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Section VIII. Rickettsiae and Chlamydiae

Chapter 103

Taxonomy
EMILIO WEISS

Section 9 of Bergey's Manual of Systematic Bacteri- other dog pathogen and a potential human pathogen.
ology (6) describes in detail the orders Rickettsiales and Neorickeutsia helminthoeca is a dog pathogen that occurs
Chlamydiales. The Rickettsiales, even though separated in the U.S. West Coast states. Dogs acquire the disease
from the endosymbionts in this edition of Bergey's Man- by eating raw salmon infested with the metacercariac
etal, represent a complex taxon, which includes the of a treinatode, which in turn is infected with N. le!-
families Rickettsiaccae, Bartonellaccae, and Anaplas- minthoec, (6). Fukuda ct al. (1) presented evidence that
mataceae. The Chlamydiales, on the other hand, include a disease involving a similar cycle may occur in Japan
a single family and a single genus, possibly underclas- among people who eat improperly cooked fish. The fish,
sified. Numerous observations, isolations of new spe- the grey mullet, is also often infested with a trematode
cies. and phylogenetic analyses made during the past that carries a bacterium similar to N. helminthoeca.
decade and for the most part after the publication of To the genus Chlamydia, the important human
Bergey's Manual suggest that we should take another pathogen C. pneumoniae has been added (2).
look at the classification- of the family fiickettsiaceae The study of the phylogeny of the Rickettsiaceae and
and the genus Chlatnydia. of chlamvdiae conducted thus far has produced some

Table I lists the species in the family Rickettsiaceae results that confirm observations made on phenotypic
and in tle genus Chlamydia, including species that have similarity among certain species, while others contrast
recently been added, and summarizes the information sharply with our present taxonomic concepts. For ex-
thus far obtained through comparisons of 16S rRNA ample, as expected, Rickettsia prowazekii, R. typhi, and
sequences (20). R. rickettsii were shown to have very similar rRNA se-

Among the changes that have occurred during the quences (differences of <2%, smaller than the typical
past decade, human infection in Europe with the spotted difference between the genera Escherichia and Sal.
fever group rickettsia Rickettsia conorii was found to monella) (15). These three rickettsial species belong to
occur more frequently and to produce a more severe the alpha subdivision of the purple bacteria (20), re-
disease than in the past (10, 11). To the large number cently named Proteobacteria (13). In this subdivision,
of rickettsial species in the spotted fever group, some the rickettsial speciesare specifically, although distantly,
established pathogens and others most likely commen- related to Ehrlichia risticii (15). This came as a surprise,
sals in the invertebrate host, two have been added, the since rickettsiae and the monocytic ehrlichiae differ in
pathogen R. japonica (14) and the commensal R. hel. morphology and intracellular location, cytoplasm in the
vit'ica (8). The commensal R. bellii was isolated and case of rickettsiae and phagosome in ehrlichiae (6). On
described as a rickettsia that is possibly not a member the other hand, it has recently been shown that ehrlich-
of the spotted fever group (9). iae and rickettsiae resemble each other in in vitro sub-

The most extensive additions to our information are strate utilization and gain in ATP content from this ac-
possibly those that involve the genus Ehrlichia. Ristic tivity (18, 19). The rickettsiae are not specifically related
et al. (12) demonstrated that there is a small but highly to Rochaimaea quintana. This microorganism is also
significant degree of serologic relationship between the a member of the alpha subdivision of Proteobacteria,
dog pathogen Ehrlichia canis and thf. human pathogen but belongs to subgroup 2 and is specifically related to
Rickettsia sennuesu. This finding was quickly followed the plant-associated agrobacteria and rhizobacteria (17).
by the observations that the two microorganisms This is also unexpected since R, proivazekii and R. quin-
strongly resemble each other in morphology and mode tana have historically been transmitted by the same ar-
of development (3). As a result the sennetsu agent was thropod vector, the body louse, and the two DNAs hy-

.-classified in .2rgey's Manual as Ehrlichia sennetsu. A bridize with each other to the extent of 25 to 33% (7).
few years later the etiologic agent of Potomac horse Not surprising, because of marked differences in
fever (equine monocytic ehrlichiosis) was isolated and phenotypic characteristics, was the finding that Coxiella
found to be distantly related to E. canis and more closely burnetii is unrelated to the three species of rickettsia.
related to E. senuetsu (4, 5). The evolutionary history It belongs in the gamma subdivision of the Proteobac.
of E. sennctsu and E. risticii, two microorganisms that teria and in this group it shows a rather distant but spe-
are biologically similar but that differ widely in geo- cific relationship to the genus Legionella. The tick com-
graphic distribution and pathogenesis for vertebrate mensal. Wolbachia persica, k : - , shown to belong
hosts, well deserves to be investigated. A possible link in the gamma subdivision and to b, j .:,,herally related
iletween the two microorganisms is suggested by the to the Coxiella-Legionella cluster (15).
1ccent discovery (discussed in chapter 106) that E. canis, Most astonishing was the finding that chlamvdiae have
or a closely related microorganism, is also a human no close relatives among the eubacteria (16).' They rep-
pathogen. resent a hitherto unrecognized major cubactetial group,

Also worth mentioning is the similarity between an- peripherally related only to the planctomyces. These
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1034 RICKETTSIAE AND CHLAMyD1AE

TABLE 1. List of species in the family Ricketisiaceca and genus Chlappsydia and summary
ofpresent knowledge of their phylogeny based on 16S sRNA sequences*

Genu% Group Species Proteobacterial Related genus'subdivision'
Rickettsia Tvyphus R. prosvazekii.' R. typhi' Alpha Ehrlic/ria

R. canada Unknown Unknown
Spotted R. ricketusii Alpha E/zrliclhia

fcever
R. confirii,' R. sibirica,' R. As above As above

australis,
R. aka ri,' R. japonica' As above As above
R. ,nonana. R. parkeri. R. Unknown Unknown

rhipicephli
R. hels'etica Unknown Unknown

Uncertain R. belii Unknown Unknown
Scrub R. tmsuganrushi' Unknown Unknown

typhuls
RocIleartila R. qtiitana' Alpha, subgroup 2 Agrobacteria, rllizo~acteria

R. viptsonji Unknown Unknown
Ehrichia Monocytic E. risticii' Alpha Rickettsia

E. can is," E. sennetsit' As above As above
Granulocytic E. equi,d E. Unknowvn Unknown

phagocytophila d
Cosvdriet C. rtdmninantiumnd Unknown Unknown
Neoricketivia N. /wlmnitthoecat Unknown Unknown
Coxiefla C. burneii' Gamma Legitmlla
W1olbachiar W. persica Gamma Coxieila, Legionella

It. pipienhtis, W. Pnelopltagi Unknown Unknown
Rickeilsiella' R. popilliae, R. grylli. R. Unknown Unknown

chironopni
Chdatplvdru C. trachomalis,' C. None (not a Planctopntvces

,,sillaci'd proteobacteriun)
C. imettntrottic' As above As above

"I lie Ujickctnsjah's faimilies Jturtosielaceae and Ap~aplasnmataceae are not includ, d. Not all of the species listed are discussed in subsequent
chapters.

"As above" belows a proteoibacierial subdivision or genus designation mevans ihat it is reasonable to assume that the designation above is
applicable. Such an inference cannot he made for some of the other species of thle Sir~ne genus.

Established human pathogen.
'Animal pathogen.
'Pathogenic for invertelbrate host.

two groups of bacteria have very little in common phe- I am indebted to Gregory A. Dasch for his helpful discussions.
notypically, except that the cell wall in both cases con- The precparation of this chapter was in part supported by the
tains no peptidoglycan. Naval Medical Research and Development Command.' De-

Much remains to be done in the field of phylogeny of patiment of the Navy, work unit no. 3M 161 102.BS13.AK. Il11.
thle rickettsiae. If this work is extended to other-patho-
gens of thle spotted fcver group, such as R. conorii or
R. .s ilnrica, few surprises are expected, because of theAD NUM NPOF
solid base of phenotypic information, which suggests Taxonomy and the study of the bacterial genome have re-
that these rickettsiae are closely related. However, R. cently acquired new significance as the polymerase chain re-
istilstegarnushi is sufficiently different from theote action (PCR) is being developed for thle rapid identification of

rickttsae o dserv searae pylognetc aalyis. infectious agents (K. E. Hlecheny, D. Paretsky, D. H.Walker,rickttsie t desrvesepaate hylgencic nalyis. and L. P. Mallavia, ed,, Ann, N.Y. Acad. Sci. 590 1 -586, 1990).D~espite the large body of information that we have on oixtilatoglh crbtpu ru ftikts~
this species, in the absence of such a study we cannot i tlreesndbyainesPesR.:,tuanbthr
venture to say that it is a proteobacterium. is considerable variation in antigenic properties among thle

The place of taxonomy in a manual of clinical micro- various strains. This variation is not necessarily accompanied
biology is not clear. Wfien phylogenetic information by marked differences in viritlence for humans. Heterogeneity
rihinfirces what we have learned by the study of phe- has been attributedl to variability of certain suiface component's
notypic characteristics, it encourages us to proceed as that ccuir in a background of strong homology (E. V. Oaks,
we have. When a conflict develops between genotypic R. M. Rice. I), J. Kelly, and C, K, Stover, Infect. Immun. 57:
anid pheinotypic information, for the Immediate purpose .1116-31122, 1989), It is therefore inlipot-tnl, for the puirpose

oftcPCR test, to select a region on tile ernile that is rela-
ol isolation and identification of pathiogens, It is pref. oll tbeadrcglc ot Iotal t-is ntecs
crabhle ito paty greater attention to thie phenotypic c:hat- of thle typhus and spotted fevet- group rickettsine, there is slf-
aicteristics. However, genotypic Information cannot be ficient sitilarity in their gettoins for the!relection of a region
ignoredl. A conflict may suggest that important biologic that detects several species,,such as R. pt-u iazikii, R. tyv)hi, P.
or ecologic characteristics of the microorganisms in. Hickensii, and P. COtot-ii. Ithe test is positive, the idenuit of
vOlved are yet to lie uncovered, the Infecioms agent can, In tmost cases, be lnfevr'clon the basis
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of geography and other epidemiological considerations, Al- of the 3rd International Symposium on Rickettsiae and
though more specific PCR tests can be applied, even if the Rickcttsial Diseases. Slovak Acadlemy of Sciences. Bratis-
species is not recognized in the initial test, treatment need not lava, Czechoslovakia.
be delayed, since all of the above rickettsia[ species are sus- 9. Philip, R. N., E. A. Casper, R. L. Anacker, J. Cory, S. F.
ceptible to tetracycline or doxycycline. it has been recognized, Hayes. W. Burgdorfer. and C. E. Yunker. 1983. Rickettsia
however, that rickettsiae share antigens with several other beliji sp. no\.: a tick-borne rickettsia, widely distributed
j- , erial species, including in some cases Legionella species. tn the United States, that is distinct from the spotted fever

A genome that recognizes Legionella species should not be and tYphus biogroups. Int. J. Svst. Bacteriol. 33:94-106.
included in any test for rickettsiae, since the antibiotic ofchoice 10. Raoult, D., P. J. Weiller, A. Chagnon, H. Chaudet, H.
for Legioitella species is erythromycin, which is not effective Gallals, and P. Casanova. 1986. Mediterranean spotted
against rickettsiae (Hechemy et al., Ann. N.Y. Acad. Sci. 590: fever: clinical, laboratory and eptdemiological features of
1-586, 1990). 199 cases. Aml. J. Trop. Med Hvg. 35:845-850.

II. Raoult, D., P. Zuchelll, P. J. Weiller,' C. Charrel. J. L.
SanMarco, H. Gallais, and P. Casanova. 1986. Incidence.
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ettsiae and Rickettsiai Diseases. Slovak Academy of Sci- Hyg. 30:1324-1328.
ences. Bratislava, Czechoslovakia. 13. Stackebrandt, E., R. G. E. Murray, and H. G. Truiper.

2. Grayston.. J. T., C.-C. Kuo, L. A. Campbell, and S.-P. 1988. Proteobacteria classis nov., a name for the phylo-
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5HolnC. J., E. Weiss, W. Burgdorfer, A. I. Cole, and Eubacterial origin of chlamydliae. J. Bacteriol. 167:570-
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