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To develop monoclonal reagents for antigenic analysis and serotyping of Campylobacter spp., hybridoma
cell lines were produced by fusion of mouse myeloma cells and spleen cells from mice immunized with
Formalin-treated Campylobacter jejuni organisms. An enzyme immunoassay was used for preliminary
screening of the cell culture supernatants and ascites. Twenty-nine clones which reacted with the
immunogen were obtained. Seven of these clones were positive in passive hemagglutination tests with sheep
erythrocytes coated with boiled saline extract of whole bacteria; four of these reacted with the purified
polysaccharide preparation and with the autoclaved saline extract, but not with lipopolysaccharide prepared
from the immunogen strain. Two of the antipolysaccharide clones agglutinated live bacteria in slide tests.
Four additional clones gave positive slide agglutination tests with live bacteria, but in tube testing no clones
agglutinated Formalin-treated bacteria. No cross-reactions with unrelated bacteria were seen, but several
clones reacted in the enzyme immunoassay with many of the 24 Campylobacter strains studied. The clone
which gave the highest mean enzyme immunoassay values with Campylobacter coli and C. jejuni strains
also reacted with Campylobacterfetus subsp. venerealis and C. fetus subsp. fetus strains. This clone also
gave the highest enzyme immunoassay value with an acid glycine extract of the immunogen, which indicates
the presence of common antigens in the extract. The results suggest that monoclonal antibodies may be used
to devise serotyping schemes for Campylobacter spp.

The recent surge of interest in Campylobacter infections
has prompted studies of methods to identify and detect
Campylobacter strains for epidemiological purposes. Al-
though biochemical tests and differences in antibiotic sus-
ceptibility have been effective for identifying species and
subspecies, they have limited ability to differentiate strains
within subspecies (6, 8). Further characterization and typing
of Campylobacter coli and Campylobacter jejuni strains
have been based on slide and latex agglutination tests with
live bacteria (7, 12) and the passive hemagglutination (PHA)
technique with heated saline extracts (11, 17).

Traditionally, the antisera used for typing live bacteria are
absorbed with boiled organisms before assay (7, 12). There-
fore, serotyping with these reagents is based on heat-labile
antigens. The precise nature of these flagellar and capsular
antigens as well as that of heat-stable antigens has not been
defined. In addition, various cross-reactions have been
observed among type strains and clinical isolates, indicating
the complexity of both heat-labile and heat-stable antigens
(7, 11, 12, 17). The advantages offered by monoclonal
antibodies in the study of antigenic components of bacteria
and in the development of diagnostic reagents (3, 23)
prompted us to explore their application for Campylobacter
spp. We have established 29 hybridoma cell lines producing
monoclonal antibodies that reacted with C. jejuni 143483,
and we have characterized their behavior in several differ-
rent immunoassays.

MATERIALS AND METHODS
Campylobacter strain used as immunogen. C. jejuni 143483

was originally isolated from a human stool specimen in
Edinburgh, United Kingdom, by Watson et al. (26). The
bacteria were oxidase-, catalase-, and hippurate-positive,

* Corresponding author.

H2S-negative, nalidixic acid-susceptible, curved gram-nega-
tive rods (19, 20).

Antigen preparation. The bacteria for the antigenic prepa-
rations were grown on Mueller-Hinton agar medium supple-
mented with IsoVitaleX (BBL Microbiology Systems, Cock-
eysville, Md.) at 43°C in an atmosphere of 5% 02, 10% CO2,
and 85% N2-

Immunizations. After a 48-h incubation, the bacteria were
harvested in sterile saline containing 0.5% Formalin, incu-
bated at 37°C for 4 h, and then stored at 4°C. For injections,
the suspension was adjusted with saline to a concentration
of 1010 CFU/ml according to the McFarland scale. Two
BALB/c mice were injected with 0.2 ml of the suspension
intraperitoneally on day zero and intravenously on day 21.

Production of hybridomas. The immune spleen cells were
fused with myçloma cells 4 days after the second immuniza-
tion by the method of Galfre et al. (5), with minor modifica-
tions (2). When the cells had reached 50% confluency in the
majority of the wells showing cell growth, the supernatants
were collected and assayed by enzyme immunoassay (EIA)
with whole bacteria as described below. The cells from the
wells in which antibody production against the immunogen
strain was observed were grown in vitro to stabilize the
lines. For ascites production, 0.4 x 106 to 2.0 x 106 cells of
these hybridoma lines were inoculated intraperitoneally into
BAB 14 mice. As soon as ascites formation was observed
(about 3 weeks), the ascitic fluids were withdrawn. The
ascites cells were stored in liquid nitrogen, and the fluids
were stored in small samples at -20°C.

Testing of the hybridoma product. Determination of the
isotype. The ascitic fluids were diluted 1:30 to 1:40 in
phosphate-buffered saline (PBS, no. D-026, Orion Diagnos-
tica, Helsinki, Finland) and examined by immunodiffusion
on 1% agar slides with antisera prepared in rabbits against
purified mouse immunoglobulin Gi, G2a, G2b, and G3 (no.
8403-04-06 and 8405-08, Litton Bionetics, Kensington, Md.).
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Electrophoresis. The ascitic fluids were also analyzed by
electrophoresis on cellulose acetate plates (Helena Labora-
tories, Beaumont, Tex.) at pH 8.6 (180 V, 15 min). The
plates were stained with Ponceau S stain (Gelman Instru-
ment Co., Ann Arbor, Mich.).
EIA. For the detection of antibodies in cell culture super-

natants and ascites, the method of Voller et al. (25) was used
with minor modifications. Briefly, the procedure was as
follows. Live -whole bacteria were harvested in saline, and
the density of the suspension was adjusted with a spectro-
photometer to give an optical reading of 0.05 at 650 nm. This
suspension was used to coat cuvettes, which were incubated
overnight at 37°C. After three washings with PBS-Tween,
the culture supernatants (diluted 1:5) or ascites samples
(diluted from 1:50 to 1:500) were added to the cuvettes,
which were incubated for 2 h at room temperature. After
three washings, alkaline phosphatase-labeled anti-mouse
immunoglobulin (Orion Diagnostica) was added, and the
cuvettes were again incubated for 2 h at room temperature.
After three further washings, freshly prepared p-nitrophen-
ylphosphate substrate solution (1 mg/ml) was added, and the
cuvettes were then incubated at 37°C for 30 to 100 min (until
the positive mouse serum control included in the series gave
a spectrophotometer reading of about 1). The reaction was
stopped with 3 M NaOH, and readings were made with a
spectrophotometer at 400 nm. All individual EIA values
were calculated as the means of two parallel determinations.
The cell culture supernatants were tested once, and the
ascitic fluids were tested two to four times. Determination of
cross-reactions with other bacteria was also made by EIA.
Twenty C. coli and C. jejuni, two Campylobacterfetus subsp.
venerealis, and two C. fetus subsp. fetus strains (7) were
tested once as above. In addition, single strains of Staphylo-
coccus aureus, Streptococcus faecalis, Escherichia coli,
Yersinia enterocolitica, and Pseudomonas aeruginosa, all
isolated from clinical samples, were run once in the EIA as
described above for the immunogen strain.
The EIA used for the detection of antibodies directed

against an acid extract of whole cells were carried out by
using an antigenic preparation obtained by treating live
bacteria with 0.2 M glycine-hydrochloride buffer, pH 2.2, as
described by McCoy et al. (15). The neutralized, dialyzed,
and then lyophilized material was dissolved in PBS (3 ,ug/ml)
to coat the cuvettes, which were incubated with the antigen
at 37°C overnight. The assay was composed as described
above.
EIA for antibodies against LPS. Lipopolysaccharide (LPS)

was extracted with hot phenol water, and the nucleic acids
were removed as described by Staub (21). The lyophilized
powder was characterized by sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis (10). No protein bands could
be visualized with Coomassie blue when 40 ,ug of the
preparation was applied per lane. The few fast-migrating
bands seen in a silver-stained preparation (24) were similar
to those of an LPS from a rough Salmonella typhimurium,
with no evidence of the wash board-like bands (16) observed
when an LPS preparation from a smooth S. typhimurium
was applied for comparison (S. typhimurium LT2, strain
SH2183, rough, chemotype Ra, complete core (16), and S.
typhimurium LT2, strain SH9013, smooth; the LPS prepara-
tions were obtained by courtesy of M. Sarvas, Institute of
Public Health, Helsinki, Finland). The contents of reducing
sugars (4) in our LPS preparation were lower than those of
the LPS from the rough and smooth Salmonella strains (7,
45, and 72%, respectively, when determined with D-glucose
as standard). For the EIA, the dried LPS preparation was

dissolved in PBS (1 ,ug/ml) to coat the cuvettes. Further
assay was done as described above.

Slide agglutination. One drop of ascites diluted 1:5 in saline
was placed on a glass slide. Material from a smooth colony
was taken with a toothpick and gradually mixed with the
ascites. The slide was tilted for 2 min, and the reaction was
read with a magnifying glass. Negative reactions were re-
corded as -, and positive ones as + (weak), + + (moderate),
and + + + (strong and very strong).
Tube agglutination. Twofold dilutions of the ascites sam-

ples were made in saline; 0.2 ml of each dilution was mixed
with an equal amount of the antigen preparation (formalin-
ized antigen, 0.5% formalinized saline at 350C overnight, or
antigen heated at 100°C for 1 h in saline and stored in 0.5%
formalinized saline). The tubes with formalinized antigen
were incubated for 4 h at 37°C, and those with heated antigen
were incubated for 20 h at 56°C (1). Readings were made
with a magnifying glass.
PHA tests with sheep erythrocytes coated with saline ex-

tracts of bacteria. The technique described by Penner and
Hennessy (17) was used for autoclaved, boiled, and unheat-
ed extracts. For each preparation, growth from four plates
was harvested in 4 ml of saline. For the unheated antigen,
the suspension was extracted at room temperature in a small
flask stirred with a magnetic rotator for 1 h. The boiled
extract was heated in a water bath at 100'C for 1 h, and the
autoclaved extract was heated for 30 min at 120°C. Each
preparation was centrifuged, and the supernatant was used
(diluted 1:10 in PBS) to sensitize sheep erythrocytes. The
extracts were mixed with an equal volume of a 1% suspen-
sion of sheep erythrocytes in PBS and incubated for 1 h at
37°C. The sensitized erythrocytes were washed three times
in PBS and used as an 0.5% suspension. Twofold dilutions of
the ascites samples were made in PBS, and 0.025 ml of each
dilution was mixed with an equal volume of the sensitized
erythrocytes in microtitration plates with U-shaped wells.
The plates were shaken, incubated at 35°C for 1 h, stored
overnight at 4°C, and then read for agglutination of erythro-
cytes.
PHA test for antibodies against polysaccharides. A polysac-

charide preparation was made by the method of Liu et al.
(13) from bacteria grown as above. The presence of reducing
sugars was determined spectrophotometrically at 490 nm by
the method of Dubois et al. (4), with D-glucose as the
standard preparation. Our material contained 90% reducing
sugars. When 100 ,g of the polysaccharide preparation was
added to a lane in the sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis run (10), no protein bands could be
visualized with Coomassie blue. For the PHA test, the dried
powder was dissolved in saline to a concentration of 5 ptg/ml.
This solution was used to sensitize an equal volume of a 1%
suspension of sheep erythrocytes in PBS. The tests were
carried out as described above for the saline extracts.

RESULTS

After fusion, the cells were seeded into 420 wells (2 x 105
cells per well). Cell growth was observed in 273 wells, and
antibody production was observed in 51 wells. After addi-
tional culturing in vitro, the 29 surviving clones were inject-
ed into BAB 14 mice (0.2 x 106 to 2.0 x 106 cells per mouse).
Each hybridoma cell line, except cell line 14, produced
monoclonal immunoglobulin as determined by electropho-
resis on cellulose acetate plates (cell line 14 had and addi-
tional band). The isotypes for the monoclonal antibodies are
listed in Table 1.
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TABLE 1. Isotypes of ascitic fluids and EIA values of
representative runs with the immunogen

Optical density of:

Ascites Isotype Live bacteria Acid extract
no. antigen antigen

(1:50)a (1:100)

1 yl 1.15 0.10
2 y2b 1.75 0.06
3 y3 2.59 0.19
4 y2b 1.93 0.12
5 y3 1.13 0.08

6 y2a 2.57 0.67
7 yl 0.30 0.09
8 y2b 1.74 0.19
9 yl 2.51 0.17
10 y2b 0.99 0.06

il -y2a 1.12 0.05
12 y2b 0.64 0.03
13 yl 1.99 0.16
15 yl 2.15 0.11

16 yl 0.53 0.07
17 yl 1.43 0.15
18 yl 0.57 0.15
19 Y1 2.39 0.23
20 y2b 1.45 0.06

21 y2a 0.76 0.05
22 y2a 2.39 0.20
23 yl 1.68 0.12
24 NDb 1.50 ND
25 ND 0.60 0.05

26 y3 0.86 0.06
27 -y2a 2.14 0.32
28 -y1 0.95 0.07
29 ND 1.10 0.09
30 yl 0.47 0.01

Control 0.35 0.01

a Numbers in parentheses show dilution of ascitic fluid.
b ND, Not determined.

Eight ascitic fluids reacted very strongly with whole live
bacteria in the EIA (Table 1). Two of these clones, 3 and 9,
produced antibody in high titers which reacted strongly in
the PHA tests with saline extracts of unheated, boiled, and
autoclaved whole bacteria as well as with purified polysac-
charide preparation. In addition, these two antibodies react-
ed in slide agglutination tests with live bacteria (Table 2).
Four additional clones also reacted with live bacteria in slide
agglutination tests. None of the 29 clones reacted in tube
agglutination tests with formalinized whole bacteria, but
three clones were positive in tube agglutination tests with a
boiled suspension of whole bacteria; two of these also
reacted strongly in PHA tests with boiled saline extract, but
no other reactions were observed for the third clone. In all,
PHA tests with boiled saline extracts gave positive reactions
with seven ascitic fluids, some of which were poorly reactive
in the EIA with whole bacilli as the antigen. When the saline
extracts were autoclaved and used in PHA tests, the same
four clones that reacted in this test also reacted with purified
polysaccharide.
None of the monoclonal antibodies reacted with the LPS

antigen (data not shown). A strong reaction was seen with
ascites 14, but this product was not monoclonal. Ascites 14
did not react in PHA tests.

Clone 6 produced antibodies which reacted strongly in the
EIA with the acid glycine extract preparation (Table 1), but
this reaction did not correlate with any other tests carried
out with the immunogen strain.

Reactivity of the ascites samples against other Campylo-
bacter spp. and other unrelated bacteria was studied by the
EIA (Table 3). None of the antibodies reacted with unrelated
bacteria, but several clones bound to several or many of the
Campylobacter strains, including C. fetus subsp. venerealis
and C. fetus subsp. fetus. Clone 6 reacted with all Campylo-
bacter strains tested and gave the highest average EIA value
of all clones with each subspecies.

DISCUSSION

Antibodies in primary hybridoma culture fluids could be
screened and detected successfully by using a suspension of
live bacteria as the antigen in the EIA. Most of the 30 clones
grown in mouse ascites produced antibodies detectable by
the same assay, and 12 produced antibodies detectable by
other tests as well. These tests included both slide agglutina-
tion of live bacteria and PHA with heated saline extracts as
antigen, which are the basic methods for serotyping with
conventional antisera (7, 11, 12, 17).
The unique specificity of the monoclonal antibodies makes

them an excellent tool for exploring the details of complex
antigens like those of bacteria. We obtained four clones that
reacted with the purified polysaccharide, thus implying the
presence of carbohydrate antigens in Campylobacter spp.
Two of these clones, 3 and 9, gave a positive slide agglutina-
tion reaction as well, indicating that carbohydrates may be
an important group of antigens which contribute to slide
agglutination by unabsorbed polyvalent sera. At least a part
of the carbohydrate antigens are loosely bound to the cell
wall. This was shown by their presence in the saline extracts
prepared at room temperature, as demonstrated by the PHA
test with these two clones. By extracting the bacteria with
boiling saline, additional antigens which reacted with several
clones in the PHA test were obtained. Some of these
antigens resisted autoclaving. The fact that the four antipoly-
saccharide clones reacted with the boiled and autoclaved
saline extracts shows that both the extract and the polysac-
charide have similar antigenic determinants. Since Penner et
al. (17) and Lauwers et al. (11) extracted the serotyping
antigens for PHA with boiling saline, it is apparent that
polysaccharide antigens are involved in their typing reac-
tions. The finding of three further clones which reacted with
boiled saline extracts but not with the polysaccharide in
PHA indicates the complexity of the PHA antigen used in
serotyping. These additional heat-stable antigens may be
chemically something other than carbohydrates, or they may
be carbohydrates which do not have the same antigenic
determinants as those with which our antipolysaccharide
clones reacted. Since two of these three clones agglutinated
boiled bacteria in the tube tests, there must also be similar
antigenic determinants which remain in the cell wall, but
their chemistry remains to be determined.
The failure of the antipolysaccharide clones to react with

the LPS preparation is in accord with the low carbohydrate
content of the LPS. This was shown by the sodium dodecyl
sulfate-polyacrylamide gel analysis, in which our LPS re-
sembled that from a rough Salmonella strain known to lack
carbohydrate chains. A similar LPS was recently extracted
from some Campylobacter strains by Logan and Trust (14).
The only ascites (no. 14, not monoclonal) which reacted
strongly with the LPS did not give a positive PHA reaction.
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TABLE 2. Agglutination reactions of ascitic fluids with different antigenic preparations of the immunogen
Test results"

Ascites PHA"Slide Tube
no* agglutination" agglutination" Saline Boiled Autoclaved

extract extract extract Polysaccharide

1 1:1,280
2
3 + + + 1:5,120 1:1,280 1:5,120 1:2,560
4 1:800 1:1,280
5 1:640 1:2,560 1:640

6
7
8
9 + + + 1:5,120 1:640 1:5,120 1:640
10

il
12
13
15

16 1:3,200
17
18 ++
19
20 1:80 1:160 1:320

21
22
23
24 1:1,600 1:1,280
25

26 +
27 +
28 ++
29
30

a Negative reaction was obtained unless otherwise indicated.
b First dilution studied, 1:40.
` Live bacteria antigen; ascitic fluid diluted 1:5.
d Boiled bacteria antigen; first dilution studied, 1:100.

This is inconsistent with the idea that the antigen responsible
for the PHA serotyping could be the LPS as such. In
addition to the two antipolysaccharide clones, there were
four clones which gave a slide agglutination reaction with
live bacteria. None of the clones, however, agglutinated
formalinized bacteria in the tube test, which has been
presumed to detect antiflagellar antibodies (1). These find-
ings indicate that, besides the flagellum-dependent reaction,
there must be other antigen-antibody pairs which contribute
to the slide agglutination of live bacteria. It is apparent that
very little is known of the heat-labile antigens on which some
preliminary typing schemes are based (7, 12) and that great
care is needed when the polyvalent typing sera are absorbed
with heat-stable antigens.
Monoclonal antibodies can also be used to investigate the

common antigens by studies of their reactivity with other
bacterial strains. None of our clones reacted with the few
unrelated bacteria tested, but many clones reacted with
several Campylobacter ssp. One of the clones gave excep-
tionally high EIA values with all 24 Campylobacter strains
tested, including two C. fetus subsp. venerealis and two C.
fetus subsp. fetus strains. The same clone gave a high EIA
value with the acid extract prepared from the immunogen as

described by McCoy et al. for C. fetus subsp. fetus (15). This
extract was reported by McCoy et al. to be superficial,
antiphagocytic, and responsible for the non-agglutinability of
the strains in O-type antisera. They also suggested that it
might be a virulence factor. Our interest in this antigenic
preparation was further increased when we found that not
only all 21 rabbits immunized with different Campylobacter
strains, but also the majority of human patients with Campy-
lobacter enteritis, had antibodies which cross-reacted with
this extract from our immunogen strain (9, 18). A similar
antigen extracted from two Campylobacter strains was suc-
cessfully used in serological studies on human serum sam-
ples by Svedhem et al. (22).
The facts that monoclonal reagents have high specificity

and that they react in tests used in the preliminary serotyping
systems reported are encouraging for further exploration of
their use in developing serotyping systems based on well-
defined antigens. The clones reacting with the polysaccha-
rides are the most promising in this context, but it will be
interesting to study also the other clones which react, for
example, in PHA tests with strains that cross-react with the
immunogen when typed with polyvalent sera.
The monoclonal reagents also seems to offer an excellent
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TABLE 3. Cross-reactions of some ascitic fluids with 24
Campylobacter strains and 5 other bacterial strains

Optical density in EIA

Ascites C. fetus subsp. C. fetus subsp.
(1:100) C. jejuni and s'enerealis fetus Other bacteria'

C Coli'~

13823 14840 13014 14865

1 0.48 + 0.25 0.31 0.54 0.26 0.50 0.09 ± 0.03
3 0.76 ± 0.43 0.34 0.75 0.43 0.71 0.16 ± 0.02
6 1.54 ± 0.63 1.13 2.03 1.33 2.00 0.01 ± 0.02
8 0.65 ± 0.40 0.41 0.81 0.42 0.61 0.14 ± 0.03
9 0.43 ± 0.26 0.13 0.31 0.15 0.30 0.09 ± 0.03

13 0.62 ± 0.31 0.27 0.54 0.30 0.47 0.16 ± 0.04
15 0.43 ± 0.26 0.18 0.46 0.25 0.36 0.07 ± 0.04
19 0.82 ± 0.48 0.46 1.26 0.56 1.53 0.10 ± 0.02
22 0.92 ± 0.45 0.44 0.87 0.44 0.74 0.14 ± 0.03
23 0.49 ± 0.31 0.15 0.43 0.12 0.36 0.06 + 0.01
27 0.69 ± 0.42 0.39 0.93 0.46 0.81 0.07 ± 0.01

a Mean ± standard deviation for 20 strains.
b Mean ± standard deviation for five strains.

way for characterizing and purifying those bacterial antigens
for which earlier methods have proved inadequate. The acid
glycine extract found to cross-react with most other Campy-
lobacter spp. demonstrates that, despite the high antigenic
variability revealed by serotyping, there seems to be com-
mon antigens. Further studies are needed to determine
whether acid extracts from one or two strains, or at most a
small number, would be sufficiently cross-reactive to react
with all Campylobacter strains and thus to be usable in
serological studies of clinical material.
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