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The opsonisation of four different campylobacter species for human neutrophils was
studied using a chemiluminescence system and electron microscopy. Opsonisation of Campylobacter
fetus, Campylobacter coli, and Campylobacter jejuni was mediated by antibody and enhanced by
complement. Antibody was not, however, required for the phagocytosis of Campylobacter pylori
because it activates the classical pathway of complement directly. This unusual property may be
important in the pathogenesis of C pylori associated gastritis and duodenal ulcer.
SUMMARY

The past decade has seen a rapid expansion in our
knowledge of the role of campylobacter species in
human disease. Campylobacter jejuni (and less frequently Campylobacter coli) is a common cause of
self-limiting diarrhoea in normal subjects' 2 and
chronic diarrhoea in patients with hypogammaglobulinaemia.3 Campylobacter fetus, although more
often causing septicaemia in immunocompromised
hosts,4 chronic alcoholics and other patients with
lowered resistance,5 6 may also be found in the stools
of patients with diarrhoea.7 Campylobacter pylori
colonises the gastric mucosa of most patients with
gastritis andlor duodenal ulcer and is probably
involved in the inflammatory process.89
Our interest in the gut flora of hypogammaglobulinaemic patients prompted us to study the
opsonisation of campylobacter species for neutrophil
phagocytosis, with the aim of determining whether
antibody is critically required. We found that Cpylori
had some unusual properties which may help explain
its association with gastritis.

Health Laboratory, Southampton (NCTC 11828),
and the other from Northwick Park Hospital (NCTC
11626); both isolated from patients with diarrhoea;
Campylobacter coli (NCTC 11353); Campylobacter
fetus (NCTC 10842), and a strain (DU74-Northwick
Park) of Campylobacter pylori isolated from gastric
antral biopsy tissue taken from a patient with duodenal ulcer. This has similar growth, morphological
and antigenic characteristics to the NCTC 11639
strain of Cpylori.
The organisms were grown microaerobically at
37°C on blood agar with columbia agar base and 10%
horse blood. The medium was freshly prepared for
the growth of Campylobacter pylori and routinely
contained 100 IU/ml of nystatin.
After one to three days growth, the organisms
were harvested into phosphate buffered saline
(PBS), washed twice in PBS and finally suspended at
an opacity matched by eye to 10 international opacity
units (equivalent to about 5 x 109/ml total organisms
in PBS). The organisms were stored in aliquots at
-70°C until required.

Methods
SERA
CAMPYLOBACTER SPECIES

The following species were used; two strains of
Campylobacter jejuni, one from Dr Newell, Public
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Fresh sera were obtained from laboratory workers
and frozen at -70°C within one hour. Where stated,
complement was inactivated by heating the sera at
56°C for 30 minutes. Serum was also obtained from a
patient with homozygous C2 deficiency and from a
patient with severe hypogammaglobulinaemia (IgG
<100 mg/100 ml, IgA and IgM <10 mg/100 ml).
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Pooled gammaglobulin for intravenous use
(Gamimune - Cutter) was dialysed to remove
stabilising sugars, and adjusted to a concentration
of 30 g/l in PBS.
ANTIBODY ASSAYS

Campylobacter species at 5 x 109 organisms/ml in
PBS, harvested and washed as above, were further
diluted 1:750 (found to be the optimal dilution
previously) in PBS and killed by heating at 60°C for
one hour. Microwell plates were coated with 100 pl
of the bacterial suspension for two hours at 37°C.
After three washes with PBS containing 0.5% Tween
20, 100 itl serum diluted 1:10 in PBS was added in
quadruplicate. Background wells were treated with
PBS only. After incubation at 37°C for two hours, the
plates were washed three times with PBS/Tween; 50
tl of 1:1000 dilution of class specific IgG peroxidase
conjugated anti human immunoglobulin (No A-3150
Sigma) was added and the plate incubated overnight
at 4°C. After three further washes with PBS/Tween,
100 pl of diethanolamine buffer (pH 9.5) with 5 mg/
ml substrate colour indicator was added. The plates
were incubated at room temperature for 30 minutes
and then read on an automated ELISA reader.
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metabolite. Sera (25 pl in 1 ml hepes buffered Hanks
solution) were incubated at 37°C with 100 itl
Campylobacter pylori, Mycoplasma hominis as a
positive control" or PBS as a negative control.
Activation was terminated by the addition of sodium
EDTA pH 7.4 (10`2 M, final concentration). After
centrifugation the supematants were stored at -25°C
for assay. Residual C3 (which cross-reacts with the
anti-C3a antibody) was removed by precipitation
with an equal volume of polyethylene glycol 6000
(22%) containing protamine sulphate (1%). The
radioimmunoassay method was modified from Jose et
al.'2 Briefly, 100 ,ul supernatant, or purified C3a for
the standard, was incubated for 16 hours with 50 pl
'251-human C3a (2.0 ng; approx 30 nCi) and 100 isl
rabbit anti-human C3a (diluted 1/22 000). Antibody

bound material was precipitated by an excess of
protein-A bacterial adsorbent (Sigma) and radioactivity determined on a multiwell gamma spectrometer. C3a concentrations were calculated by use of
a spline fit programme.
We checked that the sera used had normal levels of
activatable C3 by incubating serum (100 sl) with
zymosan (500 [sg) for one hour at 37°C. The
agammaglobulinaemic and the C2 deficient sera
generated 101 and 63 sg/ml of C3a respectively.

CHEMILUMINESCENCE ASSAY

The uptake of bacteria by neutrophils (opsonisation)
and phagocytosis was measured by chemiluminescence. ' Briefly, neutrophils were separated from the
venous blood of normal volunteers by dextran sedimentation, followed by hypotonic water lysis to
remove red cells. The neutrophils were dispensed in
aliquots in 1 ml Hanks buffered salt solution containing Hepes (pH 7.4) and luminol (10` M) at a
concentration of 2 x 106/ml. In most experiments, 100
jil of live (not heated) campylobacter suspension was
added with 25 p.l of various sera, and the chemiluminescence measured over 10 minutes in a LKB
luminometer.

Results
ANTIBODY ASSAYS

Healthy laboratory workers were screened for antibody to the various campylobacters to identify
positive sera for use in the chemiluminescence
assays. One of these had a high titre on ELISA to all
the campylobacters except C pylori and her serum
was used for the experiments referred to in Figure 1
(Table). High titre serum to C pylori was obtained
from a laboratory worker with a chronic duodenal
ulcer.
OPSONISATION

ELECTRON MICROSCOPY
After 10 minutes exposure to organisms, neutrophils
were fixed in suspension for one hour by adding an

equal volume of 6% glutaraldehyde in 0-1 M sodium
cacodylate with 5% sucrose, pH 7.4. They were
post-fixed in osmium tetroxide in 0-1 M sodium
cacodylate, dehydrated and finally embedded in
Spurr resin. Ultra-thin sections were stained with
uranyl acetate and lead citrate and then examined in
a JEOL 1200EX electron microscope.

Figure 1 shows the chemiluminescence released from
Table Antibodies (IgG) to Campylobacter species in sera
used for experiments

Cjejuni (11828)
Cjejuni (11626)
Ccoli
Cfetus

Normal
serum

C2serum

Pooled gammaglobulin
(Gamimune)

5-4*
43
4-1
2-8
11.5

2-3
2-5
1-6
1-3
3-1

6-0 (5 mg/ml)

ACTIVATION OF C3

Cpylori

Complement activation was monitored by use of a
competitive binding radioimmunoassay for the C3
cleavage product, C3a and its more stable des Arg

*The figures are fold increases over background (optical density)
measured by ELISA. The data can only be used to compare the
levels for individual isolates in the sera and gammaglobulin.
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Fig. 1 Chemiluminescence assays (measured in mVagainst time) with normal neutrophils. C2 =serum from patient with
homozygous C2 deficiency. Serum (heated) at 56°C30 min. (a) Campylobacter jejuni (NCTC 11828), (b) Campylobacter
jejuni (NCTC 11626), (c) Campylobacter coli (NCTC 11353), (d) Campylobacter fetus (NCTC 10842).

normal neutrophils with the campylobacter species
associated with large bowel disease. All showed a
similar pattern with fresh serum promoting a marked
rise in chemiluminescence, and very little reaction
with heat inactivated (decomplemented) serum. The
normal fresh serum used for Campylobacter jejuni
(Fig. la) was known to contain antibody by ELISA,
implying that complement was necessary for significant opsonisation in this system. Low but significant
chemiluminescence occurred, however, with the C2
deficient serum which also contained some antibody,
suggesting that either antibody alone or activation
through the alternative pathway can affect binding,
albeit inefficiently. Fresh agammaglobulinaemic
serum did not opsonise (not shown), implying that
these organisms are not capable of activating complement in the absence of antibody. Pooled IgG containing measurable antibody to Campylobacterjejuni did
induce significant chemiluminescence, indicating

that some IgG antibodies are effective opsonins in
their own right; fresh agammaglobulinaemic serum,
as a source of complement, enhanced the chemiluminescence (Fig. 2).
Campylobacter pylori induced no significant
increase in chemiluminescence in the absence of
opsonins, but this was markedly enhanced by the
addition of fresh agammaglobulinaemic serum as a
source of complement, and was further increased by
the addition of serum containing specific antibody
(Fig. 3). Electron microscopy of neutrophils at the
end of this assay showed many bacteria within
phagocytic vacuoles (Fig. 4).
C3A GENERATION
The ability of C pylori to induce neutrophil chemiluminescence in the presence of agammaglobulinaemic serum prompted us to investigate the
interaction of this organism with complement.
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Fig. 2 Chemiluminescence release by normal neutrophils
with Campylobacter jejuni (11828) and a pooled
gammaglobulin (IgG) concentrate (final concentration S mgl
ml), with and without agammaglobulinaemic serum (final
concentration 25 [1/ml) as a complement source.

Figure 5 shows that C pylori rapidly generates C3a
from agammaglobulinaemic fresh serum, but not
from C2 deficient serum. As both these sera had
adequate concentrations of activatable C3 (see
Methods), the activation of C pylori appears to be
mediated through the classical pathway. The enzymatic cleavage of serum C3 normally leads to the
production of C5a and this was confirmed in an
experiment, where 805 ng of C5a was generated from
fresh agammaglobulinaemic serum by C pylori with
only a background of 4 ng from the serum alone.
Discussion

Campylobacters have been found on the mucosal
surfaces of the stomach, small and large intestine,
and Campylobacter jejuni is clearly a cause of
mucosal inflammation and diarrhoea.2 The mechanism of the mucosal damage is not understood, and
the possible role of toxin is being explored. 13 Bacteria
are rarely seen penetrating the mucosal surface,
although superficial ulceration in the large bowel may
occur in immunodeficient patients with chronic
Campylobacter jejuni enteritis. 14 As with many other
intestinal organisms, secretory IgA antibody may be
an important protective mechanism,'5 although
recurrent campylobacter enteritis does not feature as
a common complication in surveys of IgA deficient
patients.'6 Patients who lack all classes of antibodies,
however, are prone to Campylobacter jejuni
enteritis, suggesting that IgG and/or IgM antibodies
may be important.
A cause and effect relationship between Campylobacter pylori, gastritis and duodenal ulcer is now

0f
0

4
6
8
10
Time (min)
Fig. 3 Chemiluminescence release from normal neutrophils
with Campylobacter pylori. Sera were added at25 p.l/ml of
neutrophil suspension.
2

accepted by most workers, mainly because of the
very high healing rates achieved with bismuth and
antibiotics,8 and the occurrence of gastritis after
drinking concentrates of C pylori by volunteers.'7
The mechanism of C pylori induced inflammation is
not understood, however, and there is no explanation for the apparent tropism of the organism for
gastric epithelium.
The organisms are found beneath the mucus layer
of the stomach, lying on the surface of mucosal cells;
invading organisms are very rarely seen.'8 We have
shown that Cpylori will activate the classical complement pathway in the absence of antibody, generating
both C3a and C5a. It is known that the local
generation of C3a and the neutrophil chemoattractant, C5a, can initiate inflammatory responses. By
analogy with mycoplasmas, this process is probably
initiated by direct activation of the first complement
component (Cl)." An unanswered question is
whether there is enough complement on the mucosal
surface to mediate these reactions. At all events, a
small unrelated inflammatory focus might be enough
to initiate the process, which would be selfperpetuating as the organisms multiplied and caused further
inflammation.
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Specific antibodies, which are raised in patients
with Cpylori gastritis, appear to have no relevance to
either protection or resolution of the infection,
because patients with chronic gastritis have high
levels of both serum and local antibody."' Furthermore, patients with severe hypogammaglobulinaemia are not prone to symptomatic gastritis or
duodenal ulcer (A D B Webster- unpublished).
In conclusion, we have shown that four different
campylobacter species associated with large and
small bowel infection are opsonised for neutrophil
phagocytosis by a combination of antibody and
complement in serum. Thus, the growth of these
organisms is probably controlled by local antibodies
in the mucosa, explaining why they commonly infect
patients with hypogammaglobulinaemia. In contrast,
C pylori activates complement directly, a property
which may explain why it is associated with both
chronic and acute inflammation in the gastric
mucosa, sometimes with massive protein loss,2` without invading the surface. Identifying the molecular
structure of the component which activates complement, presumably located in the bacterial cell wall,
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Fig. 4 Electron micrograph of neutroplils after 10 minutes incubation withz agammaglobulinaemic serum (see Fig. 3). Note
phlagocytic vacuoles containing C pylori organisms (arrows), some of whiichl are virtually destroyed. Bar=05 .m.

may lead to the development of therapeutically
active compounds which block this reaction.
We are grateful to Dr J Dolby for encouragement and
help in formulating the project, and to Daphne Bird
and Dr A Hassan for technical assistance.
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