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A campylobacter-like organism was isolated from an effusion of the left knee joint of an AIDS patient 2 weeks
after bacteremia with a morphologically identical organism. Amplified genomic 16S rRNA sequences were
analyzed by a nonradioactive blotting technique. The closest match was found with HelicobacterfeneUliae (97.7%
homology). Sequence data and phenotype suggest that the isolate may represent a so far unrecognized species
of the genus Helicobacter.

A 35-year-old human immunodeficiency virus (HIV)-sero-
positive male with a 2-year history of AIDS (World Health
Organization classification 3/3c) presented with fever and
polyneuropathic symptoms in both legs at our clinic. Results
from physical examination and chest X ray suggested pneumo-
nia as the underlying cause of the fever. Cultures of sputum
samples and blood taken at the time of admission did not result
in the isolation of a pathogen during the 4 days of hospitaliza-
tion. The patient was empirically treated with ofloxacin per os
and was released from the hospital without signs of residual
infection. Antibiotic therapy with ofloxacin was continued.
Two weeks later the patient returned with a painful swelling
that acutely affected his left knee joint. No other focal or
systemic symptoms were evident. About 80 ml of a yellowish
and turbid liquid was obtained from the joint.

Meanwhile, several aerobic blood cultures (BACTEC) taken
at the time of the first admission had become positive (after 6
days of incubation and with growth indices of about 60). While
Gram-stained smears of these cultures were negative, staining
with acridine orange or Giemsa stain revealed a large number
of curved and sometimes spiral organisms. Attempts to sub-
culture this organism in aerobic or anaerobic BACTEC bottles
or blood agar in either atmosphere failed. However, an
organism with morphological and staining characteristics iden-
tical to those of the organism obtained at the first admission
was then isolated from the effusion of the knee joint. Primary
isolation and subcultures succeeded on blood agar under
microaerophilic conditions at 37°C but not at 42°C. An iden-
tification system for anaerobic bacteria (rapid 32A; Bio-
Merieux) failed. Biochemical tests for cytochrome oxidase and
catalase were positive. No hydrolysis of indoxylacetate, no
alkaline phosphatase activity, no reduction of nitrate, and no
urease activity were detected. Biochemical tests were per-
formed with diagnostic tablets from Rosco, Taastrup, Den-
mark (Indoxylacetate, alkaline phosphatase, and nitrate reduc-
tion) and with test kits from Difco (cytochrome oxidase and
urease). Dark-field microscopic examination revealed motility
reminiscent of Campylobacter species. Susceptibility to cepha-
lotin (30 ,ug), tetracycline (30 IU), and clindamycin (2 IU) as
well as resistance to nalidixic acid (30 ,ug), ciprofloxacin (5 ,ug),
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and erythromycin (15 IU) were evident on blood agar by a disc
diffusion technique in which resistance was defined as no
inhibition zone at all. The patient was treated with clindamycin
for 2 weeks, and he fully recovered from arthritis.

Since we could not identify the presumed campylobacter-
like organism by conventional microbiological methods, we
decided to perform an analysis of amplified genomic 16S
rRNA sequences. On the basis of those sequences, the phylo-
genetic distances between the organism in question and refer-
ence strains can be estimated (7, 19, 26). Total DNA was
extracted essentially as described elsewhere (1), with the only
modification being that the bacteria were taken directly from
culture plates. Two different sequencing approaches based on
digoxigenin-labelled sequencing primers were exercised: first,
sequencing of single-stranded templates generated from
cloned PCR products of 1.0 and 1.5 kbp and, second, direct
solid-phase sequencing of the 1.5-kbp PCR product after
single-strand template preparation by magnetic particle sepa-
ration. Since essentially identical results were obtained, only
the more convenient direct approach is described here. The
primers used for amplification and sequencing correspond to
highly conserved regions of the eubacterial 16S rRNA genes
and have been described earlier (see reference 3 and the
references therein). A fragment of 1.5 kbp was generated by
PCR with primer pair pA-pH reverse. Two separate reactions
with either of the two primers in a biotinylated version were
performed. The mixtures contained 50 ng of total DNA in a
total volume of 50 RI, deoxynucleoside triphosphates at a
concentration of 1 mM each, primers at 0.1 ,uM, and 4 U of
Taq polymerase (Boehringer-Mannheim, Mannheim, Federal
Republic of Germany). The reaction buffer was supplied with
the enzyme. Thermal cycling including an initial denaturation
step of 5 min was done on a Triobloc instrument (Biometra,
Gottingen, Federal Republic of Germany) by using the follow-
ing cycling parameters: 36 cycles at 94°C for 20 s, 55°C for 20
s, and 72°C for 30 s. Amplification was followed by a 10-min
extension step at 72°C. Amplification products were analyzed
on 1% agarose gels. The biotinylated strand of the PCR
product was recovered with streptavidin-coated magnetic par-
ticles (Dynal, Oslo, Norway) according to the manufacturer's
protocol. Particles were then used for direct nonradioactive
solid-phase sequencing with the dideoxy-chain termination
method with 5'-digoxigenin-labelled primers (oligonucleotides
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FIG. 1. Maximum likelihood tree reflecting the phylogenetic rela-
tionships of Helicobacter sp. strain Mainz, other members of the
Helicobacter cluster, and selected reference organisms. The length bar
indicates 10% estimated sequence divergence.

pA, pB, pC, pD, and pE with the noncoding strand and pC
reverse, pD reverse, pE reverse, pF reverse, pG reverse, pH
reverse, and pHel reverse for the coding strand). Primer pHel
reverse (5'-GCTTCTCfTITGTGTGCCCCA-3') is comple-
mentary to positions 1195 to 1214 of the coding strand of the
isolate. Cycle sequencing proved to yield more readable se-

quence than classical sequencing with T7 polymerase and was

done with the Dig-Taq cycle sequencing kit from Boehringer
Mannheim. Sequencing reactions, separation on ultrathin,
denaturing polyacrylamide gels, and simultaneous blotting
onto nylon membranes with a GATC-1500 Direct Blotting
Electrophoresis DNA Sequencer as well as detection by an
alkaline phosphatase-Lumigen PD-based chemiluminescence
reaction and visualization by autoradiography have been de-
scribed earlier (9, 23), and all were done according to the
manufacturers' protocols (MWG Biotech, Munich, Federal
Republic of Germany, and Boehringer-Mannheim, respective-
ly). Contiguous sequence information was obtained for 1438
bp. The new 16S rRNA sequence was added to an alignment of
about 1,800 homologous primary structures from bacteria (12,
17) by using the alignment tool of the ARB program package
(24a). Phylogenetic analyses were performed by applying dis-
tance matrix (ARB, PHYLIP [4]) maximum parsimony (ARB,
PHYLIP), and maximum likelihood methods (fast DNAml
[12]) on different data sets. The highest overall sequence
similarity value (97.7%) was found for the pair Helicobacter sp.
strain Mainz (named after the city where it was isolated) and
Helicobacter fennelliae. The phylogenetic relationship of Heli-
cobacter sp. strain Mainz, other representatives of the Helico-
bacter cluster, and selected reference organisms are shown in
Fig. 1. The tree shown in Fig. 1 is based on the results of a
maximum likelihood analysis of a subset of 16S rRNA se-
quences from bacteria of the S subclass of proteobacteria. Only
alignment positions that share a common character in at least
50% of all available 16S rRNA sequences from b-subclass
proteobacteria were used for tree reconstruction. The topology
of the tree was evaluated and corrected by applying different
treeing methods on a variety of data sets. Multifurcations in
the tree shown in Fig. 1 indicate branchings for which a relative
order could not significantly be reconstructed or a common
order was not supported by different analyses.

Identification of clinical Helicobacter isolates is generally
achieved by evaluation of morphological, staining, and bio-
chemical characteristics as well as antibiotic resistance patterns
(2, 5). Protein patterns by sodium dodecyl sulfate-polyacrylam-

ide gel electrophoresis, antigenic profiles, analysis of fatty acid
composition, DNA hybridization, and determination of the GC
content have also been used in some instances (6, 11, 25).
Phylogenetic analysis of 16S rRNA sequences was used to
characterize the present strain and places it next to H. fennel-
liae. This species is associated with enteric disease in homo-
sexual men (25). It has also been recovered from the blood of
HIV-seropositive individuals (18). However, apart from exhib-
iting a significantly different 16S rRNA sequence, the isolate
described here did not hydrolyze indoxylacetate, tested nega-
tive for alkaline phosphatase, and was resistant to nalidixic
acid. Several cases of septic arthritis in HIV-seropositive
individuals have been described previously (8, 10, 13-16,
20-22, 24). Among the isolated species were staphylococci,
salmonella, mycobacteria, and nocardia and various fungi. We
are not aware of another case involving Helicobacter spp.

Thus, clinical, phenotypic, and genotypic features distinguish
Helicobacter sp. strain Mainz from other isolates. While we
could not detect the source of infection in the patient de-
scribed here, oligonucleotide probes derived from the 16S
rRNA sequence might eventually lead to the discovery of the
natural habitat of this strain. The strain has been deposited
with the Deutsche Sammlung von Mikroorganismen und
Zellkulturen GmbH.

Nucleotide sequence accession number. The almost com-
plete 16S rRNA sequence is available from EMBL under
accession number X81028.

(This publication is done in partial fulfillment of the doctoral
thesis of C.G.)

We thank the members of our routine laboratory for their awareness
and skillful work, R. Genitsariotis, D. Jonas, E. Martin, U. Weller, and
R. Ward, for helpful discussions.

Software development for the phylogenetic sequence analysis per-
formed in the study described here was supported by grant EU-BIOT
C 91-0294.

REFERENCES
1. Bernet, C., M. Garret, B. de Barbeyrac, C. Bebear, and J. Bonnet.

1989. Detection of Mycoplasma pneumoniae by using the poly-
merase chain reaction. J. Clin. Microbiol. 27:2492-2496.

2. Burckhardt, F. 1992. Mikrobiologische Diagnostik, p. 113. Georg
Thieme-Verlag, Stuttgart.

3. Edwards, U., T. Rogall, H. Blocker, M. Emde, and E. C. Bottger.
1989. Isolation and direct complete nucleotide determination of
entire genes. Characterization of a gene coding for 16S ribosomal
RNA. Nucleic Acids Res. 17:7843-7853.

4. Felsenstein, J. 1982. Numerical methods for inferring phylogenetic
trees. Q. Rev. Biol. 57:379-404.

5. Fennell, C. L., P. A. Totten, T. C. Quinn, D. L. Patton, K. K.
Holmes, and W. E. Stamm. 1984. Characterization of Campy-
lobacter-like organisms isolated from homosexual men. J. Infect.
Dis. 149:58-66.

6. Flores, B. M., C. L. Fennel, and W. E. Stamm. 1989. Character-
ization of Campylobacter cinaedi and C. fennelliae antigens and
analysis of the human immune response. J. Infect. Dis. 159:635-
640.

7. Fox, G. E., E. Stackebrandt, R. B. Hespell, J. Gibson, J. Manilof,
T. A. Dyer, R. S. Wolfe, R. Gupta, L. Bonen, B. J. Lewis, D. A.
Stahl, K. R. Luehrsen, K. N. Chenn, and C. R. Woese. 1980. The
phylogeny of procaryotes. Science 209:457-463.

8. Friedman, A. W., and R. W. Ike. 1993. Mycobacterium kansasii
septic arthritis in a patient with acquired immune deficiency
syndrome. Arthritis Rheum. 36:1631-1632.

9. Holtke, H.-J., G. Sagner, C. Kesler, and G. Schmitz. 1992.
Sensitive chemiluminescent detection of digoxigenin-labeled nu-
cleic acids: a fast and simple protocol and its application. BioTech-
niques 12:104-113.

10. Hughes, R. A., I. F. Rowe, D. Shanson, and A. C. Keat. 1992. Septic
bone, joint and muscle lesions associated with human immunode-

3038 NOTES



NOTES 3039

ficiency virus infection. Br. J. Rheumatol. 31:381-388.
11. Lambert, M. A., C. M. Patton, T. J. Barrett, and C. W. Moss. 1987.

Differentiation of Campylobacter and Campylobacter-like organ-
isms by cellular fatty acid composition. J. Clin. Microbiol. 25:706-
713.

12. Larsen, N., G. J. Olsen, B. L. Maidak, M. J. McCaughey, R
Overbeek, T. J. Macke, T. L. Marsh, and C. R Woese. 1993. The
ribosomal database project. Nucleic Acids Res. 21:3021-3023.

13. Madariaga, L., J. M. Aramburu, M. D. Suarez, J. M. Gorordo, I.
Anton, P. Lardelli, C. Campelo, and R Cisterna. 1991. Presence of
HIV antigen p24 in the synovial fluid of a patient without
antigenemia suffering from staphylococcal arthritis. AIDS 5:337-
338.

14. Merchen, E. C., M. Magallon, F. Manso, and J. Martin-Villar.
1992. Septic arthritis in HIV positive haemophiliacs. Four cases

and a literature review. Int. Orthoped. 16:302-306.
15. Meyer, R D., and P. L. Gaut. 1990. Candidal pyarthrosis in an

AIDS patient. Scand. J. Infect. Dis. 22:607-610.
16. Pena, J. M., J. J. Vazquez, and J. GQon-Banos. 1991. Osteoarticu-

lar infection associated with the human immunodeficiency virus.
Clin. Exp. Rheumatol. 9:489-493.

17. Neefs, J.-M., Y. Van de Peer, P. De Rjjk, S. Chapelle, and R
DeWachter. 1993. Compilation of small ribosomal subunit RNA
structures. Nucleic Acids Res. 21:3025-3049.

18. Ng, V. L, W. K. Hadley, C. L. Fennel, B. M. Flores, and W. E.
Stamm. 1987. Successive bacteremias with "Campylobacter ci-
naedi" and "Campylobacterfennelliae" in a bisexual male. J. Clin.
Microbiol. 25:2008-2009.

19. Olsen, G. J., C. R. Woese, and R. Overbeelk 1994. The winds of
(evolutionary) change: breathing new life into microbiology. J.
Bacteriol. 176:1-6.

20. Poiraudeau, S., F. Liote, T. Bardin, D. Kuntz, and A. Dryll. 1993.
Septic arthritis in HIV infection: 5 cases. Ann. Med. Interne Paris
144:344-345.

21. Ray, T. D., P. Nimityongskul, P., and K. M. Ramsey. 1994.
Disseminated Nocardia asteroides infection presenting as septic
arthritis in a patient with AIDS. Clin. Infect. Dis. 18:256-257.

22. Ricciardi, D. D., D. V. Sepkowitz, L. B. Berkowitz, H. Bienenstock,
and M. Maslow. 1986. Cryptococcal arthritis in a patient with
acquired immune deficiency syndrome. Case report and review of
the literature. J. Rheumatol. 13:455-458.

23. Richterich, P., and G. M. Church. 1993. DNA sequencing with
direct transfer electrophoresis and nonradioactive detection.
Methods Enzymol. 218:187-222.

24. Stein, M., S. Houston, A. Pozniak, C. Kiire, and P. R. Mason.
1993. HIV infection and Salmonella septic arthritis. Clin. Exp.
Rheumatol. 11:187-189.

24a.Strunk, O., et al. Unpublished data.
25. Totten, P. A., C. L. Fennel, F. C. Tenover, J. L. Wezenberg, P. L.

Perine, W. E. Stamm, and K. K. Holmes. 1985. Campylobacter
cinaedi (sp. nov.) and Campylobacter fennelliae (sp. nov.): two
new Campylobacter species associated with enteric disease in
homosexual men. J. Infect. Dis. 151:131-139.

26. Woese, C. R. 1994. Microbiology in transition. Proc. Natl. Acad.
Sci. USA 91:1601-1603.

VOL. 32, 1994


