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Application of nested PCR for Helicobacter species to 416 samples obtained at colonoscopy from 15 patients
with Crohn’s disease, 12 with ulcerative colitis, and 43 controls revealed H. pylori DNA in only 6 individuals
with no disease association. No other Helicobacter species were detected in ileal or colonic samples.

Whether Helicobacter species are present in the human co-
lon or hepatobiliary system and participate in disease patho-
genesis is controversial (1-3, 5-7, 15, 16, 23; R. K. Linskens,
J. G. Kusters, X. W. Huijsdens, L. A. Dieleman, J. Stoof, M. M.
Gerrits, C. M. Vandenbroucke-Grauls, S. G. Meuwissen, and
E. J. Kuipers, abstr. 1771, Gastroenterology, p. A325, 2000).
The hypothesis that mucus-adapted helicobacters might per-
petuate colitis in humans with a genetic predisposition to in-
flammatory bowel disease (IBD) is attractive, given the colitis-
inducing potential of several murine Helicobacter species in
immunodeficient mice (4, 8-11, 20). Helicobacter 16S ribo-
somal DNA (rDNA) has been detected in biopsy specimens
from normal and diseased human ileum and colon by PCR (2,
23; Linskens et al., abstract, 2000). In this study we sought to
confirm the presence of Helicobacter colonization of the ileum
and colon of IBD patients and controls by using a nested PCR.

Seventy patients undergoing colonoscopy (n = 64) or sig-
moidoscopy (n = 6) at the Inner West Endoscopy Centre,
Sydney, Australia, participated in a study approved by the
Human Research Ethics Committee. Fifteen subjects met stan-
dard diagnostic criteria for Crohn’s disease (CD) (7 males and
8 females; mean age, 40 years), 12 met standard criteria for
ulcerative colitis (UC) (6 males and 6 females; mean age, 49
years), and 43 subjects who did not have IBD formed the
control group (23 males and 20 females; mean age, 61 years).
The ethnicity of the subjects was 25 Australian, 30 Southern
European, 4 Southeast Asian and 11 “other.” The indications
for colonoscopy included previous colonic polyps (27%),
change in bowel habit (24%), rectal bleeding (19%), and a
family history of colonic carcinoma (11%). Review of clinical
records revealed that four subjects were known to have gastric
Helicobacter pylori infection at the time of examination, 40
were negative, and 26 were of unknown infection status. At
colonoscopy, biopsy specimens from the ileum, cecum (in du-
plicate), transverse colon, descending colon, and rectum were
collected into separate sterile tubes. At sigmoidoscopy, biopsy
specimens were collected from the sigmoid (in duplicate) and
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rectum. An aspirate of luminal fluid was collected when
present.

To determine if 16S rDNA from the genus Helicobacter was
present in any of the samples, a nested PCR was performed.
Two positive controls were set up for each subject to account
for fecal inhibition of PCR (12, 13). One of the duplicate
biopsy specimens and a 100-ul aliquot of luminal fluid were
spiked with approximately 10* and 10° CFU of H. muridarum
(ATCC 49282), respectively. DNA was extracted from all sam-
ples by using the Puregene kit (Gentra Systems, Minneapolis,
Minn.) and amplified in the first-round hot-start PCR with the
bacterial primers F27 (25) and R1494 (14) on a Sprint thermal
cycler (Hybaid, Ashford, Middlesex, United Kingdom). Cy-
cling consisted of 94°C for 4 min, 30 cycles of 94°C for 15 s,
50°C for 20 s, and 72°C for 2 min, and finally 72°C for 7 min.
A 1:25 dilution of the first-round product (including the neg-
ative controls) was amplified in the second round with the
Helicobacter genus-specific primers H276f and H676r (19). Cy-
cling consisted of 94°C for 4 min, 35 cycles of 94°C for 5 s, 57°C
for 5 s, and 72°C for 30 s, and finally 72°C for 2 min. The
presence of the PCR product was assessed by agarose gel
electrophoresis, and all positive samples were sequenced.

A total of 360 biopsy specimens (mean, 5.1 per subject;
range, 0 to 6) and 56 luminal fluid aspirates were collected
from the 70 subjects. Helicobacter DNA was detected in nine
samples obtained from 6 of the 70 subjects: 2 controls, 2 with
UC, and 2 with CD (Table 1). For three of the patients with
positive samples, two samples were positive (two biopsy spec-
imens for two patients and a biopsy specimen and a luminal
fluid aspirate for the other), and for the remaining three, only
one sample was positive (a biopsy specimen for two patients
and a luminal fluid aspirate for the other). Three of the sub-
jects with positive samples had known gastric H. pylori infec-
tion, two were of unknown status, and one was negative. This
negative individual had undergone a previous Bilroth II partial
gastrectomy and had documented H. pylori infection in 1995,
with subsequent eradication. The other 338 samples were neg-
ative. In 68 of 70 subjects, the biopsy specimen and luminal
fluid aliquot spiked with H. muridarum were positive. In the
other two subjects, only the spiked luminal fluid sample was
positive.

Sequencing of the PCR product from the nine positive sam-
ples revealed an identical 356-bp DNA sequence that com-
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TABLE 1. Results of nested PCR

No. of subjects with H. pylori-positive samples

No. of subjects with all samples negative

Subject NO.' of Mean Gastric H. pylori infection status Gastric H. pylori infection status
category subjects age (yr) Total Total
Positive Unknown Negative Positive Unknown Negative
Controls 43 61 2 1 0 1 41 1 10 30
UC patients 12 49 2 1 1 0 10 0 6 4
CD patients 15 40 2 1 1 0 13 0 7 6

pletely matched the 16S rDNA of H. pylori. This sequence
differed from the corresponding sequences of H. cinaedi
(AF348745) H. fennelliae (AF348746), H. heilmannii
(AF058768), H. bilis (AF047843), and H. hepaticus
(AF302103) by 2.5, 2.5, 3.6, 3.9, and 4.2%, respectively. There
was no significant difference in the proportion of subjects with
IBD who had detectable Helicobacter DNA in ileal or colonic
samples compared with controls (x* test, P = 0.32).

Samples from 8.6% of the subjects in this study contained
Helicobacter 16S tDNA compared with those from 33 to 60%
of subjects in previously reported studies (2, 23; Linskens et al.,
abstract, 2000). In all of the positive samples, the resulting
sequence was identical to H. pylori 16S tDNA. Although these
sequence data are insufficient to state with certainty that wash-
down of gastric H. pylori was the source of this DNA, this
conclusion would appear highly likely (21, 24). The use of
spiked control samples for each individual means that the
presence of Helicobacter species, as defined by current primer
sequences, in numbers greater than 10% per biopsy specimen
and 10* per ml of luminal aspirate can be excluded. Previous
studies have shown that a substantial layer of colonic mucus
remains after bowel preparation, so that loss of mucus is un-
likely to explain the negative results (18, 22). Therefore, there
does not appear to be a significant population of Helicobacter
species colonizing the colonic mucus of urban Australian IBD
patients or controls.

This observation is consistent with that of Bohr et al. (2) but
contrasts with the results of Linskens et al. (abstract, 2000) and
Tiveljung et al. (23), who detected Helicobacter DNA in ileal or
colonic tissue from a large proportion of IBD patients and
controls. The specificity of the assay performed by Tiveljung et
al. must be questioned because other pathogenic bacteria were
also detected in a large proportion of CD patients and con-
trols. The study by Linskens et al. is reported as an abstract
only.

In PCR studies, problems with reaction specificity and con-
tamination of nested assays can mislead clinicians and stimu-
late further research of limited value (17). To make these
studies more robust, we recommend that PCR studies report-
ing negative results include spiked controls from each patient
and that the results of positive studies be confirmed by culture
or fluorescent in situ hybridization.

REFERENCES

1. Avenaud, P., A. Marais, L. Monteiro, B. Le Bail, P. Bioulac Sage, C. Bala-
baud, and F. Megraud. 2000. Detection of Helicobacter species in the liver of
patients with and without primary liver carcinoma. Cancer 89:1431-1439.

2. Bohr, U. R. M., A. Primus, A. Zagoura, B. Glasbrenner, T. Wex, and P.
Malfertheiner. 2002. A group-specific PCR assay for the detection of Heli-
cobacteraceae in human gut. Helicobacter 7:378-383.

3. Coppola, N., G. De Stefano, C. Marrocco, F. Scarano, C. Scolastico, L.
Tarantino, F. Piccinino, E. Sagnelli, A. Giorgio, and P. Filippini. 2002.

10.

11.

12.

13.

14.

18.

19.

20.

21.

22.

Absence of Helicobacter spp in the liver of patients with primary or meta-
static liver cancer. Hepatology 36:1300-1301.

. Erdman, S., J. G. Fox, C. A. Dangler, D. Feldman, and B. H. Horwitz. 2001.

Typhlocolitis in NF-KB-deficient mice. J. Immunol. 166:1443-1447.

. Fallone, C. A,, S. Tran, M. Semret, F. Discepola, M. Behr, and A. N. Barkun.

2003. Helicobacter DNA in bile: correlation with hepato-biliary diseases.
Aliment. Pharmacol. Ther. 17:453-458.

. Fox, J. F., F. E. Dewhirst, Z. Shen, Y. Fen, N. S. Taylor, B. J. Paster, R. L.

Ericson, C. N. Lau, P. Correa, J. C. Araya, and 1. Roa. 1998. Hepatobiliary
Helicobacter species identified in bile and gallbladder tissue from Chileans
with chronic cholecystitis. Gastroenterology 114:755-763.

. Fox, J. G. 2002. The non-H pylori helicobacters: their expanding role in

gastrointestinal and systemic disease. Gut 50:273-283.

. Fox, J. G., P. L. Gorelick, M. C. Kullberg, Z. M. Ge, F. E. Dewhirst, and J. M.

Ward. 1999. Novel urease-negative Helicobacter species associated with co-
litis and typhlitis in interleukin-10-deficient mice. Infect. Immun. 67:1757—
1762.

. Franklin, C. L., L. K. Riley, R. S. Livingston, C. S. Beckwith, C. L. Beschwil-

liford, and R. R. Hook. 1998. Enterohepatic lesions in SCID mice infected
with Helicobacter bilis. Lab. Anim. Sci. 48:334-339.

Franklin, C. L., L. K. Riley, R. S. Livingston, C. S. Beckwith, R. R. Hook,
C. L. Besch-Williford, R. Hunziker, and P. L. Gorelick. 1999. Enteric lesions
in SCID mice infected with “Helicobacter typhlonicus”, a novel urease-neg-
ative Helicobacter species. Lab. Anim. Sci. 49:496-505.

Kullberg, M. C., J. M. Ward, P. L. Gorelick, P. Caspar, S. Hieny, A. Cheever,
D. Jankovic, and A. Sher. 1998. Helicobacter hepaticus triggers colitis in
specific-pathogen-free interleukin-10 (IL-10)-deficient mice through an
IL-12 and gamma interferon-dependent mechanism. Infect. Immun.
66:5157-5166.

McOrist, A. L., M. Jackson, and A. R. Bird. 2002. A comparison of five
methods for extraction of bacterial DNA from human faecal samples. J.
Microbiol. Methods 50:131-139.

Montiero, L., D. Bonnemaison, A. Vekris, K. G. Petry, J. Bonnet, R. Vidal,
J. Cabrita, and F. Megraud. 1997. Complex polysaccharides as PCR inhib-
itors in feces: Helicobacter pylori model. J. Clin. Microbiol. 35:995-998.
Neilan, B. A., D. Jacobs, T. Del Dot, L. L. Blackall, P. R. Hawkins, P. T. Cox,
and A. Goodman. 1997. rRNA sequences and evolutionary relationships
among toxic and nontoxic cyanobacteria of the genus Microcystis. Int. J. Syst.
Bacteriol. 47:693-697.

. Nilsson, H. O., J. Taneera, M. Castedal, E. Glatz, R. Olsson, and T. Wad-

strom. 2000. Identification of Helicobacter pylori and other Helicobacter
species by PCR, hybridization, and partial DNA sequencing in human liver
samples from patients with primary sclerosing cholangitis or primary biliary
cirrhosis. J. Clin. Microbiol. 38:1072-1076.

. O’Rourke, J. L., M. Grehan, and A. Lee. 2001. Non-pylori helicobacter

species in humans. Gut 49:601-606.

. Pellett, P. E., T. J. Spira, O. Bagasra, C. Boshoff, L. Corey, L. de Lellis, M.

Huang, J. Lin, S. Matthews, P. Monini, P. Rimessi, C. Sosa, C. Wood, and
J. A. Stewart. 1999. Multicenter comparison of PCR assays for detection of
human herpesvirus 8 DNA in semen. J. Clin. Microbiol. 37:1298-1301.
Pullan, R. D., G. A. O. Thomas, M. Rhodes, R. G. Newcombe, G. T. Williams,
A. Allen, and J. Rhodes. 1994. Thickness of adherent mucus gel on colonic
mucosa in humans and its relevance to colitis. Gut 35:353-359.

Riley, L. K., C. L. Franklin, R. R. Hook, and C. Beschwilliford. 1996.
Identification of murine helicobacters by PCR and restriction enzyme anal-
yses. J. Clin. Microbiol. 34:942-946.

Shomer, N. H., C. A. Dangler, M. D. Schrenzel, and J. G. Fox. 1997. Heli-
cobacter bilis-induced inflammatory bowel disease in SCID mice with defined
flora. Infect. Immun. 65:4858-4864.

Stackebrandt, E., and B. M. Goebel. 1994. Taxonomic note: a place for
DNA-DNA reassociation and 16S rRNA sequence analysis in the present
species definition in bacteriology. Int. J. Syst. Bacteriol. 44:846-849.
Swidsinski, A., A. Ladhoff, A. Pernthaler, S. Swinsinski, V. Loening-Baucke,
M. Ortner, J. Weber, U. Hoffmann, S. Schreiber, M. Dietel, and H. Lochs.



876

23.

NOTES

2002. Mucosal flora in inflammatory bowel disease. Gastroenterology 122:
44-54.

Tiveljung, A., J. D. Soderholm, G. Olaison, J. Jonasson, and H. J. Monstein.
1999. Presence of eubacteria in biopsies from Crohn’s disease inflammatory
lesions as determined by 16S rRNA gene-based PCR. J. Med. Microbiol.
48:263-268.

J. CLIN. MICROBIOL.

24. Vandamme, P., C. S. Harrington, K. Jalava, and S. L. W. On. 2000. Misi-
dentifying helicobacters: the Helicobacter cinaedi example. J. Clin. Microbiol.
38:2261-2266.

25. Weisburg, W. G., S. M. Barns, D. A. Pelletier, and D. J. Lane. 1991. 16S
ribosomal DNA amplification for phylogenetic study. J. Bacteriol. 173:697—
703.



