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In developing countries, Campyvlobacter jejuni causcs diarrhea and dysentery, especially in children less
than one year of age. Breast feeding protects against infectious diarrhea. with milk IgA antibody
playing a determining role. Therefore. it has been proposed to increase the protective effect of human
milk by vaccinating women of child-beuring age. To identify antigens which may induce protective
breast-milk IgA. we analyzed 60 strains of C. jejuni isolated from asymptomatically- and symptomati-
cally-infected breast-fed children less than 12 months of age. Surfuce antigens of C. jejuni. separated by
polvacrylamide gel electrophoresis, were probed with breast milk collected concurrently with the fecal
sample from which C. jejuni was isolated. and specific IgA was developed by immunoblotting. Our
results indicate thut milk antibodics against three high molecular weight bacterial surface antigens of
95. 110 and 185 kDa arc involved in protection of infants infected with C. jejuni ( p=0.00964 for one-
tailed Fisher's exact test). O Breast mifk, Campylobacter jejuni, diarrheua, Ig4, immunoblot
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Cumipylobacter jejuni is an important pathogen recog-
nized as a cause of acute and persistent diarrhea and
dysentery in children and adults in many parts of the
world. In developing countries, children under 12
months of age. especially those who are not breast fed.
are at higher risk of Cumpylobacter diarrhea (1).

Several lines of ¢vidence suggest that specific anti-
bodies are an important host defense against C. jejuni
infection. Severe. recurrent. prolonged and extraintesti-
nal infections with C. jejuni have occurred in persons
with congenital or acquired hypogammaglobulinemia
(2). Where Campylobacter is endemic, asymptomatic
infections result from the development of specific serum
IzA. the levels of which increase with age. Moreover,
seroconversion to cell surface antigens has been
reported in outbreaks of diarrhea and in studies in
volunteers, as well as in patients from developed
countries infected with Campylobacter (3-5).

Breast feeding protects infants aguainst diarrheal
disease through several mechanisms. The most impor-
tant immunologic component that provides protection
at the level of the gastrointestinal tract is the secretory
IgA (sIgA). However, breast-fed infants can suffer from
diarrheal diseases. especially in poor areas of the world,
where children are exposed to a heavy microbiological
load associated with poor sanitary conditions (6-8).

A protective role for maternal antibodies against
Cumpylobacter sp. was suggested by prospective studies
conducted in Central Africa. where Caumpylobucter sp.
was isolated from non-diarrheic stools of neonates (9).
More recently. Nuchamkin et al. (10) reported that
breast milk protects against C. jejuni diarrhea in the first
year of life. Ruiz Palacios et al. (11) reported that human
milk consumed by Mexican children with Campylo-
hacter diarrhea did not contain secretory IgA antibodies
to the glycine acid-extractable antigen of Campyio-
bacter, whereas children who ingested breast milk rich in
antibodies against that antigen did not have diarrhea.
Thus, there appears to be a protective effect of specific
antibodies present in human milk against Cumpylo-
bacter diarrhea.

Levels of protective antibodies against infectious
diseases can be increased in lactating women by appro-
priate vaccination of women of child-bearing age. If
breast milk provides protection by neutralizing one or
more surface antigens or cellular components of C.
Jejuni, vaccination of potential mothers with those
antigens can ensure protection of the breast-fed infant
and prevent the negative nutritional effect of Campy-lo-
bacter diarrhea.

We studied the specific role that breast feeding plays
in protecting against C. jejuni diarrhea, by identifving
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specific cellular fractions of this bacterium recognmzed
by specific antibodies against them contained in human
milk.

Materials and methods

Study population

Sixty-four mother-infant pairs from a poor rural Indian
village in Guatemala, Santa Maria de Jests (12). who
voluntarily agreed to participate in the study. were
followed prospectively for 9-12 months after delivery.

Field procedures

Every two weeks. specially trained field workers visited
the home of the participants under surveillance and
collected data on child feeding., morbidity data with
particular attention to diarrhea. and routinely collected
breast milk and fecal samples from the mother and the
child. regardless of their health status (which was also
rccorded). Additionally. whenever a child had diarrhea
the mother brought the child to the INCAP’s health
clinic where a nurse collected fecal specimens of both
mother and child, as well as breast milk. When needed.
the child was rehydrated at the clinic.

Milk samples

Breast milk specimens (5-10 ml) were collected with
manual pumps. refrigerated and transported to
INCAP’s headquarters in an ice box on the same day of

collection. aliquoted in 1-dracm vials and frozen at —20
C until analysis.

Microbiolagical analyses

Upon collection, fecal specimens of mothers and infants
were inoculated into Cary-Blair transport media which
were kept refrigerated. The samples were collected or
received. and transported on ice to INCAP’s head-
quarters on the same day, where they were immediately
processed to detect Cumpylobacter. E. coli. Shigella.
Salmonella. Yersinia. Aeromonas and Plesiomonas by
standard methods described previously (13).

Sumple size and bacterial strains

Strains of C. jejuni were maintained frozenat —70 C. A
total of 60 bacterial strains isolated from 33 children.
and the corresponding breast-milk samples collected at
the time when the fecal specimen was obtained. were
analyzed. Thirty-cight of these strains came from fecal
samples of children without diarrheal disease and 22
from diarrheal patients. Forty-four strains came from
children without other pathogens dectected and 16
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belonged to samples of children with two or more
pathogens.

Study design and statistical analyses

The study was prospective and observational: immuno-
chemical analyses of the bacterial strains were per-
formed with stock cultures of the C. jejuni collected from
the longitudinal study. Data were analyzed using the
one-tailed Fisher's exact test for 2x2 tables. using
Epilnfo. It is important to emphasize that statistical
analyses included only children who excreted C. jejuni as
unique pathogen.

Denaturing gel clectrophoresis and imnumoblois

Polyacrylamide gel electrophoresis (PAGE) was per-
formed in the presence of sodium dodecy] sulfate (SDS).
as described by Laemli (14). with a resolving gel of 7.5«
and a stacking gel of 4.5% polvacrvlamide. using a
sandwich gel setting. Surface protein untigens and
glvcine-extractable antigens of C. jejuni. prepared
according to McCoy et al. (15). were separated. After
electrophoresis. protcins were transferred to nitrocellu-
lose membranes (NC) (Schlyler & Schuell. 0.22 um) as
described by Towbin ¢t al. (16).

The NC membranes containing the blotted antigens
were air-dried and blocked with Blotto-Tween (130 mM
NaCl. 50 mM Tris.HCI, pH 7.5, 0.02% Tween 20 and
5Y» non-fat dried milk) at room temperature for 1.5 h.
Breast milk diluted 1:10in Blotto-Tween was added and
incubated overnight at 4 "C. Then. specific goat anti-
human IgA. affinity isolated. conjugated to alkaline
phosphatase {Tago Inc, PO Box 4463. §87 Mitten Road.
Burlingame. CA 94011), diluted 1:1000 in Blotto-
Tween was added and incubated at room temperature
for 4 h. The blot was developed using nitroblue
tetrazolium (NBT) and 5-bromo-4-chloro-indolyl-
phosphate (BCIP). as described by Sambrook et al. (17).
The immunoblots were analyzed manually. by measur-
ing the Rf of each band. and calculating the molecular
weight (MW) from individual calibrating curves plotted
for each blot from the molecular weight standards.
None of the epidemiological data was known by the
technicians who performed the immunoblot analyses.

Results

After SDS-PAGE clectrophoresis. surface antigens of
C. jejuni showed a total of 18-22 bands that were
visualized with Coomassie Blue. A pool of breast milk.
used as a standard to control the immunoblotting
procedure, showed a total of 5-12 bands: the 6 major
bands had MWs of 35, 42, 65. 95. 110 and 185 kDa.
Depending on the strain tested. other minor bands were
observed. Fifty-seven of 60 milk specimens obtained
from the mother of the C. jejuni-infected child showed
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Fig. 1. A: Immunoblot showing the three bands associated with
protection by breast milk: 95, 110and 185 kDa. B: Immunoblot froma
child with Campylobacter diarrhea, not showing the 95. 110 or 185
kDa bands.

one or more bands. distributed in a pattern similar to the
pool. with the most common bands migrating at 35, 42,
65.95.110. 155and 185 kDa (Fig. 1). Only 3 of 57 strains
did not show any band recognized by the milk of the
mothers. The most commonly observed band was a
strongly reactive one, of relative molecular mass (Mr) of
65000 = 6000, found in 38 of 57 strains. For the glycine
extracted antigens. the 31 kDa protein was found in 14
of 20 strains tested.

Immunoblots performed with breast milk obtained
from 17 mothers of children who were excreting C. jejuni
(as the only pathogen) but were not suffering from
diarrhea. showed three major bands that were not
present in blots developed with specimens collected
from mothers whose children had C. jejuni diarrhea (and
no other pathogens) (p=0.00964, one-tailed Fisher's

Tuhle 1. Surface antigens detected in immunoblots of C. jejuni with
breast milk in children who had no other pathogen detected.

Health status

Mr (10 ')  Diarrhen  Healthy  Convulescence  Total
35=3 * 11 4 16
2=4 2 8 6 16
65=6 5 25 8 38
959 0 15 8 23

1=S$ 0 2 4 6

I55=15 2 9 5 16

ISS =18 0 13 3 16

4 Relative molecular mass. ® Indicates number of isolates presenting
that band.
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exact test). The Mrs of these bands were 95000, 110000
and 185000. The presence of any of these single bands
individually was not protective (p>0.05, one-tailed
Fisher’s exact test) but a combination of the 95-and 110-
kDa bands (p =0.025694, one-tailed Fisher’s exact test)
orofthe95-, 110-and 185-kDa bands ( p=0.00964. one-
tailed Fisher's exact test) was associated with the
absence of diarrhea (Table 1).

The presence of the 65-kDa band, which corresponds
to flagellin, was not associated with protection against
the symptoms of diarrhea (p=0.1189737).

Proteins of 42 and 31 kDa were detected in surface
antigens and in glycine extractions, respectively. No
difference in the group of children with and without
diarrhea was observed concerning these bands.

Discussion

Several studies have identified three proteins of Campy-
lobacter with antigenically cross-reactive epitopes,
initially thought to be potential vaccine candidates:
flagellin (66 kDa), the outer membrane protein (OM., 42
kDa) and the glycine-extractable protein (31 kDa).
Flagellin, the immuno-dominant antigen of C. jejuni, is
not a direct candidate for use in a monovalent vaccine,
because there are numerous serotypes of Campylobacter
flagella and these are subject to both phase and antigenic
variation; there is, however. a strong area of research
trying to overcome these constraints (18).

The major OM protein and the 31 000 dalton cross-
reactive protein found with glycine extraction are not
good vaccine candidates because most of their cross-
reactive epitopes are buried in the OM or in the inner
membrane, respectively (19-21). In our study. breast-
milk antibodies directed against these proteins were not
associated with protection against diarrhea. Most of the
immunoblots showed a strongly reactive band of
approximately 62-65 kDa. where flagellin migrates. in
both healthy and ill children. Our results agree with
those of Nachamkin & Yang. who found no difference
in the levels of intestinal IgA directed to flagellin in
healthy and sick individuals (22).

Our findings suggest that breast milk rich in anti-
bodies to two (95 and 110 kDa) or three (95, 110 and 185
kDa) bands of high molecular weight protects children
against C. jejuni diarrhea. Data for single bands come
from small sample sizes, so non-significance may reflect
lack of statistical power. The protective action of each
individual band may be through coordinate inactivation
of the two or three high molecular weight antigens,
which may need to interact for C. jejuni to be patho-
genic. These bands might represent the 92.5-kDa, strain-
specific OMP, associated with human isolates and
identified by polyclonal antibodies raised in rabbits by
Logan & Trust (19). or adhesins (23). high molecular
weight LPS (24) or other traits associated with patho-
genicity and not described to date. Nachamkin & Yang
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(22) measured intestinal IgA anti-Campylobacter flagel-
lin by an enzyme immunoassay in patients with and
without Campylobacter infections. The level of fecal [gA
anti-flagellin antibody was not significantly higher in
patients than in controls. with only 12 of 29 patients
(41.4%0) with a Campyrlobacter infection showing detect-
able levels of specific anti-flagellin IgA antibodies. We
observed IgA antibodies against flagellin in most of the
patients studied; however, breast-milk samples of
mothers of sick children also showed strong signals at
the 65-kDa band.

Wu et al. (25) investigated the specific antigens of C.
Jejuni recognized by antibodics present in serum, urine
and intestinal lavage. in infected and parenterally
immunized mice by immunoblot analysis. Two antigens
of 62000 and 43 000 were predominantly detected by the
three fluids. Urinary IgA detected predominantly the
43-kDa protein. while intestinal lavage IgA recognized
mainly the 62-kDa protein. Urinary IgA also detected
many other minor bands with Mrs ranging from 18 000-
97000: our findings are similar to those that Wu et al.
reported for urinary IgA.

In conclusion. our findings indicate that breast milk
rich in IgA that recognizes two (95 and 110 kDa) or
three (95. 110 and 183 kDa) bands of high molecular
weight protects children against diarrhea caused by C.
Jejuni. These results should be complemented with
further studies that include quantitative determinations
of specific IgA. Although we followed 64 mother-child
pairs for 9-12 months (a statistically adequate sample
number). only strains of 33 children came from children
without any other pathogens. thus limiting the power of
our conclusions. There is a definite need for re-evaluat-
ing the role of flagellin in the protection afforded by
human milk. Our study identified three antigens
involved in protection against Campylobacter diarrhea,
which must be characterized in detail in order to
evaluate them as vaccine candidates.
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