
APPLIED AND ENVIRONMENTAL MICROBIOLOGY, Feb. 2002, p. 999–1004 Vol. 68, No. 2
0099-2240/02/$04.00�0 DOI: 10.1128/AEM.68.2.999–1004.2002
Copyright © 2002, American Society for Microbiology. All Rights Reserved.

Novel Clade of Rickettsia spp. from Leeches
Yoshitomo Kikuchi,1,2 Shinya Sameshima,3 Osamu Kitade,1 Junichi Kojima,1

and Takema Fukatsu2*
Natural History Laboratory, Faculty of Science, Ibaraki University, Mito 310-8512,1 Department of Biology, Graduate School of

Arts and Sciences, University of Tokyo, Komaba, Tokyo 153-8902,3 and Research Institute of Biological Resources, National
Institute of Advanced Industrial Science and Technology (AIST), Tsukuba 305-8566,2 Japan

Received 23 July 2001/Accepted 8 November 2001

Intracellular rickettsia-like structures were found in the tissues of a glossiphoniid leech, Torix tagoi, by
transmission electron microscopy. Diagnostic PCR analysis using specific primers suggested that of the nine
glossiphoniid species examined, two species, T. tagoi and Hemicrepsis marginata, harbored bacteria of the genus
Rickettsia. A 1.5-kb eubacterial 16S rRNA gene segment obtained from each of these species was amplified by
PCR, cloned, and sequenced. Phylogenetic analysis of the 16S rRNA gene demonstrated that the Rickettsia
species found in the leeches constituted a novel clade that is distinct from the clade of arthropod-associated
Rickettsia species. In natural populations, 97.7% (43 of 44) of T. tagoi leeches and 100% (9 of 9) of H. marginata
leeches carried Rickettsia, suggesting that infection with Rickettsia is prevalent in these leeches. This is the first
report of Rickettsia found in annelids.

The genus Rickettsia is a phylogenetically well-defined bac-
terial group that belongs to the order Rickettsiales in the �
subdivision of the class Proteobacteria (15, 17, 19). The mem-
bers of the genus Rickettsia are gram-negative bacteria that
have an obligate association with eukaryotic cells (20). This
group of bacteria is known to include human and animal
pathogens. For example, Rickettsia rickettsii and some other
Rickettsia species in the spotted fever group are causative
agents of spotted fever. Rickettsia typhi and Rickettsia
prowazekii belong to the typhus group and cause murine and
epidemic typhus, respectively (3). Although some Rickettsia
species facultatively infect humans and other vertebrates, their
primary hosts are bloodsucking arthropods that can act as
disease vectors. Ticks are vectors of most members of the
spotted fever group, mites are vectors of Rickettsia akari, lice
are vectors of R. prowazekii, and fleas are vectors of R. typhi
(3). In addition to the medically important Rickettsia species, a
number of nonpathogenic Rickettsia spp. whose primary hosts
are various terrestrial arthropods, such as ladybird beetles,
aphids, planthoppers, bruchid beetles, and ticks, have been
described (2, 4, 8, 13, 21). Thus, all the primary hosts of the
Rickettsia spp. known to date belong to the phylum Ar-
thropoda.

Here, we present the first report of Rickettsia spp. from
leeches (class Hirudinea, phylum Annelida).

Biology of glossiphoniid leeches. Here, we briefly describe
the basic biology of the leeches that we investigated. Glossi-
phoniid leeches (family Glossiphoniidae, order Rhynchobdel-
lida) live mostly in freshwater environments, where they feed
on the blood of vertebrates, including fish, amphibians, rep-
tiles, and mammals. Leeches are generally hermaphroditic. In
maturity, they copulate and deposit a number of eggs on their
own ventral surfaces. The hatchlings are, in general, carried on

the ventral surface of the parent for a considerable period,
probably to protect the newborns from predators. The hatch-
lings have plenty of yolk in their bodies and attach themselves
to their parent’s skin using their posterior suckers. It is be-
lieved, though not confirmed, that the hatchlings get no food
materials from the parent (16).

Electron microscopy. In an electron microscopic examina-
tion of tissues from leeches, we found intracellular rickettsia-
like structures in a glossiphoniid species, Torix tagoi. Four
young T. tagoi leeches were collected from a creek at the
Ogawa Natural Forest Reserve, northern Ibaraki, Japan, on 12
September 1999 (Table 1). The leeches were dissected to ob-
tain tissues of the epidermis, esophagus, and intestine. Some of
the tissues were subjected to electron microscopy, whereas
others were preserved in acetone for DNA analysis (6). For
those subjected to electron microscopy, the tissues were pre-
fixed with 2.5% glutaraldehyde in 0.1 M sodium cacodylate
buffer for 90 min at 4°C and postfixed in 2% osmium tetroxide
for 60 min at 4°C. After dehydration through an ethanol series,
the materials were embedded in LR white acrylic resin (Sigma)
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TABLE 1. Grossiphoniid leeches used in this study

Species Original location
in Japan Collection date(s)

Alboglossiphonia lata Inugami River, Shiga 13 August 2000
Ancyrobdella smaragdina Lake Biwa, Shiga 13 August 2000
Glossiphonia complanata Lake Yuno, Tochigi 1 August 2000
Glossiphonia sp. Suga Pond, Aomori 7 September 2000
Helobdella stagnalis Suga Pond, Aomori 7 September 2000
Hemicrepsis marginata Tenryu River, Nagano 1 August 2000
Placobdelloides sp. Akamatsu Pond, Tottori 12 August 2000
Torix tagoi Ogawa Natural Forest,

Ibaraki
12 September 1999a,

10 November 2000b

Torix tukubana Bekanbeushi River,
Hokkaido

July 2000

a Subjected to electron microscopy and initial DNA analysis.
b Subjected to diagnostic PCR analysis to survey the infection rate in a natural

population.
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and cut into 80-nm-thick sections. The ultrathin sections were
double stained with uranyl acetate and lead citrate and ob-
served under a transmission electron microscope.

Figure 1 shows an electron microscopic image of an epider-

mal cell from a T. tagoi leech. A number of bacterial cells of
various lengths and widths whose characteristics were consis-
tent with those of members of the order Rickettsiales, such as
Rickettsia spp. and Wolbachia spp., were found intracellularly.

FIG. 1. Transmission electron microscopic images of the epidermal tissue of T. tagoi. (A) Intracellular rickettsia-like structures. Bar, 500 nm.
(B) Enlarged image of the intracellular rickettsia-like structure. Bar, 100 nm. Abbreviations: R, rickettsia-like structure; M, mitochondrion.

1000 KIKUCHI ET AL. APPL. ENVIRON. MICROBIOL.



The same structures were also observed in cells from the
esophagus and intestine (data not shown).

PCR detection of Rickettsia spp. To characterize the rickett-
sia-like organisms in the leech tissues, we conducted diagnostic
PCR analyses with the universal and specific primers listed in
Table 2. The epidermal tissues of leeches preserved in acetone
were subjected to DNA extraction by the use of standard
Tris-sodium dodecyl sulfate-proteinase K digestion and phe-
nol-chloroform extraction procedures. PCR was conducted
with the primer sets listed in Table 2 under the following
conditions: incubation at 94°C for 2 min, followed by 35 cycles
of denaturation at 94°C for 1 min, annealing at the tempera-
ture described for each primer set listed in Table 2 for 1 min,
and extension at 72°C for 2 min. The PCR products were
subjected to electrophoresis in agarose gels, stained with
ethidium bromide, and observed on a UV transilluminator.

All four T. tagoi leeches examined were Rickettsia positive
and Wolbachia negative: PCRs with two sets of Rickettsia-
specific primers for 16S rRNA gene and citrate synthase gave
amplified products of the expected molecular sizes, whereas
PCR with Wolbachia-specific primers for ftsZ exhibited no
specific amplified products (data not shown).

In addition to T. tagoi, eight other species of glossiphoniid
leeches (listed in Table 1) were subjected to PCR analysis. The
leech samples preserved in acetone were subjected to DNA
extraction and PCR as described above. Figure 2 shows the
results of diagnostic PCR analysis. Of the nine glossiphoniid
leeches examined, only two species, T. tagoi and Hemicrepsis
marginata, were Rickettsia positive, whereas all species were
Wolbachia negative.

Eubacterial 16S rRNA gene sequences from T. tagoi and H.
marginata. To unequivocally identify the bacteria harbored by
T. tagoi and H. marginata, a 1.5-kb segment of the eubacterial
16S rRNA gene was amplified with primers 16SA1 and 16SB1
(Fig. 2B) and subjected to cloning, restriction fragment length
polymorphism typing, and DNA sequencing as previously de-
scribed (8).

Restriction fragment length polymorphism profiles of the

16S rRNA gene clones, 10 from T. tagoi and 10 from H.
marginata, exhibited the same patterns, respectively (data not
shown), indicating that a single bacterial species dominates the
endosymbiotic microbiota in these leeches. For each T. tagoi
and H. marginata leech, two 16S rRNA gene clones from each
of the two leeches were subjected to DNA sequencing. The
four sequences from T. tagoi, 1,429 bp in size, were completely
identical to each other, and the four sequences from H. mar-
ginata, 1,424 bp in size, were identical to each other but not to
those of T. tagoi. These sequences exhibited very high levels of
similarity (around 95%) to the 16S rRNA gene sequences of
Rickettsia spp. in the DDBJ, EMBL, and GenBank DNA da-
tabases, confirming that the bacteria harbored by T. tagoi and
H. marginata are members of the genus Rickettsia.

Phylogenetic analysis. To determine the phylogenetic place-
ment of the Rickettsia spp. from the leeches, their 16S rRNA
gene sequences were subjected to molecular phylogenetic anal-
ysis together with 16S rRNA gene sequences from represen-
tatives of the genus Rickettsia and other members of the �
subdivision of the Proteobacteria deposited in the DNA data-
bases. A neighbor-joining (NJ) phylogeny was constructed us-
ing the program Clustal W (18). A maximum parsimony (MP)
phylogeny was constructed using sequences aligned by the
Clustal W program and then manually realigned using the
program Winclada (version 0.9.99m 24, 2000) to minimize both
the maximum and minimum number of steps in the character
statistics. The resulting matrix was subjected to parsimony
analysis with the program NONA (version 1.6, 1997), in which
all insertion and deletion events, transitions, and transversions
were equally weighted.

Figure 3 shows the results of molecular phylogenetic analy-
sis. The NJ tree (Fig. 3A) and the MP tree (Fig. 3B) exhibited
essentially the same topologies. The 16S rRNA gene sequences
from the leeches were definitely placed in the clade of the
genus Rickettsia, which was supported by bootstrap values of
100% in both the NJ and MP trees. Interestingly, the genus
Rickettsia was divided into two sister monophyletic groups, the
clade of leech-associated Rickettsia spp. (100% support in both

TABLE 2. Primer sets used for diagnostic PCR

Target organism Target gene Primer
names Nucleotide sequence (5�-3�) Approx product

size (kb)
Annealing
temp (°C) Reference

Leech and insect
(universal)

Mitochondrial
cytochrome oxidase I

LCO1490 GGTCAACAAATCATAAAGATATTGG 0.7 48 5

HCO2198 TAAACTTCAGGGTGACCAAAAAATCA

Eubacteria
(universal)

16S rRNA 16SA1 AGAGTTTGATCMTGGCTCAG 1.5 55 7

16SB1 TACGGYTACCTTGTTACGACTT

Rickettsia sp.
(specific 1)

Citrate synthase CS1 GGGGGCCTGCTCACGGCGG 0.4 50 14

CS2 ATTGCAAAAAGTACAGTGAACA

Rickettsia sp.
(specific 2)

16S rRNA 16SA1 AGAGTTTGATCMTGGCTCAG 0.2 55 9

Rick16SR CATCCATCAGCGATAAATCTTTC

Wolbachia sp.
(specific)

ftsZ homolog ftsF GTATGCCGATTGCAGAGCTTG 0.8 50 10

ftsR GCCATGAGTATTCACTTGGCT
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NJ and MP trees) and the clade of arthropod-associated Rick-
ettsia spp. (99% support in NJ tree and 79% in MP tree). From
these results, we concluded that the endosymbionts harbored
by T. tagoi and H. marginata belong to the genus Rickettsia and
constitute a distinct basally branched clade in the genus. It
should be noted, however, that an alternative taxonomic treat-
ment is conceivable. In the event that future biological studies
of the leech-associated Rickettsia spp. reveal characteristics
significantly distinct from those of arthropod-associated Rick-
ettsia, the creation of a new genus for them would be consid-
ered.

Infection rate in natural populations. We examined infec-
tion rates of the Rickettsia spp. in natural populations of T.
tagoi and H. marginata by PCR using Rickettsia-specific prim-
ers. In addition to the four young T. tagoi leeches collected in
1999, 40 specimens were collected at the same locality on 10
November 2000. Nine H. marginata leeches were collected at
the Tenryu River, Nagano, Japan, on 1 August 2000 and sub-
jected to the same analysis (Table 1).

Of the 44 individual T. tagoi leeches, 43 (97.7%) were Rick-
ettsia positive. Of the nine H. marginata leeches, all (100%)
were infected with Rickettsia spp. Therefore, at least in these
populations of T. tagoi and H. marginata leeches, infection with
Rickettsia is prevalent; however, a more extensive survey of
other individuals and populations is needed to reach any gen-
eral conclusions.

Vertical transmission. In glossiphoniid leeches, in general,
mature adults carry eggs and hatchlings on their ventral sur-
faces for a considerable period, probably for the purpose of
protection (16). Of the 40 T. tagoi leeches collected in 2000, we
found one Rickettsia positive individual which carried 160
hatchlings. The 50 examined hatchlings were all Rickettsia pos-
itive, suggesting that the Rickettsia is vertically transmitted
from the parent to the offspring, although the mechanism of
infection still needs to be investigated. At this stage, however,
the possibility that the adult and the offspring simultaneously
acquired the Rickettsia through horizontal transmission cannot
be ruled out.

Evolutionary process of the host shift. In this study, we
demonstrated that the genus Rickettsia is divided into two
sister monophyletic groups, the clade of leech-associated Rick-
ettsia spp. and the clade of arthropod-associated Rickettsia spp.
(Fig. 3). This finding implies that in the common ancestor of
extant Rickettsia species, a host shift must have occurred be-
tween an arthropod and a leech. What was the evolutionary
process of the host shift? Did the switch occur from an arthro-
pod to a leech or in the opposite direction? Previous molecular
phylogenetic studies have indicated that the nearest outgroup
taxon of the genus Rickettsia is Orientia tsutsugamushi, the
causative agent of scrub typhus (3). Because the primary host
of O. tsutsugamushi is the trombiculid mite (3), the ancestral
primary host of the genus Rickettsia is expected to be an ar-
thropod, probably a bloodsucking mite or tick. If so, it is more
parsimonious to conjecture that the evolutionary direction of
the host shift was from an arthropod to a leech. However, it is
unclear how this sort of host switch could occur. The arthropod
hosts of Rickettsia spp., such as ticks, mites, fleas, and lice, are
all terrestrial and live on the blood of vertebrates (3), whereas
T. tagoi and H. marginata are aquatic and live on the blood of
amphibians and fish (11, 16). It is plausible that, due to the

FIG. 2. PCR detection of Rickettsia spp. in glossiphoniid leeches.
(A) Detection of mitochondrial cytochrome oxidase I gene of leeches
with primers LCO1490 and HCO2198; (B) detection of eubacterial
16S rRNA gene with primers 16SA1 and 16SB1; (C) specific detection
of citrate synthase gene of Rickettsia spp. with primers CS1 and CS2;
(D) specific detection of 16S rRNA gene of Rickettsia spp. with primers
16SA1 and Rick16SR; (E) specific detection of the ftsZ gene of Wol-
bachia spp. with primers ftsF and ftsR. Lane M, DNA size markers
(1,500, 1,000, 900, 800, 700, 600, 500, 400, 300, and 200 bp from top to
bottom); lane 1, Helobdella stagnalis; lane 2, Placobdelloides sp.; lane 3,
Ancyrobdella smaragdina; lane 4, H. marginata; lane 5, Glossiphonia
complanata; lane 6, Glossiphonia sp.; lane 7, Alboglossiphonia lata; lane
8, T. tukubana; lane 9, T. tagoi; lane 10, a bruchid beetle, Kytorhinus
sharpianus, harboring a Rickettsia sp.; lane 11, a bruchid beetle, Cal-
losobruchus chinensis, harboring a Wolbachia sp.; lane 12, no template
control. Arrows indicate specific PCR products. Other faint bands are
due to nonspecific amplifications.
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isolation of terrestrial from aquatic habitats, the host shift from
bloodsucking arthropods to leeches is a rare evolutionary event
that occurred only once in an early evolutionary stage of the
genus Rickettsia.

Association between the host leeches and the Rickettsia spp.
As discussed above, it appears likely that a lineage of the
Rickettsia spp. anciently diverged from the main lineage of
arthropod-borne Rickettsia spp. and has been associated with
leeches for a long time. It is likely that the phylogenetic pattern
of association between the host leeches and their Rickettsia
endosymbionts is an evolutionary product of two components:
maintenance of the already established association through
vertical transmission (association by descent) and occasional
host shifts through horizontal transmission (association by col-
onization). At least for T. tagoi, Rickettsia spp. are suggested to
be vertically transmitted, as are the Rickettsia spp. found in
many terrestrial arthropods (20). On the other hand, the phy-
logenetic relationship between T. tagoi and H. marginata
strongly suggests possible horizontal transfers and/or losses of

the Rickettsia spp. in an evolutionary time course because the
leech genera Torix and Hemicrepsis are phylogenetically not
sister groups (12) and the Torix tukubana leech examined in
this study was not infected with Rickettsia spp. (Fig. 2). Both T.
tagoi and H. marginata feed on the blood of amphibians such as
frogs, newts, and salamanders (11, 16). Therefore, one possi-
ble, though speculative, route of horizontal transmission might
be via the blood of amphibian hosts.

Ecological and epidemiological implications. A majority of
the members of the genus Rickettsia so far described are har-
bored by bloodsucking terrestrial arthropods such as ticks,
mites, fleas, and lice and facultatively infect and cause disease
in vertebrate hosts such as mammals and birds (3). In this
context, it appears meaningful that leeches, bloodsucking
aquatic invertebrates, harbor Rickettsia spp. Most glossipho-
niid leeches are hematophagous on aquatic vertebrates such as
fish, amphibians, and reptiles (16). The combination of blood-
sucking arthropods and vertebrates in the terrestrial ecosystem
is reminiscent of the combination of bloodsucking leeches and

FIG. 3. Phylogenetic positions of the Rickettsia spp. from T. tagoi and H. marginata based on the 16S rRNA gene sequences in the � subdivision
of the Proteobacteria. (A) An NJ tree; (B) an MP tree. The bootstrap values that were higher than 70%, obtained by 1,000 resamplings for NJ
analysis and 100 resamplings for MP analysis, are shown at the nodes. For Rickettsia and Orientia species, the host organisms are given in
parentheses. The numbers in brackets are accession numbers.
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amphibians and fish in the aquatic ecosystem. Therefore, we
suggest the possibilities that, in the aquatic ecosystem, leeches
are the primary hosts of Rickettsia spp., amphibians and fish
are the vertebrate hosts, and Rickettsia spp. may occasionally
cause diseases in these vertebrates just as they cause spotted
fever and typhus in terrestrial vertebrates. Although specula-
tive at present, this idea will be supported if Rickettsia spp. are
identified in amphibians and fish attacked by the leeches.

Perspective. In this study, we identified a Rickettsia endo-
symbiont for two out of nine species of glossiphoniid leeches
examined. However, the number of species and taxa sampled
was quite limited. To assess the prevalence and importance of
the Rickettsia infection in leeches, more extensive research is
needed. To understand the life cycle, ecology, and epidemiol-
ogy of rickettsiae, host organisms of leeches should also be
examined. Other than the Rickettsia spp., various morphotypes
of endosymbiotic bacteria from leeches have been histologi-
cally recorded, although their microbiological aspects are
poorly understood (1, 16).

Nucleotide sequence accession numbers. The 16S rRNA
gene sequences of the Rickettsia spp. from T. tagoi and H.
marginata were deposited in the DDBJ/EMBL/GenBank nucle-
otide sequence databases under accession numbers AB066351
and AB066352, respectively.
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