

16 14 12 10 8 642 2 4 6810 12

Number of mice - m ]
Dead Ill Well

FIG. 1. Determination of a lethal oral dose of CT in 5-day-old
suckling mice. Mice were given 1, 5, or 10 p,g of CT by gastric tube,
maintained in an incubator for 18 h, and scored. A dose of 5 pg of
CT resulted in illness or death in over 90% of the mice.

6.5, at 30°C, conditions that favor the expression of pili (36).
For challenge experiments, the bacteria were washed twice
in PBS to remove secreted toxin and diluted to a concentra-
tion of 108 organisms per ml. A peroral dose of 107 V.
cholerae cells (100 times the 50% lethal dose [LD5o] for mice
of this age [33]) in 0.1 ml of PBS was delivered into the
stomach with a blunt-tip feeding needle. Mice were main-
tained in a 30°C incubator for 24 h or until death, and all
surviving mice were scored as well or ill at 24 h. Mice were
considered ill if they met all of the following criteria:
gray-blue skin coloring, markedly reduced skin turgor, and
poor response to stimuli.
For challenge with CT, suckling mice were given 0.1 ml of

PBS containing 1, 5, or 10 jig of CT (Calbiochem, La Jolla,
Calif.) by peroral gastric intubation. Neonates were main-
tained in a 30°C incubator for 18 h or until death and scored
as described above. In a pilot experiment, 5 ,ug of CT caused
illness or death in over 90% of the neonates tested (Fig. 1);
therefore, this dose was used for all subsequent challenges.
In experiments testing the protective effects of perorally
administered monoclonal IgA antibodies, the mice received
0.1 ml of PBS containing known amounts of IgA via feeding
tube and were placed in a 30°C incubator until challenge.

Production of IgA hybridoma tumors. To produce hybri-
doma tumors in suckling mice, cells were injected on the day
of birth. Newborn pups were injected subcutaneously on the
upper back with 106 hybridoma cells in 0.1 ml of PBS and
were returned to their mothers. At 5 days of age, the mice
bearing subcutaneous hybridoma tumors, like control mice,
ranged in weight from 4.0 to 4.5 g and showed no ill effects
from the tumor cells. They were then challenged with CT or
V. cholerae as described above. To verify secretion of
monoclonal IgA into the intestines of 5-day-old tumor-
bearing mice, the small intestine from a test 4-g mouse was
excised, and the contents were flushed with 150 pLI of PBS
into an Eppendorf tube. Solid matter was pelleted by cen-
trifugation, and the supernatant was tested without further
dilution in the CT ELISA described above. Optical density
readings of anti-CT IgA in the gut wash supernatant were
over 0.4 (controls, 0.01 or less); this was in the same range as
that in a 1:50 dilution of serum from tumor-bearing mice.

Electron microscopy. V. cholerae (Ogawa 395) organisms
in growth phase were pelleted, resuspended in PBS, and
injected into ligated loops of ilea of anesthetized adult
BALB/c mice as previously described (39). After 4 h, the
loop was removed, rinsed, and fixed by infusion with a
solution consisting of 2% formaldehyde-2.5% glutaralde-
hyde in 0.1 M Na cacodylate buffer, pH 7.4. After fixation
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FIG. 2. Protection against V. cholerae challenge provided by perorally delivered monoclonal anti-LPS IgA: time and dose dependency.
(A) Neonatal mice were given 100 Fg of monoclonal anti-LPS IgA perorally and challenged at various subsequent times with 107 virulent
V. cholerae (Ogawa 395). A single dose of IgA protected mice for 2 h. At later times, protection was lost. (B) Neonatal mice were given peroral
doses of monoclonal anti-LPS IgA ranging from 0.05 to 50 ,g and were challenged 2 h later with 10' V. cholerae cells. A total of 50 ,g
consistently protected the mice, while 0.5 to 5 pg provided partial protection.

for 4 h at 23°C, blocks of mucosal tissue were further fixed
with 1% osmium tetroxide and 0.5% uranyl acetate and
processed for electron microscopy by methods standard in
this laboratory (26). Ultrathin sections were examined and
photographed with a JEOL 100CX electron microscope.

RESULTS

Anti-LPS monoclonal IgA delivered orally protects suckling
mice against V. cholerae. We previously showed with 5-day-
old (4.0- to 4.5-g) BALB/c mice that an oral challenge of 100
LD50 (107 organisms) resulted in severe illness or death
within 36 h whereas mice bearing hybridoma backpack
tumors secreting monoclonal anti-LPS IgA were protected
(39). To test the ability of the same anti-LPS monoclonal IgA
delivered orally to protect neonatal mice against V. chol-
erae, five groups of suckling mice were given a single 100-lug
oral dose of anti-LPS IgA and challenged 30 min or 2, 3, 5,
or 7 h later with 107 V. cholerae cells. Health status was
scored 24 h after the challenge. Mice that received anti-LPS
IgA within 2 h prior to challenge were consistently pro-
tected, and partial protection was observed at 3 h (Fig. 2A).

In some experiments, an intragastric dose of PBS contain-
ing a small amount of blue food coloring was given and the
mice were sacrificed 1 to 5 h later. Examination of the
gastrointestinal tract revealed that most of the dye-contain-
ing fluid was cleared from the stomach by 1 h, and dye was
still present in the upper small intestine at 2 h. At 3 h and
later, however, the small intestine was progressively
cleared. This indicates that the loss of protection against V.
cholerae observed after 2 h was likely to be due to clearance
of monoclonal IgA by peristalsis.
To determine the minimal dose of monoclonal anti-LPS

IgA necessary for protection, four groups consisting of 11 to
20 mice each were given 0.05, 0.5, 5.0, or 50 1Lg of anti-LPS
IgA intragastrically 2 h before V. cholerae challenge. A
control group of 13 mice was given PBS with no antibody. In
these experiments, 5 ,ug of anti-LPS IgA was found to
protect 11 of 20 mice (55%), while 50 ,ug of antibody
protected all of the mice from disease and death (Fig. 2B).
Anti-CTB monoclonal IgA delivered orally provides partial

protection against CT. The three monoclonal anti-CT IgA
antibodies used for these studies (anti-CTB IgA-1, IgA-2,
and IgA-3) recognize the CT`B, are produced in dimeric and

polymeric form, and are able to block CT binding and action
on polarized T84 human enterocyte monolayers in a dose-
dependent manner (1). All three IgAs recognized a prepara-
tion of CTB derived from organisms of the Inaba serotype,
and IgA-2 and -3 also recognized CTB derived from a strain
of the Ogawa serotype (1). In in vitro studies, 20 p,g of
monoclonal anti-CT'B IgA completely inhibited binding of 1
,ug of CT to T84 intestinal epithelial cells, a molar ratio of
four to five dimeric IgA antibodies per CT molecule (1). To
determine whether the monoclonal anti-GTE IgA antibodies
can passively protect neonatal mice against oral CT chal-
lenge, five groups of 10 or 11 mice were given oral doses of
80 p,g of anti-CTB IgA (IgA-1, -2, or -3), anti-LPS monoclo-
nal IgA, or no antibody and were challenged 1 h later with 5
,ug of CT. Health status was scored after 18 h. In this
experiment, the oral dose of CT resulted in diarrheal disease
or death in 90% of control mice receiving no antibody and in
73% of mice receiving anti-LPS IgA. In contrast, only 20 to
34% of the mice that received 80 ,g of any one of the three
anti-CTB monoclonal IgA antibodies were sick or dead at 18
h (Fig. 3A).
Anti-CTB IgA delivered orally does not protect against V.

cholerae. To test the ability of orally administered anti-CTB
monoclonal IgA to protect against V. cholerae challenge, 50
or 100 ,g of anti-CTB IgA-3 (or 50 ,ug of anti-LPS IgA as a
control) was delivered intragastrically and followed 1 h later
by i07 V. cholerae cells. The mice were scored 24 h later. As
in previous experiments, 50 ag of anti-LPS IgA was suffi-
cient to protect all of the mice from disease following V.
cholerae challenge. In contrast, anti-CTB IgA, even at levels
double that of the anti-LPS IgA, had almost no protective
effect (Fig. 3B).

Neonatal mice bearing anti-CTB IgA hybridoma backpack
tumors are not protected against live V. cholerae or CT. A
single oral dose of monoclonal antibody is cleared from the
intestine by peristalsis and does not provide a widespread,
uniform distribution on mucosal surfaces analogous to that
of sIgA. We therefore tested the ability of anti-CTB IgA,
delivered into the intestine from subcutaneous IgA-produc-
ing hybridoma tumors, to protect against CT and V. chol-
erae. On the day of birth, three groups of mice were injected
subcutaneously with hybridoma cells secreting anti-LPS,
anti-CTB, or antireovirus (control) IgA. Secretion of mono-
clonal anti-CT IgA into the intestine of a test mouse was
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FIG. 3. Perorally delivered monoclonal anti-CUB IgA: protection against CU but not against V. cholerae. (A) A single dose of 80 pLg of
anti-CUB monoclonal IgA, given perorally, partially protected neonatal mice from a lethal dose of 5 p.g of CU given 1 h later. Neonates
receiving the control monoclonal anti-LPS IgA or no antibody were not protected. (B) A single oral dose of 50 1Lg of monoclonal anti-LPS
IgA consistently protected neonates against a lethal oral dose (107 cells) of live V. cholerae, but monoclonal anti-CTB IgA at doses of 50 or

100 ptg failed to provide protection.

verified on day 5 by ELISA. On day 5, all mice were

challenged perorally with 107 V. cholerae cells. Neonates
bearing anti-LPS IgA hybridoma tumors were fully pro-
tected against V. cholerae, as observed in previous studies
(39). Those bearing anti-CTB or antireovirus IgA hybridoma
tumors, however, were not protected (Fig. 4A).
To test the ability of anti-CTB sIgA from hybridoma

tumors to protect against CT, two groups of neonatal mice
bearing tumors producing either anti-CTB IgA or anti-LPS
IgA were challenged orally with 5 jig of CT. Mice bearing
anti-LPS IgA hybridoma tumors were not protected against
toxin challenge. Unexpectedly, those bearing anti-CTB IgA
hybridoma tumors were also unprotected (Fig. 4B).
Anti-CTB IgA does not significantly enhance the protection

provided by anti-LPS IgA. Previous oral immunization stud-
ies had concluded that sIgA directed against CT and LPS can
provide synergistic protection against oral challenge with V.
cholerae (29, 33). The availability of monoclonal anti-CTB
and anti-LPS IgA antibodies allowed us to directly test their
protective capacities alone and together in the absence of
confounding factors introduced by immunization such as the
adjuvant effects of CT and LPS. These experiments could
not be done in mice bearing both anti-LPS and anti-CTB IgA
hybridoma tumors, because anti-LPS IgA tumors alone
provided complete protection.
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Thus, to test whether anti-CT IgA can enhance the pro-
tective capacity of anti-LPS IgA, a marginally protective
(5-,ug) oral dose of anti-LPS IgA, alone or mixed with 100 ,ug
of anti-CTB IgA, was given perorally to two groups of
5-day-old suckling mice 1 h before oral challenge with 107 V.
cholerae cells. The combined IgAs provided no increase in
protection against V. cholerae over anti-LPS IgA alone (Fig.
5A). To test whether anti-CTB IgA secreted into the intes-
tine via transepithelial transport might add to the protective
efficacy of an orally delivered dose of anti-LPS IgA, three
groups of suckling mice bearing anti-CTB IgA hybridoma
tumors, antireovirus IgA hybridoma tumors, or no tumors
were given a 5-,ug oral dose of anti-LPS IgA and challenged
1 h later with V cholerae. The results of this experiment
showed no dramatic increase in protection in the group
bearing anti-CTB IgA hybridoma tumors (Fig. SB).

V. cholerae adheres to the glycocalyx of intestinal entero-
cytes in BALB/c mice. To visualize the relationship of adher-
ent V. cholerae to intestinal epithelial cells in BALB/c mice,
we examined apical surfaces of epithelial cells on villi and
follicle-associated epithelium in the ilea of adult mice after a
4-h exposure to V. cholerae. Although adult mice are resis-
tant to V. cholerae-induced disease, organisms adhered to
the surfaces of small intestinal villi as described previously
for other species (24). At sites of adherence, the bacterial

FIG. 4. IgA hybridoma tumors secreting anti-CTB monoclonal IgA failed to protect neonatal mice against V. cholerae challenge. (AN
Anti-CTB IgA secreted into the intestines of mice bearing hybridoma tumors failed to protect neonatal mice against oral challenge with 10
live V. cholerae cells. In contrast, mice bearing anti-LPS IgA hybridoma tumors were fully protected as previously reported (39). (B) Both
monoclonal anti-CTB and anti-LPS IgA antibodies delivered perorally before CT challenge failed to protect neonatal mice from illness and
death.
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FIG. 5. Effect of anti-CTB and anti-LPS monoclonal IgA antibodies administered together. (A) Addition of 100 pg of anti-CTB monoclonal
IgA to a 5-,g oral dose of anti-LPS monoclonal IgA did not provide protection for neonatal mice against an oral challenge of 107 live V.
cholerae cells. The majority of this group of mice, unlike those shown in Fig. 2B, were not protected by 5 pg of anti-LPS IgA alone. (B)
Anti-CTB IgA secreted into the intestines of neonatal mice bearing hybridoma tumors did not clearly enhance the ability of 5 pLg of anti-LPS
IgA delivered perorally to protect against V. cholerae challenge.

outer membrane was separated from the tips of enterocyte
microvilli by a gap measuring 50 to 100 nm (Fig. 6). This
apparent space is known to contain the enzyme-rich glyco-
calyx associated with enterocyte apical membranes (9). The
space between adherent V. cholerae and microvilli in in-
fected rabbits was shown to be occupied by a dense mesh-
work composed of cell surface components of both entero-
cyte and bacterium (24). V. cholerae adhered to M cells in
large numbers as previously noted for BALB/c mice (39) and
for rabbits (27). On M cells, the V. cholerae outer membrane
came within 15 to 20 nm of the M-cell plasma membrane and
formed broad areas of close interaction (Fig. 6B). In mice, as
in rabbits (25), organized actin filaments were associated
with the M-cell plasma membrane at these sites, reflecting
the initiation of phagocytic uptake and transcytosis.

DISCUSSION

sIgA antibodies directed against CI and surface compo-
nents of V. cholerae, including LPS, are thought to be
important in prevention of diarrheal disease due to V.
cholerae infection (8, 10, 20, 33). Our goal has been to
directly test the roles that specific sIgA antibodies may play
in this protection. We have previously shown that subcuta-
neous hybridoma tumors producing monoclonal IgA di-
rected against V. cholerae LPS, presumably secreted into
the intestines of suckling mice, protected the mice against a
lethal oral dose of V. cholerae (39). In the present study, we
demonstrate that an oral dose of the same IgA, if given
within 2 h before V. cholerae challenge, is also protective.
This anti-LPS antibody is known to bind to the bacterial

FIG. 6. Interaction of V. cholerae with apical membranes of mouse intestinal epithelial cells. (A) Vibrios adhere to absorptive cell surfaces
by attaching to components of the membrane-associated glycocalyx (not stained in this preparation). Secreted toxin would readily diffuse
across the gap between bacterial and host cell membranes. Bar = 0.5 pm. (B) Vibrios that adhere to M-cell surfaces interact closely with the
apical membrane and induce rearrangement of submembrane actin filaments. Bar = 0.5 pm.
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surface and to aggregate live V. cholerae in vitro (39), and
dye-clearance experiments indicated that the 2-h window of
protection provided by orally delivered IgA corresponded to
the time period during which the antibody was present in the
proximal small intestine. Since V. cholerae must colonize
the proximal small intestine in order to produce sufficient
toxin to cause illness, our results suggest that aggregation of
the bacteria in the lumen by the anti-LPS IgA and clearance
of aggregates by peristalsis prevented disease.
IgA antibodies directed against CT have also been impli-

cated in protection against V. cholerae-induced disease (7,
10, 16, 19), but the relative importance of anti-CT IgA in
protection has not been well defined (13, 14). In several
experimental systems, the presence of anti-CT IgA antibod-
ies in secretions was associated with protection of the
intestine against orally administered CT (16-18, 28-30, 37).
Although the monoclonal anti-CTB IgA antibodies used in
this study are not specifically directed against the GM1
binding site, they completely prevented CT binding and the
CT-induced Cl- secretory response of T84 human entero-
cyte monolayers in vitro (1). In the present study, we have
confirmed the protective role of IgA against CT in vivo by
showing that an 80-pg oral dose of monoclonal anti-CTB IgA
can partially protect suckling mice against a lethal (5-,ug)
peroral dose of CT. Both in vitro and in vivo, however, high
doses of IgA (corresponding to about four to five dimeric IgA
antibodies per molecule of CT) were required for CT neu-

tralization. Binding of dimeric or polymeric anti-CT IgA
antibodies to toxin B subunits may have protected by
causing aggregation and clearance of toxin from the intesti-
nal lumen, by inhibiting toxin binding to apical cell mem-
branes by steric hindrance, or by both.

In contrast, suckling mice secreting the same monoclonal
anti-CTB IgA from hybridoma tumors were not protected
against oral challenge with a lethal dose of CT. Levels of
circulating monoclonal IgA in these mice were presumably
high, as previously documented for adult mice with back-
pack tumors (21, 39). Although we were not able to deter-
mine exact IgA concentrations in the small intestinal lumens
of sucklings, specific IgA was readily detected by ELISA in
intestinal contents collected by gut wash. In adult rodents,
selective sIgA secretion into the intestine is dependent on

the presence of polymeric immunoglobulin receptors on

epithelial cells of the liver and intestine (6, 12, 23), and
polymeric immunoglobulin receptors are especially abun-
dant on hepatocytes (35). In adult mice, bile is an important
source of intestinal IgA (31), and in mice bearing IgA
hybridoma backpack tumors, about 80% of the monoclonal
IgA recovered by intestinal wash is from bile (6a). Although
polymeric immunoglobulin receptors were not detected in
intestinal epithelium of suckling rats by immunoassay (2),
their presence in suckling mouse intestine or liver has not
been examined. Circulating monoclonal IgA could also enter
the bile by fluid-phase vesicular transport across hepato-
cytes (32), and transport can be enhanced by binding of IgA
to asialoglycoprotein receptors (11). The relative importance
of the various mechanisms or mechanism by which circulat-
ing dimeric or polymeric IgA may enter the intestines of
suckling mice is not known. Nevertheless, we previously
demonstrated that, in suckling mice bearing anti-LPS IgA
hybridoma tumors, sufficient monoclonal IgA from the cir-
culation entered the intestines to protect against lumenal
colonization by V. cholerae (39), and it seems safe to assume
that comparable amounts of monoclonal anti-CT IgA also
entered the intestines of the mice in this study. The amount

transported, however, was not sufficient for protection
against a lethal dose of CT.
Anti-CTB IgA also failed to protect suckling mice against

a lethal oral dose of V. cholerae, whether the antibodies
were delivered perorally or secreted intraintestinally in mice
bearing backpack tumors. Whereas a single oral dose of 50
,ug of anti-LPS IgA consistently protected the mice, doses of
anti-CT IgA as high as 100 p,g did not. Our results corrobo-
rate previous human studies in which volunteers were orally
immunized with multiple large doses (up to 4 mg) of purified
CT (15). Although they responded with high titers of circu-
lating antitoxin antibodies and presumably secreted anti-CT
sIgA onto mucosal surfaces, they were not protected against
an oral dose of 105 V cholerae cells, a smaller dose than that
used here for 4-g mice. In contrast, human volunteers
immunized orally with live V. cholerae organisms were
completely protected from rechallenge with 106 organisms
(15). Since CT is not a component of the bacterial surface,
anti-CT IgA alone is not likely to prevent V. cholerae
colonization. Secretion of toxin from adherent organisms
and colonies on the mucosal surface could deliver high levels
of CT directly into the enterocyte glycocalyx and onto apical
membranes. Our results suggest that anti-CT IgA, either
delivered orally or transported (primarily by crypt epithelial
cells) into the intestinal lumen, may not effectively intercept
toxin in this microenvironment.
Animal immunization studies have indicated that antibac-

terial and anti-CT immunity may cooperate in protection by
interfering with both colonization and toxin binding (7, 8, 29,
34). In vaccination studies, however, the effects of anti-CT
sIgA cannot be distinguished from the potential adjuvant
effects of the toxin. The availability of specific monoclonal
IgA antibodies against LPS and CT allowed us to test for
possible synergy in the absence of other immune and non-
immune responses to V. cholerae or CT. In our mouse
model, addition of anti-CTB IgA either as an oral dose or
secreted in mice bearing hybridoma tumors failed to enhance
the protection provided by marginally effective oral doses of
anti-LPS IgA. Our results thus do not demonstrate cooper-
ation of anti-LPS and anti-CT IgAs, but are consistent with
human vaccine trials in which oral immunization with a V.
cholerae whole cell plus CTB vaccine provided only a 15%
increase in protection over that of the whole-cell vaccine
alone (4, 5). The possibility remains that anti-CTB IgA
would have enhanced protection in our mice if a smaller
challenge dose of V cholerae had been used.

In summary, the use of monoclonal IgA antibodies in
suckling mice has demonstrated that anti-LPS IgA is much
more effective than anti-CT IgA in prevention of diarrheal
disease caused by V. cholerae. Thus, anti-LPS sIgA should
be considered an important component of the mucosal
immune response evoked by oral cholera vaccines.
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