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Intestinal fluid, saliva, circulating peripheral blood lymphocytes (PBL), and serum samples obtained from
81 human adult subjects who had been orally vaccinated with either SalmoneUla typhi Ty2la or one of its
recombinant derivatives were examined to determine the value of indirect measurements of an antigen-specific
intestinal-immunoglobulin A (IgA) response. Salivary IgA failed to provide consistent or correlative responses,
and no evidence of a significant relationship was apparent with the intestinal-IgA responses. No significant
correlation between the specific increase in responses in serum IgA and intestinal IgA was evident. While the
magnitude of the serum IgG response significantly correlated with the intestinal-IgA response (P = 0.00064),
it failed to detect 14.8% of the intestinal-IgA responses. The observation that 16.6% of the subjects had
delayed serum IgA responses, with a peak occurring after day 23 compared with days 12 to 14, may have
contributed to the inadequacy of the serum IgA response as a correlative indicator. The serum IgG responses
in these subjects were also of a diminished magnitude. Specific IgA production by circulating PBL was found
to be the most sensitive (92.6% response rate) and correlative (P = 0.00071) indicator of a specific
intestinal-IgA immune response. However, its value in predicting protective efficacy is untried. These studies
confirm that for the assessment ofan enteric bacterial vaccine, determination of in vitro specific IgA production
by circulating PBL may offer a single measurement of specific immunity which is as useful as serum and
intestinal measurements combined.

The development of effective vaccines against infectious
diseases requires the existence of reliable and meaningful
immunological correlates of protection. For enteric infec-
tious diseases, it is widely accepted that the induction of
strong local intestinal immune responses, especially of the
secretory immunoglobulin A (IgA) class, is necessary for the
efficacy of such vaccines (41, 42). However, assessment of
the effectiveness of orally administered enteric vaccines in
the induction of local immunity has instead frequently relied
on indirect measurements of intestinal antibody, such as

determination of levels of specific antibody in serum (2, 26,
28, 32), colostrum, or saliva (20, 21), and more recently has
relied on determination of specific antibody production by
circulating peripheral blood lymphocytes (PBL) (8, 11, 19,
22, 23). Indirect measurements do not necessarily reflect
intestinal immune responses accurately (7, 12, 20, 21), and
so, to measure local immune responses to orally adminis-
tered vaccines, developers have resorted to using either
saline purges (20, 37, 38) or intestinal intubations with direct
sampling of jejunal fluid (9, 12-15, 24, 25, 27, 29, 36, 39).
The continued inability to agree on a reproducible method

or to have confidence in an existing method for the determi-
nation of specific intestinal-IgA immune responses presents
a significant obstacle to the development of an enteric
vaccine. Broadly speaking, the only reliable method at
present for the confident prediction of the probable effec-
tiveness of an enteric vaccine is through volunteer challenge
studies that use the actual pathogen, which would result in a

largely unsatisfactory situation of uncertain ethics. This
paper presents a comprehensive series of studies which have
attempted to address several important issues in the assess-
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ment of enteric vaccines through assessing certain indirect
measurements, such as the production of specific antibody in
serum, saliva, and PBL, as correlates of specific antibody in
intestinal fluid.

MATERIALS AND METHODS

Vaccine strains, doses, and administration. The vaccine
strain used in these studies was either the live orally admin-
istered typhoid vaccine strain Salmonella typhi Ty2la, an

attenuated Vi antigen-negative mutant of the pathogenic
strain S. typhi Ty2 (16, 18), or one of its recombinant
derivatives (EX210, EX645, or EX363) that also carried and
expressed the genes for Vibrio cholerae 0 antigen. The
construction and characterization of the vaccine strains
EX645 and EX363 have been described fully elsewhere (10,
11, 39). All vaccine doses were supplied by Enterovax
Limited, Salisbury, Australia, as individual doses. Each
vaccine dose consisted of between 5.2 x 1010 and 1.8 x 1011
viable organisms (mean total number) confirmed by colony
counts. Each vaccine dose was orally administered accord-
ing to a standard vaccination schedule of three alternate
daily doses (9, 12-14, 39). Subjects fasted for 8 h prior to
vaccination. The vaccine doses were suspended in 40 ml of
0.9% saline and swallowed 5 to 10 min after the ingestion of
50 ml of a 2% sodium bicarbonate solution. This pretreat-
ment was necessary to neutralize the gastric acid of the
subjects. Gastric acid has been demonstrated to have an
adverse effect on the viability of live orally administered
enteric organisms (17); in addition, it is able to alter the
immunogenicity of inactivated oral vaccine preparations (6).

Subjects and data analysis. Data from 81 orally vaccinated
adult subjects (aged 18 to 50 years) were available. A total of
46 subjects had received doses containing =1011 viable S.
typhi Ty2la organisms, and 35 subjects had received doses
containing ==10" viable EX210, EX645, or EX363 organ-
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TABLE 1. Subjects and sample collections

No. of subjects from
Samplea each groupb Total no. ofsubjects

A B C

Intestinal fluid 14 22 45 81

Serum
Serial 14 22 36
Days Oand 12 or 14 45 45

Saliva 22 22

PBL 14 22 45 81

a Intestinal fluid was collected prevaccination (day 0) and postvaccination
either on day 14 or 15 or on both days 14 or 15 and 21. Serum was collected
prevaccination (day 0) and either serially every 3 to 4 days postvaccination
(groups A and B) or as a single postvaccination sample obtained on day 14 or
15 concurrently with intestinal fluid (group C). Saliva was collected from
group B subjects concurrently with intestinal fluid. PBL were collected from
all subjects (groups A, B, and C) prevaccination (day 0) and on day 7
postvaccination.

b Subject groups were determined according to the nature of the samples
obtained rather than the vaccine administered.

isms. All of the subjects received the oral vaccines through
their participation in a series of clinical studies performed at
the Department of Medicine of the Royal Adelaide Hospital,
Adelaide, Australia. Written and informed consent had been
obtained from all subjects prior to their entry into any of the
studies from which this data was obtained. Approval for the
use of human subjects was granted by the Human Ethics
Committee of the Royal Adelaide Hospital and the Commit-
tee on the Ethics of Human Experimentation of the Univer-
sity of Adelaide. None of the subjects had any known
previous exposure to typhoid fever through vaccination or
disease. None of the subjects had any history or current
symptoms of gastrointestinal tract disease at the time of
participation.

Analysis of the data for each vaccine organism failed to
identify any significant differences between the mean in-
creases in specific antityphoid lipopolysaccharide (LPS) IgA
antibody of S. typhi Ty2la and its hybrid recombinant
derivatives in intestinal fluid (P = 0.36), in serum (P = 0.23),
or produced by PBL (P = 0.65) or serum IgG (P = 0.67). In
view of these observations, it was considered appropriate
that the two datum collections be pooled. While intestinal
immune response data for all 81 subjects were available, the
availability and nature of other samples did vary and are
detailed in Table 1. The subjects were allocated to three
groups, which are detailed in Table 1, only for the purpose of
identifying the nature of the samples obtained and not
according to the nature of the vaccines administered.

Collection of samples. Intestinal-fluid samples were ob-
tained directly from the upper jejunum by using an ANPRO
AN20 Andersen tungsten-weighted sump tube (H. W.
Andersen Products, Oyster Bay, N.Y.). In all subjects,
correct positioning of the intestinal tube was confirmed by
fluoroscopy (36). The use of fluoroscopy for this purpose
was restricted by the Ethics Committees, which limited the
number of occasions that the procedure could be performed
on any individual subject to fewer than four. Intestinal
intubation has proven to be quite effective for obtaining
suitable samples of intestinal fluid for the determination of
specific secretory-IgA levels (3-5, 9, 12-15, 24, 25, 36).
Sampling occurred prevaccination and again either on day 14

or 15 or on day 14 or 15 and 21 following the commencement
of oral vaccination, since this time point has been shown to
represent the timing of the peak response following primary
vaccination (12). Intestinal-fluid samples with a pH of >6.5
were collected and kept on ice until 25 ml had been collected
from each subject. The samples were centrifuged at 4,000 x
g at 4°C and stored at -70°C until required.

Saliva samples were collected from the buccal opening of
one of the parotid ducts by using a Curby cap and were
stored at -70°C without any further treatment (14). Saliva
production was stimulated by the placement of citric acid
granules on the tongue. With serial saliva samples obtained
from 11 subjects on day 0 and on days 7, 14, and 21
postvaccination, it was determined that the peak salivary-
IgA response occurred between days 14 and 21 in most
subjects (data not shown). All serum samples were collected
as detailed in Table 1 and stored as 1-ml portions at -70°C.
PBL were obtained by Ficoll-Paque (Pharmacia, Uppsala,

Sweden) centrifugation of heparinized venous blood ob-
tained on days 0 and 7 and processed as previously detailed
(9).
ELISA for quantifying specific antibody. Levels of class-

specific antityphoid LPS antibodies in serum and secretions
were quantified by a previously described enzyme-linked
immunosorbent assay (ELISA) (9). Briefly, 96-well polyvi-
nyl microtiter ELISA plates (Costar; Data Packaging Corp.,
Cambridge, Mass.; catalog no. 2595) were coated with
methylated bovine serum albumin (BSA)-linked S. typhi Ty2
LPS (9) (Sigma Chemical Co., St. Louis, Mo.; catalog no. L
6386) and blocked with 0.05% (wt/vol) BSA in phosphate-
buffered saline (PBS). Subsequently, starting dilutions of
serum (1:10), intestinal fluid (1:2), and saliva (undiluted)
obtained from individually vaccinated subjects were added
to duplicate wells on the plates and titrated twofold down the
plate in a solution of 0.05% BSA in PBS. All plates were
incubated at 37°C for 16 h. After washing, alkaline phos-
phatase-conjugated goat anti-human IgA or IgG antiserum
(KPL; Kirkegaard and Perry Laboratories, Gaithersburg,
Md.) was added and the plates were incubated at 37°C for 4
h. After washing, 0.100 ml of a solution (1 mg/ml) of the
substrate p-nitrophenyl phosphate in a 10% diethanolamine
buffer was added to all wells, and after further incubation at
37°C for 2 h, the plates were read by using a Titertek ELISA
reader (model 310C) at 405 nm. All samples were assayed
concurrently. In vitro specific antityphoid antibody produc-
tion by isolated PBL was assayed as described above,
except that duplicate wells of 106 PBL per well were
incubated in RPMI 1640 cell culture medium (Flow Labora-
tories, Sydney, New South Wales, Australia) supplemented
with 2 mmol of L-glutamine per liter in a 5% CO2 incubator,
and the substrate incubation time was 4 h at 37°C (9).

In each assay, serum obtained from a convalescent ty-
phoid patient with known high titers of antibody directed
against S. typhi LPS was included as a positive control and
serum obtained from an unexposed individual with known
low titers of antibody against S. typhi LPS was included as a
negative control. A modified single radial immunodiffusion
method was used to determine the total class-specific immu-
noglobulin content of intestinal fluid and saliva (13).

Specific antibody responses in serum are presented as the
reciprocal of the final titration that gave an optical density of
0.15 ELISA absorbance units in 0.100 ml (the volume added
to each well) and are expressed as units of antibody. These
endpoints were calculated according to the method of Tijs-
sen and represent the upper limit of the 95% confidence
intervals (CI) above the mean background level (40). Specific
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FIG. 1. The relationship between specific serum IgA and IgG and intestinal-IgA antibody responses following oral vaccination. The graph
plots the magnitude of increase in specific serum IgA (A) and IgG (B) antibody titers against the adjusted postvaccination magnitudes of
increase in specific antibody titers of concurrently collected samples for each individual. The dotted lines indicate fourfold increases in
specific antibody following vaccination.

antibody units per 0.100 ml of intestinal fluid and saliva,
obtained by ELISA as for serum, were analyzed following
adjustment for total class-specific immunoglobulin content.
Adjusted values were expressed as units of specific antibody
per milligram of total class-specific immunoglobulin. In-
creases in the level of specific antibody in serum or secre-

tions of fourfold or greater postvaccination were regarded as

significant (2, 29). A PBL response was defined as an optical
density of .0.100 ELISA absorbance units (9).

This study focused on specific IgA responses since secre-

tory IgA is the most abundant intestinal immunoglobulin
(31), specific immune responses following oral S. typhi
Ty2la administration are most commonly in this class (9, 12,
14), and intestinal IgG and IgM concentrations are variable
because of their susceptibility to proteolytic digestion de-
spite freezing at -26°C in the presence of proteolytic inhib-
itors, often being undetectable following 1 month's storage
(9, 35). Serum IgG responses were also included for com-

parison, since it has been suggested that these may be useful
indicators of a local immune response (26).
For the purpose of correlating postvaccination immune

responses, postvaccination increases above prevaccina-
tion titers were calculated for serum with postvaccina-
tion samples collected on day 14 or 15 and for intestinal
fluid and saliva with adjusted antibody titers of a single
postvaccination sample collected on day 14 or 15. The
level of specific IgA antibody production in vitro by PBL
was determined by using day 7 postvaccination PBL sam-
ples. All of these timings for the collection of samples have
been previously determined to approximate the peak im-
mune responses for the respective samples (3, 9, 12-14,
23).

Statistics. The significance of any differences between the
postvaccination mean increases of paired sample groups was
determined by Student's t test, with the significance level (P
value) alone being reported. The strength of any correlations
between two different measures was evaluated by using
Pearson's product-moment correlation coefficient, with both
r and P values being reported.

RESULTS

Antityphoid LPS intestinal-IgA response. A specific antity-
phoid LPS IgA antibody response of fourfold or greater was
observed in 69% (56 of 81) of all subjects, with a mean
increase of 35.2-fold (95% CI of 20.6 to 49.8; P = 0.000040).
Of the 25 subjects with responses of less than fourfold, 18
had responses of less than twofold and were therefore
classified as nonresponders.

Saliva as an indirect measurement of a specific intestinal-
IgA response. A weak specific IgA response in the saliva of
the 22 group B subjects was identified, with a mean increase
of 2.34-fold (95% CI of 1.21 to 3.37). No correlation between
the magnitudes of the salivary- and the intestinal-IgA spe-
cific antibody responses was found (r = 0.0013; P = 0.99).
Fourfold or greater increases in postvaccination specific IgA
antibody were observed in all (22 of 22) of the subjects'
intestinal-fluid samples yet in only 13.6% (3 of 22) of the
subjects' salivary samples. The specific salivary-IgA anti-
body responses were exceptionally poor in magnitude and
consistency, even allowing for the small number of subjects
used in the comparison.
Serum IgA and IgG as indicators of a specific intestinal-IgA

response. No correlation between the increase in specific IgA
responses in intestinal fluid and in serum was evident (r =
0.18; P = 0.10). From Fig. 1A, it is evident that 57% (46 of
81) of all subjects had responses of fourfold or greater in both
serum and intestinal-fluid IgA, while 19.8% (16 of 81) of the
subjects did not achieve such responses. Furthermore,
12.3% (10 of 81) of the subjects had an intestinal-IgA
response but did not have a detectable serum response. In
11.1% (9 of 81) of the subjects in whom a serum IgA
response was observed, no detectable intestinal-IgA re-
sponse was evident.
As evident in Fig. 1B, a similar proportion of subjects had

serum IgG responses as identified for serum IgA, with 53%
(43 of 81) of the subjects having both a fourfold or greater
serum IgG and intestinal-IgA response and 23.4% (19 of 81)
of the subjects having no such response. As observed for
serum IgA, 14.8% (12 of 81) of the subjects were noted to
have intestinal-IgA responses in the absence of a serum IgG
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FIG. 2. Kinetics of the specific serum IgA responses in individuals orally vaccinated with live S. typhi Ty2la. Serum responses are given
as the geometric mean magnitudes of increase in specific IgA postvaccination. The dotted lines indicate fourfold increases in specific antibody
following vaccination. 0, standard response group; 0, delayed response group.

response, while 8.7% (7 of 81) of the subjects achieved
serum IgG responses without a corresponding intestinal-IgA
response. However, unlike the serum IgA response, a sig-
nificant correlation between the postvaccination serum IgG
increase and the intestinal-IgA increase was found (r = 0.38;
P = 0.00064).

Effect of sampling time on the usefulness of serum IgA as an
indicator of a specific intestinal-IgA response. On examination
of the individual specific serum IgA results from the 36
subjects who received -1011 viable S. typhi Ty21a organ-
isms and from whom serial serum samples had been obtained
(groups A and B), two distinct response patterns were
identified. Figure 2 depicts the geometric mean serum IgA
antityphoid antibody responses as magnitudes of increase
above the prevaccination titer over time for each of these
two response groups. The dominant group (designated the
standard response group) consisted of 83.3% (30 of 36) of
these subjects and followed the kinetic pattern described
previously. The serum IgA response peaked around days 11
to 12 and significantly declined, becoming an increase of less
than fourfold above prevaccination levels by day 23 (P =
0.014).
The kinetic pattern of the specific serum IgA response of

the second newly identified group (designated the delayed
response group), which consisted of 16.7% (6 of 36 of the
subjects, showed a slow increase in antibody response which
did not peak until after day 23. The day 12 geometric mean
increase for this group was significantly lower than the day
12 (peak) response of the standard response group (P =
0.0073). No significant difference between the groups at day
22 was observed (P = 0.24). This was not surprising,
considering that at day 22 the standard response was declin-
ing while the delayed response was still ascending. In two
delayed response subjects, for whom additional time point
data were available, this response had begun to decline only
at day 32 (data not shown). Furthermore, on analysis of their
individual day 15 specific intestinal IgA responses, it was
noticed that these six subjects either had very low responses
(less than twofold) or were nonresponders. However, be-
cause of the limitations of the sampling technique, multiple
intestinal fluid samplings to investigate whether the peak

intestinal IgA response also occurred much later in these
subjects were not possible.

Similarly, the subjects with the delayed IgA response also
appeared to have a lower mean serum IgG response. How-
ever, this was not significantly different from the mean
serum IgG response of the subjects with the standard IgA
response because of the individual variation in the magni-
tude of the IgG responses that was observed.

Specific IgA production by circulating PBL as indicators of
specific intestinal-IgA responses. The mean prevaccination
PBL response of all 81 subjects (groups A, B, and C) was
0.019 ELISA absorbance units (95% CI of 0 to 0.041), while
the mean postvaccination response was 0.867 ELISA
absorbance units (95% CI of 0.716 to 1.017). Only 7.4% (6 of
81) of the subjects failed to have a specific IgA PBL response
that was detectable following vaccination, and, importantly,
no subject had an intestinal-IgA response in the absence of a
PBL IgA response (Fig. 3A). In 25% (19 of 75) of the 75 PBL
responders, a response was detectable for which no intesti-
nal-IgA response was observed. The magnitude of the post-
vaccination PBL IgA response of all 81 subjects significantly
correlated both with the adjusted postvaccination intestinal-
IgA titer (r = 0.44; P = 0.000063) and with the postvaccina-
tion increase in intestinal-IgA titer (r = 0.38; P = 0.00071).
The PBL response also related quite well to the serum IgA

response, with the magnitude of the PBL IgA response
significantly correlating with that of the serum IgA response
(P = 0.42; P = 0.000081). While 26% (21 of 81) of the PBL
responders did not have a fourfold or greater specific serum
IgA response, only one subject demonstrated a serum IgA
response in the absence of a PBL IgA response (Fig. 3B).

DISCUSSION

The process of directly sampling fluid from the small
intestine has been regarded as probably the optimal method
for the determination of a specific immune response to an
enterically delivered vaccine. As such, it could be consid-
ered the "gold standard" by which other methods may be
compared. The collection of adequate samples of intestinal
fluid is not always convenient or easy. Intestinal intubation
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FIG. 3. The relationship between in vitro specific IgA antibody production by PBL and specific serum and intestinal-IgA responses. The
graphs plot the adjusted postvaccination magnitudes of increase in specific intestinal antibody levels (A) and the magnitude of increase in
specific serum IgA antibody titers (B) against the day 7 specific IgA PBL response expressed as the optical density at 405 nm per 106 PBL
for each individual. The horizontal dotted lines indicate the optical density at 405 nm of 0.100 (previously defined as a response [9, 12]), while
the vertical dotted lines indicate the fourfold increases in specific antibody following vaccination. Data from two subjects with postvaccination
PBL values of 0.000 optical density units at 405 nm and serum and intestinal postvaccination increases of 1.00- and 1.00-fold, respectively,
have not been included on the graph.

is a very labor-intensive, invasive, and time-consuming
procedure that is not particularly pleasant for the individual
undergoing it. It is also not suitable for the very young or the
very old members of the community. Therefore, the need to
identify alternative indicators of local intestinal immunity is
crucial to the development of an enteric vaccine.

Bacterial infections of the gastrointestinal tract, as well as

oral vaccines, normally produce a secretory-IgA immune
response in the intestine, which may be accompanied by a

more widespread response with specific secretory IgA de-
tectable in the external secretions of other distant mucosal
surfaces (1, 14, 21, 30, 33). This pattern of response has been
reported to occur without the corresponding appearance of
detectable specific antibodies in serum (5, 30, 35). One
possible indirect indicator frequently considered has been
salivary specific IgA (14, 15, 20, 21). In this study, despite
substantial specific intestinal-IgA responses being evident,
the specific salivary-IgA responses in samples collected
concurrently with intestinal fluid were of very low magni-
tude, with only 3 of 22 subjects achieving responses of
fourfold or more; this did not correlate with the intestinal-
IgA response. The failure to adjust the salivary-IgA re-

sponses for total IgA content would have resulted in no

responders being identified.
Serum antibody determination has been of limited value as

a correlative indicator of an intestinal-IgA response (7, 12,
30), since significant changes in specific antibody titers are

not always present following infection or vaccination (5, 21,
24). In the present study, the serum IgA and serum IgG
responses were not measurable in 12.3 and 14.8%, respec-

tively, of the subjects with specific intestinal-IgA responses.
In subjects with a measurable serum response, the magni-
tude of the serum IgA response did not correlate with that
observed in the intestine, whereas there was a significant
correlation between the magnitude of the serum IgG re-

sponse and the intestinal-IgA response. These findings are

consistent with observations made for healthy, previously
unexposed subjects (12) and with the apparent association
between the serum IgG response and protection in an

endemic location (26).

As noted previously for intestinal fluid (12), the timing of
sample collection for serum IgA determination also appeared
to be critical for the value of this determination as a useful
indication of an intestinal immune response. It has been
previously noted that the serum IgA peak occurs about 11 to
14 days following the commencement of oral vaccination,
gradually declining in the absence of continued local stimu-
lation to become barely significant at 6 weeks postvaccina-
tion (12). However, for the first time, the present study
identified two distinct patterns of serum IgA immune re-

sponse, which were labelled standard and delayed response
patterns. The standard response pattern represented the
serial serum IgA response that has been described previ-
ously (9, 12, 14). There was a rapid increase in specific serum
IgA, which peaked around days 11 to 14 following the first
dose and declined during the next 2 to 3 weeks. The delayed
response pattern, which accounted for 16.6% of the subjects
for whom serial samples were available, did not peak until
much later. This study was not primarily designed to identify
this group; therefore, at the end of serum collections, the
specific IgA antibody titer in this group was still increasing.
There were no apparent differences in vaccine doses or

formulations or previous Salmonella experiences between
these subjects and those following the standard response
pattern that could have contributed to these response differ-
ences. Since Salmonella infections may to a degree be under
genetic control (34), it is possible that a delayed IgA re-

sponse pattern reflects a genetic variation in the response to
S. typhi rather than a generalized phenomenon. This may
also account for the failure to achieve responses of fourfold
or greater from the day 14 or 15 intestinal-fluid samples of
any of these subjects. While these findings require further
investigation, it is important to note that had only a single
day 12 sampling time point been chosen to assess the
immune responsiveness of these particular individuals, most
results for the delayed-response-group subjects would have
been recorded as vaccine failures.
The observation of two apparently distinct groups of IgA

responders may have contributed to the failure of serum IgA
responses to correlate. The serum IgG response appeared
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consistent even with the delayed IgA responders, following
a response pattern similar to that observed for the serum IgG
of the standard IgA responders. Although these were of a
lower magnitude at day 14, they were not significantly lower.

In 11.1% (9 of 81) and 8.6% (7 of 81) of the subjects who
had significant serum IgA and/or IgG responses, a corre-
spondingly significant intestinal-IgA antibody response was
not detectable. This observation casts doubt on the reliabil-
ity of intestinal-IgA determination as the gold standard.
From this work, it would appear that a single measurement
that uses either serum or a secretion would be unlikely to be
sufficiently reliable to determine whether a subject has
mounted a specific immune response to an orally adminis-
tered bacterial vaccine and that both serum and intestinal-
IgA antibody levels need to be measured together.
Of all the indirect measurements considered in this paper,

the one most likely to provide the most accurate indicator of
a local immune response appeared to be the measurement of
day 7 circulating PBL IgA specific antibody response. De-
termination of specific antibody production by PBL that
circulate following mucosal exposure to an antigen has been
demonstrated to be a useful measurement of local mucosal
immunity (8, 9, 12, 22, 23). However, direct comparisons
between the responses observed by using these assays and
how the assays relate to the responses, especially the
magnitudes of the responses observed in the intestine, are
lacking. An earlier study that used a dozen subjects vacci-
nated with S. typhi Ty21a demonstrated a strong association
between local intestinal specific antibody and the peak
antibody response in subjects' circulating PBL (9). The
much larger comparison reported here identified consider-
ably more responders following vaccination and was able to
directly demonstrate highly significant correlations between
the day 7 postvaccination specific IgA PBL response in vitro
and both the day 12 or 14 postvaccination intestinal-IgA titer
and the magnitude of the postvaccination increase in intes-
tinal-fluid IgA. Ifwe continue to assume that intestinal IgA is
the gold standard, then many of these PBL responses may
represent false-positive results. However, with the evidence
from the serum IgA and IgG comparisons, it is probably safe
to propose that all of the PBL responses observed here were
real responders and that the intestinal-IgA measurement
lacked sensitivity.

Since neither intestinal-fluid nor serum IgA or IgG deter-
minations alone can confidently identify all patients who
have generated a primary local intestinal immune response
to an orally administered vaccine, the PBL specific antibody
response alone may provide a sensitive, correlative mea-
surement of such an immune response which can be easily
performed and which may be suitable for community stud-
ies. However, it is possible that the assay of PBL specific-
antibody production described here detects nonrelevant
immune responses, and, to date, its value as a predictive
measure of protection against virulent challenge has not
been adequately evaluated.
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