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Sequencing and analysis of the 16S rDNA
of thermophilic Campylobacter lari and their
reliability for molecular discrimination

N. MITSUHASHI, M. MATSUDA, O. MURAYAMA, 
B. C. MILLAR* and J. E. MOORE*

Laboratory of Molecular Biology, School of Environmental Health Sciences, Azabu

University, Fuchinobe 1-17-71, Sagamihara 229-8501, Japan; and *Department of

Bacteriology, Northern Ireland Public Health Laboratory, Belfast City Hospital,

Belfast BT9 7AD, Northern Ireland, UK

In 1980, a new thermophilic Campylobacter organism,
referred to as nalidixic acid (NAL)-resistant thermophilic
Campylobacter (NARTC), which is urease-negative, was first
described by Skirrow and Benjamin.1 Although Benjamin 
et al.2 first proposed the name C. laridis for the NARTC, it was
later revised to C. lari.3 Thereafter, C. lari organisms have
been isolated from various elements of the natural
environment, including from wild birds and animals, and
also recovered from humans.

An atypical group of urease-positive thermophilic
campylobacters (UPTC) was first isolated from the natural
environment in England in 1985.4 Subsequently, this
organism has been reported in four patients in France.5,6

After the existence of these organisms had been confirmed,
isolated UPTC were reported in Northern Ireland,7–10 The
Netherlands11 and Japan.12,13

To discriminate these organisms, Megraud et al. first
identified three human clinical isolates of UPTC as C. lari by
means of a hybridisation dot-blot assay, as well as by
biochemical characterisation, and they described their

finding as a variant of C. lari.5 Owen et al.14 suggested that
UPTC (n=8) and NAL-sensitive Campylobacter (NASC, n=4)
strains belonged within C. lari, possibly as biovars based on
the numerical analysis of high-resolution polyacrylamide gel
electrophoresis (PAGE) of proteins combined with
computerised analysis of the profiles. 

In 1991, Vandamme et al.15 described a true C. lari species of
a representative UPTC strain (CCUG18267) and two 
urease-negative (UN) C. lari strains (CCUG23947T and
CCUG12774) by means of hybridisation studies employing
DNA–23S rRNA and DNA–DNA. In 1995, Alderton et al.16

reported a classification analysis based on the 16S rRNA
sequence of an organism formerly described as strain
RMIT32AT and a group of similar bacteria (a new C. hyoilei
species), two strains of UPTC CCUG18267 and UN C. lari
CCUG23947T (EMBL/GenBank, accession numbers, 
L14631 and L04316). Although, the 16S rRNA sequences
showed 99.2% similarity between these two strains, many
internal unidentified bases have been detected in the
sequences of the nearly full-length 16S rDNA from both the
strains. When Wesley et al.17 performed an analysis of the
Arcobacter-specific and A. butzleri-specific 16S rRNA-based
DNA probes, the 16S rRNA sequences from the two 
C. lari strains (CCUG18267 and CCUG23947T) were also
employed. 

In studies of C. lari, based on 16S rDNA sequence
information, the 16S rDNA sequences containing internal
unidentified bases have been used. However, sequencing
and comparison of 16S rDNA have resulted in the
identification and discrimination of many bacterial taxa.

The present study aims to determine and employ the
sequences of nearly full-length 16S rDNA, which do not
contain internal unidentified bases, from over 10 C. lari
isolates from various countries and sources, and to evaluate
the reliability of 16S rRNA sequence data for molecular
discrimination of C. lari, including UPTC and UN C. lari. 

The 15 isolates of UPTC and UN C. lari used to clone,
sequence, analyse and compare the 16S rDNA in the present
study are shown in Table 1. The 12 isolates of UPTC were
isolated from the natural environment, including from
seagulls and humans in England, France, Northern Ireland
and Japan. The remaining three isolates of UN C. lari were
isolated from a seagull and two humans in Northern Ireland
and Japan.

Polymerase chain reaction (PCR) amplification using a
primer pair of fD1 and rD1,18 TA cloning and sequencing of
the 16S rDNA from UPTC and UN C. lari isolates were
carried out using procedures described previously.19 The fD1
and rD1 sequences correspond to the nucleotude position
(np) 8 through to 27 and np 1492 through to 1510 of the 16S
rDNA of Escherichia coli, respectively.20,21 These sequences
corresponding to the PCR primers were excluded from the
sequences of the nearly full-length 16S rDNA (approximate
1400 bp) and further similarity analysis. In the present study,
multiple TA-cloned PCR products were sequenced for
accuracy.

The DNA sequences of the nearly full-length 16S rDNA of
all UPTC and UN C. lari isolates determined in the present
study (Table 1) were compared with those of the other
thermophilic campylobacters (i.e., UPTC CCUG18267 and 
C. lari CCUG23947T, LMG7607, LMG11251, LMG11760,
LMG14338, C. jejuni CCUG11284, C. jejuni doylei
CCUG24567, C. coli CCUG11283, C. hyoilei RMIT32A and 
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C. upsaliensis CCUG14913) that were available from the
EMBL/GenBank nucleotide sequence databases, although
some of the sequences included some internal unidentified
bases. The sequences of the nearly full-length 16S rDNA
were aligned using the CLUSTAL W 1.7 program
incorporated in the DDBJ.22 A phylogenetic tree was
constructed by the unweighted pair group method with the
arithmetic means (UPGMA) available on the GENETYX-
MAC program (version 9; Software Development, Tokyo,
Japan).

Levels of similarity of the aligned sequences of the nearly
full-length 16S rDNA from the 12 UPTC and three UN C. lari

isolates examined in the present study are shown on the
upper right in Table 2. The 12 UPTC isolates shared 99–100%
16S rDNA sequence similarity with each other and
98.2–98.9% sequence similarity with the three UN C. lari
isolates. This suggests that the 12 UPTC isolates share a
higher 16S rDNA sequence similarity with each other than
they do with the three UN C lari isolates. Table 2 also
indicates that the three UN C. lari isolates also share a high
16S rDNA sequence similarity (99.8–99.9%) to each other. 

In relation to the 15 C. lari isolates examined, two other
UPTC isolates (CF89-14 isolated from river water in Japan12

and NCTC 12895 isolated from mussels in England14) shared
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Table 1. Isolates of UPTC and UN C. lari used in the present study and accession numbers of the nuclenotide sequence data 
of the 16S rDNA accessible in the DDBJ/EMBL/GenBank. 

Isolate Organism Source Country NAL (30 µg/mL) Accession No 

CF89-12 UPTC River water Japan S AB066098

CF89-14 UPTC River water Japan S AB181356

NCTC12892 UPTC River water England S AB181357

NCTC12893 UPTC River water England S AB181358

NCTC12894 UPTC Sea water England S AB181359

NCTC12895 UPTC Mussel England S AB181360

NCTC12896 UPTC Mussel England S AB181361

A1 UPTC Seagull N. Ireland S AB181362

A2 UPTC Seagull N. Ireland S AB181363

A3 UPTC Seagull N. Ireland S AB181364

89049 UPTC Human France S AB181365

92251 UPTC Human France S AB181366

JCM2530T UN C. lari Seagull Japan R AB181368

84C-1 UN C. lari Human N. Ireland R AB181367

84C-2 UN C. lari Human N. Ireland R AB181369

S: sensitive; R: resistant

Table 2. Sequence similarities and numbers of nucleotide sequence differences of the 16S rDNA sequences of UPTC, UN C. lari
and other thermophilic campylobacters.



an identical 16S rDNA sequence. Thus, the maximum
sequence diversity of the nearly full-length 16S rDNA was
shown to be 1.8% among the 15 isolates of C. lari examined.

A phylogenetic tree constructed using the UPGMA
demonstrated that the 13 UPTC isolates, including a
reference strain of UPTC CCUG18267 examined, formed
some minor clusters showing genetic hypervariability
separate from the three UN C. lari isolates, as well as the four
reference UN C. lari isolates LMG7607, LMG11251,
LMG14338 and CCUG23947T. 

Surprisingly, however, UN C lari LMG11760 (isolated from
a human in Canada23) belonged to a cluster of UPTC isolates,
as shown by an identical nucleotide sequence of the nearly
full-length 16S rDNA to UPTC NCTC12896 (isolated from
mussels in England14) sequenced in the present study. This is
the second case of an identical 16S rDNA sequence between
two C. lari isolates, in addition to the case between the two
UPTC isolates described above.

This is the first demonstration of two UPTC (NCTC 12896)
and UN C. lari isolates sharing an identical nucleotide
sequence of the nearly full-length 16S rDNA. Moreover, this
UN C. lari strain (LMG11760) was an NASC C. lari. In relation
to NAL susceptibility, all 12 UPTC isolates used in the
present study were sensitive to NAL, and all three UN C. lari
isolates were resistant to NAL (Table 1). It is interesting to
note that 14 NASC C. lari isolates, including 13 UPTC,
formed a cluster showing genetic hypervariability that was
distinct from the seven NARTC UN C. lari isolates.

Then, the level of nearly full-length 16S rDNA sequence
diversity was examined among the 19 C. lari isolates
(including the four reference strains) that did not contain
internal unidentified bases in the sequences, to discover
whether or not other isolates share identical or nearly
identical 16S rDNA sequences. The number of nucleotide
sequence differences were demonstrated to be zero to 39
nucleotides (one nucleotide difference [n=10], two
differences [n=7], three differences [n=7]) and the
approximate 1400 bp difference between two of the 19 C. lari
isolates.

When Gorkiewicz et al.23 compared the 16S rDNA
sequences of all known taxa of the genus Campylobacter,
including six C. lari isolates, the four UN C. lari (LMG7607,
LMG11251, CCUG23947T and LMG14338) examined in the
present study, the two atypical C. lari of NASC C. lari
LMG11760 (UN C. lari) and a Japanese UPTC CF89-12, the
16S rDNA sequencing analysis enabled specific
identification of most Campylobacter species. However, the
exception was a lack of discrimination among the taxa,
thermophilic C. jejuni, C. coli and C. lari. 

The results presented here clearly demonstrate that C. lari
organisms form a major phylogenetic cluster comprising
some minor clusters with genetic hypervariability, but UPTC
and UN C lari cannot be discriminated, based on the 16S
rDNA sequence information obtained from the 15 C. lari
isolates (12 UPTC and three UN C. lari) examined. 

The present study is the first demonstration of
sequencing and analysis of the nearly full-length 16S rDNA,
which does not contain any unidentified internal bases, 
of more than 10 C. lari isolates and the occurrence of the
identical 16S rDNA sequences between a UPTC and a UN 
C lari isolate. Thus, 16S rDNA sequence information cannot
be regarded as reliable in the molecular discrimination of
UPTC and UN C. lari organisms. �

References

1 Skirrow MB, Benjamin J. ‘1001’ campylobacters: cultural
characteristics of intestinal campylobacters from man and
animals. J Hyg (Camb) 1980; 85; 427–42.

2 Benjamin J, Leaper S, Owen RJ, Skirrow MB. Description of
Campylobacter laridis, a new species comprising the nalidixic
acid-resistant thermophilic Campylobacter (NARTC) group.
Curr Microbiol 1983; 8: 231–8.

3 von Graevenitz A. Revised nomenclature of Campylobacter
laridis, Enterobacter intermedium and ‘Flavobacterium
branchiopholia’. Int J Syst Bacteriol 1990; 40: 211.

4 Bolton FJ, Holt AV, Hutchinson DN. Urease-positive
thermophilic campylobacters. Lancet 1985; i: 1217–8.

5 Megraud F, Chevrier D, Desplaces N, Sedallian A, Guesdon JL.
Urease-positive thermophilic Campylobacter (Campylobacter lari
variant) isolated from an appendix and from human faeces. 
J Clin Microbiol 1988; 26: 1050–1.

6 Bezian MC, Ribou G., Barberis-Giletti C, Megraud F. Isolation of
a urease-positive thermophilic variant of Campylobacter lari from
a patient with urinary tract infection. Eur J Clin Microbiol Infect
Dis 1990; 9: 895–7.

7 Wilson IG, Moore JE. Presence of Salmonella spp. and
Campylobacter spp. in shellfish. Epidemiol Infect 1996; 116: 147–53.

8 Kaneko A, Matsuda M, Miyajima M, Moore JE, Murphy PG.
Urease-positive thermophilic strains of Campylobacter isolated
from seagulls (Larus spp.). Lett Appl Microbiol 1999; 29: 7–9.

9 Moore JE, Gilpin D, Crothers E, Canney A, Kaneko A, Matsuda
M. Occurrence of Campylobacter spp. and Cryptosporidium spp. in
seagulls (Larus spp.). Vect Borne Zoon Dis 2002; 2: 111–4.

10 Matsuda M, Kaneko A, Stanley T et al. Characterization of
urease-positive thermophilic Campylobacter (UPTC) subspecies
by multilocus enzyme electrophoresis typing. Appl Environ
Microbiol 2003; 69: 3308–10.

11 Endtz HP, Vliegenthart JS, Vandamme P et al. Genotypic
diversity of Campylobacter lari isolated from mussels and oysters
in the Netherlands. Int J Food Microbiol 1997; 34: 79–88.

12 Matsuda M, Kaneko A, Fukuyama M et al. First finding of
urease-positive thermophilic strains of Campylobacter in river
water in the Far East, namely, in Japan, and their phenotypic
and genotypic characterization. J Appl Bacteriol 1996; 81: 608–12.

13 Matsuda M, Shibuya T, Itoh Y et al. First isolation of urease-
positive thermophilic Campylobacter (UPTC) from crows (Corvus
levaillantii) in Japan. Int J Hyg Environ Health 2002; 205: 321–4.

14 Owen RJ, Costas M, Sloss L, Bolton FJ. Numerical analysis of
electrophoretic protein patterns of Campylobacter laridis and
allied thermophilic campylobacters from the natural
environment. J Appl Bacteriol 1988; 65: 69–78.

15 Vandamme P, Falsen E, Rossau R et al. Revision of Campylobacter,
Helicobacter and Wolinella taxonomy: emendation of genetic
description and proposal of Arcobacter gen. nov. Int J Syst
Bacteriol 1991; 41: 88–103.

16 Alderton MR, Korolik V, Coloe PJ, Dewhirst FE and Paster BJ.
Campylobacter hyoilei sp. nov. associated with porcine
proliferative enteritis. Int J Syst Bacteriol 1995; 45: 61–6.

17 Wesley IV, Schroeder-Tucker L, Baetz AL, Dewhirst FE, Paster BJ.
Arcobacter-specific and Arcobacter butzleri-specific 16S rRNA-
based DNA probes. J Clin Microbol 1995; 33: 1691–8.

18 Weisberg WG, Barns SM, Pelletier DA, Lane DJ. 16S ribosomal
DNA amplification for phylogenetic study. J Bacteriol 1991; 173:
697–703. 

19 Miyajima M, Matsuda M, Haga S, Kagawa S, Millar BC, Moore
JE. Cloning and sequencing of 16S rDNA and 16S-23S rDNA

BRITISH JOURNAL OF BIOMEDICAL SCIENCE 2005 62 (1)

BIOMEDICAL SCIENCE IN BRIEF36



internal spacer region (ISR) from urease-positive thermophilic
Campylobacter (UPTC). Lett Appl Microbiol 2002; 34: 287–9.

20 Brosius J, Palmer ML, Kennedy PJ, Noller HF. Complete
nucleotide sequence of a 16S ribosomal RNA gene from
Escherichia coli. Proc Natl Acad Sci USA 1978; 75: 4801–5.

21 Brosius J, Dull TJ, Sleeter DD, Noller HF. Gene organization and
primary structure of a ribosomal RNA operon from Escherichia
coli. J Mol Biol 1985; 148: 107–27.

22 Thompson JD, Higgins DG, Gibson TJ. CLUSTAL W: 
improving the sensitivity of progressive multiple sequence
alignment through sequence weighting, position-specific gap
penalties and weight matrix choice. Nucleic Acids Res 1994; 
22: 4763–80

23 Gorkiewicz G., Feierl G, Schober C et al. Species-specific
identification of campylobacters by partial 16S rRNA gene
sequencing. J Clin Microbiol 2003; 41: 2537–46.

Alkhumra haemorrhagic fever: 
case report and infection control details
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A tickborne encephalitis virus of the genus Flavivirus was
isolated for the first time in Saudi Arabia in 1995.1

Flaviviruses are single-stranded positive-sense RNA viruses
responsible for many serious diseases in humans 
(e.g., yellow fever and dengue fever). The new isolate,
termed Alkhumra virus (ALKV), is one of only three
tickborne flaviviruses known to cause haemorrhagic disease
in humans; the other two being Kyasanur Forest disease
virus and Omsk haemorrhagic fever virus.2,3 Alkhumra
haemorrhagic fever and ALKV take their name from the
Alkhumra region of Makkah province (which includes the
holy cities of Makkah, Jeddah, and Tayef). Alkhumra is a
largely agricultural area 230 km east of Tayef and about 
1000 km west of the capital city, Riyadh (Fig. 1). 

In 2001 the complete coding sequence of the prototype
strain of ALKV was published;4 however, the mode of disease
transmission has not been fully described. Limited
observation suggests that human ALKV disease may result
from contamination of a skin wound with the blood of
infected sheep, from infected tick bites, or by drinking
unpasteurised contaminated milk.5 To date, only 24
symptomatic cases of Alkhumra haemorrhagic fever have
been reported, and the mortality rate is 25%.5 The disease is

rare and presently confined to Saudi Arabia, but it may be 
of wider interest because of the large number of international
travellers who visit the country, especially during the Hajj
season when close to 1.5 million pilgrims arrive in the holy
cities of Makkah and Al Madina. 

The risk of nosocomial transmission of ALKV virus is 
not known and no published infection control
recommendations are available for healthcare workers to
follow. Here, the first case of ALKV infection imported from
the southern region of Saudi Arabia, and which was
diagnosed in Riyadh, is reported. In addition, detailed
infection control precautions taken to prevent nosocomial
transmission of ALKV are presented.

A 25-year-old single male who worked as a police officer in
the Ministry of the Interior in Najran presented to the
emergency department at King Abdulaziz Medical City
(KAMC) with a four-day history of mild fever and
subsequent rapid deterioration in his condition. Najran lies
in the south-west of Saudi Arabia (Fig. 1), bordered by
Yemen to the south and Oman in the east. The patient's
symptoms included fever (38.5˚C), chills and decreased level
of consciousness. Initially, he was admitted to a Ministry of
Health hospital after one day of illness but discharged
himself against medical advice two days later. His condition
deteriorated and he developed haematemesis and melaena.
Four days into his illness he was brought to the emergency
department and his symptoms included jaundice, gingival
bleeding, flapping tremors and confusion. The emergency
staff suspected haemorrhagic fever and the patient was
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Table 1. Laboratory results on admission.

Result (Normal Value)

White cells (per mm3) 3300 (4-11,000)

Differential count (%)

Lymphocytes 24 (20-45)

Polymorphs 67 (36-75)

Monocytes 4 (3-9)

Bands 5 (5-11)

Platelets (per mm3) 19,000 (150-400,000)

Liver profile

ALT (U/L) 907 (10-40)

AST (U/L) 1003 (15-40)

LDH (U/L) 3564 (100-190)

CPK (U/L) 13,992 (38-174)

Albumin (u/L) 27 (34-48)

Table 2. Appropriate use of personal protective 
equipment for 17 contacts.

Sometimes Always Never

Mask 2 15 0

Gown 3 14 0

Gloves 0 17 0

Face Shield 0 0 17


