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Wolbachia-like symbiotes in the Rocky Mountain wood tick, Dermacentor andersoni,
were isolated repeatedly by injection of ovarinl lissues into 5-day-old chick embryos.
In Giemsa-stained smears of infected embryo tissues, the organisms appeared as blueish
-on: pinkstained coceal bodies indistinguishable from those scen in the ovaries of ticks,
where they are located in the, luminal epithelium and funicle cells, s well as in oocytes.

Electron microscopy revealed that lhese symbiotes are highly pleomorphic and vary
in size from 0.6 to 3.4 xm in diameter. Their fine structure in tissue cells is dilferentinted
into a granular, cortical region, which conlains densely stained ribosomes, and a medullary
region isting of a diffuse reticul partially or lelely devoid of granular material
or ribosomes. Multiplication is by binary fission. Each organism is delimited by a distinct
plasmalemma; a cell wall as in bacterial and rickettsial agenls was not observed in

organisms from ovarial lissues.

Symbiotes cultivated in chick embryos and then injected intracoclomieally into adult
D. andersoni, developed mpidly and produced massive infestations in hemocytes, hypo-

dermal tissues, salivary glands, end in

tubules, and ovary. In hypodermal lissue, organisms with a di

tissucs surrounding midgut,
stinct bilnyered cell envelope

were occasionally detected. The massive invasion of tissues by injected symbiotes in-

varinbly proved fatal for ticks.

Results of complement-fixation tests and of fluorescent antibody staining indicated
that symbiotes in D. andersoni are closely related to Wolbachia persica, previously isolated

from Argas arboreus.

InTRODUCTION

Ever since tick tissues have been sub-
jected to microscopical examination, scien-
tists have been puzzled by the presence of
highly pleomoiphic bacilluslike micro-
organisms in certain tissues, particularly
Malpighian tubules and ovary. Some inves-
tigators considered them -as subcellular
structures, such as mitochondria, others de-
seribed them as symbiotes, and still others
included them as developmental stages in

' A portion of this malerinl was presented at
the Second International Congress of Parasitology,
Washiogton, D.C., September 6-12, 1970.

the life cycle of pathogens they were study-
ing.

Cowdry (1925) published on a group of
microorganisms hereditarily transmitted in
ticks and apparently unassociated with dis-
ease. Based on observations with 16 species
of ticks, he described the organisms as
follows: “In Giemsa-stained smears the
microorganisms stained light red or pink,
much more faintly than most bacteria, and
they did not possess the sharp contours
often scen in the case of bacteria. They
were very pleomorphic varying from
spherical to straight and curved rods and
filaments. They were found to be larger
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than most rickettsine particularly in
diameter.”

Since Cow«lry’s paper, numerous reports
(reviewed by Roshdy, 1968) have been
published on distribution and microscopical
appearance of symbiotes for various species
of ticks. Brinton (1969) brie(ly de-
seribed their distribution and fine strue-
ture in ovarian tisswes of Dermacentor
andersoni.

The first isolation of such a tick symbiole
was reported by Suitor and Weiss (1961).
who successfully recovered, in chick em-
bryos, the microorganisms from Mal-
pighian tubules and ovaries of the argasid
tick, Argas persicus (later determined to be
A. arboreus) collected from heroun rookeries
near Cairo, Egypt. They identified their
isolate as @ new species within the
tribe  Wolbachine of the family Rick-
ettsincene, and proposed the name IVol-
bachia persica.

At the Rocky Mountain Laboratory
(RML), we have been engaged in studies
concerning the relationship of symbiotes to
patt ic and nonpatl ricketlsine.
During these investigations, symbiotes
have been isolated repeatedly from vari-
ous species of bicks. It is the purpose of this
paper to describe recovery and preliminary
characterization of such symbiotes from the
Rocky Mountain wood tick, Dermacentor
andersoni.

MareriALs AND METIIODS

Specimens pf D. andersoni used in this
study came from RML’s normal colony
which is free of detectable pathogens: Dis
tribution of symbiotes in this tick was firs!
established by conventional microscopy of
Giemsa-stained tissues. For this purpose,
unfed females whose exoskelcton had been
decontaminated by immersing ticks for 1
br into a 0.1% aqueous solution of Mer-
thiolate and subsequent ringing in phos-
phate-buffered-saline, pIl 7.35, were dix-
sected for removal, smear preparnlion and
staining of hypodermal tissues, salivary

glands, midgut, Malpighian tubules, and
genital organs.

For isolation of symbiotes, ovarian
tissues of 5 to 10 ticks were triturated
in  sucrose-phosphate-glutamate  solution
(Bovarnick et al.. 19501 or Brain-Heart-
Tufusion broth containing 100 wnits of peni-
cillin/ml, and were injected vin volk sac
into 8 5-day-old hens’ eggs, each receiving
0.25 to 0.5 ml of the suspension. Inoculated
cges were then incubated at 35°C and ex-
amined daily for death of embryos. Fyus
that died during the first 4 days after in-
oculation were disearded. From those that
died later, and from surviving eggs,
siears were prepared from yolk sac tissues,
stained by Cliemsa’s method, and examined
microscopically.

Tor electron microscopy, ticks and their
tissues were treated as outlined by Brinton
and Burgdorfer (1971).

Antigenic relationship of D. andersoni
symbiotes o 1. persica amil lo rickettsiac
of the spotled fever and typhus groups was
explored by complement-fixation tests ac-
cording to standard methods employed ab
RAML. Antigens were prepared by ether ex-
traction of saline solution suspensions of in-
fecled yolk sacs, and sern were obtained
from convalescent guinea pigs and ham-
sters. Also used was direct fluorescent anti-
body (FA) staining with conjugates pre-
pared according to Peacock et al. (1971)
from sera of immunized hamsters.

To study development of symbiotes in D.
andersont, 0.001-0.003 m} of a 10% suspen-
sion of infectious yolk sac were injected in-
tracoelomically into 75 unfed females. On
day 5 after inoculation and at 5-day inter-
vals thereafter, 3 to 5 ticks were dissected
for microscopicul examination; smears of
hemolymph and of various tissues were
stained either by conventional or by FA
technigques. On day 7 after intracoclomic
inoculution, 30 infected females together
with normal males were placed for feeding
on guinen pigs. Upon repletion, females
were held individually in glass vials for
oviposition.
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Distribution and Morphology of D. ander-
soni Symbiotes

Although all organs of ticks were thor-
oughly examined, symbiotes were detected
only in the ovary. After staining with
Gicemsa, they appeared as blueish or pink,
and morphologically varied from coceal to
occasionally bacillary (Fig. 1). Many of
. the bacillary forms upon close examination
were found to represent organisins under-
going binary fission and consisting of two
not yet completely divided coceal or-
ganisms. Pleomorphism of these symbiotes
was even better discernible in smears
stained by FA (Fig. 2).

Electron microscopy revealed that the
symbiotes of D. andersoni varied in size
from 0.6 to 3.4 pm in diameter. Their fine
structure his differentiated into a cortical
granular region which contains densely
stained ribosomes, and a medullary region
consisting of a diffuse reticulum partially
or completely devoid of granular materinl
or ribosomes. The symbiotes are unique in
that they do not possess a cell wall. Each
organism; regardless of the degree of pleo-
morphism,“is delimited by a narrow, tri-
layered unit membrane approximately 75
A& in dinmeter (Fig. 3). In some instances
the granular cortical region of the cyto-
plasm exhibited some shrinkage away from
the fragile appearing plasmalemma and
probably represents a fixation artifact.

Distribution of symbiotes in ovarian tis-
sue of . andersoni varied with the stage
of development and the nutritional state of
the tick (Brinton, 1969). In unfed and en-
gorged nymphs, the symbiotes have thus
far been observed only in interstitial cells
(Fig. 4) of the ovary. Occasionally, they
were also found in oocytes of newly molted
females. Symbiotes were observed with con-
siderably greater frequency in oocytes of
fasting adult ticks, yet were relatively
sparse compared with their numbers in in-
terstitial cells and their ecllular processes.
During enrly feeding of female ticks, ic.

24-48 hr after attachment to host, whea
interstitial cells complete their transition to
form the lumenal epithelium and funicle
cells (Brinton and Oliver, 1971), symbiotes,
either in foci or individually dispersed,
multiply by binary fission {Fig. 5) and in-
crease considerably in number in  the
lumenal epithelium. They are most fre-
quently observed in oocytes 3-6 days after
attachment of ticks to their hosts—the
period when oocyte enlargement is pri-
marily due to intrinsic development (Brin-
ton and Oliver, 1971). In oocytes the sym-
biotes varied in numbers up to 8 per
section, and were dispersed individually in
the peripheral ooplasm rather than as small
colonies. During this period rounded forms
were common (Fig. 6). When oocytes nte
enlarging rapidly as a result of micropino-
cytosis during the latter half of the ex-
trinsic phase of development (Brinton and
Oliver, 1971)," svinbiotes hecome obscure,
partially due to the enlargement of vitelline
spheres and the increasing volume of these
cells. Symbiotes were hever observed in an
intranuclear assogiation with the host cell.

Isolation of D. andersoni Symbiotes in
Chick Enbryos

Isolation of symbiotes in yolk sac tissues
of chick embryos was accomplished from
suspensions of lick ovaries. None of the
originally inoculnted embryos died but mi-
croscopical examination of yolk sac tissues
from two live embryos examined on day 7
after inoculation revenled cocei indistin-
guishable from those in ovarial tissues.
Yollc sac” suspensions of these two eggs
passed into fresh lines of 8 eggs each killed
all embryos from 5 to 7 days after inocula-
tion. Yolk sac smears of dead cggs regu-
larly contained masses of organisms which
appeared similar if not identical to those
in tick tissues although they were predomi-
nantly coccal and not as pleomorphic as
those in ovarial tissucs.

Subsequently, three additional isolntes of
svmbiotes were obtained from suspensions
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AFm. L. Wolbachia-like symbiote in smenr of ovarian tissue of Dermacentor andersoni.
Giemsa stain. X% 1000.

Fi0. 2. Smene of ovarinn lissue of Dermacentor andersoni showing pleomorphic appearance
of symbioles. Fluorescent antibody staining. X 1000.

Fio. 3. Symbiote (s) in ovarian interstitial cell of Dermacentor andersoni infected with
Rickettsia rickettsi (r). %25 .000
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Fia. 4. Wolbachia-like symbiotes exhibiting granular cortical cytoplasm and fibrillar (arrows)
medullary region, in ovarian inters|
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al cell of nymphal Dermacentor andersoni. X 57,000

Fio. 5. Division form of symbiole in ovarian interstitial cell. X 18,000.

Tin. 6. Spherieal symbiote in ooplasm of enlarging oocyte of Dermacentor andersoni.

%33,000.
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of ovarial tissues and were maintained by
serial egg passages.

Pathogenicity for Laboratory Animals and
Serology

Guinea pigs and golden hamsters shown
free of antibodies to antigens prepared from
yolk-sno grown symbiotes invariably died
within 24 hr after i.p. injection of 0.5 ml
of 50% suspensions of infected yolk sac.
However, when inocula consisted of 0.1 or
025 ml, all animals survived. Guinea pigs
responded in most instances with elevated
temperatures (>40°C) for 2 to 4 days be-
ginning within 24 hr after inoculation.
Neither guinea pigs nor hamsters displayed
other signs of illness.

Sera obtained 28 days after inoculation
and tested by CF yielded titers as high as
1:1024 against homologous antigens but
were negative for antibodies to spotted and
typhus fever antigens. However, titers of
similar magnitude were detected against
antigens prepared from Wolbachia persica
that had been isolated from Argas arboreus.
Similatly, sera of guinea pigs immunized
with W. persica reacted against antigens
from the D. andersoni symbiote., Antigenic
similarities between these two organisms
were also demonstrated by FA staining;
conjugates against D. andersoni symbiotes
regularly stained W. persica and vice versa.

Behavior of Symbiotes in Intracelomically
Inoculated D. andersoni

Microscopical examination of hemo-
lymph and tissues on day 5 after injec-
tion of infectious yolk sac suspensions
revealed symbiotes in practically all hemo-
cytes. Degree of infection was still mild
although some cells already were heavily
infected. Tissues of hypodermis, Malpighian
tubules, and salivary glands contained few
organisms. By day 10, all hemocytes had
masses of symbiotes often to the extent that
cells were greatly enlarged. Development
of the organisms appeared to occur intra-
cellularly as well as extracellularly and was
so intense that the hemolymph took on a

-
-

-
=

“milky” appearance. All tick organs, but
particularly hypodermis and Alalpighian
tubules, showed massive invasion which ap-
peared limited to connective tissues sur-
rounding each organ. By day 15 and regu-
larly thereafter, infection was generalized
and massive throughout the tick.

The cellular fine structure of these highly
invasive organisms appeared in general
similar to that of the naturally oceurring
forms confined to the ovary. However, two
exceptions were occasionally noted (Fig. 7).
One was the presence of dense-staining
bodies considerably larger than ribosomes
in the granular or cortical cytoplasm of -
some organisms, and the other, less con-
sistently observed, was the presence of a
cell wall in addition to the plasmalemma
of the protoplast.

Invasion of Malpighian tubules by sym-
biotes was limited to the basement mem-
brane, which, due to growth and multiplica-
tion of organisms, was found to undergo
progressive distention (Fig. 8). The sym-
biotes occurred characteristically in foci
which probably resulted from clonal devel-
opment; scattered or isolated organisms
could not be detected in the basement mem-
brane of this organ. N

Interaction Dbetween symbiotes and
hemocytes occurred primarily with plasma-
tocytes (nongranular hemocytes) in which
invasion and phagocytosis was pronounced,
and secondarily in granular hemocytes,
with symbiotes exhibitng two forms of in-
tracellular  association. They occurred
either in large numbers in membrane-lim-
ited vacuoles or as individual forms in the
cytoplasm (Fig. 9) in the absence of
vacuolar or restricting membranes. How-
ever, in one instance, a single organism in
the cytoplasm of & grinular hemocyte was
found encased in a thickened, membrane-
limited capsule. Enlargement of the vacuoles
as result of intensive multiplication of
vacuolized symbiotes gradually led to com-
plete disruption of the cytoplasm (Fig. 10)
and to eventual disintegration of infected
hemocytes.
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Tra. 7. Invasive forms of Wolbachia-like symbiotes in hy pocl

is of Der: lor und
asm of a symbiole. %60,000.

X46,000. Inset shows large, dlense bodics in the cylopl:
Fio. 8. Distenlion of Malpighian tubule | 1 caused by invnsive forms
of Dermacentor andersoni symbiotes. %8000.

Fra. 9. Free and intravacuolar invasive forms of symbioles in plasmatoeyte. Cross and
longitudinal views show fingerlike extensions of the plasma membrane of intravacuolar sym-
biotes (arrows). X 17,500.
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i X
TFio. 10. Extensive intr

avaduolar growth of invasive IWolbachia-like symbiol
crte. X0500. § R

s in pla
N

Cyloplasmic organization of intravacuo-
lar symbiotes in hemocytes was as de- peared folded in one area to form short to
scribed for naturally occurring forms in the

clongate extensions. In cross sections, these
ovary, with the exception that the cell extensions exhibited g tubular morphology.

membrane of these organisms often ap-



432 BURGDORFER, BRINTON, AND HUGHES

F10. 11. Free invasive form of Wolbachia-like svmbiote adjacent to plasma membrane of

1 fingerlik

granular yte. Note

Occasionally we observed, adjacent to the
plasmalemma of hemocytes, free symbiotes
with similar fingerlike tubular extensions
(Fig. 11). ey

The invasive propensity and rapid multi-
plication of intracoelomically injected sym-
biotes invariably proved fatal for ‘the ticks.
Two specimens died as early as 20 days
after inoculation, 26 additional ones be-
tween days 30 and 50. Twelve of 30 females
that had fed on guinen pigs oviposited
poorly and eggs of only 6 of these devel-
oped; all others dried up within a few days
after oviposition.

Discussion

Observations by various investigators (re-
viewed by Roshdy, 1961, and Balashov,
1968) with numerous species of ticks led
to the concept that all ticks, argasid and
ixodid regardless of geographic origin, con-
tain syanbiotes. These microorganisms ac-
cording to most investigators are limited in

of symbiote’s plasma membrane. X72,000.

localization to various parts of the Mal-
pighian tubules and the ovaries. Exeeptions
are recent findings by Hecker et al. (1968)
and by Burgdorfer and Brinton (unpubl.),
who noted a more generalized distribution
of such mieroorganisms in the tissues of the
argasid ticks Ornithodoros moubata and 0.
hermsi, respectively. On the other hand, in
D. andersoni, as shown in the present
study, symbiotes appeared limited to
ovarian tissues only. -

Until recently 1Wolbachia persica was the
only isolate of tick symbiotes. It originated
from Argas arborens and was classified as
o member of Rickettsincene because of
basic  similarities  (size, intracellular
growth, and susceptibility to bioad range
antibiotics) to rickettsial agents. Inclusion
in the tribe Wolbachiae was suggested be-
cause this tribe contains organisms adapted
to existence in arthropods as symbiotes but
not in vertebrates as highly pathogenic
parasites (Philip, 1957). Metabolic activity
studies by Weiss et al. (1967) bave shown
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that V. persica is unrelated to pathogenic
rickettsiae; in contrast to rickettsine it
respires vigorously in the presence of
glucose.

The symbiote from D. andersoni, al-
though different in its distribution within
the tick, shows similaritics in gross mor-
phology and fine structures to 17, persica
which has been described as n spherieal
organism with granular, vacuolated eyto-
plasmt delimited by a cell membrane, but
without a cell wall as is known for bacterial
and rickettsial organisms. In addition, cross
reactions in the CF test and by FA staining
indicate antigenic relationship between the
two symbiotes. ITowever, absence of such
cross reactions with symbiotes from certain
other ticks suggests the existence of differ-
ent Wolbachia specics and warrants further
investigations into the classification of
these organisms.

Also, there is evidence of differences
among tick symbiotes in regard to their
physiologic characteristics. Thus, Suitor
(1964) in his study on the relationship of
W. persica to its host, failed to infect by
it lomic injecti of infectious yolk
snc suspensions, A. persicus that had been
rendered aposymbiotic by prolonged ineu-
bation ab 40°C. Feeding of such ticks on
the air-sac membrane of infectious hens’
eggs resulted in the development of 1Wol-
bachiu in the intestinal tract only, and in
no instance did such experimental infection
have any adverse effects on the ticks,

Contrary findings were obtained in our
study with the symbiotes of 1. andersont,
although it should be emphasized that no
attempts were made to free the ticks from
their symbiotes before they were inoceulated
intracoclomically with infectious volk sac.
Within as early as 10 days aflter inocula-
tion, all ticks showed massive multiplica-
tion of organisms particularly within plas-
matocytes and in the counective tissucs of
the various organs. The infection invari-
ably proved fatal for the ticks. Whether
the symbiotes after ingestion would have
developed in gut tissues only or in a

fashion similar to that deseribed above,
was not investigated. Our findings, how-
ever, are in agreement with those oly-
tained hy Weyer (1973) with 17, persica
in experimentally infected body lice (Pedi-
ciles humanus humanus), ticks {Ornitho-
doros moubata) and mealworm  larvae
(T'encbrio molitor). After intracoclomic
injection of infectious yolk sae, all these
arthropods  died s result of intensive
multiplication of this symbiote. On the
other hand, Weyer noted no adverse ellect
when he infected lice intrarectally; the
symbiotes penetrated the gut wall and mul-
tiplied in the hemocytes, but never to such
an extent as recorded after intracoelomie
injection.

Practically nothing is kuown of the role
Wolbachia play in the ticks’ biology, and
it is only assmmed that they are involved
in certain aspeets of the ticks' metabolic
activities. Experimental studies with other
hematophagous arthropods (Brooks. 1964)
have shown that there exists a delicate bal-
ance in the relationship helween symbiotes
and their hosts. Disturbance of this balance
cither by removal of symbiotes from their
natural cellular environment or by trans-
ferring them to other tissucs, as shown in
the present study, may result in severe
efects on development and biologic pro-
cesses of the arthropod hosts.
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