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Abstract: The study was aimed at comparing PCR methods of direct detection from biopsy using the boiling method
and one other method with two known gold standards (histology and CLO test) for the diagnosis of H. pylori in Nigeria.
A total of 168 biopsies (three from antrum and one from corpus each) were taken from 42 patients presenting with
various gastroduodenal symptons after informed consent was obtained from them.The biopsies were analysed using
the CLO test kit and histology, while the boiling method as described by Holmes and Quigley (1981) was used to
obtain DNA and then PCR using the 16S rRNA gene, glmM gene and cagA gene. With CLO test 15/42 (35.71%) were
positive, histology 13/42 (30.95%) were positive, 16S rRNA 22/42 (52.38%) were positive, glmM 19/42 (45.24%)
were positive, cagA 19/42 (45.24%) were positive. The sensitivity and specificity of the PCR tests with CLO as the
gold standard showed that the tests were 100% sensitive and varied between 74.1% to 84.1% in specificity. The PPV
and NPV showed that the NPV was almost 100%, while the PPV was between 68.2% and 75%. Using the histology as
the gold standard, the sensitivity was almost 100% while the specificity, the PPV were reduced in comparison to the
CLO test. The PCR test using the glmM gene appears to be the most reliable test for diagnosis of H. pylori in Nigeria
most especially where culture is difficult due to the power outages.
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Introduction

antigen test (HpSA).

Helicobacter pylori is the causative agent of
gastritis, peptic ulcer disease, MALT lymphoma
and is a risk factor in the devlopment of gastric
cancer [1]. There are several methods for the
diagnosis of Helicobacter pylori and can be
classed into two broad categories, namely
invasive methods that require endoscopy or the
minimally or non-invasive methods that do not
require endoscopy.

Cutlure is the gold standard for the diagnosis of
any microorganism and so where culture cannot
be possible histology and CLO test kit have
been used as gold standard for the diagnosis of
H. pylori in Nigeria. UBT is however the known
gold standard for the non-invasive detection of
H. pylori.

The endoscopy methods include culture, CLO
test, PCR, fluorescence in situ hybridization
(FISH), direct gram stain, histology, while the
non-invasive methods include serology, urea
breath test (UBT), Helicobacter pylori stool

In Nigeria, currently both gold standards for the
non-invasive and invasive detection of H. pylori
are fraught with several problems such the
method is either difficult for isolation of H. pylori
due to frequent power outages in case of
culture or very expensive and not generally
affordable or available in case of UBT.

PCR for the diagnosis of H. pylori DNA from biopsies in Nigeria

This is also in addition to the fact that culture
could take several days to obtain a result and in
developing countries of which Nigeria is one it is
even difficult to obtain a result.
Several assays based on the use of PCR have
been developed to detect the presence of H.
pylori DNA by using several gene targets directly
from the biopsies [2 – 4]. The targets of these
PCR methods include urease A (ureA) gene [5],
cag A gene [3], phosphosamine mutase (glmM)
gene [4], 16S rRNA gene [3] to mention a few.
The present study was conducted using PCR
targeted as some specific genes for H. pylori
using the 16S rRNA gene, glmM gene and cagA
gene. These method can be standardized to
diagnose different agents and part of the
standardization has to do with the method of
DNA extraction. In addition to the fact that with
such methods, all experiments are not lost as in
case of power outages and can be easily
repeated and not so expensive as the UBT.
The aim of the study was to compare the PCR
methods of H. pylori diagnosis with the DNA
extraction by Marais et al and the boiling
method and compare the results with those of
CLO test and histology.
Materials and methods
A total of 126 biopsies from 42 patients (made
up of three biopsies each per patients from
antrum and one from corpus) were analysed
using the following methods: One antrum was
taken for histology and another for CLO test
while the last antrum sample was taken for
culture and PCR.
Histopathologic examination
The gastric biopsies were fixed in 10% buffered
formalin for at least 24 h and then embedded in
paraffin. In each case, three sections of the tissues were cut at 0.3 micron, de-paraffinized
and hydrated in descending grades of alcohol.
One section was stained with routine haematoxylin and eosin (H & E) stain following standard procedure [6], the second section was
stained with modified Giemsa stain [6] to demonstrate the presence of H. pylori. The organisms were identified as curved rods on the luminal surface of the gastric epithelial cells. The
third section was stained with alcian blue/
Periodic Acid Schiff’s stain to demonstrate pres-
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ence of intestinal metaplasia. For classification
and grading of gastritis the updated Sydney system [6] was applied. H & E stained slides were
used for analyzing histopathological alterations
like atrophy, dysplasia, or neoplastic changes as
well as erosions and ulcer lesions [6].
DNA extraction
DNA extraction was carried out directly from the
biopsies using the boiling method as described
by Holmes and Quigley [7]. Briefly, 100µl of the
biopsy was added into 200µl of sterile water
and vortexed. The samples were then boiled in
a dry bath at 100°C for 10 minutes. This was
followed by vortexing and centrifugation at
12,000rpm for 5 minutes. The supernatant
containing the DNA were transferred to another
tube and stored at -20°C. The concentration
and purity of the extracted DNA was estimated
using a Nanodrop spectrophotometer.
DNA extraction from biopsies was by the
method of Marais et al. [8]. Briefly, the biopsy
samples were ground and centrifuged for 5 min
at 10 000×g. The pellet was resuspended in
300 μL extraction buffer (20 mmol/L Tris-HCl,
pH 8.0; 0.5% Tween 20) and proteinase K (0.5
mg/mL final concentration).
The mixture was incubated at 56 for one hour
after which the enzyme was inactivated by boiling for 10 mins.
PCR amplification of the 16s rRNA gene
PCR amplification of this gene was carried out
using the primer set HEL-F (AAC GAT GAA GCT
TCT AGC TTG CTA) and HEL-R (GTG CTT ATT CST
NAG ATA CCG TCA T). The 25µl reaction mixture
consisted of x1 PCR buffer, 1.5mM Magnesium
Chloride, 200μM of each dNTP, 20pmol of each
primer and 1U Taq DNA polymerase (Promega).
Amplification was carried out in an Eppendorf
Mastercycler gradient using the following cycling
parameters. An initial denaturation at 940C for
5 minutes and 35 cycles of 940C for 30
seconds, 560C for 1 minute and 720C for 1
minute. This was followed by a final extension of
720C for 10 minutes.
The PCR products were separated on a 2% Agarose gel and 50bp ladder was used as DNA molecular weight standard. PCR product size 399
bp.
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PCR amplification using the cagA primer
PCR amplification using this primer was carried
out using the primer set cagA-F (CCA TGA ATT
TTT GAT CCG TTC GG) and cagA-R (GAT AAC AGG
CAA GCT TTT GAG GGA). The 25µl reaction mixture consisted of x1 PCR buffer, 1.5mM Magnesium Chloride, 200μM of each dNTP, 20pmol of
each primer and 1U Taq DNA polymerase
(Promega).
Amplification was carried out in an Eppendorf
Mastercycler gradient using the following cycling
parameters. An initial denaturation at 940C for
5 minutes and 40 cycles of 940C for 1 minute,
540C for 1 minute and 720C for 1 minute. This
was followed by a final extension of 720C for 5
minutes.
The PCR products were separated on a 1.5%
Agarose gel and 50bp ladder was used as DNA
molecular weight standard. PCR product size
349 bp.
PCR amplification using the glmM primer
PCR amplification using this primer was carried
out using the primer set glmM-F (GGA TAA GCT
TTT AGG GGT GTT AGG GG) and glmM-R (GCT
TAC TTT CTA ACA CTA ACG CGC). The 25µl reaction mixture consisted of x1 PCR buffer, 1.5mM
Magnesium Chloride, 200μM of each dNTP,
20pmol of each primer and 1U Taq DNA polymerase (Promega).
Amplification was carried out in an Eppendorf
Mastercycler gradient using the following cycling
parameters. An initial denaturation at 940C for
5 minutes and 35 cycles of 940C for 1 minute,
560C for 1 minute and 720C for 2 minutes. This
was followed by a final extension of 720C for 5
minutes.
The PCR products were separated on a 1.5%
Agarose gel and 50bp ladder was used as DNA
molecular weight standard. PCR product size
294 bp.
Results
Endoscopic findings
Out of 42 patients, the endoscopic findings
showed that 21/42 (50%) has gastritis, out of
which 8/21 (38.1%) were positive for H. pylori in
all tests. Endoscopic findings from 42 patients
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Figure 1. Endoscopic findings of patients presenting
with various gastroduodenal symptons.

showed that 7/42 (16.67%) were normal
findings out of which 3/7 (42.85%) were
positive in all three PCR genes, two of which
were positive corpus only. Eight (19.05%) of the
patients had gastroduodenitis from their
endoscopic findings out of which 4/8 (50%)
were positive in all three PCR genes and some
positive for all the tests, while four (9.52%) had
gastric ulcer (GU) from the endoscopic findings,
from these 50% were positive in all the tests
(Table 1).
The remaining endoscopic findings were GOO,
GORD, Ca Stomach accounting for others
(4.76%) and all were positive for the three PCR
tests and two positive for all the tests. More
females than males reported with gastritis
(Figure 1).
With the CLO test 15/42 (35.71%), histology
13/42 (30.95%), 16S rRNA 22/42 (52.38%),
glmM 19/42 (45.24%), cagA 19/42 (45.24%).
16S rRNA corpus positive were five, glmM gene
corpus positive were three. All three genes had
corpus positive in three and if it is based on that
then the CLO test would give us a total 18/41
(43.9%), while histology would be 16/42
(38.1%).
According to method of DNA extraction by
Marais et al. [8], H. pylori DNA was present in
4/42 (9.5%) for cagA and glmM genes while
with the 16S rRNA gene, H. pylori was positive
in 6/42 (14.3%).
Figures 2-4 show the PCR amplification of H.
pylori DNA from biopsy using the cagA, 16S
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Table 1. Shows the clinical findings and molecular findings of patients presenting with various
gastroduodenal symptons in University College Hospital, Ibadan
Code
no

sex

Age

IB 110
IB 111
IB 112
IB 113
IB 114

M
F
M
M
F

32
39
33
65
53

clinical findings/endoscopic
findings

Site
A&C

CLO
(Antrum
only)
+
+
-

Histology
(antrum
only)
+
+
-

16S
rRNA

glmM

cagA

Dyspepsia/normal
A&C
Dyspepsia/gastritis
A&C
+
+
+
Abdominal pain/GORD
A&C
+
+
+
Abdominal pain/ca Stomach
A&C
C+
C+
C+
Acid peptic disease (APD)/
A&C
gastritis
IB 115
M
26
Dyspepsia/GU
A&C
IB 116
F
44
Dyspepsia/gastritis
A&C
+
+
A+
A+
IB 117
M
73
Upper GI bleeding/normal
A&C
C+
C+
C+
IB 118
F
59
Dyspepsia/gastritis
A&C
IB 119
M
43
Dyspepsia/gastritis
A&C
IB 120
M
24
Dyspepsia/gastritis
A&C
+
+
+
+
A+
IB 121
F
36
Acid peptic disease/normal
A&C
IB 122
M
45
Acid peptic disease/normal
A&C
IB 123
F
42
Dyspepsia/normal
A&C
+
+
+
IB 124
F
57
Dyspepsia/normal
A&C
C+
C+
C+
IB 125
M
49
Bleeding /normal
A&C
IB 126
M
76
Dyspepsia/gastroduodenitis
A&C
C+
+
+
IB 127
F
50
Dyspepsia/gastritis
A&C
IB 128
F
40
Dyspepsia/gastritis
A&C
IB 129
F
53
Acid peptic disease/
A&C
+
+
+
+
gastroduodenitis
IB 130
F
26
Acid peptic disease/antral
A&C
gastritis
IB 131
M
66
PUD/GU
A&C
+
+
+
+
A+
IB 132
F
35
APD/Gastroduodenitis
A&C
IB 133
M
36
Dyspepsia/gastritis
A&C
+
+
+
+
IB 134
M
54
Gastric cancer/gastritis/GOO
A&C
+
+
+
A+
+
IB 135
F
55
Upper GI bleeding/erosive
A&C
gastritis
IB 136
F
50
Dyspepsia/ GU
A&C
IB 137
F
54
Dyspepsia/gastritis
A&C
+
+
+
+
C+
IB 138
F
47
PUD/GU
A&C
+
+
+
+
+
IB 139
F
28
PUD/gastroduodenitis
A&C
+
+
+
+
+
IB 140
F
57
Dyspepsia/gastritis
A&C
IB 141
M
79
Chronic DU/gastroduodenitis
A&C
IB 142
F
32
Dyspepsia/gastritis
A&C
+
+
+
+
+
IB 143
M
47
Dyspepsia/gastroduodenitis
A&C
+
+
+
+
A+
IB 144
F
50
APD/gastritis
A&C
+
+
+
+
+
IB 145
M
37
Gastritis/gastroduodenitis
A&C
IB 146
F
60
PUD/gastritis
A&C
+
IB 147
F
40
PUD/antral gastritis
A&C
+
+
+
+
IB 148
F
40
Ca Stomach/gastritis
A&C
C+
IB 149
F
39
APD/antral gastritis
A&C
IB 150
M
80
Upper GI bleeding/
A&C
gastroduodenitis
IB 151
F
33
APD/corporal gastritis
A&C
Keywords: A= antrum, C= corpus, A+= antrum positive only, C+= corpus positive only; PUD= peptic ulcer disease,
APD = acid peptic disease, Ca= cancer, GU= gastric ulcer, GOO= gastric outlet obstruction, GORD= gastric
oesophageal reflux disease.
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Figure 2. (A) PCR of H. pylori using primers targeted
at the cagA gene. Lane M, 50 bp molecular weight
marker; Lanes 1 and 6 IB 111 A & C; Lanes 2 and 7,
IB 112 A & C; Lane 3 IB 116 A; Lanes 4 & 11, IB 120
A &C, Lanes 5 and 12 IB 123 A & C; Lane 8 IB 113 B,
Lane 9 IB 115C, Lane 10 IB 117 B; Lane 13, IB
124C. (B) Lane M, 50 bp molecular weight marker,
Lane -, negative control, lane + positive control, lanes
1 & 2 IB 111 A & B, Lanes 3 & 4, IB 112 A & B, Lanes
5 & 6, 123 A & C, Lane 7, IB 120 A, Lane 8, IB 124 C.

Figure 3. PCR of H. pylori using primers targeted at
the 16S rRNA gene. Lanes M, 50 bp molecular
weight marker; Lanes 1 and 6 IB 111 A & C; Lanes 2
and 7, IB 112 A & C; Lane 3 IB 116 A; Lanes 4 & 11,
IB 120 A &C, Lanes 5 and 12 IB 123 A & C; Lane 8
IB 113 B, Lane 9 IB 115C, Lane 10 IB 117 C; Lane
13, IB 124C.

rRNA and glmM genes by the boiling method of
extraction.
Sensitivity, specificity, PPV, NPV
The PCR tests generally showed that the three
PCR tests were 100% sensitive and varied in
specificity with CLO test as the gold standard
while the NPV was almost 100% in the tests
(Table 2).
However, using histology as the gold standard,
the three PCR tests showed the sensitivity to be
almost 100% while the specificity, PPV were
greatly reduced in comparison to the CLO test
(Table 3).
Discussion
The results from the endoscopic findings shows
that majority of the patients had gastritis (50%)
although most H. pylori cases were from
patients
with
normal
findings
and
gastroduodenitis. A previous report by Smith et
al. [9, 10] corroborated this finding that
irrespective of their clinical outcome, H. pylori
was diagnosed and so also was the cagA gene.
The least sensitive of the methods for diagnosis
of H. pylori was histology (30.95%) this could be
be due to the type of stain used. In our study
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Figure 4. PCR of H. pylori using primers targeted at
the glmM gene.

the giemsa stain was used for H. pylori
diagnosis, but however, from other reports by
Ashton-Key et al. [11], diagnosis of H. pylori by
histology using different stains affected the
sensitivity. From their report, the stain with
antibody gave the best detection (66%) as
compared with giemsa (55%). In another report
by Graham and Graham [12], the choice of stain
was also discussed as an important factor in
the proper diagnosis of H. pylori.
Most of the results from the CLO test,
corroborated with the PCR results obtained and
the three cases where CLO test was negative
and positive for the other three PCR tests done,
was when corpus only was found positive using
the PCR tests. The CLO tests were only done on
antrum samples and the possibility exists in the
fact that probably if the corpus samples were
screened for CLO they could have been positive.
It was only in one case that there was an
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Table 2. Sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) of PCR
specific genes with CLO as gold standard.
Value
16S rRNA gene
glmM gene
cagA gene
Sensitivity
Specificity
PPV
NPV

100%
74.1%
68.2%
100%

100%
81.5%
75%
95.7%

100%
81.5%
75%
95.7%

Table 3. Sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) of PCR
specific genes with histology as gold standard.
Value
16S rRNA gene
glmM gene
cagA gene
Sensitivity
Specificity
PPV
NPV

100%
68%
59.1%
100%

inconsistent result between the CLO and the
PCR tests. This results differ from a previous
report by Smith et al. [13] in which most of the
PCR results were negative in comparism to
histology and CLO tests. This is because the
method of DNA extraction differed from the one
used here. The boiling method was used in this
procedure while the extraction method as
described by Marais et al. [8] was the method
employed for DNA extraction. It goes to show
also that the method of DNA extraction before
PCR was important for the detection of H.pylori
DNA in our environment as confirmed from this
study (52.38% (16S rRNA gene) and 45.24%
(cagA and glmM genes) in comparison to 14.3%
for 16S rRNA gene and 9.5% for cagA and glmM
genes using the Marais method. In a previous
report by Park et al. [14], on the genotyping of
H. pylori from biopsy and compared with
culture, both methods were approximately
equal. Inconsistencies in the two reports was
due to low H. pylori density in biopsies.
Bjorkholm et al. [15] reported on the use of
cagA gene and resistance genes directly from
gastric biopsies for H. pylori detection. Another
report by Germani et al. [16] showed that the
glmM gene was the most specific when
compared with culture, histology, 16SrRNA gene
and urease test.
In conclusion, the glmM gene using the boiling
method of DNA extraction was found to be the
most useful method for the direct detection of
H. pylori DNA most especially in cases where
culture is almost impossible and the UBT is not
within the reach of Nigerians due to its
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92.9%
78.6%
68.4%
95.7%

92.9%
78.6%
68.4%
95.7%

affordability.
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