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A b s t r a c t

We developed a polymerase chain reaction (PCR)
assay to detect Helicobacter pylori in gastric and/or
gastroesophageal biopsy specimens of adults with
dyspepsia, compared the method with
immunohistochemical analysis and CLOtest (Ballard
Medical Products, Draper, UT), and correlated the
results of each test with the histologic features of
infection. H pylori was identified in 36 (60%) of 60
patients irrespective of biopsy site and testing method.
In the gastric biopsy specimens, PCR detected H pylori
in 29 (52%) of 56 cases, including 11 (100%) of 11
immunohistochemically and/or CLOtest-positive cases.
PCR-positive gastric biopsy specimens correlated with
a higher average cumulative inflammatory score
compared with PCR-negative specimens (P = .001). In
gastroesophageal biopsy specimens, PCR detected H
pylori in 15 (34%) of 44 cases, including 1 (20%) of 5
immunohistochemically positive specimens. PCR-
positive gastroesophageal junction biopsy specimens
did not correlate with a higher average cumulative
inflammatory score. Overall, PCR detected an
additional 23 cases negative by immunohistochemical
analysis and/or CLOtest. This PCR assay identified a
significant number of H pylori infections that would not
be detected by immunohistochemical analysis and/or
CLOtest.

Helicobacter pylori has a significant pathogenic role in
gastritis and peptic ulcer disease, as well as in gastric adeno-
carcinoma, mucosa-associated lymphoid tissue lymphoma,
and, possibly, cardiovascular disease. Consequently, the
World Health Organization classified this important bacteri-
al species as a class I carcinogen.1,2 The prevalence of H
pylori infection may approach 100% in some developing
countries.3 In the United States, the prevalence is estimated
at 30% to 40%, but it is much higher in African Americans
and Hispanics.4

Numerous techniques have been developed to identify H
pylori infection, but none is definitive. Less invasive tech-
niques such as serology, urea breath tests, and stool antigen
testing have all been used clinically,5-7 but esophagogastro-
duodenoscopy (EGD) examination with biopsy is often
required for diagnosis.

Pathologists are routinely expected to diagnose H pylori
infection when interpreting EGD biopsy specimens. Often, the
characteristic histologic pattern of chronic active gastritis
prompts the pathologist to scrutinize the biopsy specimen for
the typical helical morphologic profile of H pylori. Although the
bacteria are often visible on routine H&E-stained slides, most
laboratories use immunohistochemical analysis and/or special
stains (eg, Giemsa) to highlight the organism,6,8 particularly in
patients who have received prior therapy when organisms may
be low in number or have altered morphologic features.9,10

With the advent of molecular techniques, reliable and sen-
sitive methods for the detection of bacterial gene sequences in
many different clinical specimens have become possible.
Polymerase chain reaction (PCR) assays to diagnose H pylori
infection in stool samples,11 EGD biopsy specimens,2,10 sali-
va,12,13 and dental plaque12 have all been described.
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In the present study we compared the diagnostic efficacy
of a unique multiplex PCR assay for the detection of H pylori
with immunohistochemical detection and the CLOtest
(Ballard Medical Products, Draper, UT) in gastric and/or gas-
troesophageal junction biopsy specimens from patients with
symptoms of dyspepsia. We evaluated the results of each test
with scores of activity and chronic inflammation.

Materials and Methods

Patients

EGD was performed on 60 patients (30 males, 30
females) with symptoms of dyspepsia from June 2003 to
December 2003. For 40 patients, paired biopsy specimens of
the gastric antrum/body (gastric) and gastroesophageal junc-
tion were available; for 16 patients, only gastric biopsy speci-
mens were available; and for 4 patients, only gastroesophageal
junction biopsy specimens were submitted for routine histo-
logic examination. An additional biopsy specimen was taken
from each site and submitted for PCR analysis. In the 56
patients who had gastric biopsy specimens, a separate biopsy
specimen of the antral mucosa was taken and submitted for
CLOtest analysis. The specimens were obtained at Evanston
Northwestern Healthcare’s Glenbrook Hospital (Glenview,
IL) and Evanston Hospital (Evanston, IL). Informed consent
was obtained from each patient, and the study was reviewed
and approved by the Evanston Northwestern Health Care
Institutional Review Board.

Histologic Evaluation

All biopsy specimens submitted for histopathologic
analysis were formalin-fixed (10%) and paraffin-embedded.
Two H&E-stained slides were prepared from each paraffin-
embedded biopsy specimen. The degree of polymorphonu-
clear neutrophil activity and chronic (mononuclear) inflam-
matory infiltrate were graded by using the updated Sydney
system visual analog scale for normal, mild, moderate, and
marked inflammation with a scoring system from 0 to 3,
respectively.8 All biopsy specimens were evaluated for intes-
tinal metaplasia. Every gastroesophageal junction biopsy
specimen contained some gastric cardia mucosa on histologic
evaluation.

Immunohistochemical Staining for H pylori

Immunohistochemical staining was performed on 4-µm
sections of all formalin-fixed, paraffin–embedded biopsy
specimens. Antigen retrieval was performed with Protease 1
(Ventana, Tucson, AZ) according to the manufacturer’s
instructions. A rabbit polyclonal antibody against H pylori
(clone CH-20/429, dilution 1:20; Novocastra, Newcastle upon

Tyne, England) was used, and staining was performed on an
automated stainer (Ventana). A slide prepared from known H
pylori–infected tissue biopsy specimens was used as a positive
control sample. Negative control samples were prepared by
omitting the primary antibody. The results were screened
manually. The density of H pylori–stained organisms was
graded by using the updated Sydney system visual analog
scale for normal, mild, moderate, and marked with a scoring
system of 0 to 3, respectively.8

CLOtest

The CLOtest rapid urease test was performed on all gas-
tric antrum biopsy specimens according to the manufacturer’s
instructions. A definite magenta color was required to read the
test as positive. The test results were interpreted within 24
hours.

PCR Analysis

DNA extraction was performed according to published
methods with small modifications.14 Primers specific for the
H pylori urease A gene,15,16 26-kd protein antigen,17 hpaA
gene,18 0.86-kb DNA fragment,19 and DNA sequences of 16S
ribosomal RNA17 were used as amplification targets as previ-
ously described.20,21 For each locus, we selected 1 forward
primer as the common primer (FC) and 2 reverse primers (R1
and R2), with R2 located inside the amplifying region of R1.
Therefore, 2 DNA fragments, one internal to the other, are
expected to be amplified in each locus ❚Figure 1A❚.

The primers were combined into 2 groups: one group
consisted of all 5 FC primers with 5 R1 primers (FC-R1), and
the second group consisted of all 5 FC primers with 5 R2
primers (FC-R2). Thus, a total of 10 DNA fragments could be
amplified, in 2 tubes, each containing 5 amplicons.

The DNA extract was added to 20 µL of a reaction mixture
containing 10 mmol/L of tris(hydroxymethyl)aminomethane
hydrochloride (pH 8.3), 50 mmol/L of potassium chloride, 1.6
mmol/L of magnesium chloride, 0.001% (wt/vol) gelatin, 0.3
mmol/L of each deoxynucleotide, and 0.05 µmol/L of each
oligonucleotide primer mixture. Immolase DNA polymerase
(4.0 U; Bioline, London, England) was used. The PCR was
performed with a PCR thermal cycler (Mastercycler,
Eppendorf Scientific, Waterbury, NY), and the PCR condi-
tions were as follows: an initial denaturation of target DNA at
94°C for 5 minutes, followed by 32 to 41 cycles of 94°C for
30 seconds, 56°C for 50 seconds, and 72°C for 1 minute. The
final extension step was at 72°C for 10 minutes.

The PCR products were analyzed by electrophoresis of a
10-µL aliquot on a 2.0% agarose gel, stained with ethidium
bromide and visualized after excitation under UV light
❚Figure 1B❚. Because of the high diversity of DNA sequences
in H pylori, in this study, we defined a case as positive for H
pylori if 5 of 10 fragments or both DNA fragments from the
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same locus were amplified. Positive and negative (water
blank) control samples were assayed in each run.

The specificity of the PCR assay was evaluated by testing
with 3 H pylori strains obtained from American Type Culture
Collection (Manassas, VA): ATCC43504, ATCC700392
(26695), and ATCC700824 (J99), and 11 common bacterial
species—(1) Escherichia coli, (2) Enterobacter aerogenes, (3)
Enterobacter cloacae, (4) Enterococcus species, (5) viridians
group of Streptococcus, (6) Pseudomonas aeruginosa, (7)
Serratia species, (8) Klebsiella pneumoniae, (9) methicillin-
resistant Staphylococcus aureus, (10) Lactobacillus species,
and (11) Citrobacter species, which were isolated from clini-
cal samples at Evanston Northwestern Healthcare, Evanston
Hospital—were selected as templates to assay. The PCR was
performed in the conditions described along with H pylori
J99, which was used as the positive control.

Statistical Analysis

Statistical analysis was performed by using the nonpara-
metric Mann-Whitney U test. P values of less than .05 were
considered statistically significant.

Results

H pylori was identified in 36 (60%) of 60 patients when
all testing methods and biopsy sites were combined ❚Table 1❚.
In gastric biopsy specimens, H pylori was detected in 29
(52%) of 56 cases by PCR, 11 (20%) by CLOtest, and 11
(20%) by immunohistochemical analysis (Table 1) ❚Table 2❚.
All gastric biopsy specimens positive by CLOtest were posi-
tive by immunohistochemical analysis and vice versa. All gas-
tric biopsy specimens positive by immunohistochemical
analysis and the CLOtest were positive by PCR (Table 1)
❚Figure 2A❚. Nine gastric biopsy specimens demonstrated
intestinal metaplasia on histologic examination, with 4 show-
ing H pylori gastritis. In gastroesophageal junction biopsy
specimens, H pylori was detected in 15 (34%) of 44 cases by
PCR and 5 (11%) of 44 cases by immunohistochemical analy-
sis (Table 1) ❚Figure 2B❚. Only 1 (20%) of 5 immunohisto-
chemically positive gastroesophageal junction biopsy speci-
mens was positive by PCR. Four of the gastroesophageal junc-
tion biopsy specimens demonstrated intestinal metaplasia on
histologic examination, with only 1 showing H pylori gastritis
(Table 1). Two patients were clinically suspected to have
Barrett esophagus on EGD; only 1 was confirmed by histolog-
ic examination.

The results of the 3 specified tests for H pylori infection
were compared with the activity and chronic inflammation
scores (Table 2). In the gastric biopsy specimens, the aver-
age activity and chronic inflammatory scores were signifi-
cantly greater in PCR-positive than in PCR-negative biopsy

specimens (P = .002 and P = .004, respectively). Similarly,
both scores were higher in immunohistochemically/CLOtest-
positive biopsy specimens than in the negative specimens
(P < .001 for each).

In the gastroesophageal junction biopsy specimens, the
results were conflicting (Table 2). Although the average scores
for activity and chronic inflammation were higher in the
immunohistochemically positive cases than in immunohisto-
chemically negative cases (P < .001 and P = .003, respective-
ly), there was no significant difference between the activity
scores in PCR-positive and PCR-negative biopsy specimens
(P = .810). The average scores for chronic inflammation,
while significant, were lower in the PCR-positive cases than
the PCR-negative cases (P = .002).

The results of the cumulative inflammation scores did not
differ from those looking at activity and chronic inflammation
individually ❚Figure 3❚. In gastric biopsy specimens, the mean
cumulative score of inflammation was significantly greater in
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❚❚Figure 1❚❚ Primer design. A, Diagram of primers designed for
each locus. FC, the forward primer, is the common primer;
R1 and R2 are the pair of reverse primers. The amplicons FC-
R1 and FC-R2 are amplified from each locus. B, Five pairs of
DNA bands amplified from the 5 targeted loci specific for
Helicobacter pylori.
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❚Table 1❚
Summary of Helicobacter pylori Testing Results and Presence of Intestinal Metaplasia

Gastric Gastroesophageal Junction

Case No./ Immunohistochemical Immunohistochemical
Sex/Age (y) Analysis CLOtest PCR IM Analysis PCR IM

1/F/44 + + + + + + –
2/F/67 + + + – + – –
3/M/59 + + + – + – –
4/M/82 + + + – – – –
5/F/25 + + + – – – –
6/M/78 – – + – – + –
7/M/70 – – + – – + +
8/F/55 – – + – – + –
9/M/72 – – + – – + –
10/F/41 – – + – – + –
11/F/30 – – + – – + –
12/M/53 – – + – – + –
13/F/64 – – + – – + –
14/F/18 – – + + – + –
15/F/22 – – + – – – –
16/M/77 – – + + – – –
17/M/53 – – + – – – –
18/F/25 – – + – – – –
19/F/25 – – + – – – –
20/F/76 – – + – – – –
21/F/78 – – – – – + –
22/M/87 – – – – – + –
23/F/53 – – – – – + –
24/M/70 – – – – – + –
25/F/73 – – – – – – –
26/M/74 – – – – – – –
27/M/66 – – – + – – –
28/M/51 – – – + – – –
29/M/65 – – – – – – –
30/F/44 – – – – – – –
31/F/44 – – – – – – –
32/F/80 – – – + – – –
33/M/64 – – – – – – –
34/M/67 – – – – – – +
35/F/72 – – – – – – –
36/M/52 – – – – – – –
37/F/37 – – – – – – –
38/F/46 – – – – – – –
39/M/57 – – – – – – –
40/M/20 – – – – – – +
41/M/57 + + + – ND ND ND
42/M/72 + + + – ND ND ND
43/F/68 + + + – ND ND ND
44/F/82 + + + – ND ND ND
45/M/61 + + + – ND ND ND
46/F/94 + + + + ND ND ND
47/F/52 – – + – ND ND ND
48/F/58 – – + – ND ND ND
49/F/84 – – + – ND ND ND
50/F/49 – – – – ND ND ND
51/M/78 – – – – ND ND ND
52/M/61 – – – – ND ND ND
53/F/77 – – – – ND ND ND
54/F/19 – – – – ND ND ND
55/M/71 – – – + ND ND ND
56/M/71 – – – + ND ND ND
57/M/47 ND ND ND ND + – –*

58/M/55 ND ND ND ND + – –
59/M/57 ND ND ND ND – + –
60/M/86 ND ND ND ND – – +*

CLOtest, rapid urease test (Ballard Medical Products, Draper, UT); IM, intestinal metaplasia; ND, not done; PCR, polymerase chain reaction; +, positive or present; –, negative or
absent.

* Suspected Barrett esophagus by esophagogastroduodenoscopy.
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cases with H pylori detected by PCR than in negative cases (P
= .001). Interestingly, the cumulative inflammation scores
were higher, ie, 3 or more, in patients whose gastric biopsy
specimens were H pylori–positive by immunohistochemical
analysis/CLOtest as compared with patients who had H pylori
detected only by PCR.

In the gastroesophageal junction biopsy specimens, the
mean cumulative score of inflammation was significantly
lower in cases with H pylori detected by PCR than in the neg-
ative cases (P = .012). The cumulative inflammation scores
were higher (≥2) in immunohistochemically positive cases
than in PCR-positive cases; however, a majority of these cases
were PCR-negative.

Discussion

H pylori is a major human pathogen for which accurate
detection is needed for proper patient management. No one
method has sufficient sensitivity and specificity to be considered
a “gold standard.” We developed a unique PCR assay to detect H
pylori in endoscopic biopsy specimens, compared the method
with standard techniques of immunohistochemical analysis
and CLOtest, and correlated the results of each test with the his-
tologic features of H pylori infection. The ability of PCR to
detect H pylori in EGD biopsy specimens has been previously
demonstrated.16,18,22,23 However, few investigators have corre-
lated the results with corresponding degrees of inflammation.2

Anatomic Pathology / ORIGINAL ARTICLE

❚Table 2❚
Summary of the Average Helicobacter pylori and Inflammatory Scores for Each Biopsy Site and Testing Method

No (%) H pylori Neutrophil Mononuclear
Testing Method and Site/Results of Tests Score P Score P Score P

Immunohistochemical analysis of biopsy specimen
Gastroesophageal junction (n = 44) <.001 <.001 .003

Positive 5 (11) 2.4 1.6 2.6
Negative 39 (89) 0 0.2 1.4

Gastric (n = 56) <.001 <.001 <.001
Positive 11 (20) 2.5 1.8 2.7
Negative 45 (80) 0 0.2 0.7

PCR of biopsy specimens
Gastroesophageal junction (n = 44) .470 .810 .002

Positive 15 (34) 0.1 0.3 1
Negative 29 (66) 0.3 0.4 1.9

Gastric (n = 56) <.001 .002 .004
Positive 29 (52) 1 0.9 1.5
Negative 27 (48) 0 0.1 0.6

CLOtest (n = 56) <.001 <.001 <.001
Positive 11 (20) 2.5 1.8 2.7
Negative 45 (80) 0 0.2 0.7

CLOtest, rapid urease test (Ballard Medical Products, Draper, UT); PCR, polymerase chain reaction.

CLOTest

IHC

0

0

0

0

0
11

18

PCR

IHC

4 1 14

PCR

A B

❚❚Figure 2❚❚ Distribution of Helicobacter pylori–positive biopsy specimens by any method according to the testing method and
biopsy site. A, Gastric. B, Gastroesophageal junction. The CLOtest was performed only on antral (gastric) biopsy specimens.
CLOtest, rapid urease test (Ballard Medical Products, Draper, UT); IHC, immunohistochemical analysis; PCR, polymerase chain
reaction.
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In the gastric biopsy specimens, PCR identified H pylori
infection in 100% of patients who had positive CLOtest or
immunohistochemical results (Table 1 and Figure 2A).
Consistent with the expected increased sensitivity, PCR
detected H pylori in an additional 18 patients with negative
immunohistochemical and CLOtest results. The majority of
these patients had low cumulative inflammation scores and
may not have been suspected after routine histologic exam-
inations of specimens to have had H pylori gastritis.
Overall, biopsy specimens with a cumulative inflammation
score of 4 or more predicted the presence of H pylori by at
least 1 testing method, irrespective of biopsy site (Figure 3)
❚Image 1❚.

In gastroesophageal junction biopsy specimens, PCR did
not correlate as well with the paired immunohistochemically
stained biopsy specimens, with only 20% (1/5) of the
immunohistochemically positive biopsy specimens demon-
strating H pylori by PCR (Table 1 and Figure 2B). All 4 of the

PCR-negative, immunohistochemically positive cases were
positive by PCR on the concurrent gastric sample (Table 1);
however, the results from 2 of these cases were not reported
because there were no paired gastric biopsy specimens taken
for histologic evaluation. This discrepancy between the
immunohistochemical and PCR results might be explained by
the fact that the distribution of H pylori is more prominent at
or near the antrum, with a patchy distribution throughout the
remaining gastric mucosa. In addition, the separate gastro-
esophageal junction biopsy specimens submitted for PCR
analysis may have consisted of only squamous esophageal
mucosa, which does not provide the necessary environment
for colonization. However, all gastroesophageal junction biop-
sy specimens submitted for histologic evaluation had at least a
portion of gastric cardia. PCR detected H pylori in an addi-
tional 14 cases that were negative by immunohistochemical
analysis. A majority of these cases had low cumulative inflam-
mation scores.
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❚❚Figure 3❚❚ Cumulative inflammation scores in cases positive or negative for Helicobacter pylori results by polymerase chain
reaction (PCR). A, Results for gastric biopsy specimens. Horizontal bars indicate mean value (P = .001). B, Results for
gastroesophageal junction biopsy specimens. Horizontal bars indicate mean value (P = .012). The total score for inflammation is
equal to the sum of chronic inflammation (score, 0-3) and activity (score, 0-3). White circles represent cases positive for H pylori
by immunohistochemical analysis. All gastric biopsy specimens positive by immunohistochemical analysis were also positive by
the CLOtest.
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When organisms were identified by immunohistochemi-
cal analysis, irrespective of biopsy site, they had a cumulative
inflammatory score of 2 or more (Figure 3). This finding is
similar to those of other studies that showed H pylori to be
associated with a cumulative inflammation score of 2 or
more.2,24,25 Cases detected only by PCR had lower average
acute and chronic inflammation scores. By using a different
PCR method, Zsikla et al2 demonstrated similar results.

It is generally accepted that the probability of identifying
H pylori by histologic examination becomes greater as the
degree of inflammation, whether acute or chronic, increases.
In cases with low numbers of organisms and minimal accom-
panying inflammation, histologic examination may not be suf-
ficient. PCR methods would increase the likelihood of H
pylori detection. Because PCR can amplify millions of copies
from just a few target sequences, the possibility of contamina-
tion resulting in false-positive results has been suspected.2,26

As with any sensitive laboratory technique, meticulous atten-
tion must be applied to ensure no cross-contamination, includ-
ing during the preanalytic and postanalytic phases.

Our study demonstrates that this PCR assay identifies a
significant number of H pylori infections that would not be
detected with conventional immunohistochemical analysis
and/or CLOtest. Antral and gastric body biopsy specimens
are better for predicting the correct H pylori status than gas-
troesophageal junction biopsy specimens. Future studies
examining the usefulness of this PCR on formalin-fixed,
paraffin-embedded tissue samples are necessary, which
would provide greater clinical benefit because fresh tissue
samples may not be available for cases that are immunohisto-
chemically negative and have a suspicious inflammatory

background. In addition, the clinical significance of identifying
H pylori by PCR alone, particularly in cases with low levels of
inflammation, remains to be determined, and prospective stud-
ies are in progress.
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Northwestern Healthcare, Evanston, IL; and 2Northwestern
University Feinberg School of Medicine, Chicago.
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