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Summary. — The structure and cytopathology of obligate intra-
cellular bacteria belonging to families Rickettsiaceae and Chlamy-
diaceae and their interaction with eukaryotic host cells were compa-
red in electron microscopic studies. “‘Rickettsia-like” and “‘chla-
mydia-like” types of organization of bacterial cells and their
interaction with host cells are presented. The rickettsia-like type
is characterized by short rod-shaped cells multiplying freely (ex-
travacuolarly) in the cytoplasm or nucleoplasm of the host cell;
the chlamydia-like type has spherical cells multiplying inside the
cytoplasmic vacuole limited by the host membrane. The rickett-
sia-like type includes the genus Rickettsia and rod-shaped sym-
bionts from genera Wolbachia and Symbiotes; the chlamydia-like
type falls into genera Chlamydia, Ehrlichia, Cowdria and Neo-
rickettsia. The transitional types represented by Wolbachia per-
sica (type 1), Coxiella and Rickettsiella (type 2) are also described.
The possible evolutional relationships of the genera comprising
both families are considered and their classification is proposed.

Key words: Rickettsiaceae; Chlamydiaceae; ulirastructure; system-
atics; interaction with host cell; cytopathology

Rickettsiaceae and Chlamydiaceae are two families of bacteria which have
adapted to obligatory parasitism in eukaryotic host cells. According to re-
cent electron microscopic observations, many members of the family Rickett-
siaceae (from tribes Hhrlichieae and Wolbachieae, Table 1) are more ‘“‘chla-
mydia-like”” than ‘“rickettsia-like”. For differentiation between rickettsiae
and chlamydiae, the morphological criteria include signs such as (1) normal
anatomy (2) formation and structure of altered (abnormal) forms and (3) fea-
tures of interaction with host cells. The latter sign comprises the localization
of the parasite in the cell (nucleus, free in cytoplasm, in cytoplasmic vacu-
oles) and the features of the developmental cycle. These criteria become
decisive when newly found organisms (as a rule, by electron microscopic
examinations of infected animal or plant tissues) are to be classified into one
of the two families and orders, respectively.
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Fig. 1.
Schematic structure of the rickettsial
cell

I — Rickettsia tsutsugamushi (type A
asymetry of the cell wall in ultrathin
sections), I — other members of the
genus Rickettsia (type B asymmetry of
cell wall). '
1 — fimbria (6 —7.5 nm and 8 —10 nm in
diameter and up to 3 pum in length),
2 — pili (cross size 8—10 nm, diameter
of distal sphere 25—30nm), 3 — rigid
layer (peptidoglycan), 4 — cytoplasmic
membrane (6—10nm thick), 5 — peri-
plasmic space (2—4 nm thick), 6 — cell
wall (10—13 nm thick), 7 — microcap-
sule [10—30 nm thick with distance of
13 nm between subunits (9)], 8 — slime
layer (150 — 300 nm thick).

This review deals with differentiation and determination of the criteria
of “rickettsia-likeness” and “‘chlamydia-likeness’ possible by comparing the
ultrastructural organization of these organisms according to the above signs.

Structure of normal forms

Rickettsia are short rods, usually 0.3—0.5x 0.8—1.5 um in size, sometimes
with thickening in the middle part of the cell. Due to their structure, rickett-
sial cells are similar to Gram-negative bacteria (Fig. 1). Recently a consider-
able variability of their surface structures has been found. All rickettsiae
appear to have fimbria (Gudima and Milyutin, 1968; Kokorin and Gudima,
1968; Gudima, 1969; Gudima and Pereverzev, 1976). R. prowazekii display
pili morphologically similar to sex pili of Escherichia (Gudima and Pere-
verzev, 1976). Rickettsiae, like most of bacteria (Costerton et al., 1981) have
a thick slime layer or a capsule that was demonstrated after treatment with
specific antibodies (Silverman et al., 1978; Rikihisa et al., 1979). Under it,
directly on the cell wall surface, the microcapsule is situated showing a cer-
tain periodicity in structure detectable in ultrathin tangential sections (Gu-
dima et al., 1973); this can be seen especially clearly in negatively stained
preparations of plasmolysed rickettsiae (Palmer et al., 1974) and in ru-
thenium red-stained cells. Based on the cytochemical reaction of the capsule
and microcapsule (Popov and Ignatovich, 1976; Silverman et al., 1978;
Ciampor ef al., 1978), they contain acid polysaccharides.

The cell wall surface layer sometimes has a globular structure which is
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Table 1. The system of rickettsia and chlamydia (modified according to Bergey, 1974%)

Order

Family

Tribe

Genus

Species

Rickettsiales

Rickettsiaceae

Rickettsiae

Rickettsia

prowazeki
typhi
canada
rickettsii
sibirica
conorii
parkeri
australis
akari
montana
rhipicephali
slovaka
tsutsugamushi

Rochalimaea

quintana
vinsonii

Coxiella

burnetii

Ehrlichiae

Ehrlichia

canis
phagocytophila
sennetsu

Cowdria

ruminantium

Neorickettsia

helminthoeca

Wolbachiae

Wolbachia

pipientis
melophagi
persica

Symbiotes

lectularius

Blattabacterium

cuenoti

Rickettsiella

popilliae

Porochlamydia

buthi

Chlamydiales

Chlamydiaceae

Chlamydia

psittaci
trachomatis

To the list of species given in Bergey Manual, the newly isolated species and genus have
been added: Rickettsia montana, R. rhipicephali, R. slovaka, Rochalimaea vinsonii (previously
known as a vole agent), and Porochlamydia buthi. 1t was suggested that Rickettsia sennetsu
should be classified into the genus Ehrlichia on the basis of morphological and antigenic simi-
larity (Hoilien et al., 1982).

also typical of most bacteria (Sleytr, 1978). A diameter of the globuli is
4.5 nm in R. prowazekii and R. typhi and 3 nm in R. tsutsugamushi (Gudima,
1969; Gudima and Pereverzev, 1976). In ultrathin sections the cell wall has
an asymmetric profile: in typhus and spotted fever groups of rickettsiae
thicker is the internal osmiophilic layer of the membrane (type B asymmetry)
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Fig. 2.

Schematic organization of chlamydial
elementary body (from Matsumoto
1982b, with the author’s permission)

1 — particles of the intermediate layer,
10 nm in diameter, 2 — intermediate
layer, 3 — cytoplasmic membrane (8 nm
thick), 4 — tubular projection (35 to
40 nm in length, cross size 5—6 nm, di-
ameter of the inner canal 2.5—3.5 nm,
the wall is formed by 8—9 helically ar-

rayed subunits), 5 — ‘“‘flower’ or ‘‘ro-
sette’”” (10— 12 nm in external diameter,
6.5 nm internal diameter), 6 — site of

attachment of the projection to the eyto-
plasmic membrane (B-structure)., 7 —
DNA strand attached to the B-structure,
8 — ribosome, 9 — cell wall (in ultrathin
sections 8 nm thick), 10 — a layer of
flat rounded subunits of the cell wall
membrane having a diameter of 20 nm
and packed hexagonally, 11 — nucleoid.

(Gudima and Alimov, 1974), while in R. tsutsugamushi the external one
(type A asymmetry) (Brinton and Burgdorfer, 1971; Avakyan et al., 1973a;
Gudima et al., 1974; Silverman and Wisseman, 1978; Ito et al., 1978; Riki-
hisa et al., 1979; Hayes and Burgdorfer, 1979). Type B asymmetry is readily
explainable by the fact that osmiophilia of the internal layer of the cell
wall membrane under conventional fixation conditions frequently masks the
peptidoglycan layer. In R. tsutsugamushi peptidoglycan is not detectable in
ultrathin sections and may possibly have a peculiar structure. This is sup-
ported by the insusceptibility of R. tsutsugamushi to high doses of penicillin
500—1 000 pg/ml) as documented, in addition to other methods, also by
electron microscopic studies (Silverman and Wisseman, 1978).

Chlamydia exist in two vital forms regularly alternating in the develop-
mental cycle: vegetative (in the form of reticulate bodies, RB) and spore-
-like (in the form of elementary bodies, EB). RB have two main biological
features: the lack of infectivity and marked metabolic activity. In contrast,
EB are infectious but have limited metabolic potentials (Becker, 1978).
These two forms differ ultrastructurally but at the same time are similar
in both chlamydia species. EB are small rigid spherical cells 0.25—0.4 um
in diameter with a dense excentrical nucleoid. In ultrathin sections of in-
clusions of some strains more minute dense EB of irregular shape are found.
As a rule, these EB have dense limiting membranes. Sometimes EB with
stellate outlines are observed (Eb et al., 1976; Popov, 1979). Usually we
found such EB forms in newly isolated strains when first adapted to cell
cultures or yolk sac epithelium. RB are plastic spherical cells 0.6—1.5 um
in diameter ultrastructurally similar to Gram-negative bacteria. As shown
by cryoultramicrotomy, RB may have most variably shapes depending on
the density of packing in inclusions (Popov et al., 1978).
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Fig. 3.
Three patterns of rickettsiae-host
cell interaction

I — reproduction, I — destruction of
rickettsiae (in phagolysosomes), IIT —
generation of altered (abnormal) forms:
1 — spheroplast-like, 2 — filamentous,
3 — vacuolated, 4 — containing crystal-
loid structures in the cytoplasm. Pat-
terns I, II, and III may be observed
simultaneously in the same host cell.

Chlamydiae were found to have no pili, fimbriae or flagellae but possess
peculiar tubular projections penetrating openings in the cell wall (‘“‘rosettes’)
and apparently attaching to the cytoplasmic membrane (Fig. 2). The tubular
projections are found both in EB and RB, on the surface of the former they
are arranged in 1—2 groups of about 18 projections in each. On RB they
were frequently randomly arranged, particularly in the early stages of the
developmental cycle, and their number at this time (10 hr post-infection)
reached 45 and then gradually decreased (Matsumoto, 1979; 1982a,b). Their
function is obscure. Preliminary studies (Gregory et al. 1979) showed them
to play no role in the attachment of EB to the host cell. Tubular projections
of RB may penetrate the inclusion membrane and thus apparently serve
as channels for transfer of metabolites from the host cytoplasm (Matsumoto,
1981). A layer of polysaccharides corresponding to the microcapsule (Popov,
1979) and containing the genus-specific antigen which can be detected by the
immunoferritin (Higashi et al., 1966) and immunoperoxidase (Shatkin ef al.,
1976a; Popov et al., 1976; Richmond and Stirling, 1981) procedures is found
on EB and RB surface.

The EB cell wall is externally formed by particles 5—6 nm in diameter.
The internal surface of its membrane has a layer of rounded subunits 20 nm
in diameter packed hexagonally. It is apparently this layer that provides
the rigidity of EB cell wall because penicillin prevents its formation when
RB become EB (Matsumoto, 1982b). Sometimes, ultrathin sections of EB
showed a very dense intermediate layer of permanent thickness between cell
wall membrane and cytoplasmic membrane as if combining both membranes
into a single envelope complex (Poffenroth ef al., 1973; Shatkin el al., 1976b;
Popov, 1979). This structure was similar to an analogous complex in coxiellae
and rickettsiellae (Avakyan ef al., 1983).

A cytoplasmic membrane surrounds the sites of attachment of the tubu-
lar projections (“B-structures”) and has here peculiar properties, for in-
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Fig. 4.
Mechanisms of generation of abnormal
forms of chlamydiae

Expansion of the periplasmic space and
its cross sections (1, 1A). Budding from
the protoplast of small or larger forms
into the periplasmic space (2, 2’). For-
mation of evaginations of various length
by the cell wall membrane (3, 3’) cross-
-sections of which may look like vesicles
limited by one or two membranes (3, 3’A).
Formation of various invaginations of
the cytoplasmic membrane into the pro-
toplast (4, 4’) or deep invagination of the
cell envelope (cell wall-cytoplasmic mem-
brane) (4”’). In cross-sections such forms
will appear as a protoplast fragmented
by one or several membranes (4A, 4’A,
4”A). Formation of spheroplast-like or
protoplast-like structures upon destruc-
tion of the cell wall (5, 5°, 5”°) or de-
struction of the entire large form. Breaks
of cell wall and cytoplasmic membrane
(6). Parallel formation of evaginations
by cell wall membrane and cytoplasmic
membrane (7) which in cross-sections ap-
pear as multilayered membranes limiting
some ‘‘giant’’ forms (7A).

stance, resistance to detergents which destroy it in the other parts. In these
sites, the chromosome is attached to its internal surface by means of a tryp-
sin-sensitive component (Matsumoto, 1982b).

Typical EB were found only in chlamydiae, however, for coxiellae and
rickettsiellae, apart from conventional cells (“‘clear large’), rod-shaped dense
small cells have been described (Wiebe et al., 1972; Devauchelle et al., 1972;
McCaul and Williams, 1981). Although dense cells of coxiellae are infective,
they differ from clear cells by a higher content of peptidoglycan, lower
metabolic activity and lower sensitivity to osmotic shock (McCaul and Wil-
liams, 1981).

All the members of Ehrlichicae tribe have round cells 0.5 to 1 pm in
diameter and ultrastructurally similar to chlamydial RB. Rickettsia-like
symbionts of the genus Wolbachia may be coccoid and rod-shaped, most
cells with typical electron dense parts of nucleoid (Avakyan et al., 1973b).
In Cimex lectularius mycetomas 2 types of symbionts were found (Chang
and Musgrave, 1973): rod-shaped rickettsia-like which may be considered
to be Symbiotes lectularius, and rounded chlamydia-like ones.

Formation and structure of abnormal forms

When the optimal conditions are changed, and in particular under non-
permissive conditions, altered (abnormal) forms may appear. Four types of
altered forms may be found among rickettsiae (Fig. 3-1I): filamentous,
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vacuolated, containing crystalline structures, and spheroplast-like. Filamen-
tous rickettsiae seem to be formed as a result of disturbed mechanism of cell
fission. For example, when fresh medium is added, the cytokinesis is restored
and rickettsial cells of normal size appear (Gulevskaya et al., 1975; Kokorin
and Kiet, 1976; Silverman ef al., 1980). Vacuolated rickettsiae frequently
appear at later stages of intracellular development. In studies with R. typhi
by the freeze-fracture method, vacuoles or small vesicles 40—150 nm in
diameter appeared as smooth rounded indentations without signs of a limit-
ing membrane (Ito et al., 1975; 1978). Crystalloid structures of different
degrees of complexity have been described in the cytoplasm of many rickett-
sial species. At least 3 types of organization of these structures are distin-
guished: amorphous granular, linear, and “microtubular-like” (Gulevskaya
and Ignatovich, 1971; Brinton and Burgdorfer, 1971; Avakyan et al., 1973a).
Different types of organization may possibly reflect different stages of their
genesis and packing. They were usually found in cells with altered mor-
phology. The origin of vacuoles and crystalls has not been determined defi-
nitely, although it was assumed that vacuoles might play the role of storage
granules (Silverman et al., 1974; Ito et al., 1975) and crystalls are formed by
protein (Gulevskaya and Ignatovich, 1971; Brinton and Burgdorfer, 1971;
Louis et al., 1977). Spheroplast-like forms have regularly been found in
rickettsia-infected cells in their normal interaction (Gulevskaya et al., 1975;
Silverman et al., 1980; Popov and Barkhatova, 1981) and in Rochalimea
colonies (Ito and Vinson, 1965). The regular finding of spheroplasts which
may be considered to be rickettsial forms of unbalanced growth could also
represent the initial stage of their L-transformation (Prozorovsky et al.,
1981) suggesting, as in bacteria, the existence of L forms of rickettsiae.

The altered forms of chlamydiae are represented by giant spheroplast-like
bodies (up to 5 pm in diameter), “minute’’ forms (100—250 nm) frequently
located in expansions of the periplasmatic space of spheroplast-like forms,
and vesicular structures (30—80 nm) in the inclusion cavity (Popov et al.,
1977). Analysis of the formation mechanism of these structures (Fig. 4)
(Beskina et al., 1979) and their morphological similarity to the forms ob-
served in bacterial L-transformation allow them to be considered as mani-
festation of L-transformation of chlamydiae (Prozorovsky et al., 1979). The
altered forms of this type have been reported in Ehrlichia equi (Sells et al.,
1976), the giant (pleomorphic) forms in Cowdria (Pienaar, 1970), Wolbachia
sp. (Hayes and Burgdorfer, 1979) and Rickettsiella (Devauchelle ef al., 1972).

From these observations it is difficult to agree with the assumption of
Kordova (1978) that vegetative forms of rickettsiae and chlamydiae are the
L-forms themselves. Most likely, in the course of adaptation to intracellular
parasitism they had undergone changes in the composition and structure of
the cell walls, which is particularly true for chlamydiae. As a result of these
changes the processes of cell wall growth and cell fission are readily di-
sturbed. Owing to this, upon endo- and exogenic effects on host cell, to which
facultative intracellular bacteria do not react, rickettsiae and chlamydiae
produce sphegoplast-like (giant, pleomorfic) forms.



166 AVAKYAN, A. A., POPOV, V. L.

Features of interaction with host cells

Fig. 5.
Three kinds of interaction of chlamydiae
with the host cell

I — reproduction (developmental cycle)
(1—13), II — destruction in phagolyso-
somes (14—17), ITT — L-transformation
(18—19).

1 — absorption on plasmalemma of EB
with compact nucleoid and rigid cell wall
with a diameter of 0.25—0.4 pm; 2, 3 —
endocytosis; 4 — EB in the phagocytic
vacuole (phagosome); 5, 6, 7 — reorgan-
ization of EB via a transitional form
into RB which has a loose nucleoid plas-
tic cell wall and a size of 0.4—0.8 um
(beginning of the vegetative stage of the
cycle); 8 — RB binary fission; 9 — for-
mation of the ecytoplasmic inclusion-
-chlamydial microcolony, several cycles
of RB fission; 10 — continuation of RB
fission, formation of intermediate bodies
(IB); 11 — continuation of IB formation,
their fission, formation of EB; 12 — EB
“maturation’; 13 — release of a new
EB generation into the extracellular
space through the break of the inclusion
membrane and plasmalemma of the host
cell; 14 — approach of primary lyso-
somes to the phagoeyvtic vacuole (phago-
some); 15 — fusion of primary lysosomes
with phagosome and formation of phago-
lysosome; 16 — destruction of chla-
mydiae in phagolysosome; 17 — forma-
tion of telolysosome; 18 — increase of
RB in size, formation of cell wall evagi-
nations and vesicle-like structures; 19 —
formation of polymorphous “‘giant’ forms
with detachment of the cell wall, expan-
sions of the periplasmic space, small
forms.

Rickettsiae and chlamydiae, upon entering the cell, are initially present
inside phagosomes. Their further fate may be asfollows: I — reproduction (for
which rickettsiae first have to leave the phagosome), IT — destruction in
phagolysosomes, and IIT — generation of abnormal forms (Figs. 3, 5, 6)
(Popov et al., 1980; Popov and Barkhatova, 1981). Theoretically, a fourth
way is also possible: survival without multiplication. The latter is important
for persistence of intracellular parasites, however no definite ultrastructural

data confirming it are available.

Rickettsiae multiply freely in the cytoplasm of the nucleus (extravacuo-
larly) of the host cell by binary transversal fission. There is no obligate cycle
of development. A facultative “infection cycle’” may be observed which
consists in alternation of vegetative reproducing cells (the exponential phase
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forms) and dormant forms (cells of the stationary phase of growth) (Gudima
and Milyutin, 1968; Wisseman and Waddell, 1975). Coxiella, Ehrlichia,
Cowdria, Neorickettsia, Wolbachia, Symbiotes, Rickeltsiella and Chlamydia
replicate only within the cytoplasmic vacuole limited by the host membrane.
Chlamydiae are characterized by the developmental cycle consisting of
mandatory alternation of vegetative and spore-like forms (Fig. 5-I) (Friis,
1972; Storz and Snears, 1977; Popov et al., 1980). In coxiellae, despite the
existence of two types of cells equally capable of fission, no regular alter-
nations of them were observed, but recently a peculiar cycle of “‘sporogenic”
differentiation has been described in which dense minute ‘“‘endospores”
(130—170 nm) were formed in the periplasmic space of some large cells

Fig. 6.
Rickettsiae — host-cell interaction

I — Reproduction (1-—10), IT — destruction in the phagolysosome system of the host cell (12);
I1T — generation of abnormal forms (13—16).

1 — absorption of rickettsia on the host cell surface and penetration by phagocytosis; 2 —
rickettsia inside phagosome in the host cell cytoplasm; 3 — release of rickettsia from the phago-
some; 4, 5 — binary fission of rickettsiae (several cell cycles) lying free in the cytoplasm and
formation of a new generation of rickettsiae; 6, 7, 8,9, 10 — rickettsial release from the cell:
6 —release of mobilerickettsiae by ‘‘budding’ from plasmalemma surface, rickettsiae in the extra-
cellular space are surrounded by the host plasmalemma (7); 8 — formation of ““Mooser’s cells”
the cytoplasm of which is densely packed with rickettsiae usually in dormant forms; 9 — re-
lease of rickettsiae through plasmalemma breaks; 10 — release of I2.rickettsii into the cisterns
of granular endoplasmic reticulum, rickettsiae being surrounded by internal membranes of the
host cell, and large vacuoles are formed in the host cell cytoplasm (11); 12 — rickettsial de-
struction in phagolysosome and formation of telolysosome; 13 — generation of spheroplast-like
forms of rickettsiae; 14 — generation of filamentous forms of rickettsiae; 15 — formation of
vacuolated rickettsiae; 16 — formation of crystalloid structures in the cytoplasm of rickettsiae.
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(McCaul and Williams, 1981). Rickettsiellae have a mandatory developmen-
tal cycle consisting of a regular alternation of small rod-shaped dense forms
and bacteria-like ones which undergo fission and then again reorganize into
dense forms (Devauchelle et al., 1972).

Classification comments

Analysis of the results of electron microscopic examinations of all mem-
bers of the Rickettsiaceae and Chlamydiaceae families according to the fore-
going morphological criteria shows the most genera presently included into
the family Rickettsiaceae to be more similar to Chlamydia than to Rickettsia.
This similarity can be followed in several features (Fig. 7) despite the fact
that the majority of these genera (with the exception of Rickettsiella and
Coziella) have no spore-like forms and, consequently, no mandatory alter-
nation of vegetative and spore-like forms, i.e. no developmental cycle. Sum-
ming up the results of studies at the submicroscopic level, we can distinguish
and characterize the ‘‘rickettsia-like” and ‘“‘chlamydia-like” types of cell
organization of obligate intracellular bacteria and their interaction with the
host cell. The ‘rickettsia-like” type are short rod-shaped cells multiplying
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A scheme of possible relationships between genera in the class Intracytobiotes
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freely (extravacuolarly) in the cytoplasm or nucleoplasm of the host cell.
The ‘“‘chlamydia-like’ type is represented by spherical cells multiplying in-
side the cytoplasmic vacuole limited by the host cell membrane.

The rickettsia-like type includes the genus Rickettsia and rod-shaped sym-
bionts from the genera Wolbachia and Symbiotes, the chlamydia-like type
the genera Chlamydia, Ehrlichia, Cowdria and Neorickettsia. At the same
time, transitional types may be distinguished: (1) Wolbachia persica may
have both-rod-shaped and spheroid forms and develop both intra- and extra-
vacuolarly. They multiply inside the vacuole but it is not known whether
the initiation of multiplication requires any direct contact of wolbachiae
with the host cell cytoplasm, i.e. release from the vacuole; (2) Coxiella and
Rickettsiella have 2 types of cells, both rod-shaped, and are quite similar to
each other in the organization of small dense cells and large clear cells as
well as in multiplication inside the vacuole, but coxiellae have no obligate
developmental cycle. The dense cell envelope typical of small cells of these
organisms is also found under certain conditions in chlamydiae which may
possibly attest to relationships of these three genera. Noteworthy is the fact
that both Cozxiella and Chlamydia have similar content of G + C in their
DNA; for Rickettsiella this has not been determined yet.

TIf the developmental cycle of chlamydia, which currently some research
workers regard for unique among bacteria, was compared with the infec-
tious cyecle of R. prowazekii, some principal similarity could be found
probably determined by changes in the structure of bacteria in the expo-
nential and stationary phases of the culture growth. These changes had
been studied at length in early works by light microscopy but not at the
submicroscopic level. It was shown by light microscopy (Jawetz et al., 1980)
that in the stationary phase of growth bacteria frequently became smaller,
denser, acquiring a rounded shape and intracytoplasmic granules, and be-
came more resistant to physical effects and chemical agents. In rickettsiae,
probably same as in saprophyte bacteria, this process occurs under un-
favourable conditions, for instance, upon exhaustion of nutrient substances,
whereas in chlamydia. possibly owing to their greater metabolic lability, this
feature had stabilized, and the mandatory developmental cycle emerged.
The similarity of the developmental cycles of rickettsiellae and chlamydiae
is hardly convergent but rather attests to relationship of these genera.

Sometimes chlamydial inclusions contain smaller dense EB of irregular
shape surrounded by a dense “‘envelope”. Such cells may be more virulent.
This is probably true of rickettsiae as well: purified smaller and denser cells
of R. prowazekii with sinuous outlines have been shown to be more virulent
(Hanson ef al., 1981).

The performed differentiation of rickettsia-like and chlamydia-like organ-
isms with due consideration of the data on morphology of extra- and intra-
cellular developmental forms permits an attempt at their classification. It
should be emphasized that this attempt refers only to the above-described
criteria and is not based either on biochemical and biophysical analysis of
the structures or on the analysis of their antigenic properties. Neverheless,
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it seems possible even now to classify into the family Chlamydiaceae (and,
consequently, to the order Chlamydiales) the entire Ehrlichieae tribe as well
as the genera Rickettsiella and Coziella separating them into a special group,
e.g., a tribe. Then the family Chlamydiaceae will consist of three tribes in-
cluding the following genera: Chlamydiae trib. nov. (Chlamydia), Ehrli-
chiae (Ehrlichia, Cowdria, Neoricketisia), Rickettsielleae trib. nov. (Rickett-
siella, Porochlamydia, Coxiella).

Possible associations of the genera comprising the families Rickettsiaceae
and Chlamydiaceae and some of their characteristics are shown in Fig. 7.
A special position in this group is occupied by Rochalimaea which is a facul-
tative intrecellular parasite and therefore may be more associated with the
ancestral form of rickettsiae which is probably related to the modern Legio-
nella and should be classified together with them. Rochalimaea can hardly
be united in one taxon of the order rank with Rickettsiaceae, because their
associations are at present obscure. This problem requires further study.

We believe to be absolutely right from the point of view of evolution
and advisable for classification to unite Rickeitsiaceae and Chlamydiaceae
into a special class of obligate intracellular scotobacteria (Bergey, 1974)
which we suggest to be named Intracytobiotes nom. nov. (Shatkin and Popov,
1982). On the other hand, the formulated criteria of ‘‘rickettsia-likeness’”
and “‘chlamydia-likeness” should facilitate differentiation of rickettsia, chla-
mydia, rickettsia-like and chlamydia-like symbionts and pathogens in in-
vertebrates, especially vectors as well as other organisms in wildlife.
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