












:species whiCh were studieo : ?'nblyomnw a/merricana, Ar,qa.s persicus. 
Boophilus decoloratus, De·r1nacentur uaP·iauilu, Dennacentm· ·vewustus, 
H aemophvsalis l e-aclli, Hyalomma aegypfJ:1tm .. M rtrgo,rrop1tS a.nnulatus, 
Margarop'u.s ann·ulatus au.st1·alis, Ornithodm·us ·megnini, Ornithodoru_s 
turicata, append1:mtlatus, Rhipicephal1.ts 
R.hi.picepha?us sang1tineus, and simus. . . 

The fa1lurf' to observe them; as IndiCated by the negatrve s1g11 
( -) in TablE• 1, in A mblNomma ·rnac·u.latu.rm, . A mblyom.ma t'itb_e·r• 
culatum., A1·gas m1.>n.eatus, Dermacentm· albip·ictut.;, Haenwphysa·lis 
leporis palttst·ris , .lf m'garopu.'l -win the·m?·, Ornithodor/u.s mo·ztbata. and 
Rhipicephalus capens/s is open to two interpretations : thai 
they are absent o1· thnt further search in better preparations would 
bri;}g them to light. In favom· of the latter hypothesis Inay b<• 
mentioned the fact that the · material available for t.heir study WaF; 

much less satisfactory than it was in the case of the species in whicl1 
the micro-organismR were actually discovered, and, further, the 
C'onsideration that these ticks all belong to genera, .other of 
which were found to contain the 1nicro-organisms. 

There is no indication that the Reas011 of the year has any 
influence upon the association of the micro-org·anisn1s with theh 
arachnid hosts. The evidence at hand hardly permits a statmnent of 
the geographical distribution of the micro-organisms. In other 
words, it is possible that South African ticks are especially prone to 
harbour micro-organiRms of this kind by reason of favourable climatic; 
conditions and other unknown factors, and that the same species else­
where might not possess them. Against this interpretation, however, 
was the observation of apparently identical n1icro-organisms in 
individuals of a species collected in widely separated localities. For 
convenience, the availR hle information on this point in 
Table 2. 

It will be noted that the majority o:f th_e ticks examined came 
from tropical or temperate regions, but this does not necessarily 
mean that temperature is in any sense a controlling factor in their 
distribution, since they also ocem· in specimens of Dwrrnacen.tm· 
venustus originating at Hamilton, Montann, wherr the winte1· 
temperature falls fa1' below zero. 

From the geographic point oi vie\"\' , Ifonolnln a11d OnderstepoorL · 
<:"tre very widely sepaTatecL Not only js ·theiT location almost 
antipodal, hut Honolulu is hot and humid and situated at sea-level, 
while Onderstepoort is at n.n altitude of about 4,000 feet , somewhat 
cooler, and very dry in winterj w·hen the specimens were collected. 
Yet examples of Rh1:picephal1.t.s sang·n'£ne1.ts collected at these 
places harbour micro-organisms which are indistinguishable in thei ,. 
morphology and tinctorial properties, in their location :i11 the tissues , 
n.nd in the probability of their hm·editary trrwsmissiml. 

If Godoy and Pinto (5) arn eorreet in assuming that they found 
the same micro-organism in Brazilian ticks that R . Koch observed 
in Rhip£cephaltts i.n West A.frien.. and Rnpposing, further, that this 
micro-organism belongs to the same general type as those under dis­
cussion, this discovery \vonlo likewise ''· case of wirle 
geographic distribution. 

In being closely bound to their hosts hereditarily and geogl'ap.hie­
ally, these micro-organisms in ticks closely approximate to Ricketts1:a 
lectularia and certain other kinds of Rickettsia on the one hand a.nd 
to the bacteroids of the Bla.ttida.e and many other· insect svmbionts or1 
the other , · ' 



Dr~cussroN . 

~ehe exact systematic position of Llw~c herediL1rily tr·a.nsrnit-Led 
micro-orp:tlnisms is not easily estabJishe(l. hut they 1nay profitably he 
co1npared '"it h Rickettsia :lnd with th-e svrnhionts of insects. 

Their Gram-negative properties, intracellular habitat, bacteTium­
like shape, and thei1· p1·esence in arthropods would .iustify their pro­
visional inclusion under the general heading of H"ickettsia ai-3 was 
done in an earlier paper on Rickettsia (8). rrhis ge11 t•rnJ definition of 
.Rir.keftisa, originally proposed by Ine, \Vas used as a working basis 
by Hertig anrl W olbar.h (7) in their studies on Rickettsia-like micro­
organisms in insects. 'I'hese investigators very properly remark 
that: " 'l~his definition is patently inadequate, in that it takes 110 

account of certain points more or less characteristic of the group, 
namely, the very small diameter, usually less than 0.5JI., the presencf' 
n.t some stage of a minute, coccoid, or rliplococcoid form staining 
densly wit.h Giemsa, hut poorly with ordinary baetel'ial <lyes, -the lack 
of clean-cut. outHne as compared \vith :familia.r h~1ci . (-'ria, and the 
<lifficulty of cultivation in vitro. On the other hnnd, as to ihef-lP 
characteristjcs, the Rickettsia so intergrade and O\'m·lap with each 
other and with baeteria that sharp lines cannot he drawn, and the 
pleon10rphism is so great that a definition ·which vmuld include all 
known phases of all knmvn Rickettsia would he so hroad and vague as 
to · be valueless.'' 

The ·1nicro-organisms reported in this rmper also fulfil some of 
these additional criteria fo.r the identification of Riekettsia j although 
they di:ffer sharply from the1n in possessing <I dimneter nsua1ly in 
excess of 0.5p., and often reaching as much as 1 to 1.5p.. At :3ome 
stage they exhibit minute, coccoid, or diplococcoid forms, staining 
densely with Giesma, but poorly with ordinary h<1derial dyes, and 
their outlines are frequently less clear cut than those o£ most bacteria. 
It is true that we may assume that they are difficult to cultivate, since 
they occur in ticks in company w·ith spirochaetes and pathogenic 
protozoa, which have been repeatedly studied by cultural rnethod1' ' 
-without bringing the micro-organisms in question to light, htl.t this 
resistance to n.riifieial eult:ivation is even more a dw.ra.eteristic of 
nertain types of Rymbionts, particularly those in the Pcr!?:c1lb:dr.w (1~), 
which will be 1nentioned subsequently, than it is of the Rickettsia. 

It remains, however, to mention three othm· properhes suggesti·ve 
of some Rickettisa, namely, (1) the occasional observation in the 
multiplieative phases of two kinds of material, one staining red u.nd 
the other blue by Giemsa's uwthod (the micro-orgauism in Boophil1.iS 
decoloratus); (2) the fact th::lt none of the micro-organisms seem to 
cause injury to the cells eontaini11g them; and (3) that they a.ll seem. 
to be t.rans1nitted he.redita1·ily. · 

The position assumed by Hertig and vV ol bach in n, Hem pt.ing to 
restrict the use of the tenn " Rickettsia " is progressive and well 
taken, and in view of the above-mentioned considerations. it semns 
possible to recognize, almost within the ranks of the J1iekettsia, this 
group of Inic·ro-organisms, the members of whieh differ from 
Rickettsia in being of considerably larger siz(~ and in the :fact that 
none of them is lnw,vn to be pathogenic. 

\V e are :faced by a similar state of affairs when l-Ye comva1·e the 
micro-organisms 'vith the symbionts of insects. Points both of 
similarity and o£ dissimilaritv come to light. The svmbionts, them­
selves, like the Rick~ttsia, are h::~rd to define , since .. their prop(}.rties 
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vary not only in different groups, but also in different species o£ the 
same genus. Even the word " symbiont," itself, meaning literally 
'' the act of living tog.ether,'' 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 
arthtopod 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 sam·e table), particularly when the micro-organisms in 
question are found in the alimentary tract and the element of advan-

' tage to oneor both of them is greater. When there is injury, orthe 
sljghtest harmful influence is exerted upon either the micro­
o;t·ganisrn.s or their hosts, the condition verges on parasitism; but the 
li:n.e of division is not easily established. Moreover, the ArtlP,opo:da 
_qo-mprise so many :forms in such diverse habitats that the problem 

· .becom-es 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 bact.eroids 

. of the B lattidae, and many questionable forms, and confining our­
_selyesto the "symbionts" of the Pediculidae and of the tsetse fli-es, 
which, . latter, were first repnrted 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 l'eactions of the symbionts. Perhaps the branching in the 
case of the micro-organism. in Boophilus decoloratus is significant, but 
these micro-organisms do not form definite structures annexed to the 
alimentary tract at all comparable to. the so-called "mycetomes '' of 
'the insecta. Another point of distinction from synibionts, as usually 
described; is the restriction of the micro-organisms in ticks to the 
~1a'lpighian 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 unass,ociated with 
disease, are of common occurrence in the Argasidae and the Ixodidae. 
If it is found that the "symbionts" mentioned in mites by Reichenow 
(16) belong in the same category, then we must also include the 
fan;tily Thrombidiid(})e. . 

Ectoparasites belonging to these three families, that is to say, to 
the order Acarina, play an important role in the transmission of 

, disease to man. It · will suffice to mention Rocky Mountain spotted 
fe:ver, Tsutsugamuchi disease, relapsing fever, and perhaps pseudo 
typhus fever (17). They are, moreo;yer, most harmful to domestic 
animals, and constitute the vectors of Theileriosis. In consequence 
o:f their great pleomorphism there is a chance that some of the forms 
w:b,ioh th~y assume may be mistaken for micro-organisms which are 

-J>·athogeilic> Attention has already been called to their similarity to 
R:ic_kettsia and to cei'tain phases of the intracellular life-cycle of spito­
chaetes. The latter is noteworthy in the case of the micro-organisms 
found in adult spec-imens of Rhipicephalus si'll~us, which ·are often of 

·~omewh&t spiTal 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 djsease, but it may supply a useful hack­
ground in the study of disease~ the sources of which are well=known 1 

but ·of which the nature is do~btful, and of other· diseases which it is i9• .;, . ' 



po,sslble that futu~·e investigation will show to be associated with 
ectoparasites of tlns general type:- . . . 

_ And, furthermore, if Roubaud (15) is justified, as he appears t·o 
be, in claimi:Q.g that the. symbio:Qts 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 £actor in the normal physiology of the Acarina. 

Evidently recognition of this infestation, if we may logically use 
this term, ·with bacterium-like 1nicro-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 blood, 
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 o£ 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 o:f the, demand for information regarding- micro-organisms, 
both pathogenic and benign, which 1night 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 jnterest. 

However this In:;ty be, detailed studies of the various gToups 
of insects and aTachnids, particularly those which are blood-feeding·, 
or insectivorous, like the spiders (18), may be expecte<l 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 1nicro-organisms occurring in the 
arthropods may be based, including even those the nature of which 
remains at present very obscure. 

RESULTS. 

1. l?leomorphic, bacterium-like, G1·am-negative, intraeellulnr 
wicro-organisms, which stained much less intensely with ordinary 
dyes than 1nost bacteria, 1vere found in fifteen ticks comprising· 
examples of both the Ar-gasidae and the Leodidae and belonging to 
the following species: -Amblyomma amerZ:cana, Argas persimts, 
Boophilus decolo1'atus, Dei'rmacentor rvar-iaAlr£lis, Dermacentor VC1WUstus, 
II ae-mophysal,is leach1:, H yalo,nvrna aegyptin1n, M a1'garopus annulatus, 
Jll a?'garorpus annulat·us all.tSh'ahs, Ornithodo1·us ·megnini, 01"nft1wdo,ru.s 
turicata, Rhipicephalus append:iculatus, Rhipicephalus ev·ertsi, 
Rhipiceph(l)l1ts sang1tin.eus, and Rhipicephalus si?nus. 

2; No lUOl'!Jhologica] or tiHctoria1 evidenee could be adduced of 
injury to the· tissues of thei1· :tTachnid hosts other than physical dis­
tensiou o£ the cells to aCCOUllllOdate them in large numbers. Since 
microscopic examination o:E £av9u1·able preparations of the species 
which contained them revealed au incidence, o:f 100 per cent. n~~~ only 
in ticks collected in South Africa, but also in 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 
h<)$ts. 

3 .. In . consideration of the detection of the micro-or~anisms 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 mic1~o-organisms in several respects l'esembled Rickettsia, 
but differed from them in being of larger size. Tl1ey 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 :Nialpighian 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 I. 
Photomicrographs, maue with apochromatic objective 3 mm., 1.40 aperture, 

aud compensating ocular 8, giving a magnification of 1,400 diameters, of air­
dried smeaJ·s of unfed larva, .fixed m absolute r.lcohol and coloured by 
Giemsa's stain. 

Fig. 1.-Am.bl;yornrrna heln·aeu1n. 
ll,ig. 2.-Boophitus decoloratns. 
Fig. 3.-Haemophysalis leachi. 
Fig. 4.-Rhipicephalus appendicnla.tus. 
Fig. 5.-Rhipicephal'IMi evertsi. 
E'ig. 6.-.Rhipicephalus simus. 
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PLATE II. 
Drawings of selectBd . micro-organisms from smears of ·unfed larvaf ticks 

to show .extent of pleomorphism. All the drawings were made from air-dried 
smears, fixed in alcohol, and coloured by Griemsa's stain, with apochromatic 
objective 1.5 mm., compensating ,ocular 8, and camera lucicla. 

Fig. 7.-Amblyomma hebraeum. 
Fig. 8.-Boophilus decoloratus. 
Fig. 9.-Ilaemophysalis leachi . 

. · Fig. 10.-:-Rhipicephalus appendiculat1ts. 
Fig. 11.-Rhipicephalus everts·i. 
Fig. 12.-Rhipicephalus simus. 

PLATE III. 
All the figures are drawings of portio,ns o.f the Malpighian tubules of unfed 

larval ticks, made with apochromatic objective 1.5 mm.~ compE~nsating ocular 8, 
ahd ca111era lumda. 

Fig. 13.~Boophilns decoloTat·ns. 
Fig. 14 . .:..:_Rhipicephalus appendiculatus . 
Fig. 15.:-L-Amblyomrria hebraeum. 
Fig. 16.-Rhipicephalus evertsi . 
Fig. 17 . ..::.__Rhipicephalus · simu.~. 
Fig. 18;-Haemophysalis leachi ; 
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Plate III. 
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