
receptor (Tir/Hp90) in host epithelial cells infected with
enteropathogenic E. coli. Biochem Soc Trans 1998; 26: S225.

13 Farris M, Grant A, Richardson TB, O’Connor CD. BipA: a
tyrosine-phosphorylated GTPase that mediates interactions
between enteropathogenic Escherichia coli (EPEC) and epithelial
cells. Mol Microbiol 1998; 28: 265–79.

14 Grant AJ, Farris M, Alefounder P, Williams PH, Woodward MJ,
O’Connor CD. Co-ordination of pathogenicity island
expression by the BipA GTPase in enteropathogenic Escherichia
coli (EPEC). Mol Microbiol 2003; 48: 507–21.

15 Qi SY, Li Y, Szyroki A, Giles IG, Moir A, O’Connor CD. Salmonella
typhimurium responses to a bactericidal protein from human
neutrophils. Mol Microbiol 1995; 17: 523–31.

16 Ochman H, Lawrence JG, Groisman EA. Lateral gene transfer
and the nature of bacterial innovation. Nature 2000; 405(6784):
299–304.

17 Martinez JL, Baquero F. Interactions among strategies associated
with bacterial infection: pathogenicity, epidemicity and
antibiotic resistance. Clin Microbiol Rev 2002; 15: 647–79.

18 Rappuoli R. Reverse vaccinology, a genome-based approach to
vaccine development. Vaccine 2001; 19 (17-19): 2688–91.

Molecular typing of Nigerian 
Helicobacter pylori isolates by glmM
restriction fragment length polymorphism

S. I. SMITH*, C. CHIBUTUTU†, E. ANOMNEZE†, C. ATIMOMO‡,
O. ATOYEBI‡, D. NDUBUBA§, A. AGBAKWURU§, 
E. BAYERDÖFFER# and S. MIEHLKE#

*Molecular Biology and Biotechnology Division, Nigerian Institute of Medical

Research, P.M.B. 2013, Yaba, Lagos, †Mount Pleasant Medical and Endoscopy Clinics,

Ojuelegba, Lagos, ‡Department of Surgery, College of Medicine, University of Lagos,

P.M.B. 12003, Idi-Araba, Lagos, and §Department of Surgery, Obafemi Awolowo

University Teaching Hospital Complex, Ile-Ife, Nigeria; and #Medical Department I,

Technical University Hospital, Fetscherstr. 74, D-01307, Dresden, Germany

Helicobacter pylori is recognised as the causative agent for
chronic gastritis and an essential agent in the development
of ulcers, and is implicated as a major risk factor for the
development of gastric cancer.1 Several typing techniques
are used for epidemiological and clinical purposes and some
of these have confirmed the genomic variability of 
H. pylori.2-4 The techniques most frequently reported for
typing are polymerase chain reaction-restriction fragment
length polymorphism (PCR-RFLP) analysis and randomly
amplified polymorphic DNA (RAPD) analysis. 

A number of authors have reported on the molecular
typing of H. pylori using the urease A and B genes but few
have used glmM, formerly ureC, for epidemiological typing
and for monitoring recrudescence.5-8 glmM RFLP is reliable,
highly reproducible and most useful in monitoring
reinfection versus recrudescence.9-11 Although the main role
of glmM is now recognised to be related to cell-wall synthesis and not to urease activity, it is still used for genotyping.12

This study aims to type Nigerian H. pylori strains using a
previously described glmM PCR-RFLP technique,9,10 and to
examine multiple isolates from the same patients with non-
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Table 1. Restriction enzyme digest profiles of 41 H. pylori isolates
using PCR-RFLP of the glmM gene

Restriction enzyme pattern

Isolate No. Diagnosis cagA status HhaI Sau3A

1 NUD – 1 1

2 Ulcer + 1 2

3 Ulcer + 2 3

4 NUD + 3 4

5 Ulcer + 2 5

6 Ulcer + 1 6

7 Ulcer + 1 7

8 Ulcer + 1 8

9 NUD + 4 1

10 NUD + 3 1

11 NUD – 2 1

12 NUD + 1 1

13 Ulcer + 2 9

14 NUD + 1 10

15 NUD + 3 1

16 NUD + 4 1

17 Ulcer + 5 2

18 NUD + 5 2

19 NUD + 2 1

20 Ulcer + 3 4

21 Ulcer + 1 10

22 NUD + 1 1

23 NUD + 1 1

24 Ulcer + 5 2

25 NUD + 4 1

26 NUD + 2 3

27 Ulcer + 5 3

28 Ulcer + 3 5

29 NUD + 1 6

30 Ulcer – 3 7

31 Ulcer + 3 10

32 Ulcer + 1 8

33 NUD + 1 1

34 NUD + 4 1

35 NUD + 5 1

36 Ulcer + 3 10

37 NUD + 5 1

38 NUD + 2 1

39 NUD + 2 1

40 Ulcer + 5 10

41 Ulcer + 5 3

NUD: non-ulcer dyspepsia

Isolates 22 and 23, 10 and 15 and 25 and 34 
were from the same patients



ulcer dyspepsia (NUD) to determine whether or not there is
DNA heterogeneity at different anatomical sites. The presence
of the cytotoxin-associated gene (cagA) is also determined.

A total of 41 clinical isolates (22 from NUD and 19 from
ulcer) were used in this study, obtained from 38 patients.
Two biopsies/isolates each from the stomach and antrum of
three patients presenting with NUD were included, while all
the others comprised unrelated isolates. All patients lived in
the western region of Nigeria. 

Clinical H. pylori strains were isolated on Columbia agar
base containing Dent’s supplement and 7% laked horse
blood. The isolates were incubated at 37 ˚C for 3–7 days. 

Typical colonies were screened for urease, catalase and
oxidase positivity. DNA was extracted using the phenol
DNA method as described by Covacci and Rappuoli.13

The primers and conditions used for glmM amplification
were those used by Fujimoto et al.9

The primers for cagA were: cagAF (+)
TTGACCAACAACCACAAACCGAAG, and cagAR (–)
CTTCCCTTAATTGCGAGATTCC and they amplify a 183 bp
region in H. pylori. The PCR conditions were as described by
van Doorn et al.14 Statistical analysis was performed using
the χ2 test for any association of cagA-positivity with
ulceration.

The PCR protocol successfully amplified an 820 bp
product from all 41 isolates. Among these, three pairs of
isolates were obtained from three patients from the stomach
and antrum. All the pairs had identical restriction digestion
profiles, indicating that the H. pylori were the same strain

(Table 1). This supported the observations of Moore et al.,15

who found that isolates obtained from patients before and
after antibiotic therapy showed that two out of the three
pairs had identical restriction profiles, indicating that the
patient was infected with the same H. pylori strain, before
and after antibiotic treatment. 

The method used in the present study showed
heterogeneity among H. pylori, as five and 10 different
patterns were observed with HhaI and Sau3A digests,
respectively (Table 1). Figures 1 and 2 show the common
glmM PCR- RFLP patterns observed among the isolates,
while Figure 3 shows the distribution of glmM RFLP types. 

When the isolates were grouped, 20 different PCR types
were observed, demonstrating the genetic diversity of the
glmM gene in H. pylori when typed by PCR-RFLP. Several
other studies have demonstrated this heterogeneity among
H. pylori.9-12, 15-16 Interestingly, this technique (with Sau3A) was
able to partly distinguish between the NUD strains and the
ulcer strains, as strains from group 1 were all NUD strains,
while group 2 strains were shared between NUD and ulcer
strains (Table 1).

Groups seven and eight comprised exclusively ulcer
strains. However, the HhaI digests could not distinguish
between the ulcer and NUD isolates because the strains were
found to share the same restriction profiles, irrespective of
disease, and this finding was supported by Stone et al.11

PCR-RFLP of the glmM gene has also been reported to be
useful in the identification of strains in cases of reinfection
with a new strain and recrudescence of the original strain that
failed to respond to treatment.9-11, 16 In the present study we
were unable to look into post-treatment cases because most, if
not all, patients fail to return because of the cost of endoscopy.

Analysis of the cagA gene by PCR showed that of the 22
isolates from patients with NUD, 20 (91%) were cagA-
positive, and 18 (95%) out of the 19 isolates from patients
with ulcer were cagA-positive. Thus, no significant
difference was observed (P>0.05) for the presence of cagA
between NUD and ulcer patients, and no significant
correlation was observed between the presence of cagA and
ulceration.

PCR-RFLP typing of glmM is suitable for epidemiological
studies to differentiate between Nigerian H. pylori isolates. It
also supports other studies of urease genes that show a high
degree of heterogeneity among H. pylori isolates. �
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Fig. 1. HhaI digest patterns of Nigerian H. pylori strains. RFLP type 1
(lanes 1 and 9), RFLP type 2 (lanes 2, 4, 6 and 7), RFLP type 3
(lane 3) RFLP type 4 (lane 5), RFLP type 5 (lane 8); M: 100 bp
molecular weight marker.

Fig. 2. Sau3A digest patterns of Nigerian H. pylori starins. RFLP type
1 (lanes 1 and 3), RFLP type 2 (lane 2), RFLP type 3 (lane 4), RFLP
type 4 (lane 5), RFLP type 5 (lanes 6 and 8), RFLP type 6 (lane 7),
RFLP type 7 (lane 9), RFLP type 8 (lane 10), RFLP type 9 (lane 11),
RFLP type 10 (lane 12); M: 100 bp molecular weight marker.

Fig. 3. Distribution of glmM RFLP types.

RFLP types

N
um

be
r 

of
 is

ol
at

es

400bp

100bp

400bp

100bp



SIS was supported by an Alexander von Humboldt Stiftung (IV NRI
1067290 STP). 

References

1 Dunn BE, Cohen H, Blaser MJ. Helicobacter pylori. Clin Microbiol
Rev 1997; 10: 720–41.

2 Salama SM, Jiang Q, Chang N, Sherbaniuk RW, Taylor DE.
Characterization of chromosomal DNA profiles from
Helicobacter pylori strains isolated from sequential gastric biopsy
specimens. J Clin Microbiol 1995; 33: 2496–7.

3 Burucoa C, Lhomme V, Fauchere JL. Performance criteria of
DNA fingerprinting methods for typing of Helicobacter pylori
isolates: experimental results and meta-analysis. J Clin Microbiol
1999; 37: 4071–80.

4 Salaun L, Audibert C, Le Lay G, Burucoa C, Fauchere JL, Picard
B. Panmictic structure of Helicobacter pylori demonstrated by the
comparative six genetic markers. FEMS Microbiol Lett 1998; 161:
231–9.

5 Foxall PA, Hu L-T, Mobley HLT. Use of polymerase chain
reaction-amplified Helicobacter pylori urease structural genes for
differentiation of isolates. J Clin Microbiol 1992; 30: 739–41.

6 Owen RJ, Bickley J, Hurtado A, Pounder RE. Comparison of
PCR-based restriction fragment length polymorphism analysis
of urease genes with rRNA gene profiling for monitoring
Helicobacter pylori infections in patients on triple therapy. J Clin
Microbiol 1994; 32: 1203–10.

7 Romero-Lopez C, Owen RJ, Desai M. Differentiation between
isolates of Helicobacter pylori by PCR-RFLP analysis of urease A
and B genes and comparison with ribosomal RNA gene
patterns. FEMS Microbiol Lett 1993; 110: 37–44.

8 Owen RJ, Slater ER, Xerry J, Peters TM, Teare LE, Grant A.

Development of a scheme for genotyping Helicobacter pylori
based on allelic variation in urease subunit genes. J Clin Microbiol
1998; 36: 3710–2.

9 Fujimoto S, Marshall B, Blaser MJ. PCR-based restriction
fragment length polymorphism typing of Helicobacter pylori. 
J Clin Microbiol 1994; 32: 331–4.

10 Shortridge VD, Stone GG, Flamm RK et al. Molecular typing of
Helicobacter pylori isolates from a multi-centre US clinical trial by
ureC restriction fragment length polymorphism. J Clin Microbiol
1997; 35: 471–3.

11 Stone GG, Shortridge D, Flamm RK, Stamler D, Tanaka SK. PCR-
RFLP typing of ureC from Helicobacter pylori isolated in
Argentina from gastric biopsies before and after treatment with
clarithromycin. Epidemiol Infect 1997; 118: 119–24.

12 De Reuse H, Labigne A, Mengin-Lecreulx D. The Helicobacter
pylori ureC gene codes for a phosphoglucosamine mutase. 
J Bacteriol 1997; 179: 3488–93.

13 Covacci A, Rappuoli R. PCR amplification of gene sequences
from Helicobacter pylori strains. In: Adrian L, Mégraud F, eds.
Helicobacter pylori: techniques for clinical diagnostics and basic
research. London: Saunders, 1996: 98–9.

14 van Doorn LJ, Figueiredo C, Rossau R et al. Typing of 
the Helicobacter pylori vacA gene and detection of the cagA gene
by PCR and reverse hybridization. J Clin Microbiol 1998:
36:1271–6.

15 Moore RA, Kureishi A, Wong S, Bryan LE. Categorization of
clinical isolates of Helicobacter pylori on the basis of restriction
digest analyses of polymerase chain reaction-amplified ureC
genes. J Clin Microbiol 1993; 31: 1334–5.

16 Stone GG, Shortridge D, Flamm RK, Beyer J, Ghoneim AT,
Tanaka SK. PCR-RFLP typing of ureC from Helicobacter pylori
isolated from gastric biopsies during a European multi-country
clinical trial. J Antimicrob Chemother 1997; 40: 251–6.

BRITISH JOURNAL OF BIOMEDICAL SCIENCE 2003 60 (3)

BIOMEDICAL SCIENCE IN BRIEF172




