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Enzyme-Linked Immunosorbent Assay for Campylobacter pyloridis: Correlation with 
Presence of C pyloridis in the Gastric Mucosa 

C. Stewart Goodwin, Elizabeth Blincow, 
Graeme Peterson, Chris Sanderson, Wendy Cheng, 
Barry Marshall, J. Robin Warren, 
and Ross McCulloch 

From the Departments of Microbiology, Gastroenterology, 
and Pathology, Royal Perth Hospital, 

Perth, Western Australia, Australia 

Antibody to Campylobacter pyloridis was measured by ELISA in the sera of 160 patients 
from whom gastric biopsy specimens were also obtained. The antigen was an acid-glycine 
extract of C pyloridis, and titers ranged from 80 to 22,000 ELISA units (EU). Of 117 
patients in whom C pyloridis was detected microbiologically or histologically, 87 (74^0) 
had a titer ̂ 300 EU, and only one had a titer ̂ 50 EU. Of 43 patients in whom C pyloridis 
was not detected, only two (59b) had a titer ̂ 00 EU. Thus, for a titer of 300 EU the 
ELISA test had a specificity of 97^o and a sensitivity of SIVo. At 150 EU the specificity 
was 78^0, and the sensitivity was 99^0. Histological diagnosis of active chronic gastritis 
was associated with a high median ELISA titer (485 E), chronic gastritis with a much 
lower titer (150 EU), and normal histology with a titer of 110 EU. Discriminating use 
of this serological test could be of assistance to detect C. pyloridis in the gastric mucosa. 

The name Campylobacter pyloridis has now been 
validated [1] for the campylobacter-like spiral bac- 
teria first cultured at Royal Perth Hospital in 1982 
from specimens of the gastric antral mucosa ob- 
tained by endoscopic biopsy [2, 3]. This new organ- 
ism may be the etiologic agent in gastritis-associated 
dyspeptic disease and most cases of duodenal ulcer 
[4], and possible pathogenic mechanisms have been 
delineated [5]. Thus in patients with nonulcer dys- 
pepsia, when the presence of C. pyloridis is indicated 
by detecting specific antibody, an attempt at cura- 
tive antibacterial therapy may be justified. A dis- 
criminatory serological test could replace the diffi- 
cult and expensive procedures such as upper 
gastrointestinal endoscopy and biopsy, which are 
presently required to demonstrate the presence of 
C. pyloridis in the stomach. However, as Svedheim 
[6] has stated, "the antigen is crucial in diagnostic 
serology." For Campylobacter jejuni, an acid-glycine 
extract in an ELISA is the most satisfactory prepa- 
ration [6-8], but for C. pyloridis the antigens for 
serological tests in published reports were sonicated 
whole bacteria [9-11] or bacteria killed with forma- 
lin [12, 13]. Some healthy volunteers had histologi- 
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cal gastritis and C. pyloridis in their stomachs [14]. 
In this study, serological results were obtained with 
an acid-glycine extract of C. pyloridis in an ELISA 
assay, and from every patient, a gastric biopsy spec- 
imen was obtained and examined microbiologically 
and histologically. 

Materials and Methods 

Bacterial strain and antigen preparation. The an- 
tigen was prepared from a pool of 11 isolates of 
C. pyloridis obtained from the gastric mucosa and 
included strains 11637 and 11638 from the National 
Collection of Type Cultures (London). The prepa- 
ration of the antigen and the ELISA technique were 
similar to those described for C. jejuni by Blaser and 
Duncan [8]. Isolates were grown on heated blood 
agar with IsoVitaleX? l^o (BBL Microbiology, Cock- 
eysville, Md) for three days at 37 C in a Campylobac- 
ter gas mixture [15]. Bacterial cells were harvested 
in sterile distilled water, washed twice in sterile dis- 
tilled water, and suspended in 0.2 M glycine- 
hydrochloride buffer (pH 2.2) at a concentration of 
0.1 g (wet weight) of cells to 2.5 ml of buffer. Sus- 
pensions were stirred at 25 C for 15 min and cen- 
trifuged at 11,000 g for 15 min at 4 C. The superna- 
tant was retained, and the pH was neutralized with 
sodium hydroxide. The supernatant was dialyzed 
against sterile distilled water for 24 hr at 4 C. The 
protein was filtered by using the Amicon Diafiltra- 
tion system membrane type UM10 (Amicon, Dan- 
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vers, Mass), and protein concentrations were deter- 
mined by the Lowry technique [16]. Preparations 
were stored at -20 C until use. Before coating the 
ELISA trays, we diluted the concentrated antigen 
preparation in 0.5 M carbonate buffer (pH 9.6) to 
give a final concentration of 2.5 [ig of protein/ml. 
Polyvinyl chloride, "high activity" microtiter, flat- 
bottomed plates (Flow Laboratories, McLean, Va) 
were coated with the diluted antigen preparation by 
adding 0.2 ml to each well. The plates were covered 
and incubated for 24 hr at 4 C. Each well was then 
aspirated dry and refilled with 0.3 ml of PBS con- 
taining thimersol-Tween? 20 plus gelatin (1 mg/ml). 
The plates were kept at 4 C until use. 

Proteins in the antigen. Protein profiles of the 
acid-glycine preparation were examined by discon- 
tinuous SDS-PAGE, as described by Laemmli [17]. 
After centrifugation at 6,000 g for 15 min, the su- 
pernatant was heated at 100 C for 5 min with a dis- 
integration buffer that gave a final concentration of 
50 nmol Tris hydrochloride (pH 6.8), 5^0 beta- 
mercaptoethanol (vol/vol), 2^0 SDS (wt/vol), lO^o 
glycerol (vol/vol), and O.Ol^o bromophenol blue. The 
proteins were separated on a SDS-PAGE gel system 
[17] that consisted of a 3^0 stacking gel and a 
6^0-18^0 gradient gel. Electrophoresis was per- 
formed at 500 V for 4 hr with cooling, and the gels 
were stained with coomassie blue. The molecular 
weights of the peptides resolved were calculated on 
the basis of a calibration curve of marker proteins. 

Patients, biopsy specimens, and sera. The pa- 
tients were consecutive referrals to the Gastroenterol- 
ogy Unit at Royal Perth Hospital from September 
1984 to August 1985, from whom endoscopic biopsy 
specimens were obtained. Patients who had been 
treated with antibiotics or antacid were excluded 
from the study. One hundred sixty patients were en- 
tered in the trial, including 101 men and 59 women 
with an age range of 20-85 years. The mean age for 
the men was 53 years, and mean age for the women 
was 48 years. Endoscopic biopsy specimens were ob- 
tained and cultured for C. pyloridis on a selective 
medium in a microaerophilic environment, as pre- 
viously described [15]. One specimen was taken for 
microbiological culture and one specimen for histo- 
logical diagnosis and detection of spiral bacteria. Se- 
rum specimens were stored at -20 C, but 66 speci- 
mens were studied unfrozen for the presence of IgM 
antibodies to C. pyloridis and were then studied 
again after being frozen at -20 C. 

ELISA. For the ELISA, optimal dilutions of all 

reagents were determined by checkerboard titration. 
Antigen-labeled plates were removed from 4 C and 
brought to room temperature (r^23C) before use. 
Wells were washed three times with PBS containing 
thimersol-Tween 20. Each test serum was diluted 
L100 in serum diluent (PBS containing thimer- 
sol-Tween 20 with 5 mg of bovine gammaglobu- 
lin/ml and Img of gelatin/ml). A 100-^1 sample of 
each test serum dilution was added in triplicate to 
the microtiter plate and incubated for 90 min at 25 C 
in an incubator to maintain a stable temperature. 
Wells were aspirated and washed three times with 0.3 
ml of PBS containing thimersol-Tween 20. Peroxi- 
dase-labeled goat antibody to human IgA, IgG, and 
IgM (heavy- and light-chain specific) was used at a 
dilution of 1:16,000, and specific conjugates were 
used as follows: IgG, 1:50,000; IgM, 1:4,000. All con- 
jugates were obtained from Kirkegaard-Perry Labs, 
Maryland. Conjugates were appropriately diluted in 
PBS containing thimersol with 20\ig of bovine se- 
rum albumin/ml and 1.0 mg of gelatin/ml, and 100 
III was added to each well and was placed in an in- 
cubator for 90 min at 25 C. Wells were washed three 
times with PBS containing thimersol-Tween 20, and 
then twice with PBS containing only thimersol. A 
100 \i\ sample of substrate consisting of 2.2, -azino- 
di-(3-ethyl-benzthiazoline) sulfonate with 0.005^0 
hydrogen peroxide was added to each well and in- 
cubated at 25 C for 15 min. The reaction was stopped 
with 50 |il of 0.001^0 wt/vol sodium azide in 0.1 M 
citric acid. Plates were read within 2 hr on a Titer- 
tek Uniscan? (Flow Laboratories, Sydney, Austra- 
lia) at 405 nm. This machine allowed a single blank 
well to be used to make a baseline measurement. 

Each plate contained dilutions of three control sera 
that had to meet stringent requirements for the plate 
to be accepted. One control was the calibration se- 
rum consisting of a pool of 11 positive sera with high 
titers of antibody. This was diluted from 1:50 in dou- 
bling dilutions to 1:12,800, which allowed the con- 
struction of a standard curve as described under 
analysis of data below. The second control was a pool 
of 14 negative sera that was put on each plate in 
duplicate at a dilution of 1:100, and the reading of 
these wells had to be ̂ .1 absorbance units for the 
plate to be accepted. The third control was a "weakly 
positive" serum that was diluted at 1:400 and assayed 
in three wells. The results were analyzed as described 
below. Before the procedure was accepted, the weakly 
positive serum was tested in 18 plates to ensure 
reproducibility. 
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Inhibition assay. To asess the specificity of our 
test, we incubated a pool of sera with high positive 
titers in four aliquots at 37 C for 30 min -one with 

10.tg of the C. pyloridis extract and the three others 
with an acid-glycine extract of C jejuni, Cam- 
pylobacter fetus, or Escherichia coli. After incuba- 
tion, 200-jl samples of the serum were doubly 
diluted from 1:10 to 1:320 and placed in triplicate 
wells; the ELISA was performed as described above. 

Calculation of ELISA. The absorbance readings 
obtained for each of the dilutions of the calibration 
serum were used to construct a standard curve in the 
following manner. The highest dilution of the serum, 
12,800, was arbitrarily designated as being equal to 
one ELISA unit (EU), and with the dilution factor 
of 100, this gave a result of 100 EU. The results were 
plotted as absorbance versus dilution of serum (fig- 
ure 1). The 12 results usually covered a range of ab- 
sorbances from 0.1 to 1.2 and were entered onto a 
programmed calculator. The plate was accepted if 
the correlation coefficient of this standard curve was 
>0.980. For each test serum done in triplicate the 
results were calculated from the standard curve by 
linear regression analysis and expressed in EU [18]. 
The mean of the weak positive control serum was 
359 EU, with a standard error of 85.5 EU. For the 
sera of patients without C pyloridis, the upper limit 
of two standard deviations from the mean was 300 
EU. 

Results 

Inhibition assay. The effect of different acid- 
glycine extracts on the titer of C. pyloridis antibody 
in a highly positive serum is shown in figure 2. First, 
it can be seen that the C. pyloridis acid-glycine ex- 

Figure 1. Standard curve of calibration serum used in 
the ELISA test. 

Figure 2. The effect of adsorption by acid-glycine ex- 
tracts of four different bacteria on optical densities of se- 
rum that contained antibodies to Campylobacterpyloridis. 

tract adsorbed out antibody in the positive control 
serum. Second, at 1:20 and 1:40 there was a greater 
than fourfold difference in absorbance between 
C. pyloridis and the other three extracts. These 
results also indicate, however, a degree of cross- 
reactivity between antibodies to C. pyloridis and ex- 
tracts from the other bacterial species tested. 

Protein bands in the ELISA antigen. The SDS- 
PAGE profile of the acid-glycine extact of C. pyoridis 
is shown in figure 3. A major triplet of protein bands 
was observed at 57 kDa, 62 kDa, and 64 kDa, with 
lesser bands at 24.5 kDa, 28 kDa, 33 kDa, and 84 
kDa. 

Detection of C pyloridis by culture and histology, 
and histological diagnosis. For the 160 patients in 
the study, C. pyloridis was detected by culture or 
histology in 117 (73%) of the patients. In one pa- 
tient, histology failed to reveal the organism, but 
C. pyloridis was cultured from the biopsy specimen 
(table 1). C. pyloridis was not detected in 43 (27%) 
of the patients. The histological diagnosis of active 
chronic gastritis, as defined by Whitehead [19] and 
Marshall and Warren [2], was made in 107 patients, 
and C. pyloridis was detected in all of these patients. 
Chronic gastritis without activity was present in 31 
patients, and in 10 (32%) of these, C pyloridis was 
detected. There were 22 patients with normal histol- 
ogy of the gastric mucosa, and in none of these was 
C. pyloridis detected. 

ELISA results. In our polyclonal ELISA test, 
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Figure 3. SDS-PAGE profiles of the acid-washed prep- 
aration used in the ELISA. 

there was a linear relation between the reciprocal 
serial dilutions of the highly positive pooled serum 
and absorbance (figure 1) in the region from 200- 
to 6,400-fold serum dilutions. We found that serum 
IgA was not detected by our antigen; sera sent to 
us by Dr. Kaldor (Fairfield Hospital for Communica- 
ble Diseases, Melbourne), which apparently contain- 
ing high titers of IgM antibody, had low titers, 
whether tested unfrozen or frozen. 

ELISA titers of serum antibody. The ranges of 
titers in patients in whom C. pyloridis was or was 
not detected are shown in figure 4. There is a highly 
significant statistical difference between these two 

Table 1. Histological and endoscopic diagnoses relat- 
ed to detection of C. pyloridis and ELISA titers 

No. with 
No. in C. pyloridis Median titer 

Diagnoses group detected (EU) 

Active chronic 
gastritis 

Duodenal ulcer 61 61 415 
Gastric ulcer 20 20 685 
No ulcer 26 26 965 

Chronic gastritis 31* 10 150 
Normal histology 22t 0 110 

NOTE. Among patients with active chronic gastritis and a 
duodenal ulcer, none had <150 EU and 41 had >300 EU. Among 
patients with active chronic gastritis and a gastric ulcer, none 
had <150 EU and 15 had >300 EU. Among patients with active 
chronic gastritis and no ulcer, none had <150 EU and 21 had 
>300 EU. Among patients with normal histology, 15 had <150 
EU and two had >300 EU. 

* Four of these patients had ulcers. 
f Two of these patients had ulcers. 

groups (Student's t = 3.04, P < .002). In the 43 pa- 
tients in whom C pyloridis was not detected, only 
two (5%) had a titer >300 EU, and 28 (65%) had 
a titer <150 EU; only three had a titer >250 EU. Of 
the 117 patients in whom C pyloridis was detected, 
86 (74%) had a titer >300 EU, 94 (80%) had a titer 
>250 EU, three a titer of 150 EU, and one patient 
had a titer of 100 EU. Thus, at a cut-off point of 

Figure 4. Serum titers of antibody to Campylobacter 
pyloridis in patients from whom a gastric antral biopsy 
specimen was examined for C. pyloridis. Left, titers when 
C pyloridis was detected; right, titers when C pyloridis 
was not detected. 
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300 EU, our assay produced very few false-positive 
results. At 300 EU our test had a specificity of 97^0, 
a sensitivity of 81^0, a predictive positive value of 
98^o, a predictive negative value of 57^0, and an ef- 
ficiency of 86Vo. At a cut-off point of 150 EU our 
assay produced very few false-negative results. At 150 
EU our test had a sensitivity of 99^0, a specificity 
of 78^0, a predictive positive value of 91^0, a predic- 
tive negative value of 98^0, and efficiency of 62^0. 
Thus at 300 EU, our ELISA test showed good speci- 
ficity, and at 150 EU the test showed good sensitivity. 

Relation between ELISA titers and the histologi- 
cal and endoscopic diagnoses. Among the 107 pa- 
tients with active chronic gastritis, 61 had a duodenal 
ulcer, 20 had a gastric ulcer, and 26 did not have an 
ulcer. Among 31 patients with chronic gastritis, only 
four had an ulcer; among 22 patients with normal 
histology, only two had an ulcer. The median ELISA 
titers are shown in table 1. In the patients with 
chronic gastritis the median titer was 150 EU, which 
was much lower than the median titer of those with 
active chronic gastritis regardless of whether the pa- 
tient had a duodenal ulcer, (median, 415 EU), gas- 
tric ulcer (median, 685 EU), or no ulcer (median, 
965 EU). Patients with normal histology had the 
lowest median titer, 110 EU. There were only five 
titers ̂ ,000 EU, and to avoid weighting the statisti- 
cal analysis, we estimated these titers to be 6,000 EU; 
the titers of those with active chronic gastritis were 
very significantly higher than those with chronic gas- 
tritis (t = 3.13, P< .002). The titers of patients with 
duodenal ulcers and active chronic gastritis were sig- 
nificantly lower than those with active chronic gas- 
tritis but no ulcer (t ^ 2.36, P < .02). 

Among the 64 patients with a duodenal ulcer, only 
one had normal histology, and two had chronic gas- 
tritis; the titers of these three patients ranged from 
80 to 220 EU. Among the 23 patients with gastric 
ulcers, only one had normal histology, and two had 
chronic gastritis; the titers of these patients ranged 
from 110 to 555 EU. 

Discussion 

A serological method to detect the presence of 
C. pyloridis should not give a high-positive result 
when C. pyloridis cannot be detected. Before a sero- 
logical method is used for surveys it should be 
checked by the means we have used in this study, 
namely the analysis of gastric biopsy specimens for 
the presence of C. pyloridis. Apparently healthy 

volunteers have been found to have histological gas- 
tritis in the stomach, and C. pyloridis has been de- 
tected [14]. Therefore, the definition of a healthy 
individual must be made on histological and 
microbiological grounds and not on the absence of 
symptoms. Patients with nonulcer dyspepsia [5] have 
seen a doctor and been assured that they have no 
organic disease, but frequently are found to have gas- 
tritis and C. pyloridis infection. 

Among the patients in whom C. pyloridis was not 
detected, the upper limit of two standard deviations 
above the mean of their titers was 300 EU; in pa- 
tients with a titer ̂ 00 EU, C. pyloridis was nearly 
always found in the gastric antrum. When the titer 
was ̂ 50 EU, C. pyloridis was rarely found. With 
regard to titers between 150 and 300 EU, some pa- 
tients may have falling titers because of the natural 
healing process [20], or healing may have been aided 
by undeclared antibacterial treatment such as bis- 
muth tablets (bismuth is effective against C. pyloridis 
[4]). Some patients may have a relatively low titer 
if their infection has only just begun. In this study, 
there were nine patients with titers between 250 EU 
and 300 EU, and in only one of these was C. pyloridis 
not detected. Thirty-four (21^0) of our 160 patients 
had a titer between 150 and 250 EU, and in 24 (71^0) 
of these thirty-four patients, C. pyloridis was de- 
tected. There were two patients with a titer ̂ 00 EU 
in whom we could not detect C. pyloridis; they were 
each a close relative of a patient with peptic ulcer 
and C pyloridis in the stomach. Among the patients 
who were excluded from the study because of prior 
antibacterial or antipeptic ulcer treatment, there were 
two patients who had apparently received cimetidine 
or sucralfate. In the patient who received cimetidine, 
C. pyloridis was not detected, but he had an anti- 
body titer of 5,750 EU. In the patient who recieved 
sucralfate, C. pyloridis was also not detected, and 
the antibody titer was 1,030 EU. 

We investigated the possibility that the higher 
ELISA titers in our patients would be associated with 
the most-severe inflammation histologically. How- 
ever, among the 107 patients with active chronic gas- 
tritis, severe inflammation was found in the biopsy 
specimens of patients with low ELISA titers, between 
200 EU and 300 EU, and some patients with high 
titers had only mild or moderately severe inflamma- 
tion in their biopsy specimens. 

An acid-glycine extract of C jejuni has been found 
to be more reliable than are other antigenic prepa- 
rations for the serological diagnosis of infection with 
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that organism [6-8]. Despite the evidence that anti- 
body to C. pyloridis, as measured in our ELISA, did 
show some evidence of cross-reactivity with the ex- 
tracts of C. jejuni, C. fetus, and E. coli, there were 
nevertheless very few false-positive ELISA results. 

Other antigens and methods have been reported 
for serological tests for C pyloridis. A passive 
hemagglutination test with sonicated C. pyloridis as 
the antigen has been reported [10], but we have found 
that unsensitized erythrocytes hemagglutinated as 
readily as sensitized erythrocytes. An ELISA method 
with formalin-killed whole bacteria as the antigen 
[12,13] detected high titers in apparently healthy con- 
tacts [12]. A CF method was used with an antigen 
that was "a thick suspension of organisms" harvested 
from a three-day culture [11]; a CF method was also 
used with sonicated C. pyloridis as antigen, but 12 
of 78 patients negative for C. pyloridis were found 
to have a high titer of antibody [21]. The antibodies 
to C. pyloridis detected in healthy contacts of pa- 
tients with peptic ulcer may be protective antibod- 
ies; immunoblot analysis may reveal whether differ- 
ent antigens are involved in the serological response 
of healthy contacts compared with patients with 
C. pyloridis. 

A serological test can be made more reliable by 
using stringent controls. We used an additional con- 
trol to those of Blaser and Duncan [8], namely a cal- 
ibration serum on each plate, and for the plate to 
be accepted, a correlation coefficient ̂ .980 was re- 
quired. This serum allowed us to record our results 
in a standardized fashion rather than directly as ab- 
sorbances (OD). 

The ELISA titers among our patients mirrored 
closely the histological diagnosis of active chronic 
gastritis, chronic gastritis, or normal histology. Ta- 
ble 1 shows that among the 31 patients with chronic 
gastritis the median titer was only 150 EU, whereas 
among the three groups with active chronic gastritis 
the median titers were 415 EU, 685 EU, and 965 EU. 
Among those with normal histology the median titer 
was only 110 EU. We regard these results as confir- 
mation of the significance of the histological diag- 
nosis of active chronic gastritis in relation to 
C. pyloridis infection. Price et al. [22] stated that in 
their study the incidence of C. pyloridis was similar 
in patients with chronic or active chronic gastritis. 
We question this observation and suggest that these 
authors have set their normal range for neutrophil 
infiltration too high, so that they relegated patients 
with active chronic gastritis to their chronic gastri- 

tis group. When active gastritis is absent in the gas- 
tric mucosa, neutrophils are almost completely ab- 
sent. These authors may not have obtained biopsy 
specimens from sites similar to ours, or their selec- 
tion of patients may have been different. 

In addition to the presence of specific serum an- 
tibody in patients in whom C. pyloridis can be de- 
tected, the presence of local antibody in biopsy spec- 
imens would confirm that C. pyloridis is a genuine 
pathogen and not merely a commensal. Wyatt et al. 
[23] have reported that in vivo coating of C. pyloridis 
by host IgA was present in all 83 cases of active gas- 
tritis, and coating of bacteria with IgG or IgM was 
significantly correlated with activity of the gastritis 
and was rarely seen in the absence of neutrophil in- 
filtrate. 

Our conclusions from this study are that sympto- 
matic patients who have a titer ̂ 50 EU will be highly 
unlikely to have C. pyloridis in the stomach, and pa- 
tients with a titer ̂ 00 EU are very likely to have the 
organism in the stomach. As with any serological test 
there will be patients with intermediate results, and 
it is particularly these patients who will need an en- 
doscopic examination to determine whether C. pylo- 
ridis is present. 
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