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Digeussron.

The exact systematic position of fthese hereditavily transmitted
micro- ()1ganmmﬁ is not easily established, but they may profitably be
compared with Rickettsia and with the svmbionts of insects.

Their Gram-negative properties, intracellular habitat, bacterium-
like shape, and their presence in arthropods would ]ﬂSflf} their pro-
visional inclusion under the general heading of Rickettsia as was
done in an earlier paper on Rickettsia (8). This general definition of
Rickettisa, originally proposed by me, was used as a w orking basis
by Hertig and "Wolbach (7) in their studies on Rickettsia-like micro-
organisms in insects.  These investigators very properly remark
that: * This definition is patently inadequate, in that it takes no
account of certain points more or less chqraetelisti(, of the group,
namely, the very small diameter, usually less than 0.5u, the presence
at some stage of a minute, coccmd or diplococcoid form staining
densly with Giemsa, but poorly with ordinary bactevial dyes, the lack
of clean-cut outline as compared with familiar bacteria, and the
difficulty of cultivation in vitro. On the other hand, as to these

- characteristics, the Rickettsia so intergrade and overlap with each
other and with bacteria that sharp lines canmnot be drawn, and the
pleomorphism is so great that a definition which would include all
known phases of all known Rickettsia would be so broad and vague as
to be valueless.”

The micro-organisms reported in this paper also fulfil some of
these additional criteria for the identification of Rickettsia, although
they differ sharply from them in possessing a diameter usually in
excess of 0.5u, and often reaching as much as 1 to 1.5u. At some
stage they exhibit minute, coccoid, or diplococcoid forms, staining
densely with Giesma, but p0011\* with ordinary bacterial dyes, and
their outlines ave hequentlv less clear cut than those of most bacteria.
It is true that we may assume that they ave difficult to cultivate, since
they occur in ticks in company w ith spirochaetes and pathowemc
protozoa, which have been 1'epea‘redlv studied by cultural methods
without bringing the micro-organisms in question to light, but this
vesistance to artificial cultivation is even more a characteristic of
certain types of symbionts, particularly those in the Pediculidae (12),
which will be mentioned subsequently, than it is of the Rickettsia.

It remains, however, to mention three other properties suggestive
of some Rickettisa, namely, (1) the occasional observation in the
multiplicative phases of two kinds of material, one staining red and
the other blue by Giemsa’s method (the micro-organism in Boophilus
decoloraius); (2) the fact that none of the micro- organisms seem to
cause injury to the cells containing them; and (3) that they all seem
to be transmitted hereditarily.

The position assumed by Hertig and Wolbach in attempting to
restrict the use of the term ‘¢ Rickettsia ’’ is progressive and well
taken, and in view of the above-mentioned considerations, it seenis
possﬂole to recognize, almost within the ranks of the Rickettsia, this
group of micro-organisms, the members of which differ from
Rickettsia in being of considerably larger size and in the fact that
none of them is known to be pathogenic.

We are faced by a similar state of affairs when we compare the
micro-organisms with the symbionts of insects. Points both  of
similarity and of dissimilarity come to light. The symbionts, them-
selves, like the Rickettsia, are hard to define, since their properhea
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vary not only in different groups, but also in different species of the
‘same genus. Mven the word “ symbiont,” itself, meaning literally
“'the act of living together,”” is sometimes employed in this sense,
and, at others, with the added implication of the existence of benefit,
either ‘mutual’ or one-sided, between the micro-organisms and their
arthiopod hosts. - Seldom is its use backed by any physiologic
experimentation to determine the exact degree of association. Often
the condition is more properly one of commensalism (or of eating
from the same table), particularly when the micro-organisms in
question are found in the alimentary tract and the element of advan-
tage to one or both of them is greater. When there is injury, or the
slightest harmful influence is exerted wupon either the micro-
organisms or their hosts, the condition verges on parasitism; but the
line of division is not easﬂy established. Moreover, the Arthr opoda
comprise so many forms in such diverse habitats that the problem
- becomes very complicated.

.~ Excluding from the discussion the biophytes’’ of aphids (13),
certain types of bacteria said to be associated with luminescence, the
bacteria of the mid-intestinal caeca of hemiptera (14), the bacteroids
_of the Blattidae, and many questionable forms, and confining our-
‘selves to the ‘‘ symbionts’’ of the Pediculidae and of the tsetse flies,
.which, latter, were first reported by R. Koch, some definite points of
similarity with the micro-organisms in ticks come to light. Mention
may, for example, be made of the relatively large size and of the
staining ‘reactions of the symblonts Perhaps the branching in the
case of the micro-organism 1n Boophilus decoloratus 1s s1gn1ﬁcant but
these micro-organisms do not form definite stluetures annexed to the
alimentary tract at all comparable to the so-called ‘“ mycetomes ”’ of
‘the vnsecta. Another point of distinction from symbionts, as usually
described, is the restriction of the micro-organisms in ticks to the
Malplghlan tubules in addition to the egg-cells.

The observations herein reported indicate, therefore, that certain
bacterium-like, Gram-negative intra-cellular micro-organisms, which
are transmitted hereditarily and are apparently unassociated with
disease, are of common occurrence in the Argasidae and the Izodidae.
If it is found that the ‘ symbionts >’ mentioned in mites by Reichenow
(16) belong in the same category, then we must also include the
family Thrombidiidae.

Fctoparasites belonging to these three families, that is to say, to
the order Acarina, play an important réle in the transmission of
disease to man. It will suffice to mention Rocky Mountain spotted
fever, Tsutsugamuchi disease, relapsing fever, and perhaps pseudo
typhus fever (17). They are, moreover, most harmful to domestic
animals, and constitute the vectors of Theileriosis. In consequence
of their great pleomorphism there is a chance that some of the forms
which they assume may be mistaken for micro-organisms which are
‘pathogenic.. Attention has already been called to their similarity to
Rickettsia and to certain phases of the intracellular life-cycle of spiro-
chaetes. The latter is noteworthy in the case of the micro-organisms
found in adult specimens of Rhipicephalus simus, which ave often of
‘somewhat spiral shape with pointed ends. Unfortunately knowledge
of the wide distribution of these micro-organisms does not afford a clue
to the etiology of any specific disease, but it may supply o useful back-
ground in the study of diseases the sources of which are well- known,
but of Whlch the nature is doubtful, and of other diseases Whlch 1t 1s
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possible that future investigation will show to be associated with
ectoparasites of this general type. '

_ And, furthermore, if Roubaud (15) is justified, as he appears to
be, in claiming that the symbionts of tsetse flies play an active part
in the process of assimilation in these insects, then the possibility is
opened that these observations may also reveal a hitherto almost un-
suspected factor in the normal physiology of the Acarina.

Evidently recognition of this infestation, if we may logically use
this term, with bacterium-like micro-organisms might readily have
been suspected in advance for the reason that so many lice and flies,
which are likewise adapted to a diet exclusively of fresh bleod,
exhibit similar, though not identical, flora. @ The fact that these
micro-organisms have attracted so little attention probably finds
explanation by a consideration of the natural lines of progress in the
investigation of arachnid-borne diseases. The ease with which some
of the most destructive may be controlled, once the identity of the
arachnid concerned has been ascertained, at an early date removed
the urgency of the demand for information regarding micro-organisms,
both pathogenic and benign, which might occur within the vectors.
Moreover, immediately that harmless micro-organisms were excluded
from casual relationship to disease, their presence would become a
matter metely of scientific interest.

However this may be, detailed studies of the various groups
of insects and arachnids, particularly those which are blood-feeding,
or insectivorous, like the spiders (18), may be expected ultimately
to supply a perspective view of the chief types of symbiosis, commen-
salism, and parasitism exhibited, and lay a basis upon which a
rational classification of the micro-organisms occurring in the
arthropods may be based, including even those the nature of which
remains at present very obscure.

Resvrrs.

1. Pleomorphic, bacterium-like, Gram-negative, intracellular
micro-organisms, which stained much less intensely with ordinary
dyes than most bacteria, were found in fifteen ticks comprising
examples of both the Argasidae and the [wodidae and belonging to
the following species:—Amblyomma americana, Argas persicus,
Boophilus decoloratus, Dermacentor variabilis, Dermacentor venustus,
Haemophysalis leacht, Hyalomma aegyptiuvm, Margaropus annulatus,
Margaropus annulatus australis, Ornithodorus megniny, Ornithodorus
turicata, Rhipicephalus appendiculatus, Rhipicephalus evertsi,
Rhipicephalus sanguineus, and Rhipicephalus simus.

2. No morphological or tinctorial evidence could be adduced of
injury to the tissues of their arachnid hosts other than physical dis-
tension of the cells to accommodate them in large numbers. Since
microscopic examination of favourable preparations of the species
which contained them revealed an incidence of 100 per cent. not only
in ticks collected in South Africa, but also ir others from Jamaica,
Trinidad, Honolulu, and several parts of the United States, it is
probable that the micro-organisms were in no sense harmful to their
o R S

- 3. In consideration of the detection of the micro-organisms in
the egg of ten species, in the unfed larvae of seven species, and at
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very close stages throughout the life-cycle of two others, the con-
clusion was reached that they were transmitted hereditarily.

4. The micro-organisms in several respects resembled Rickettsia,
but differed from them in being of larger size. They also resembled
the symbionts of certain lice and blood-feeding flies, but never gave
rise to definite organ-like structures comparable with the mycetomes,
and were restricted in their distribution to the Malpighian tubules
and the egg-cells, as contrasted with the digestive tract to which the
symbionts of these insects are confined.
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PLATE 1.

Photomicrographs, made with apochromatic objective 3 mm., 1.40 aperture,
aud compensating ocular 8, giving a magnification of 1,400 diameters, of air-
dried smears of unfed larva, fixed in absolute slecohol and coloured by
riemsa’s stain.

Fig. 1.—Amblyomma hebraeunt.
Fig. 2.—Boophilus decoloratus.
Fig. 8.—Haemophysalis leachi.
Fig. 4.—Rhipicephalus appendiculatus.
Fig. 5.—Rhipicephalus evertsi.
Fig. 6.—Rhipicephalus simus.



168

PLATE TII.

Drawmgs ‘of selected . micro-organisms from smears of unfed larval tleks
to show extent of pleomorphism. All the drawings were made from air-dried
smears, ﬁxed in alcohol, and coloured by Griemsa’s stain, with apochromatlc

ob]ectlve 15
: ‘Big,
Flg.

L Pig,
Fig.

Fig.

Fig.

mm., compensatmg ocular 8, and camera lucida.

T, ——Amblyomma hebraewm.
8.—Boophilus decoloratus.
9.—Haemophysalis leachi.
10.—Rhepicephalus appendiculatus.
11.—Rhipicephalus evertsi.
12.—Rhupicephalus simus.

PLATE IIT.

All the figures are drawings of portions of the Malpighian tubules of unfed
larval ticks, made with apochromatlc objective 1.5 mm., compensatmg ocular 8,
and camela lucida.

Fig.

Wi Diss
i
" Fig.
Fig.
Fig.

13, ~—Boopmlws decoloratus.
14.-—Rhipicephalus appendiculatus.
15.-—~Amblyomma hebraeum.
16.—Rhipicephalus evertsi.
17.—Rhipicephalus simus.
18.—Haemophysalis leachi:




[E. V. Cowdry.
MICRO-ORGANISMS IN TICKS.
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Plate II.

Micro-organisms Transmitted in Ticks.]

[B. V. Cowdry.




Plate IIIL.

Micro-orgawisms Transmitted in Ticks.]

[E. V. Cowdry.



