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Detection of campylobacter by immunofluorescence
in stools and rectal biopsies of patients with diarrhoea
AB PRICE, JEAN M DOLBY, PR DUNSCOMBE, JENNIFER STIRLING
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SUMMARY Rabbit antiserum, elicited by the intravenous injection of a strain of Campylobacter
jejuni heated to 100°C, cross reacted strongly with all other thermophilic campylobacters tested
as well as with "C pyloridis" and could be detected by indirect fluorescence with labelled anti-
rabbit serum. Antisera to formalin killed cells did not do so. The correlation of positive stool
culture with positive immunofluorescence of stools and rectal biopsies from patients with
diarrhoea was 70-80%. Some inconsistent, weak reactions showing differently shaped organisms
have been seen with some strains of Bacteroides fragilis. Wolinella spp reacted weakly, but one
strain of Vibrio cholerae tested did not. Other intestinal organisms, commensals, and pathogens
tested were negative.

Although Campylobacter jejunilcoli can now be iso-
lated easily from stools'-3 and distinguished
biochemically,4 the pathogenesis of human intesti-
nal infection is still not established. For example, it
is still not clear if in human disease a toxin is
responsible or whether the organisms are enteroin-
vasive.6'- To investigate the latter, and as a possible
rapid diagnostic test for C jejunilcoli, we attempted
to develop a labelled antibody for use on rectal
biopsy material.

Current methods of direct microscopy of stools
such as phase contrast,9 dark field,' "° and Gram
staining," have shown a 60-70% correlation with
positive stool culture and a 95% correlation'2 using
aqueous basic fuchsin. These methods, however, are
not applicable to biopsy tissue.
The specificity of the 0, H, and other antigens of

campylobacter'3'- 5 and the antibodies they
elicit'6-'' will limit the usefulness of serological
detection unless a common antigen exists.
Immunofluorescence has been successfully used
with convalescent patients' sera and autologous
strains heated to 100'C.'8 Watson and Kerr,'9 using
three selected strains of C jejuni heated to 100°C,
managed to produce a "common antigen pool" and
were then able to detect 80% of C jejuni infections
serologically by indirect immunofluorescence. Simi-
lar evidence of shared antigens has been shown by
Lambe and Ferguson20; fluorescein conjugated anti-
bodies to two selected strains of C jejuni were used
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but the strains were formalinised, not heated.
We have evaluated, on stool and biopsy material,

the experimental and clinical use of rabbit antiserum
to a heat stable antigen of C jejuni common to a
series of C jejunilcoli.

Material and methods

The study conveniently divides into two parts: (a)
the production and specificity of the antisera and
their use in indirect fluorescence tests for the detec-
tion of campylobacter either as pure cultures or
when experimentally added to stools; and (b) the
detection of campylobacter in stools and rectal biop-
sies of patients with diarrhoea, using a selected,
standard antiserum.

(a) PRODUCTION, SPECIFICITY, AND USE OF
ANTISERA

Cultures
Sixteen clinical isolates of Cjejuni and one of C coli.
cultured on selective agar' at 42°C, were collected
over a two year period from patients with diarrhoea
admitted to the hospital infectious diseases unit or
from patients referred to the outpatients depart-
ment. Reference strains used were from the
National (UK) Collection of Type Cultures (The
Curator, Central Public Health Laboratory, Colin-
dale, London, NW7 5HT) and comprised: C coli,
NCTC 11353; C fetus, NCTC 10842; and C laridis
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NCTC 11352. "C pyloridis" was cultured from gas-
tric antrum biopsies.2' All of these strains were used
either in the preparation of antisera or in serological
testing. The strain of C jejuni finally chosen to pre-
pare our standard antiserum (M53729/80) has been
accepted by the National Collection and designated
NCTC 11626. Besides campylobacter, other enteric
organisms, including pathogens, were tested against
this antiserum.
The campylobacter strains were subcultured

weekly on blood-agar plates, which were incubated
at 37°C for 24 h (or four days for "C pyloridis") in
anaerobic jars without catalysts from which two
thirds of the air was extracted and replaced by a

mixture of 10% C02, 10% H2, and 80% N2. They
were then stored in anaerobic jars in the reduced
oxygen-gas mixture at room temperature until the
next subculture. Bacterial growth harvested from
overnight blood-agar plates into 10% glycerol-broth
transport medium and stored at -30°C remained
viable for over a year.

Rabbit vaccines
Initially, two strains of Cjejuni were selected at ran-

dom for vaccine preparation; later on four other
serotypes were tested for confirmation. Two
methods of preparation of the vaccine were used: in
one, organisms were killed by heating to 100°C and
in the other formalin was used. The chosen strains of
C jejuni, grown for 24-48 h at 37°C on blood-agar
plates, were either harvested into phosphate buf-
fered saline (PBS), washed once, resuspended, held
in a boiling water bath for 1 h, and washed and
resuspended again in PBS; or were harvested into
05% formol-saline, held at 4°C for two days, and
washed and resuspended in PBS. All vaccine sus-

pensions were adjusted to an opacity of 10 interna-
tional opacity units (IOU), equivalent to about 2 x

109 organisms per millilitre.

Preparation of antisera
New Zealand White adult rabbits were given 9-10
doses of vaccine suspension intravenously over five
to six weeks. Initially, injections were at three to
four day intervals beginning with 0-2 ml and increas-
ing to 1 ml and then two final weekly injections of 1
and 2 ml volumes were given. Animals were bled
two weeks after the last dose. The serum samples
were separated and heated at 56°C for 30 min.

Agglutination tests
O and H agglutination tests were performed.
Washed bacterial suspensions were made from 24 h
37°C cultures, which were killed either by heating to
100°C for 1 h or by suspending in 0-5% formol-
saline for two days at 4°C. Bacteria were then
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washed and resuspended in PBS. Suspensions were
adjusted to an opacity of 10 IOU. Serial twofold
dilutions of antisera were mixed with equal volumes
of bacterial suspension in Dreyer' s tubes. Agglutina-
tion of formol-saline killed suspensions was carried
out for 4 h at 37°C; the mixture was left overnight at
room temperature (H) before reading. Agglutina-
tion of specimens killed by heating to 100°C was
carried out at 50°C in a water bath overnight and
read immediately (0). Agglutination was detected
with a hand lens, and the antiserum titre was
expressed as the highest dilution giving agglutina-
tion.

Passive haemagglutination
The test determining 0 antibody was as described by
Penner and Hennessey." Sheep red blood cells were
sensitised with the supernatants of boiled suspen-
sions of bacteria in saline. Serial doubling dilutions
of antisera were incubated with equal volumes of
washed 0*5% suspension of sensitised red blood
cells in U-wells of microtitre trays (Sterilin Ltd,
Teddington, Middlesex) for 1 h at 37°C. Trays were
examined after being held overnight at 4°C. The
antiserum titre was expressed as the highest dilution
causing 50% agglutination, judged by eye.

Preparation of bacterial cultures for immunofluores-
cence
The standard procedure for preparation was to take
organisms from one to two day blood-agar plates,
wash in PBS, heat to 63°C for 45 min, wash again,
and standardise by opacity (see below). The pre-
pared bacterial suspensions were spread on to mic-
roscope slides with a 4 mm diameter bacteriological
loop. The slides were air dried and fixed with
acetone for 20 min.'8 Three other methods of prep-
aration of slides were tested: first, using untreated
organisms in which the suspensions were washed
twice in PBS only; secondly, using organisms heated
to 100°C for 1 h, washed, and then resuspended in
PBS; and, thirdly, using organisms held in 0-5%
formol-saline for two days at 4°C and washed twice
in PBS. As previously, all slides were air dried and
fixed in acetone for 20 min. A few slides were pre-
pared without acetone treatment by drying in air
and then treating the slides with 10% formol-saline
for 1 h, rinsing, and air drying again.

All suspensions were initially made to an opacity
of 5 IOU, and were then diluted 1/10-1/20 to give 1
X 1085- X 107 organisms per millilitre, from which
the slide smears were made. The suspensions were
used immediately; if stored it was usually necessary
to rewash once or twice (to remove blocking antigen
in the supernatant) and to resuspend in PBS. Pre-
pared slides were stable for several weeks.
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Detection ofcampylobacter by immunofluorescence in stools and rectal biopsies ofpatients with diarrhoea 1009

Preparation of stools for immunofluorescence
Experiments to determine the sensitivity of the
immunofluorescence system for detecting cam-

pylobacter in stools were carried out on normal stool
suspensions to which serial dilutions of campylobac-
ter had been added. Stool specimens with or without
added campylobacter were homogenised in saline
(about 10% wt/vol). The suspensions were either
allowed to settle for 11/2-2 h on the bench or cen-

trifuged briefly; the supernatant was heated at 62°C
for 30 min. Slides were prepared by loop from the
supernatant and from 1/10 saline dilutions, air dried,
and fixed in acetone as for the preparation of slides
from pure bacterial cultures. For comparison, slides
were also prepared from similar dilutions of cam-
pylobacter alone.

Immunofluorescence technique
Slides were washed in PBS and layered with 1/500
standard antiserum (or predetermined dilutions of
other antisera). The standard antiserum was pre-
pared to Cjejuni strain M53729/80 (NCTC 11626).
After 30 min slides were washed three times in PBS,
treated with 1/30 swine antirabbit fluorescein conju-
gated serum (Dako-immunoglobulins, Copenhagen)
for a further 30 min, and washed again. They were

mounted in PBS and glycerol (50:50) and examined
for fluorescence using a Zeiss microscope. Known
positive and negative culture controls were stained
on each occasion, together with a preparation from
which the first layer (the antiserum) was omitted.

(b) CLINICAL MATERIAL
Preparation of stools from patients for
immunofluorescence
Stool specimens from 28 patients with diarrhoea
were selected by one of us (JS) to give roughly equal
numbers of campylobacter culture positive and cul-
ture negative stools. Smears were prepared as above
within three days of collection and stored at 4°C.
Then, without knowledge of the culture results, they
were examined by fluorescence microscopy (by ABP
and PRD).

Preparation and examination of biopsy tissue for
immunofluorescence and light microscopy
Rectal biopsies were taken within 48 h of admission
from another 25 patients admitted to the hospital
infectious diseases unit with a presumptive clinical
diagnosis of infective diarrhoea. In most cases two
specimens were taken; if only one was obtained, it
was divided. One of the two was processed by
routine methods to a paraffin block, from which 3
Am sections were stained with haematoxylin and
eosin. The second sample was flash frozen using
isopentane liquid nitrogen and stored at - 70°C until
sectioned for fluorescence microscopy. These
sections were then fixed in acetone for 20 min and
treated as previously described.
The routine paraffin embedded sections were

examined and classified into the following
categories: normal, oedematous, mild active proc-

titis, typical infective proctitis, chronic inflamma-
tion, pseudomembranous colitis, ulcerative colitis,
and Crohn's disease. These categories are based on

accepted criteria outlined in published work.22

Results

(a) SEROLOGICAL SPECIFICITY OF ANTISERA

AND SENSITIVITY OF THE INDIRECT
IMMUNOFLUORESCENCE TEST FOR
CAMPYLOBACTER IN STOOLS
Serological reactions with rabbit antisera
The agglutinins present in the antisera to two clinical
isolates formalinised or heated to 100°C are

recorded in Table 1. The results show high titres to
homologous vaccine but some cross reactions. The
comparison of agglutinating and haemagglutinating
titres of the antisera to one strain for several other
strains is shown in Table 2. Sera to the other vaccine
strain behaved similarly, except that there were

fewer cross agglutinations. Passive haemagglutina-
tion was strain (serotype) specific, whereas the
agglutination suspensions heated to 100°C was less
specific.

Antisera to these two strains prepared in two ways

Table 1 Agglutinin titres of rabbit antisera to C jejuni strains 34640 and 53729

Antisera to Inverse titres against suspensions

34640IFS 34640/100 5372 91FS 537291100

34640 FS* 2000 100 <20 20
34640 loot 500 2000 <20 20

53729 FS (100) <20 2000 100
53729 100 (500) 100 100 500

Figures in parentheses indicate weak agglutination.
*Bacteria killed with formol-saline.
tBacteria heated to 100°C for 1 h.
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Table 2 Agglutinin, haemagglutinin, and immunofluorescence ofcampylobacter antisera to M53729180

Test suspension Antisera to FS-53729 Antisera to 100°C-53729

Agg Haem IF Agg Haem IF

FS 100 FS 100

Homologous C jejuni I + + ++ + + + ++ ++
Heterologous C jejuni I (+) - - (+) (t) - +
C jejunilI - + (±) _ ± _ +
C coli _ _ _ _ _ (±) +

Agg = agglutinin; haem = haemagglutinin; IF = immunofluorescence
For other abbreviations see Table 1.

was next tried in indirect immunofluorescence test-
ing against a homologous and other campylobacters
prepared by the standard procedure. The results of
the immunofluorescence tests are also given in Table
2. They are striking in that strong positives were
recorded with all the strains of C jejuni and C coli
tested against the antiserum to 100°C heated organ-
isms but not to the formalin killed bacteria. The
antiserum to the strain M53729/80 was stronger
than other antisera tested, and this strain has been
selected as the one of choice for preparing standard
antisera.

Antisera to 100°C heated organisms also
fluoresced with untreated organisms, organisms
killed with formalin, and with preparations not
fixed with acetone.

In all, about 40 strains of thermophilic cam-
pylobacters, including three strains of C coli, have
been collected and tested for immunofluorescence
with the standard antiserum over a period of two
years; all have been strongly positive with the stan-
dard antiserum. C fetus strains have given only weak
reactions quite distinct in appearance from Cjejunil
coli. One strain of C laridis and six isolates of "C
pyloridis" were positive. Of other organisms, two
strains of Bacteroides fragilis fluoresced slightly (it
was impossible to absorb this out with bacterial sus-
pension and it was not a consistent finding). These
fluorescing organisms, being morphologically differ-
ent from campylobacter, have not been mistaken for
them in identifying specific campylobacter reactions.
Wolinella spp reacted slightly, but tests with one
strain each of Vibrio cholerae, Escherichia coli, Sal-
monella sp, and Streptococcus faecalis were not
fluorescent. Troublesome fluorescence of culture
negative (for campylobacter) stools was rare, which
indicates that cross reactions with normal gut flora
are not a problem. Fluorescing campylobacters are
illustrated in Fig. la.

Immunofluorescence of strains of C jejuni, C coli,
and C laridis to antisera prepared to strains of these
species is shown in Table 3. There was positive cross
immunofluorescence for all, being strongest with the
homologous antisera. E coli did not fluoresce.

Fig. 1 Preparations were treated with rabbit
anti-M53 72 9180 and fluorescein conjugated swine
antirabbit serum. (a) Fluorescing Cjejuni in pure culture. x
1950. (b) Fluorescing campylobacter in a rectal biopsy. The
organisms are seen aligned over the surface epithelium in
debris and mucus. x 780.

Immunofluorescence of campylobacters in stools
When the fluorescence of serial dilutions of pure
cultures were compared with similar numbers of
organisms added to normal stools we could detect
fluorescence in the pure cultures at 105 organisms
per millilitre, but in the stool preparations 106
organisms per millilitre were required.

Price, Dolby, Dunscombe, Stirling1010

copyright.
 on M

ay 22, 2023 by guest. P
rotected by

http://jcp.bm
j.com

/
J C

lin P
athol: first published as 10.1136/jcp.37.9.1007 on 1 S

eptem
ber 1984. D

ow
nloaded from

 

http://jcp.bmj.com/


Detection ofcampylobacter by immunofluorescence in stools and rectal biopsies ofpatients with diarrhoea 101 1

Table 3 Cross immunofluorescence (IF) ofcampylobacter

Antiserum to IF with strain

53729 54601 11782 NCTC
11352

Cjejuni I strain 53729 ++ + + +
C jejuni II strain 54601 + ++ + -+
Ccoli strain 11782 + + + +-
Claridis NCTC 11352 + + ± ++

The detection of campylobacters in stool speci-
mens from patients from whom C jejuni could be
grown was comparatively easy both on brightness of
fluorescence and the shape of the fluorescing organ-
isms. Some specimens showed a considerable
amount of weak background fluorescence, but with
practice this could be distinguished from the
immunofluorescence due to campylobacters.

(b) IMMUNOFLUORESCENCE OF
CAMPYLOBACTERS IN STOOLS AND RECTAL
BIOPSIES FROM PATIENTS
Comparison of campylobacter detection in stools
fiom patients by microbial culture and
immunofluorescence
A comparison was made on -the stools of 28 patients
selected to give a cross section of pathogens includ-
ing campylobacters. The immunofluorescence detec-
tion was carried out without knowledge of culture
results. All the campylobacter cultures isolated were
tested as pure cultures for the existence of positive
immunofluorescence with our standard antiserum
and were positive in all. Fig. 2 shows the
immunofluorescence and culture results of speci-
mens from the 28 patients, comprising 11 culture
positive and 17 culture negative specimens; the cor-
relation of the two methods was encouraging. Cam-
pylobacter was, however, detected in six culture
negative specimens. Four of these six patients were
receiving antibiotics; for the other two patients
records were not available. We failed to pick up
campylobacter in three of 11 culture positive stools.
At worst, fluorescence correlated with culture

results in 19/28 specimens (62%). If we assume that
dead or dying organisms were detected by fluores-
cence in the four patients taking antibiotics then
detection rises to 82%.

Comparison of campylobacter detection in rectal
biopsies by microbial stool culture and
immunofluorescence of tissue
Rectal biopsy tissue from another 25 patients from
whom stools were cultured was examined in a simi-
lar way. The results show a good correlation with the
isolation of campylobacter (Fig. 3). One culture
positive biopsy was missed and four biopsies

R28

Culture .

F
I

IF. IF-

Correlation = 68% [821.]

1
Culture -

rll717

IF. IF-
m E

(4 taking antibiotics)

Fig. 2 Stools: correlation ofculture and
immunofluorescence (IF). Correlation is given as a
percentage ofstools and specimens from 28 patients.
Percentage excluding known anomalies is given in
parentheses.

2f5

Culture +

m
I

IF. IF-

Correlation =80%

Culture -

I
IF. IF-

(3?)[-15
(3?)

Fig. 3 Rectal biopsies: correlation ofstool culture and
immunofluorescence (IF) oftissue. Correlation is given as a
percentage ofbiopsies from 25 patients. Correlations are as
in Fig. 2.

fluoresced in patients from whom campylobacter
could not be isolated. Of these four, three gave a
rather weak reaction, but the fourth fluoresced
strongly. The correlation of fluorescence and culture
was 80%.

All the fluorescent organisms were observed on
the surface of the biopsies either close to the surface
epithelial cell or caught up in overlying debris. No
fluorescence, other than background, was seen in
the mucosa (Fig. lb).

Light microscopy of the biopsies
The histopathology of the rectal biopsies alongside
the immunofluorescence of the biopsies and the
microbiological findings on stool culture are given
in Table 4.

Five of the six biopsies (88%) from patients from
whom C jejuni was isolated had a morphology typi-
cal of infection and a positive immunofluorescence
result. By contrast, in the campylobacter negative
group, although fluorescence was positive in four
specimens, none of these had the light microscopical
appearances of typical infective proctitis.
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Table 4 Pathology and immunofluorescence (IF) of biopsy tissue with microbiological culture ofstools for pathogens

Biopsy category Biopsy positive IF Biopsy negative IF

No Pathogen No Pathogen

Normal 1 None 9 None
1 Campylobacter jejuni

Oedema 1 None 1 None
Mild active proctitis 1 None 1 Salmonella typhi
Typical infective proctitis 5 C jejuni 1 S typhi

1 Shigella flexnent
Ulcerative colitis 1 None 1 S typhi

1 None

Discussion

Fluorescent microscopy on both stool and biopsy
specimens provides results more rapidly than
microbiological culture. The correlation of
immunofluorescence with culture results, both in tis-
sue and stool preparation, was certainly equal to or
better than other published methods of direct mic-
roscopy on stools, except the use of basic fuchsin.'2
In the current study of biopsies (Fig. 3) the level of
false positive and negative results was below 10% if
one excludes equivocal results and cases in which
administration of antibiotics before culture may
have confused the issue. The main use of
immunofluorescence in the clinical situation would
seem to be as a guide in those patients thought to
have bacterial diarrhoea but in whom stool culture is
negative. This is still a problem in up to half of the
clinically suspected cases.22
The results in Table 4 suggest that the combina-

tion of a typical "infective" biopsy and an
unequivocally positive immunofluorescence test for
campylobacter is indeed a reliable guide to the cause
of the infection. Previous results from our laborat-
ory showed that the correlation of campylobacter
isolation and a typical infective picture in a rectal
biopsy was greater than 90%.22 These results and
those of Table 4 together make us confident that the
pick up figure of 5/6 (88%) by biopsy appearance
and immunofluorescence results only is realistic.

Positive fluorescence of organisms in all biopsy
specimens was limited to the surface either in close
apposition to the epithelium or within the overlying
surface debris. This implies that in the pathogenesis
of campylobacter infection either invasion of the
mucosa does not occur or it occurs in numbers too
small for detection by this technique. The histologi-
cal changes in the mucosa in campylobacter infec-
tion are indistinguishable from those seen in shigel-
losis and salmonellosis, both shown to be invasive
organisms.23 24 Attempts to show invasion by cam-
pylobacter in culture and in animal models has pro-
duced conflicting results.6 The cryptal damage and
polymorph reaction seen in the rectal mucosa would

favour invasion; if damage was due solely to a toxin
it might be expected to be minimal by analogy with
cholera toxin. If direct microscopy is to be used as
evidence against the invasive potential of cam-
pylobacters, however, we believe that it is important
to improve the sensitivity of the method.
The nature of the common antigen involved in

immunofluorescence has not been investigated in
detail, but sharing of antigens in campylobacters has
been amply demonstrated.'" The stability to 100°C
suggested that the antigen utilised here may be of
lipopolysaccharide nature other than the type
specific 0. Logan and Trust25 and Naess and Hof-
stad26 have shown that the lipopolysaccharide in C
jejunilcoli is of low molecular weight, lacking long 0
antigenic side chains and having a common core
lipid A. The 0 specificity is determined by the sugar
attached, but the core lipid A is less protected and
more likely to react with antibody than the 0 anti-
gens of the Enterobacteriaceae; it has similarities
with the core lipids of E coli and B fragilis.

Preliminary absorption experiments by standard
techniques confirm that antibody to a common anti-
gen is responsible for immunofluorescence, rein-
forced by immunofluorescence due to its 0 antigen
and specific serotype antibody. While E coli did not
fluoresce with campylobacter antiserum, absorption
of the serum with E coli removed all but the
serotype specific fluorescence, and absorption with
B fragilis decreased the non-0 fluorescence. Pre-
liminary observations suggest that core lipid may be
implicated (Dolby, unpublished observations).

Recently, Rautelin and Kosunen27 have extracted
a thermostable "common antigen" from C jejunil
coli by means of acid glycine. This has been
confirmed by Logan and Trust28 and characterised as
a 31K protein. It is another candidate for the anti-
gen which we are utilising in our immunofluores-
cence test.

The immunofluorescence which we have
described is different from that detected with
patients' serum and the patients' own organisms, in
which antisera to unheated organisms are con-
cerned.'8 It is also different from that reported by

Price, Dolby, Dunscombe, Stirling1012
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Detection ofcampylobacter by immunofluorescence in stools and rectal biopsies ofpatients with diarrhoea 1013

Watson and Kerr,'9 in which the patients' antibodies
to unheated organisms react with three selected
strains containing "common" heat stable
agglutinogens. Unlike Lambe and Ferguson20 we
have been unable to detect a common antigen using
antiserum to formalinised suspensions.
The two strains used to elicit the antisera on which

most of this work has been based were not typed
against standard sera, but by cross agglutinations
with their antisera they were shown to be of differ-
ent serotype (O and H antigens). They have been
fully investigated; five other strains less fully investi-
gated gave apparently similar results which were
independent of serotype. It is of interest that "C
pyloridis," isolated from gastric antral tissue,29 2'
fluoresces strongly as well as the thermophilic cam-
pylobacters C jejuni, C coli, and C laridis and may be
detectable in biopsy materials.
The ability of pure cultures to fluoresce with the

antiserum raised to 100°C heated organisms is
influenced either by the degree of washing of the test
organism or the degree of lysis on storage. The in-
ability of our stock suspensions to fluoresce after
storage may be due to blockage of antiserum
attachment by DNA, which is reported as respon-
sible for autoagglutination reactions in stored sus-
pensions.30 Suspensions of Cjejuni M53729 (NCTC
11626), to which we raised our standard antiserum,
are, however, more stable than many of the other
strains tested. This may be the reason for its success-
ful use in this immunofluorescence method. Pur-
ification of a common antigen would, however,
remove the necessity for using the whole bacterial
cell to raise antiserum and provide a stable prepara-
tion which could be standardised.
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