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l. 

INTRODUOTION 

The disoovecy of the riekettsiae by ~1cketts and 

Wilder in 1910 revealed.· the presence ot microorgan1s1ns whose 

DlOX'phology was similar to~that observed tor bacteria., , Unlike 

tlle·.bacteria., however,,,.the r1ck.ettsiae couldnot be(,{ 

cultivated. in any of the known media acceptable for, .the 

pl"opagat1on ot ba.cte~la. 
The investigations ot the ·rickettsiae trom·}il910_: to 

,-·, 

19)8, Wh1le varied 1n nature, illustrated the diftiau.lties.; 

which were encountered. in the cultiva.tlon ot these mi.Oro-<: 

organisms. The use ot the developing yolk sac of thf chick 

embryo tor the cultivation ot the rickettsiae, wh1.on:xwas 

reported by Oox 1n 19.38. solved the troublesome pror>l,mor 
rioket.tsial propagation. This method was not:' only cJnvenient. 
but resulted in predictable yields of. large numbers ··or 
rickettsi e.e. 

The large scale cultivation. of the riekettiiae 

made possible many scientific advances in the fieldo,f 

tropical medicine which contttibuted greatly to the sticoesstul 

war efforts ot the United States in World War II. ~e large 

scale. pJX> duct ion of an improved. vaccine tor· the protJction 

ot kne_rlcan troops against the louse-borne and murine: tor.ms 

of.typhus f'eve:r resulted in e. remarkable record of r~}ative 

freedom from this disease. The development of impx-oyed 

laboratory methods for the diagnosis of the rickettsi'al 



diseases ensured the rapid :r-ecognition ot these diseases 

when they occurred. 

The studies which a.re dedicated to th.a. improve.U1ant 

ot·e.xistfng methods and teohnios continu& to occupy the 

attention of many biologists engaged in.:riekettsial resea:t'ch. 
,· ·- ..... ,·, 

,-·;-• '· or· 1ncx-easing- interest and signii'icanae,. however,. is.0:the -· 

appe.ar$.nce of studies that do not seelt an 1mm,d1ate \Et-ppl:tcation 

of practical .. value, but .instead are ool?-cerned with tl{e blblogy 

oftherickettsiae. 
. . . . ' ' ... •.' 

gat1ons by Paterson and Fox on the mode of _act1on.i ol';!/toluidin 
. . 

bl.ue and the th1on1n.dyes !n experimental. typhtts·inf~etions 
, · _· . :·;"-/• 

otmic'l;.the use ot enzyme ·1nhibitors and.aotivators:;).n 

expe:riments.l infections of mice and the chick embr,o:{by 

Pinkerton, Greiff and Mox-agues; and the 1nvestigat161~.of 
,·;,; • 

r1ckettsia.1 metabolism by Bovarnick, Snyder· and JU.l.~~xa. The 

study o:t' the physi01ogica1 aspects o:t' the cuit:l.vat1.Jf; o:t' the 
·,•.·, 

:r1okettsiae by Zinsser in 1936 antedated the above.iJ~µdies 
.,·: 

and. represented the first s,erious endeavor in the 1nv,est1-

gat1ons concerned with the microbiology of the ricke~tsie.e. 

'!'he studies which form the basis fo:t' the research 
Which is presented in this report were suggested bf _.~be early 

work ot Zinsser on .the physiology of :the rickettsiae{ The 

present studies seek to extend the lmowl~dge of the \), 

physiology or· the rickettsiae, and to relate their b:t.ochemioal 
'' 

activities to the pathogenesis of experimental infeotions 

1nduoed in an appropriate animal host. 



J. 

LITERATURE. 

Typhus fever is a disease which has been 
--

recogn.1zed -by · the -medioal profession since the eight~enth/ 

centupt. The pages of hi.story are: replete with aceounts :- Ot 
' . 

. ' .:,-

ravaging epidemics.--whiob. , decimated human populations jdu.ring 

th.e middle ages. ..There seems to be little doubt th~i~; many 
of th_ese te·r:rible ":epidemics .· we:re· actually _tt:phtts te~~r• -

G-erhard in Ul37 . w.as credited ·with the acientitio de~<(ription 

of tbe'elinical. fl.Speots or' typhus fever' which_· made pd~Sible 

the separation _ ot typhus fever patients from those s~f.fe:ring_ 

w~th typhoid fever. Although the disease watr.wall character-
·-:?. 

1·_zed oli~ically after 1837 • the etiological agent WE!i not-~--

<Usolosed until the year 1910·• when Ricketts and Wilti.er, 

working in Mexico, obser,ved short bacillus-like fol'm~,- in the 
--,: 

b;_~od .ot typhus fever patients (1). These forms e·xh~_bited 

polar staining . and. appeared a.s small bacilli. jt_ 
'',,·.:,., 

In 1910, von Prowazek, working in Se:rbia.J _~escribed 

many small rod shaped bodies within leukocytes in thi blol)d 

o.t typhus fever patients. · Sergent, _ Foley and Vial~t~e in '. 
.... . . .. 

N .. orth Africa reported similar . bodies ~n lice removed /front 

typhus ini'ected persons in 1914 (2). These workers infected 
:·>'· 

t.hree =:P,uman volunteers with typhus, one by louse teel lngi / 
- ·· .. . . 

one by subcutaneous tnjection or louse emulsion, end~)one by 

scarltication w'ith crushed. eggs of infected lice. It re-

mained fott da Rocha-Lima, an associate ot von Prowaz:ek, to 
. ;.',t 

.:-•;,, 



swrunarize the previous findings and 1n·1916 to give_ the name 

Rickettsia;p:rows.sek1 to the etiological agent of typhUs 

rever CH. 
The European oXt louse-bqrne typhus was tlie>pnly:< 

type of typhus which was recognized until 1917. The< 

existence or another form of typhuswbieh could b& differ~ 

e1'tiated from the louse-borne type in male · guinea pit{s we.~ 

indicated by Neil, who reported. the development ot ·s~rotaJ. 
. . ,-.::._\j ' ' 

swelling in male guinea pig.a injected lntraparitonea+lY' with 

blood trom typhus patients in T8X@S (4). In well deleloped 

male guinea pigs injected intra.peritoneally with.Mexican 

typhus, the temperature of the animal rose trom !j.o.{ :i~o !µ0 

centigrade nine to titteen days after injection, and/--:~ 

definite scrotal swelling was observed. Hemorrhages /_were 
-:--:: 

found .in the oremasteric fascia, just external to th~! parietal 
::-)..:: " 

laminae of the tunica vaginalis, and immediately beri~ath th& 

viscex-a.l laminae of the tunloa va.ginalis. The ~crotal 
. . 

- · .. · .. :•· ·· . 

swelling subsided after the temperature returned to rio:mual 
' . . . i ·- . . , _);';,?}/< 

and the lesions cleared up rapidly. _ The findings _of.] Ne_il/ 

were not, fully appreela.ted until Mooser in 1928 .sho."f th8.t 
\ . · # ,· . ' • ' ,· ' .• • :_)·/ ::::· 

over 90 -p~r cent ·of the male guinea.pigs injeeted wl~h 
Mexican typhus presente4 more or less pronounced swet;t1ng ,: 
and reddening of the scrotum whidb was due to e.xtens~,ve ,. 

specii'io lesions 1n the tunica crema.sterica, tunica 't~g-inalis 

and testicles($). In addition .Moo8ardemonstr$tad ·aminute .. •' ... \ 



'.· ., , , ··;_.l 

. . . . . 

ln.trac~lluia~ di;plob~.cllltuf in the sections· and. . smea•;s . <,f./ 
,. .:; ; : . ·'._' ' ;' ~' ,; s '! ; " • : ; '. \ ...... : ' :,_' ' :.-,. , ' . :. _'. ' ' '' ' : ' . .', i i • . . . . , 

i,•.: .·, 

·._ ... t" . . _: _ . : . ' ·, . · : · •• , : .. ·.· . . · -:-: ... ·· .• 

prolitera~ed. tuniea· .ve.glna1is •. . The ·.small organisms · ~Cduld ·J 
; . . ·,, .. · • . ' . ..•. ' .• · .. ' ' ... ·;,· ·; ,' .. · ·•· ; 

:nbt : b&Jcultured: ot( baete:riologi~a.l media~ wer• alway$, p±-e;ent 

~hen J~ttjlogicia{ ~i~d~llg;~ ~ha;a~t:#stf o · oi'' ~~;iQ~;,\,~Js ·. 
.. · .. : . . ··: - ._ , _. . -. ~. . . : : . . . . ' . ·, ' .-. : . . . ' :. . . . . . . . ', .- ' . ' ' : . '; .. · ..... ;, :- _· . - ., 

vi~l'Q d~~on.13ti-at~d~ .· an,f stAtned'. poo~i;r with all b~'I; .. ,3&), 
:.:-_:n_·G_Im. :., an.···: .•. ·-•._:'o_\ .w.'_s __ -_•·_~_•-rd_-; i --__ _ ;_ t _:~ ---·~/-: ,_-_ ~_·_ ~~i_n_.• .• •· ,··· . . ·• .. .. . ,· · ·:;c 

. . . : . -~J ' tJ 1.-i . . -~ ·•1":-,:· </(/'.\ 

... ,• c r:;. ~ ,i~:e~tig:tion, of' JariUs disease bt<litaxCl 1n .ihe 
. . ',r· : • . - . . ; ' . . , • . . ' , • . . - • : ' ·. . . .: . : , :· :· . : : . ! -, . : . - : t . : . . ·.~ : ' ', "';'-,, .-- ;· . . ; . i 

·siktf i;iem' Un1t&d ' Shtes resulted in tfodiiigS whjj ~· •· ·. ·•· y 
· stibst;~tat~a··.the stu~es· .·o:r ··~e1;·• and ·,()~B~i,( 9, . 7, i> ...•. Brilla 
'./'· ' --• • ;·, :i . •, -_ ' :': . :- · - . ' .• .• ; ... •.·• - ·_ -_-__ · __ -•• _ . '·. -·: . . ··. :\>' . 
di sea? was i-epox-t,d .~ . · i,i.. l{athan . Ji:• · Ji-111 . ot liew X6l'k, aB 

·.tYPn~s•u1te ·cli_s~ase ' QQCUl'r!ng endem!callJ in t~t·. c1l:f, (9}. . 
: ' :, ; : "/ : . . . _.-- ·. -~ : .. : : . :i. \. • ! : - - · : ;' ' _·, ·. • ••• '. : '-' ,: ? _: ' _, .. -, : .. · ! . _· . ; ·; ': _.- ,, _ ; __ _r • ___ ._· . • · ·:,-.-·-:):~/·._.,\·;:·t '. ' ' ' _ . .-i_.· __ , 1,~ 1aent1tt ot Brilla cilsease .with· typhus . teve?> wa~:§}fhow' 
· b,. ,' And8rso~ . iand·. Gol~Pei-gel' ·· f9,+,lowirig 1 so lat !op of t~i!- et19--

1 · ; :-;.-. __ :- · ·:-___· . · ·; __ :'.·:::'•< .. -' .. ·.: . .-. : :•. ·._ : .. :· ·,.· . ; · :: ~··· . ·1 .:; ·:: ::~.~-, ~·; r ,: ·:_>:, ·:..'. ; ;;< ·;_- ··'·· \·.:_.;··· .. ·, ~.:/t'.-<' 

:ib·gfcs.i ·agent ' in monkey~ . (10 ) •. ' MEtXot:t·e , 1nves~:1gat;J._t,:j :~. we~e 
, ._ •• : : . - -·; ., .. ' : , . . • ·, ·• ·: , • i,. • ' ~- ·, . . , ; ;. . :: , ' 1 -~ , .. , . • • ... , . . ; _.' ; '. , \ ' I . . '.. - . , . - .. , . . .. i ._,., :... ,' . ! . ' 

b .• . sed ... f n _ .. epidemiOJ.Ogieal •· condderat.io~s. •·•and ... ~Jnp}lbi.fEfci • · · . . · ·{, 
.• e;s;ent7a1·· .. difterances •..• ·betwe.~n .ol~ .w~·rfd.it;l)µu; .. ·•~n~:.·t~e .endemic 
•·typ~Us( .. epox-t,\d. ~t Bl'~{1: ' ;he. ~~~scinai -1~~,i~en~e, £off tnei 

' • , ; . • - ,: ·. •~-, . .: • •, I : ; . . :,_: \ .\ ' ; r 

erid~nii.i :form' :reached .'a maximum. -in. :the :summer and. rJl:i':'.;.moriths. 
' •• • . _-, ,_ . --. ·- ._ _. · _-. '. • • • ;- • _· ___ _ · ' •. ' · . • : . . • ·, • • .• .- ,· ' .. _· _ • • . • . . _· -: •• : •·• • > /{ _:'•.' . _:, 

·,oti.tbi-eeks in ' 'clties showed' l'.10 .s~arp fooa11zat1on • .; A{foce.l, 

cifnt?ri,or··.·.·the ··disease' fo •cities •. seem&d·· ·to .be ... in thtfoleartJof 
the buid.ne~s '~lst~iot , e.nd ,:p$~sons attacked :' were thO$@ '. ·engaged 

' ' ,' ·:.:.. ;- : . ' ' '·,· ' . ' .' ,:,•,·.· .. ·. ·. ,· · .. ,, -: ;· ··:·.'- ,. :::·,, 

in .~·r,a~e.1 especially those employecl, :in food depot2:1, :groae~ies, . . , . . . . . . . : 

feed stores and•_restau.rants·. ·· The disease ·was not a.s~bciated 
·'.:·•:-;/ < .•,, ·:.:'ti;- . 

with ious!n~ss · 'Maxcrr, . conc_luded that a _ rese?lvoir iotJ;:· 
inf'eotion existed apart rrom man, and that the reseJ oir was 

. . ,, ~·: ,; 
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1n rodents, p:eobably rats or mice, from whieb. the disease 

was· oceasione.11:,.transmltted to man. 

The concept that Brilla disease and the endemic<-

typhus reponed by-Maxcy we:re identical was · challenged by·. 

Zinsse:r (11). Following a study of !rills disease in New: 

York and.Boston, Zinsser.was_ forced to the conolusion_that 
. • . 

the disease was an imported form ot the classical Eufopean 
typhus-. teve:r. The cases obse:rved in New Yo:rk and Boston 
were said to represent recrudescences ot old 1n.feot1ohs 

,· ; . . . 

originally acquired in l.iu.ropean foci. Zinsser' s vievis have 

received wide attention. a:nd the acceptance .ot-_--many · 
. ._: _:·' . ', .-_:/; 

authoJtities on this subject. There are a teVil critics. -how-~·- . ' ' -; : . 
·< 

e.ver., who maintain that Brilla disease is mur1ne typhus. •: 
ln 1931 mur1n.e typhus rickettsiae were isolated. 

trom fleas taken from ,,ild. :rats in Baltimore (12), . In the 

same yee.x- murine t7phus :riokettsiae were isolated frc,m. 
wild ra.ts (13). _By the yee.:r 19.31 it was cleal' that two 

types. ot typhus fever existed, _the old woz-ld or lous•if•borne 

form and the .new world o~ murine form. 
'·.-: • 

',·,;,,,··:/• 

.-}) 

The use of experimental animals for typhu.EI}tevar 
' ' ... \\><-·.' . :·~ 

investigations was greatly stimulated by the f1nding~_ot.Deil, 

Moosel'-and others. While the use ot animals as an·afd in: 
.:..·' ,; .-::: 

detecting the type of typhus fe,ver was encourageda?»9u.nd 

1928, the application of animal inoculat1o·n to the 1~olat1on 

e.nd oultivati9n of typhus rickettsiae dates back to J909 when 



,· -. .:; 

Nicolle,- Comte · and Oonseil ._reported the infection of. monkeys 

W,itll blood ta.ken . from. a typhus .fever patient (14) • The 
· .. :.··· : ' ' : -:.:~: ·. ': .'. /. .' . ·,:·. ·,,:· 

tr,ansmis_~ion . of\ typhus to ;, guinea pigs was aocompli_sh.<:td in):. 

1911 , t'lSJ. , .. ~a~olle .and co--workers reported the use . '?t wh~te 

l!a,ts .in eX}?erimenhl · typhus !nt~etf orui ( 16, l 7 18) ft 
Although rats< ~*1b1ted no fever, .brat~ ·e111u.laions frqm . 

i _njected rats px,:>v.~d intecttve upon pass.age.· This led· to< 
,. : . . . · ... . , 

the ·termr · ''1ntec,t1on ._. 1napp~rente. n Moose:r bi 1929 ari.i/Max~y: 
.- . ' .. . • '. . ·_ . . '·' ... ,, ;, ,. i,• :· . ·: : --

' __ -.: ·:- . ·· ··'·· :· 

in .the .same~:rea:rreported. a. sharp r1se ,1ntba tempe~i ture :ot 
I ., .· , • '• , . • •, .' •. •/: )':,·:; , ' 

lnjaction o.r murine typhus riokettsiae .(19. 20). ·lio/:;.sc~otal 
. 

. swellings.·;w~re noted, even though tunic.a scrapings,, dijmon->. 
. . __ : . . . . . . <·,.·· 

· . . :); . 

~usoep'tible ,. hosts. The susoeptibil1ty ot' _rabbits, :~g ~te a 

;A~-~ -
mice and. gei-bils .. to lou.se--.borne . typhus VfS:s· .sho~ :,by .;~~c<>lle 

.. ' . ' ·_. . . ' . ,' ·, ' .... , ,, 

(21; · 22) •. In a. x-ecent report by Snyde~· and:.· co-wo~k~ifl : the 
' ..: ,' : . ' /·. • .. .. .:--·::-,· 

use ot: , two species . ot gerbils in experimental typhU:if{ · 
infections was .· studied (23). . The rodents ·suacumbed.,; :.io ; 

' -. :·_\\/ 

lai,ge ,doses ot eithe:r<murine or louse-bo:rne typhus r~ckettsie.e 
'· ., 

by the intranasal, intravenous or 1ntraper1toneal rc,~tes.- .. 
,·., .. ,, .. , 

White mice did not succumb to infection. Theix- 'resip,~:~se .·.to 
~, ·_. -\·/~;.·, 

which could not be transmitted serially in mice. S1~_1arlJ 
. .---,· ' 

when white .mice were infected w1thmurine strains, the 
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infection was or the ina.ppa.rent type, but oould be trans-: 

·mitted serially in mice (24., 2~, 26). Wohlrab .not only 

':confirmed the susceptibility ot white mice to murine typhus 

but was• able to produce ,.infections whioh terminated in the 

death ot the injected mice (27). Castaneda was able,to 

produce· a highly fatal pneumonit1s in white mi.oe fol]_owing 

the intra.nasal injection of murine typhus riokettsia,. {2cl) •. 
, . . ·. . ·. • . . ... :/ ' 

Lepine_ reported that.the Macedonian sperm.oph1le (Oitellus . 

oitellus) -was ·susceptible to louse-borne but.notmurine 

.typhus, while cats were shown to be susceptible to the murine 

strains (29, 30). Squirrels and dogs were successtu.l.ly 

infected with murine strains by .Blanc and Combieec.o {31, 32). 
Dyer found woodchucks, house mice, meadow mice and white 

footadmice susceptible to murine typhus (3.3). Of tliis 

group, only the meadow mice died, the deaths occux-ri.r+S on-

the fourth day after infection. In another study Br;gham 
.and IJy"er reported the :following animals susceptible to murine 

typhus: opossum (Didelphis vir-giniana}, fleld ~ouse·r(Perom'f'scus 

polionotus), cotton mouse (Perom:ysous · gossypinus got:l~;ip~nua), · 

golden mouse (Perom:yscus nuttalli aureolus) ,/,,wood ra.t , (Neotoma 
, . ,.· _,.:.·. ,· 

flo:r-idana _rubida) ,_ cotton rat (Sigmodon hlspidus. hispidus), 

rice rat (Ory:zomy:s palustris palustris), and the tly1ng 

squirrel (Gla.uco&s volans saturatus) (jq.). 

The eastern cotton rat was shown to be -as 
. . . ' 

susceptible to infeo-tion _with the murine strains as white 



9. ' 

mlee, .. and.more- suscept1bl~ to infection with the louse-borne 

stre.ine than white mioe (.3$l. By subinocule.t1on intcf the, 

yolk sa.ca or fertile -eggs, the x-ickettsiae were readily 

it4olated i'rom 1i var, brain,; perieardial . and perltonea,i 

sources. Five sti-ains representing both 'types of ty~hus 
,• ·:,'. 

· ·were establ:tshe-d 1n the cotton rats . -br serial passa.g~i,., and 

in • e1oh case resulted in the production ot it1tectie>~_i{ 
. . . . ' <·},:' , 

terminated by death • . - ·:/(\< 
; ' . ·.-,, 

, .-.:. 

. fox in 191+9. s~ar.ized the r _elative infe'Jt~l,,ility 

o.-f laboratory animals·· and chick embeyo.s with typhus ·i::: 

rickettsiae (36). The cotton re.t evinced maximum in.feet!• 
' . ' 

b1lity with niuli ne and louse-borne. strains. Swiss ~lbino , ;-:, 

mice were as 1nt_ect1ble with murine . strains, but x-eiit.1vely 

insusceptible to _ i.nfection with louse.borne strains . 0:-:.' The 

guinea pig was consistently less ' 1nfeat1ble than -the :{ cotton 

rat with either variety ot rickettsie.e., The 1nfect1"?1lity 

ot theohick embeyo was equal to that shown by the c~tton 
~s.t toJ.- recently 1solatedmur1ne strains. Inteotibi:;ity 

·, .·.,, 

with recently ' isolated louse-bo:rne strains was .usually lower. 
:., ,7- ,, 

In contrast, · louse-borne stx-ains long passaged in ·egg's were 

equally infectious for b~th-cotton rats and e~bryos.:)i 

The relative degree of susceptibility whicri an 
'.'· ) -

-experimental _host displays to _typhus r1cketts1ae may( be 
·,':.'/)·: . 
•,, ,- :::.-· 

altered significantly by varying the tx-eatment · whieh::J;he host 

receives et the.r before or ·- during infection. Zinsser.-\and 
., 

. ·, ·. ' 

·:;, .. 
. :.;•::. 

;_•.r · . 



Oast1.u1eda , SUCOe;h1ded in producing mas••1ve invas1oil ot iwhite 

»a:~s -tJ1 mu,.-.1ne 8tJta1ns wh$n the rats were treated wi ~b a 

mp;tui,e . ot beneol -and olive 'oil px-1'011 .to 1nject~on ()7). 
' ' . 

' ' . 

;Rats ccu.ld also·, 'be t'en.dered more suaeep ti ble bf , J?oet1~gen 

1R&41ati0n (38). •·Rieb mU1Ptln$10ns of ·ll!.l11"J.lle l'tC:ket't.i,u~ :. · 

;'liGN· obtained bl"· i-ep1ate41,ijeetions ot large doses; (it ·_gutnea 
ptg- blood into the per1t~~e-al · cavity of t;phu.s , inteo~.:ed ra_ta 
· (_39).· A gene~alited. pe11ttonea1. infection with. . murlit~:_,: 

. - . -~---· 

strains ·was · obtained tn gulruut ptga submitted· to a~ -~it1ol_~nc1 

diet (~O) • .,the l'es11tanct ot rats to mt1i-b1e sti-alJ1/}~as 
shown to be . lower,eu by a i-1botle:v1n de't1o1ency (q.l) .\i 1'oP1)1ng 

,"/ •' 

showed: that guinea plga treated,-wlth sulta dt'iugs exi~¥:_b1tec1 a 

'lowereclreslstance to murinf:J typhus (42) •. - Th•··produ9-tioQ:ot 
···· . . , ,. , 

\ 1' 

. ' ' .. 

guinea<p.1gs. l'abbits, and sheep .followed 'the loWel'itig of 
. ' . . ,- :. ·' . . .. \ _<. ·_. 

body temperature (4l). "Pinkerton -eompax-ed tour·i ati,a~ns; ot 
' . 

mice ·· tor -su,sceptlbil1ty·-· to· -mu~1ne ty;~hu.ef: • d.ba., .A•al:~1no, 

-b~own a1outi. and swt.sa .albino: (1,r.qJ~ He · fc,und .the dbEt strain 

to be tbe most susceptible and :' demo~a~rated a 'var1at:1on in 
the lllO~id1t:, and moittauti Of' W'ect1ons with oh~~a ill the 

. . '._···f: 

·:._::, 
-;_.· ';.,'.,} :: 

the use ot -anima.11 aa the sol.e meu1na . ot 0J:£:t1va:Jing 
tt.1Cketts1ae ' and maintaining stock cultuttes was base4fupon.:. 

·i ·\ f) 

the absolute necessity ot l.1 v1ng tissues to support.f '.:Jne 
_:• ,·:--:,,\'\t· 



Schleslnget' Peported_the.use of tissue cultures for 

cultivating the louse--borne strains of riokettsiae U+6h 
' . .· , ··,. :-·,. 

These>cultu.res retained thei:r virulence tor gu.inea Piss tor 
~- . 

twenty. days but could not be transte:rred serially in•.:_tisS\l.e· 
cultu.tte. The murinetyphus nokettsiae were cultivated in 
a ti.ssue culture containing guinea pig tunica suspet1ded ui 

guinea. pig plasma (47). While g~ea.t numbers of x-iolt~ptsiae 
. ,\ .·; ,''.. . . ; ,/ ·,: :·' ' _- . . . .. ' .. ·. -_- ' : ' --_ ': ·-_ _- .. _- . . . . : . ~. . . . ·-. : _-- . ·: ... _</·} were found in the tun.ica tissues-, the cultures x-etaitied 

. . . . . ,.•.-,_; _• 

their virulence foi- guinea pigs for.- only ten days, a.~d. the 

i-ickettsiae could not be maintained _by_ serial pas sag~". 
. ' ' ' ' ' ., < · 

. { Nigg· and Land.steiner . were· able .to. me.intai:a{J,-nuriJ:l.e 
. ··;;;'., 

typhus\ r1cketts1ae in_ tissue cultures by using mince4igu1nea 

pig tunic a suspended in a seNm•tyrode medium · (q.8, \ 49) ~:-;_ 
' .. ';, .. __ .·-_."_, 

Pinkerton and Itass showed that the rioket-tsiae retairie.d 

their intra-oellu.lax- location in tissue culture and multi• 

plicationocourred exclusively in nonpl:iagocyt1c cells 
:~-· 

believed to be ot mesothelial ox-:lg:tn (.$0 ). In 1936 Jfigg 

report.ed .successful transfers or louse-borne ty-phus:_in 
._ •) I 

tissue -·cultures tor a period of one and one half yea.~s. 
' ... , 

Similarly a mul'ine strain was maintained fort tour ye~i-s 

with no apparent loss in pathogenicity ($1). The lotise-·, 
' . _; .}" 

b~rne ~train produced fever and less severe scrotal .'-;/ 

l'eacti.ons than the murine strain. '?he murine typhus:( 

rlckettsiae appeared to show a predilection for tunfga 
tissue.· These findings were confirmed_by' Bengtson (~2) and 

Plotz ($3). 
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As.a result of the·problems which were encountered 

in the preparation of tissue cultures, Zinssetl beoam~ 
I >.· • 

interested. in the physiological aspects o.r .the cultivation 

of r1ckettsiae ($4-, SS). He found th~t the oxygen oon-

sumption ot uninoculated tissue cultures reached. a ms.x1mwn 

value at tort,- to forty•Si.x hours. Tb.a _potential ofih~he ·> 

system rose, · reaching a. maximunt at forty hou:rs. The}pa ··.tell 

:Ci-om 7'.8 to 7.0 .at the ·end, ot;·slJ,t, or seven days. Thi moat 

active gr-owtb. ot riokettsiae did not seem to . take P.l~ce ~nt1l 

the sUtth or seventh day when tissut viabili.ty- and irruitabolism 

came to a standstill. 

The 1ntroduot1on of the use ot embryona.tedt;hens. 

eggs by Goodpastui-e and \Vood:ttt1t:f 1n 1931 to'!! the cultivation 

or ultramicroscopia forms, represented an 1:mpox-tant etdvance 

ln viru.s·research. Using the chorio•allantoio membrane 
•.:,-_:; 

technic ot Goodpasture, Zia attempted. the cultivati.on. ot 
'; •<:, 

louse-borne and mu.rine strains in fertile eggs (.$6) .,rf Both 
·.·:tY:: 

strains could be cultivated • . but large numbers ot :ttl~kettsiae 
" ,,\ :', 

were not found. It remained for Oox to· demonstrate the 
;,::,;• 

effectiveness of the chick embeyo fo:r the propaga.tt<,.~> -of the 

riokettsiae {57). Inoculation ot the yolk sac rathef than 
·'. ·, . . ·;,-~ 

the ehorio-e.llantoio membt'ane ~esu1ted in abundant .Jteldtt 

ot r1ekettsiae. 

The advance in methods ot cultivatio.n made:i"it 

possible to study- the action ot ant1biot1os and cb.emd--
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therapeutic agents upon the riokettsie.e. S~der and co""' 

worke?-s observed a riokettsiostatic effect of p-amin.obenzoic 

a<>id 1ri.. animals.· .(.$8) • The same finding was J?aported follow .... 

ing the. use or p-aminobenzoic. acid in ... eXperimental 
1ntect1ons ot the chick embeyo ($9). Fitzpatrick tfl'LlJld an 

analogue ot .nDT th.at resulted 1n a degree of surviva.;. tori 
. .. _. ...... , 

murine: lnteoted mice equal to that obtained. when · tour times 
'· ,, ·:· .. ·.-·.···., ... ·• 

the amount• of p-aminobenzoie acid. was administered (~O}. 

Cbloro:m.ycetin, a.n antibiotic . obtained trom/:,J: 
~tx-eptomzces venezu.elae., has been shown to exert a 
ri.ckettsiostatio acti.on against louse-borne and murin'.e 

- , _::-,: 

typhus .(61). AuJ;teomyoin, an antibiotic obtained froir.t' 
;• 

:,·.-/:\/:• 

Sttteptom,:ces aureotaeientt Duggat-, was shown to be et.tective 
in the/treatment of typhus tevex- (62, 6.3).-

The :ricketts1ostat1c ettect of toluidine blue in 

t1phus•infeeted mioe was demonstrated by Peterson (6~). 
:-··1f 

Andrewes, King end Walker showed that ohemoth.erapeut.i_c . ' 

agents; a_ctive against typhus infection in mice did not give 

evidence of activity against the same riokettsiae in/vitro -•-
(6$). Penicillin was found to be riokettsiostat1c when '.used 

in e~perimental infections of the chick embeyo and 

animals (66). 

W'ith-the successtu.l'use of various antibiotic or 

che:rnotherapeut1c agents, investigations were directed,. towards 

the mode ot action. Pox and Peterson suggestedthat:ithionin 



dyes exhibited a. rickettsios.tat1c .. action· by providing an 

alternate mechanism for intracellular respiration.,· -thus 

sparing,. the host cells from the usual harmful effects 

p:,od.uced by the r1cketts1ae (67}. Greitt e.nd .Pinlterton 
: ., ... • ·, 

investigated the rnetabolic 1nterrelationsh:1p·of the :r1cketts1ae 
and their host cellar th.rough the action ot eneyme 1nli.ib1t<:>rs 

and activators (68, 69, 70). · They found that a tamp~r:ature 

ot 40°.-. centigrade suppres.sed ~1okettsial growth. The'. 

suppression which resulted from the temperature .ot' 4.<i0 ,centi• 

grade .could be reversed by- -the addition of potassiun(}cyanide. 
' :·•.;i.::; 

':the reversal was 1ntex-p~eted to result fPOm. a depre~_~ion ot 
the .high rate of metabolism observed a.t 4,o0 oent1gra4~. In 

general the ricltettsial. grow was inversely proportidn.~l to 
,.•,•• 

the ··respiratory rate of. the host cells, regardless' o.t\the_: 
1 

raetors.whlch determined that rate. The assumption.~as made 

thatp•aminobenzoic acid owes its riokettslostatic action to 

:I.ts ability to incre':lse cellular respiration. 

Bova.rn:tck ttnd SnJ"der studied the respirati#n or: 
·-

R-. 12:rowazeki and !!.:..- t,:phi in the conventional WarbUX-$, 

apparatus (71). Usi.n.g casein hydrolysatee.nd glutQnl~te as 
.:-- ., .. ,; 

the substrates, they were able to demonstrate an upt~ke of 

oxygen in the presence or viable r1oketts1ae. The 
' . ·.·. -.. i"· ._, 

respiratory activity was propo:rtional to the oonoentration 

ot the riokettsiae, as determined by the biologic ac(Lvity 

of the rickettsial suspensions. ·1n a recent report Bovarnick 



and Miller extended the initial obs,rvations to a study 
ot-th&>oxidation and transamin$~ion of glu.~e.mate by_ . 

x-iokett;siae (: 72). They showed ,the tormatior,. ot aspa~tatei; 

tUld. attm1onia do.ring the o~idat·ion· ot· glut_amate. 
,. ; ·'. _,., . ___ , . . 

\-; :·,i': 
. .·_·: ,·-., )-;., 

oxidative.enzymes and viability. The authors have inter-\ 
' . · .. ' 

prated their results as. suggestive ot oxidation oti :·:) 
glu:bamate .. b7·. rickettsfae, procee~ing through. the. citjfie 

1 , ' . 

acid cycle., with torme.tion ot e.spal'tate s.s a by•pl'OtiJ,ot· due 

to 'the. presence ot t:r-ansam.1na'se. , .. 

Additional information on tbe'poseible rpl~\of.the 
f:<\ 

ricketitsi.ae in the pathogenesis of .tfphua tever wa,f ~eported 

v,ithmurint 0~ louse-born• typhus we~e,shown to p0,$S~~s the 

capacity .to ~emol:yze ~he· red oells of the. 1-'&bbi t · o:r -~~eep 

fi••vitro. Under the same conditions such mate:r1al·d~d not 

cause the .-hemol7sis ot the cells from mic~, co:tton rits or 

guinea: pigs. The tox1e1tf of heavily inteo~-~d .yolk:_~aos 
'//; ~-' ':- ',_' t:~ 

tor.tnt:re.venously 1noculatedmioe seemed to berelatidto.a 
~t,r1ous altettation in vascular permeability which cattiied'a 

marked tteduction in the blood volume. This :Was· ehom-i'- by an 

increased concentlfat1on ot the red cell·s but not o.f);~he · 
plasma.proteins. ' (c 

The toX:ioity ot 1nfec,t1ve-yolk sao suspenst;ons for! , 

albino mice fol~owing 1nti-avenous o:r ·1ntrape:ri,toneal.>,f1njection 



was reportedby'·Gildemeistei-·an.d Ha.a.gen inl9IfO (7q.lt 
symptoms. in the -in.jeoted mioe--pl"ostration, convulsive 

16. 

The 

1110-vements, and labored respittation~-occux- promptly. :;:,i:Wbe. 

?,toxi"c substance"·· seemed to be -associated w.ith' the 1,;ttaot, 
living,: ricketts.iae and could not be. saps.rated· ,t.rom the cells,. 

The di,rect relation. ot. toxicity to the cfoneen.tration ,_ot·· 
viable rickettsiae has resulted · 1n · the application- ot 
toxic.tty t1trat1ons to -the· ~etennination of then.umb~r of, 

-vi.able: rickettsiae 1n. r1cketts1al suspension.a (7.Sh '/;\ · 
:.The demonstttation of a toxic e.ftect . in mice after 

the intravenous :l.njeOtion orsuspensiori.a of vial.>le.;~ekettl:!:l.ae 
was .followed.by the tinding·that the toxic action colild 
-neutralized by' imtnune seittim ( 75). 

' ' ··<-:}··/t::_-· 

experi1t1ental hosts to toxic death wa·s grea.tlt 1.nore~~ad-' 
fi">llovlng tntaotion· or vaecination~• · These · findings·: Jttave 

~:·. :· ' ' ' ' . ' ' .. ' . : .. ;.'~! 

·• ·.· .· . . . . .. ·· . · .... •.·. . .{; been used in pathogenesis· s.tud.ie.s<to···measure.the··. co,n~en~ 
'. ~' ;_ 

tratio_n: ot ant~bodies, the relative. c:res1stanoe ot · ar.r}~xpei-i-

mental host,. or the presence of an immunizing intectlpn. 
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OBJECTIVES 

The · pur_pose of the. studies which are pr~setited 

here was to investigate the biochemical .activities of the.• 
'r. . . . .. ·. . . . . '. . . . . . ··• .rickettsial cell an~ theii- :relation.ship to the pathogenesis 

of .·riokettsial infections. 'l'he speci.fio objectives were 

as follows: 
l. Ii.. study or the respiratory activit7 

eXh1bited by Rickettsia :erowazek1. 

2. A study ot the conditi•ons con.t;ributing 1to 

the respirator,-.activity of rickettsiae. 

). The evaluation of substrates used in 

respiratory studies by paper chroma-
tography. · 

4. The pathogenesis of tJphus tevex- in 

experimental hosts. 

5. The comparative susceptibility of various 
experimental hosts for typbus fever 

rickettsiae .. 
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MAT.ERIALS. AND METHODS 

The 0U:l.t1 va.tion 2r. Riokettsiae 

Stock strains of typhus fever rickettsiae ware 

obtained from the National Institutes of Health and the 

Microbiological Institute, Rocky Mountain Laborato:ry, 

Hamilton, Montana.l The strains received included the 

Wilmington and Balboa Park of mut-ine typhus; the Breinl and 

Madrid of louse-borne typhus. 

The rickettsia.e were cultivated in the deveflo:ping 

yolk sac of embryonated hens eggs.2 The eggs_ ware. _:1.6.ooulated 
when six days old w~th 0.5 ml ot an infective yolk sao 

suspension. The yolk sao dilution was based upon th~oon-

oentx-ation of riokettsiae required to·cause the deatliof .the 
\';•; 

embryo on the sixth Ol' seventh day following. inooula_tion. 

The dilution factor was_ ascertained by titration of infective 

yolk sac stocks in eggs. 

Infective yolk sacs Vlere ·ground in tubes which 

consisted of .$0 ml py:rex centrifuge tubes containing.ground 

glass or alundu.rn,3 and fitt·ed with a glass -rod whicb::{was held 

se·curely in the centrifuge tube by a cotton plug. -After the 

l Obtained through the courtesy of Dr. David Laokmarf and 
Dr. Karl Gerloff. 

2 White leghorns, English strain. 

3 O:cystal11ne alumina, $00 B. Norton Oo. , ·wore ester, Mass. 



yolk sao was ground,- a diluting fluidl was added to give the 

desiPedsuspension. 
The preparation of. tbe ohick embryo .tor inoc.ulation 

began -wi tl:J. the disinfection of the egg shell surface .tU..~e~tly 
\ 

over tb.e air sac with 7 per .cent tincture. of iodine:. • After 

an:interval of ·a few minutes~. a small opening was macie through. 

the egg shell wi.th · a dental .. drill. '!'he opening rece.i,.ved- a 

second.·s.pplication ·ot·1odine and· was .then ·ready tor /: 

inoculation. The injections were made with a 22 gauge, 2:iinoh 

needle· dit'ectly into the yolk sac. The o_pening was . .'~~a.led 

w.ith .f.'l;~ible·collodion-and the eggs tvel:'einoubate<i -a.t ).$ ·to 

36° centigrade. At the end of three·days the eggs w~re 

candled for evidence of traumatic deaths. All of. the dead 

embryos ··were 'discarded. 'l.'he candling thereafter wB.t1)_done 

three times daily until the. embryos were mo:ribund .,or-\_4ead. 
$'he: eggs \ilere harvested, the· yolk sac removed, plaoe4 in a. 

sterile·· container and iwnediatel.y frozeq_ in a dry • io~ ... alcohol 

mixture+ Es.ch yolk sac was 'examined for bacterial ... •.·• <fon- .,:. 

taminat_ior:( ~nd 11ickett.silll content. The sterility. test .was 

· made ·by.·· dropping a· small portion of the yolk sac 1nt.o•· 

Brewer•.s thioglyoollate broth. A yolk sac smear was\prepared 

l Dextrose o • .$ percent 
NaCl . . . . .. o.5 per cent 
Phosphate Buffer (pH. 7 .4) · 

. ::~:::t~\!i'-== ii::::: 
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tor· ove'rnight staining 1n Giemsa.. The solution vtas prepared 

trora a stock solution which had been standardized against/ 

normal blood .films and the dilution factor determined. 

An ax-bitrary. method of estimating the . rio,l,cetts1al. 
.. 

conoentratio~ wa$ adopted. If numerous rlekettsiae could .. be 

demonstrated in every microscopic field examined, a q.,' 
ra~ mg: was assigned.. In a similar way, less numerOU,tl 

~icket.tsiae per field were desigm:lted as eithe:r J J qr 2 l,. 
If one to three rioketsiae were found in ea.oh field examined, 

or if they v.ere 1rr-egular in ooeurrEmoe, a l f value·was 

assigned. 

Pre;earat,ion ·,2!.R!ekettslal Suspensions 

When yolk saos were sho,m to be free from bacterial 
'· contaminants and heavily laden with riekettsiae, theJ were 

thawed:, pooled, and a 20 ·per cent suspension was pr~#ared. 
The diluent used was Krebs•Ringer phosphate bufter1 .adjusted 

to a final pH of 7-4• The suspension was homog~nized in .a 

Waring blendor and transferred to centrifuge· tubes •. ·All 

centrifuging was carried out in a refrigerated centrifuge 
set at .o0 cent1gttade. The diluent, glassware, and blendor 

bowl were chilled to ice box ·temperature prior to use. 

l 0.90 % Ne.01 
1.1$ %·Kol 
1.22 % Oa012 . 
2 •. 11 . % KH2Po4-
J. 82 % MgS04•7H20 
0.1 M phosphate butrex-, pH 7.4 



Differential •centrifugation was used. to separate the 

:r-1ckettsiae · from the yolk sac ti.ssue. 

21. 

The principle of differential centritugatiqn.was. 

, to centrifuge the yolk sac suspen.sions at high .. speed it to 

sediment the ttickettsiae, thus permitting a separation :ft:>om 

the yol_k .and other soluble eomp9nents, .followed .by lQw speed 

centr:L.tugat:ton. to throw down the yolk sac tis~ues an~;lea,re 
,": \>: _·. 

tbe .r19kettsi~e .. suspenued -in the . superna.te. Va~ious. oent.x-1-
. . 

f'-lgal,spef}da were compared to:r:the1retfic1ency in s~pa~ating 
,,'. ;:-

t:p.e :rtokettsiae from the. yolk sac tissues.. ~n gener~l., 

e'8n.t1Jifuse. &p8&ds oi! q_ooo tO $000 RPM to:r. forty- mib,u~"$s 

sed.imented about 90 pe:r cent of· the ·riokettsiae .• - Fa*· the 

separat;1on of yolk sac ti.ssues, speeds in excess of l._000 ~PM 
i/f 

tor, twenty minutes or longe? resulted. ·in a. sedimenta~_;on ot 
the.i'10k$ttsiae as well as the yolk sac tissue. Oon~equently 
J.ow-,spe ed . centrifugation was never in excess ot .1000,;J'RP» for 

twenty to thirty minutes. The prooedut'e employed ,., .. ~; 
./' 

essentially the same as the differential centrifugatf~n-used 

1n<the ... preparat1on ot the Cox type ot typhus fever·vaccine. 

The same procedure was employed by Bovarniok· toi-_ the.',( 

preparation of r1ckettsis.l suspensions used in resp:l:r-ation 

stud:tes (71). 
Tti,e us.e of various ole.rifyJng 13.gents · was considered. 

Topping rep~x-ted·the· appl1oat.1ori or celite to facili~ate the 

separation of rickettsiae from yolk sac tissues (7.$)l The · 
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c·elite ·preps.ration was responsible· for a greate:r· removal 1ot 
· Yolk sac oonst1tuent·s, so that the final riokettsial. 

sus·pensfons were supel-ior in appearance and riclie~·ta:t.e.l 
c·oncentration to non-celite treated suspensions. -BaS'ed upon 

the theoretical considerations of pal'ticle· size ·and .,0:::: 

s.dsorj)tive · capacity, the tollow:tng substances were _.sE:lleoted 

f.Ol' -trial:· Oelite-analytical filt·e:r aid~ Oel1 te · .505t Filter--

Calf Hy-flo, light · magnesium: oxide,· kieselguhi-, ·•· ba.ri}ltn_ :sulfate• 
\ . ·_ .:, 

alundum,:· a.nd activated charcoal. All of the powders·t;wera•• · 

bidded. at the rate of l gram foz- ,each $ grams ot yolki?sao. 

The use ot the· agents for the separation· of! the 
;'.. 

rioketftaiae from the yolk sac t1s·sues was studied to/,determ.ine 
', ' ' :•:_', :_·, 

the ·procedure ·:which gave the most effective results.·( ·The 

addition ot an· agent to the yolk sacs· prio:r to their 
' ' 

homogeni~ation and follo~ed bi the dif.ferent~e.l centtitugs.tion 

process',' resulted in a final suspension that contain~d some 
' ., .. 

yolk sac constituents. It w~s evident that the sepax.-~tion: 
' 

of the thick yolk sac cream was impaired in this progedure, 
and a small amount appeared in the final suspension.' When an 

agent was added to the Yolk sac suspension after- hom~geniza.tion 

and at the ti:me ot·the second centrifugation, the fill.al 

suspension whioh was obtained after the completion o~the 

differential centrifugation process .tailed to exhlbit the 

presence or yolk sac constituents_ With this procedtj.re the 

thick layer of yolk sac Clieam was found at the surtaOe of the 



suspension.following the f~x-st.centrifugation, and.was 

easil'y.,: removed .. by- . means of sterile,: applicato~ sticks.: 

. The. separation. of' .r1cltettsiae .from -yolk sac·· 

.23. 

· constituents .. was .. e.tte:m.pted. by. means· ot various oils suoh as 
" 

pa:ttatfin., turpentinet·. and.·p1n.e. The. procedure ·to11owE1d. was 

a modification ot a. previously reported. techn1o- (76}~/. ·In::. 
each instance a· 10 ; per cent. yolk sac ·• suspension was ,'prs• ·.,:: · 
pared in .. Krebs•Ringer phosphate · buffer. The .pH ·e>i' ·•i-t;~~, . · 
r1ckettsial suspen.sion was varied. from 7 • .lt-: to 5.$ 1~;Ja!.ttarent 

eJtpex-imants. :Five ml or a 10 per cent . suspension wa.,f mixed 

with an.· equal· volume ot th.e . oil 1n a separatoey tum).~l until 
;,:'('· 

an emulsion.formed. The.,mixture stood atroom.temp~~atux-e 
When·.the .t: 

•·<'-

separ.atlon was complete, the a.queQus. pha$e, interface and 

oil phase were ,.examined toJJ r-icketteiae. 

P:r-eparation of Torlo. Test .. ·. Substance 
~' :_.\'. 
' ' 

The chick embryo· was .. i;nooulated via the yol,k sac 

route with a dilution or r-1cketts1ae calculated to e~use iihe 

death ot the embryo on the sixth to seventh day ai't'tif 
inoculation. The eggs were candled three times daili and. 

: '._·-- ;·. 

wh~n ll!,Ot-ibund, harvested for yolk sacs. The yolk sac~ were 
weight=,d and. a 2$ per cent "su'spension was prepared. Sterile 

. ' 

skim milk (O • .$ per cent) with a pH of 7.4·was used ·a.ti the. 
. . . 

suspending vehicle. Tb~ yolk sacs were homogenized J.n a 

Waring.blendor and the suspension centrifuged for .S in.inutes 



at ,1000 •RPM to ·remove tissutl tragmentJt. The aupernate was 

pooled, distributed in sterile contttiners, sealed;anq. 

immediately- shellfrozeniri a dry :tce-aloohol mixtui-e. 

Storage ;was in the :dry· iee -bqx .• 

Prepara~ion gf Amino Acids 
' Am1no,,acid1 s~luti.ons were prepared in Krebs-Rirtger 

' . ' 

phosphate buftett. Ea.oh solution had a.final con.centrationot 
.$-milligrams pe:r ml, and a pH of 1.4. All pH adjustm~nts:,were 

...... ;' . . < 

made with potassium. hydroxide~ The solutions were passed\ 

through Seitz filtetts and stored at retrigeratorteniperature' 
in sterile, sealed containers. · 

Measur-ement ot '. .Amino Acid Ooncentra.tion · ----------
' .Paper chrc>matography was use~ to determine;}tb.e : 

<H>ncentration ot .the amino aoid before and after r~sp~~at~on 

measurements. The.: teohnic is a. mod1fice.t1on :Of other: 

pU.bli shed methods ( 77, 78, 79, 80). · 

Whatman No. l filtex- pape:r was cut into stttips -one·· 

and one-half by twenty-two inches. ·The· amino ac:td-sqiution 

was pipetted onto the papett th-vee·1nehes from the,bo:ttom,ia 

total volume of 0.02 ml being used. The paper was allowed 
to dry,. and then suspended. in a. closed bell .. jar so. t;\at tne 

bottom portion. was beneath the surface ot the: solven,#:.:. · Tlle 

l · a:. M. Chemical· Oo. Ltd., Lo~ Angeles,. Oa.litornia~. 



' ·-; 

solvent 'used in .all the studies was an 82 .pe:r cent _aolutf<>n 

of ·phenol; ; The solution was prepared with lr>edistlll'3_d 
-·,\ . 

phen.01.;:and distilled· water' • 

. to:'develop , fotl ''·twe·nty-fou'ri hours-• .' ·At -the end ·ot' ;this 1 
· : : ·.?11 

' intervtl; ·, the ' stx-ips ·were x-emovea,- dried ·at :loQ<> ceJ~:isre.de 
:' \i\~·; 

add sprayed. witli -0~0.$ ·per. cent ninhydrin .1n ·butano:t.'. .:i{;.}) · 
. .'---',/\ ' 

s.aturat~a ·with water. , 'l'he ; strips., .were dried•. ; at 1·oo?Heenti:-
. - - . -- - \ <}r · .. ·i;\ 

·· ·itt'~de:.'. _.kid>the· e.ndnoaclds could ·then·•-be .locat~cl :on ,t ti,e · paper~: · 
.';·fi:· . . 

'l'he SpotS I>£ amino . iic1d$ Were cut into smau p;1eoEl.i /f d 
•,',:', 

placed· in teat ;tubes. · Three ml of ·2 ·• pe~ . cent ninhyci:p-in< in ·· 

8thyl/ ~&llosol v-e.:.e! tl'a.t& · butrerl W.as added to Gii<1h t {~e,<!!.nd 

the ,tubes -- placed:, in. a boiling w·ate:r · be.th :_.for :twenty \~irtutes. 

ThEf · tubes, Were Cooled, 17 m1 of. p?'Opano11.w8tet> solt1~ion~/ j 
' _{, I 

added, and · the ,colo:tt intensity read on a ,Qolemlin;.spe~.t •ro->: 
_, :·,:}f--~ 

.photo111etel'· at ,570 ·mu. i ·; A blank .containing.,.f1lt$I' pap~'.l'·, alqne 
. . ·>)-~-

·• Measurement'' ·of _Oxygen _ Consumption 

The reaction mixture wa·s compo1\ed of 2.0 ml/ or 
rlokettsial suspension, · ,1.0 ml ot amino acid solutio~,• 0.2 ml 

1· 20.0 grams of citric acid, 8.o grams ot sodium hiciroxlde, 
0.8 grams Sn012 •2HaO in a total volume of .$00 ml • • ·. pH· ,_ 
adjusted to 5.o . . Ninhydrin, 2 per cent, in mixtur·e of. 

· equal volumes of ethyl eellosolve and citrate buf'fer. 
,· . ::~---

·2 Mixture or equal volumes ; or N-propyl alcohol and >distilled 
water-. . .. ~.-. 



ot ,Krebs-Ringer ·phospha.te buffer ~d. 0.2 ml of 10 pex> cent 
potassium hydroxide in thEt centel' ,well. The measurements ; 

' : ·., ' ·. . _., :·: 

were made by the Wa.rburg .method , at :34..4° cent1.gi-ade. \., The _:, 
' ' . , . • . • ! , '. ': . . :_.J ·"'-·., ,-·, ·_ . _; . . ': '. , ' :_ \ :· :~ .:; --."' . .-': ·_:,_ -~-----··::· :· : > : \;<\· ·: .- _.. -- _1 

~anomete.r .readings ,were · made: at interval~ · f,;,r two ,to /,~,hre~ 

hours •. , Normal yolk sac preparations ~eceived tree.~,m~nt 
., ·,, . ,, ··: ' ' ' ·_ ,..._ ,_· , ',. ,,., .. ..- '· _.;·_· ; 

identical to the infected yolk saes and th~ final .su~1pens,1l.on 

\Vas used in the same manner· as the riokettsial < suspen.'sion,.\ 
, .- ; , · . . ;. - ' ... ·· .. · .. :,:·-· , _ _ - . ,.;:-,'· :· '• _··_• 

t .o control the results for e.aeh amino acid inves1i1ga~:~d. 

The pH of the reaction mixture was varied from 7.4, ·'t~, 6.7 
in different experiment if. 

Pathogenesis Studies. , Injection ot Animals 

1-. Gu.1.nea Pigs · 

Male guinea pigs Weigldhg from 400' to 800 ·grams:-· 
1·, } , 

were injected 1ntraperltoneally with 2 to S · ml ot a i_o pe~ 
. _.;, 

cent yolk s_aa suspens_ion. · _ A _dailt tempera~ure , c?-~~<l!1~s 

maintained to~ each pig, ·the temperature being ' taken\f 

reotally. A temperature of' 39.6° centigrade or high~~ 

constituted -a fever ·. - The febrile period may Ott . may , ~ot· be 
accompanied by- a scrotal swelling. Passage· ot the i~fectious 

. ..: ·?:' 

tissues was usually attempted on the third or fourth\i;day of 
. . . • ·.' ,•,• :\; 

tevex- for louse-borne typhus, and on the second or 'tliirdday 

or fever fol' the murine strains. In the absence of fever,~ 

the scrotal reaction was used as an index of 1Ofeotion. In 

the latter o1rcumstance, passage of louse-borne typli~s was 

attempted on the third day of scrotal swelling, and ·'Jn the 



second day of marked swelling for murina strains. Fassage 

o.t lous~•bOrJ?-8 trp,hus was ma,de with 10 per cent suspensions 

ot either bPai~ 01\ splee~. The murine strains were <'f 

passaged. ~1th 10 pe:r cent suspenslons. of brain, spleen 
tunica vaginalis. 1Uckettsiae ~r either strain. could be 

passed aerially t:rom guinea pig to guinea pig, gui:dei pig:_ . ' . . ., . . . . . . ' ' ___ ,.;•_•... .,; 

' . . . ,. -:,, 

to embcyonated eggs, or guinea pig to othett susceptit?le_hosts. 

·The production of anti'bod.ies was .measured.{~-, a 
mouse neutralization test (75). Sel'ial two-told dilli._tion~ 

- • ' 

of pooled guinea pig ·sera were made in stel;'ile · nutfi~ht 
broth., An equal volume of toxic test. substance, con.{a.ining 

I ·:, 

4wI;D.50 -~er o.s ml and prepared from the homologous stf.a.in, :was 
' . ' ' : ;. , .-_ .- ,:: 

added to the serum dilutions. The mixtures. were allowed to 
' . 

stand at room· temperature (26° centigrade) f'oi- two hciurs. 
'l'he -extent of neutralization of the toxic. test substance 

was ,dete:rm~ned b1 the_ intravenous· 1njeotion of.- albin~ mice •• 

'l!he pooled sera t:rom normal guinea pigs was.used inthe test 
Vi 

as a control serum. 

2. - White Rats 

- Adult white· .ratsl ware_. injected_ intrav~nou~ly .with 
, :, .·.' 

the Balboa Park or Wilmington strains ot murine typhµs. The 

inocu.lum was O • .$ to .1. 0 _ ml o.t a 10 p~r cent yolk sac-: 
,-

suspension. Serial. passage. was carried out with suspensions 

l Obtained from Sprague-Dawley Oo., Madison, Wis. 



of-pooled bra.in, livex- and spleen. ·Each passage was•· ma.de: 

by>:tbe·.1ntr.avenous ~oute with 1nooula-. ot l.O ml. Th.a rats 

w.ere , either sac·ri.fioed. and the tissues ,·exa.rnined .nu.c:ro.-,_ 

scopioallJ f.or th.a ;presence>- c,f r,iokettsiae,, or. 'bloo~.:,WS.S:• 
' ·.· ·.-•. - . .' 

withdrawn, the. serum sepa~a_ted and eJC:Smined, fop_, the. iresen.ce 

ot complement.fixing antibodies. 
,-, ., 

3 .. Cotton Rats 

Ootton rats2 weighing q.O to SO grams each were/ 
injected with 10 pet> cent yolk sac suspensions via '1frie 'intra-
peritoneal, int:racerebra.l ~nd intre.oerdt'al routes. 'Orie ·mi• 
Vitt~ gi~en int:rape1'itonea1l,-, o.03 ml 1ntracel'~l>:railf)/~nd' b.l{ 

:i . 

mi intracardiai'ly. Passage ot the Breinl and.Wilm1rigtoh 
a.trains was made with io per cent suspen~·tons of pool~d 

bra.in,. liver and spleen 1nooula. from moribund rats' ~ii\. th~ 
intracirdlal and in~raperitoneai routes. The tissu~l· were' 

examined microscopically for the presence of r'iekettsiae. 

4.. , Dba .Mice .. 

Dbamioe2 were injeoted.w,ith lO;pe:r. oenty9lk. sac 
suspensions by the intravenous,. 1ntl'aeerebral and 1~:~rai"' <. 

peritoneal routes:. Mice injec,ted intravenously .. rece.;vt3d. Q.$ 

" 

l Eastern cotton rat (Sigmo~on hi'spidua hispidus.l o§tained 
from Tumble brook Farms, B~ant Lake, N., Y. ·. \;~ · 

2 Dba strains obtained: f~m .following sources·: . . '{ 
(1) Jackson Memorial Laboratories, Bar Harbor, Maine 
(2) Rockland Fal'ms, New City, N.Y. 
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m1,·whtl$ the intrace~ebra.lfnooulumwas 0.03 ml.e.nd>the. 
:i.ntraperitoneal'· inooulwn wa.s· o.$ to l.O ml. 

. . . . . . 

Tlie mice were sacr1ticed while ·moribund, . e.nd lOi . 
. -._ ._· .... ·, 

·per· oent suspafis.fonsi· :of pooled -braJ.n, _ sple0n : and. 11:v~r.:. 
,·_ . _·,:,,:_; 

' ' . . 

ln.octila wiJre· ,passaged.. · Ea.ch···-pa.~ss.ge .wait.ntade ;.w.ith. o~f to· 

1\0' ml· v•oiumes ·1n.jectect tnt?'aperitoneall.y. The .m.ice,Jrere•,· . ' . . ' . . 

' ··• .. -,. 

for the ·p:t'esenrl'e of riokettslae, or they were. 8Ul:>JE3·c~ed to. 

torlo:·ohallenge to determine the presence of an :1~~~1ng 
-- ' . 

. lntac:tfon. 

Titration gt Toxic Test §ubatanee 

T.ox.i.c _test substance .(T.T.S.) was preparea.·t"l:tor ihe 
Breinl'.and Wilmington strains. Albinol and dba·~ice-·)vere_.,; 

' ' ' .- , , ' 

·injected intra.venously with 0.5. ml ~olumes of tv,1p .. rotd/ ; ,.,,? 

dl.lut:1ona, prepared -1n sterile : nutrient broth •.. · C_pµ.trql ,mioe 

O:t' both. species were 1noauJ.~te4 With O.$ .ml ot stel"ifi . 
nutrient broth. ' Deaths oceurr.ing within eight hourS:W&~e .. ; 

c:on.'sidered to · be toxic, and-· the LD5o value was calcu~ated · 

(81').; 'All'ot the:mice surviving toxic death we.:re.~h4llenged 
.. l 

intravenously- with appr-o~imately 4LD50 doses of T.T.$ •. at.tar 
•.•:' 

an interval of fou:rteeni days. to determine the presen~~ ot·• an 
' .•-,, 

im..l'llu.nizfng infection. The toxicity of the challenge\'iwas 
•. :'-:i;:' 

cont,rolled by a simultaneous titration in albino mioi. 

l 'White mice ob.tained from Maple Grove Rabbitry, Spfingfield, 
'Missouri.· 



Inf'eoti td.t:y Determinations 

Albino and dba miee we.re injected intraperj.,toneall1 
i .,. ' . ...... . 

with 0.25 ml volumes ott en~told dilutio~s prepare.d ~n. 
sterile .. nutrient broth. Af'ter an i~terval of twenty~_one. ,. 

days_ th.e mice were oha.llen.ged intravenously. with.ap~~0Jtim13.tel:y 
; . ·. ,· . ·. ,, . ·. ·. ,- . . ,. ', _: . . :_ .. (;'.?\ 

4ItD50 .d.oses of T.T.S. The toxicity ot the che.llenge}wa·s 
- . . -~· 

contl'Qlleq. by a simultaneous titration in _albino mic~;• All 
<:.~J(; i 

o:;t\ the.mice surviving a toxic challenge were considered to '' ~-i::{:i!}:; ',' . ·,. ' 

·have.developed an immunizing infection •. The 1nfeQt1je dose 

w.as expres,sed as the lD.50 value (81). 

Determination of. Biological Acti v1tt gf Rickettsial ·}Suspensions 

The biological activity ,of, ~ach rioketts.1¥+!> . 
<\· 

suape3nsion used in tr-e respi:ration atudi~s was meas11:ted 1r1. 

terms of its toxic value in albino mice, and .its 1.nf~ctivity 

value in dba mice. 



,.--· -;·• 

The Oult:tvatioriof RiOkettsia.e --·.. - ......... --.. .................................. '. ,; ,:·,-.•'• • J l 
',· .-· ' . 

'l'heestablishm~nt of the lou~e-bot'lte an.~ mur1na: 
; : . . .' ,_ : - .: .· ·..:. ·•· ':: ;\,::,· '_;_ .:.: 

typhus strains in the chick emb~o ,,as acoompli.shed by s~rial 
~-ass a~., ot intective yolk sa~ suspensions. The rickettsiae 

;~_''-: ,· _·._ .-:··::,/ _\•: .... \ 

seen· in the smears prepared lr~m inf~c~ive yolk saos:{;and. :) , 

·stained by Giemsa, appeared-, as):srnall baoilli,i r-ed·-to/:pUrple •.·' . ,·" ... . . . ' ·.. ; . : .. · ·. ' '. -.. ,'. ;' . ', '<·/-; . ·; 
'\ ·. ··: : ··: :i>·</.' _·.. '·, ... _···< 

in. colo~, and arrange.d iii,'' tf': characterf~~io diploid P~E'.iti~fi:• . 

The -rickettsiae were observed.. as intrao·e~lular_torrtts·i:)y~ng · 
. '. ·; 

within: the ·cytoplas~ ot the yolk sac entoderma.l celiii', and 
' . . ''· \ ::::·./;}_,·_, . , . -· . 

e~traoellula.x- forms lying rree a~ong the. yolk sac tt'~su~. 

· C$l~s·.;.;: ThEl extrace:Llular torms w'ere a resu.lt ot the/x-uptttring 
;, ': . 

which time innum.~rable rickettsia& we:re rel.eased tr6iiiJ their - . . '. ·- . ' . ' . ' ' ' ; . ' ' . ; : ~.:.: :-y< , 

+ni~ial. __ i~traoellu~ar position. An 111ustration or· .the 
,, 

r:tckettsiae seen 1n:theyolk sao sm.ears:1s given inr>latel. 

The x-esults of the ser~al passage of the Bfeinl\ 
and Wilmington strains 1n ohickembey-os.are giventn.lTable l. 
The aver~ge day ot death ,.(ADD} for the chick ,ern~ryc,s°("was } 

directly proportional to the rium.bel"' c,f thedableri%ltett$1ae 

which were pl'esent in the inoculum as shown in Breiri:ti passage 

#3. While it wa.s possible to show the effect ot th.eJdilution 
of the inoculum upon the · ADD tor the embryos which ; ·e·re 

-~-' ' . . . . . . . . ' . ' ' : ·;' 
, ,._'._ : . ·. ' . ,. __ , -.. 

inoculated .1.n the same passage, , the ADD whioh followed the 
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irt.oeu.l.at16n ot e1gs with. a-. given d1J.tttion .in On$'.,j>e.s .. s.age 

could :not ,be ·compared, with \1;he ADD'· which. fOllOYied tn, ino~ula-
t,1,on of otliett ._ eggs : with:. the, · same· dilution: of· a·. clitte~e~t .. j 

I. ..,, .. , •· ,, 

·inoculum :in a different paflsa.ge., ;·;This -d1ff$'re,noe,;Iri.);he ... ,.ft.Ot> 
was· at.tt-1\)Ut&d to th&'d:l.&.et!epanct .in .the. nwber Qf\~~l)l~fil 

••·· > .· .·· .. ,' •. ' ' '' ,· ' ' ',.· ''' , .. '. ,, '·. > :· ' .... riokettsiae which . existed- in ·the di . .rterent J:olk·, .sa~- ~poc~la• 

·fhe.· number of-~1c.ketts1ae .which were .fourid.t:!n the -. 
',, . • . • ' • <'--~ 

smears·. pz,epared . .from t,he · harvested yolk saos ot tJ:te ff8J118 ./., 

pQ.ssag~ was d:l.l'eCtly propol"l;:l.onal .to the AI)l) al3 s11~•il1h 
Bra:l.nl, passage/fl.- ·L:tke :the ADD .whiahwas found. t<) -~acy. tri'.") 

. : ,. "·<:,:·::·i/ .· .. -. . . :. -: ;:_'::>·::· 

the ditf~xsent passages following the in.octtlation .. ot ib1:7~a 

with· the same ··dilut~on· of different inocul.,i /the nUlU~'.~l' .ot 
~ickettsiae in the yolk sacs harvested t:ro:rn ditfereri.~; 

passages could not be compared :on the· basis ot the d~l:ution 

of _the inocula. 
'J?he inocule.tion,of large numbers ot.riokettsiae\ , ... __ L\. 

; .. ,. , 

oentration of riokettsia.e in -the harvested yolk saos'}f -Qn/,the 
r ' - - - - - - ,' - .. -_ ::}f \_ - - . -- . /~ 

other hand, the inooulatlon of sn1all numbers. of rick~tts1ile 

allowed the. embryo to survive longer and.. resulted in{ilar-ge 
·'))''.· 

numbers or rickettstae in the harvested yolk sacs. BY' 
•··,.-) 

adjus1;il:')g the. dilution or th.e inooulum, the. appl'Q~~te Mme 

of embeyo death could be estimated, and a prediotabl~: yield 

of rickettsiae resulted •. 



... 

i'ABLB·1·· 

Th~ . ser.1# passag~; ot ,typhutr :;r~ve.r .ztickettsia, 
. . . .. in the chic~ e.mb.17:<'f ;•. · · ' .>., 

1 -- ·sre1n1 

2 Breinl 

3 Breinl 

lt.- · ·Breinl' 

··s B:reinl 
6 . . . Br,einl . 

Iri:ooulwn: 
(log of 
dilution) 

1.0-2 
10-3 
10-2 
10--3 
10-2 . 
10~3 

. 10~4· . lo--> 
10-2 . 
10·3 
10•3 

.. 10;,.:.3. 
lo-J.69 . 

· ·7 Breinl 10•2 

· l ' Wilmington · · 10-2 
10-3 

2 Wilming·ton io.;2 

.3 W1lm1ngtoll 

4 Wilmington 
5 , Wil.mington 

10-3 
10-2 
10-3 
10-2 
10•.l ·.· ... 
10•).oO 

.Aveirage Day -t•Rt'cket.tslal : 
of. Dea~h ·, . Concentration 

\ (avertfge) .•,; · 
,'1 
·;.1 

··· >.Sor 
6.$0~; 

.·4 • .$0 \\. 
'4 • .80 :, •. so 
6~3.3 . · 
:9•·?S , 

11.3.3 
.. 5 •. _Qo 
6 •. 0(f · 
6.2$ 

. S.J3 :>: 
5 •. 8.$ 

. $.82 

6.2.$ 
6'.25 
.$.80 
.6.~o · s.1s · 

· 6 • .So 
·1~·00 

·.-,_ 6 • .3.3 
6,64. 

:: ·:·,_:·_://ii--:; 
•. ·, -;'._'.}I 

l~So ·/. -.. 
3:66 l 
1. ... 0,q. f 
4-.·.00 .. -;. 
;."a5 .f.. :: 
·4._00 .f ' 
.;·.,as ·i ·;' 
·,3 •. .33 i:\· .• 
3.4-2. i -
3,.;9 .. f 

;- • ·'(\- -.:' ·: 

. . . ·a.soi 
·· 2.6~ ··· 1' : 

·. '.' 3;54J ; /';:i~i(?'i : .; 
2 •. 1s ... ..• 1-·· '. ' ,· ,.:· . ·,.·~ 

!Jegend: * Est:tniat.ed concent:r.tion based. upon examinat·:ton ot _ yolk sac smears. , 
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_l-500<dilu.tion._.of lnfe~ti:ve:yol~ sao suspen~:to1i,wa,.s_ :~sed 

:routinely_ tor/ the cultivat~o~ of th(=)_ Bre.inl. stra.tn ~n-the< 
' ·.' ·.. . ·· i .' ' ,, .,. , 

developing<yO.lk. sac- of the .oj.liek embeyo. 
/lhe Wilmington ,train did: not_ appear· tp ~fJ __ t3.~ well 

adapte'1 to the .yolk"sao · meth~d. ()f cultivation •.. A 1-~f)O · 
,,._ ' . , .. -. - ... ,. ''. '. . ·, ., ___ ' ._.. -· ·, .',·,_ ·._. ·_·.-.. - .. ; _ ··' 

d~lutipn of- infective y~lk sac, _SUtJpens~on was 'Used fClr th~ 

cultivation of murine :r!ckettsiaeh Th~.ti,me.oft embxjo death 

_09uld. be predicteci,. but the rickettsial concentratto# ln the 

h.11ryested yolk saos showed a greatez.. variation the.n,ihe day 

otd.eath. 
Judging. from t_he _ADD and thta number of ricltettsiae ':-- ,_:,: >·'.i)f\ 

•hioh were't<>und 1n amearsot the harvested 79.lk stac~, the 
l . ,. . ,·. . . : ' · .. · - ., , ·• · .. ·,· .. . , 

rf:lsults of. the rolk sac cultivation o:f' ~be murine st~ain 
were less. ()onsistent_ than those •hi.ch were obtained,J.70:r the 

louse.:.borne etrain •. 

Purification a.nd .Ooncentration of Riokettsiae, 
J . ' • 

Differential centrifugation ·w1..thout 
clari,fying agent gave . a satisfactory- ooncentratloO:C,i 

r:tckettslae, but the final· suspensions also 'contairit:t.d 

considerable amounts of yolk sac constituents. Yolk?sac 
' ·-, 

tissue·i was· .found microscopically. Macroscopically the 

suspe·nsions exhibited ·8: definite yellow color. resemb;+ing .yolk 

sac fluid. The. <egg impurities coul.d. be removed by iricreasing 

the number ot separations 1n the ce11tritu.ge. However, the 



nilinberof, viable ricke:tts.tae, ·ts. dete!'mined by 'the decreaQed 
•, ... ··•- • ., ·.· ·-·.' . . ' _,.·· • ,·,_. ·11,·- ...... · · ,,, ' ·. ·_, .. ·-· ·' ' · ·, . ·., ..• ·, ,_. · ·' 

I • . . • 

.ot ~he :ehiek··em,bryo, clee;reased·With.the. a~d(.Jd separa.:~ions~ 

· The ~se .of cl a:r:tfyitig agenttJ inadE) .it pos;si.~le .to 
: , 

achieve.~ good .separation, of .r.ic_kettsiae with a. l'l1lnt~al 
:.. . .... ·, 

n.unibe~ of eentrifugat1ons. · Light magnesium . oxide. ~aie: : Ull.~ • 

formly sa.tisfaotoey results.• The ooncep:bra.tion o . .t .~;~1te,ttsiae 

was·exoellent, •and no tissue fragments were observed.jmicro-

soopiotilly. However, the p!i ot the. yolk sac suspensfon.s into 
which· the magnesium oxide ,vas ·incorporated: was 9.6//li11 ( .. ; 
at temp1H! to . butfei- the magne &1 um o.tlde,.j'ollt a ac ·. 1:1usp~h1:11otl.a 
at a PB of' 7.$ to a.o le.4 to an- unsattstact()t'y' J)l'O<iU~t. ,.No 

v.tali li ty · studies were made on· r1ckettsial .susp£.lnsi~~s pre-
,· ' ''·!/ 

p:a:redw:tth .the:·"aid of magnesium oxide. llue to th~ a.l.'.kalinity 
;~t 

or· these suspensions the use ot .masnesiun1: oxide was <111--. 

continued. 

' . ' - ?_ ·.:'.·_-.. >\: 

degree, of :riokettsi.al concentration .. was. app~ox1mately/· 

equivalent" to that obtained with magnesium oxi<ie, ·bu.~\iollt 
. . ":1 .. 

sac material .'was present 1n the final suspensions.··. Jt .7ellow 

c:oloration was imparted to the suspensions and tisl!U~· .. : deb~is 

was demonstrated. 

Barium sulfate, alundum .e.nd· activated charc<oal 

treatm.ent ·.failed to give final ~1okett.s1.al: suspen$.ic,r,.~ fttee 

from.yolk sac tissue and debris. 



!fhe .addft1on of eeli'te preparations.to theyolksac 

su,spensions du~ing the process of differential. centi-itugation 
., . ·.. .. ' 

;;-,. . .: .. ,.-.. '. 

tacili'tated the separation of the x-ickettsiae from. .. t~e :yolk 

sac tissues. ,The purification and. oon.centrationof.the 

r1cketts1ae Which followed. thause of.celite was approximately 
equivalent to th& resUJ.ts which were obtained after t,wice;as 

, , .. ,· .. 

. many separations in the .centrifuge without the ·t,enet:¥~ otA 
cel1 te,. The use of· eelite produ.ots to facilitate · t~~: 

. '-:: . . / 

preps.rat.ion of rickettsial. suspensions permitted a ~~·od 
'. • ;· ,.. ' . . . . . ' .· ~,· ' . . . . . ' . . : ' ' . ; : f: .,··,; ',', ·~ ' f 

EJE,parat1on of rlckettsiae from yolk sac oonstituents-.\~ith}a 
! ; ; . ' . . ·- -· ;-

minimal numbe?i of manipulations. Ot even.more crit1~~1 rl 
imp9rtance. was the 1.ncrease.d number· of viable oells which . 
. I ''1 > •··i·l~ .... ·.: 

were obtained~ 

Oel:lte--analytical filter aid was selected as the 

preparat1on which .seemed to . give the most desirable 

riokettsial su~pens1on •. While all of the celite px-oduots 
;·. ' . . . •• , .. · \/ 

,.--\)\. 

suspe~s ions ·.· during differential centi-lfugatfon, the ~el1 te• 
·,·'f 

analytical tilter ai<i product .was found. in the lowest con-

centration in the final suspension. 
. . . 

The use of o'ils to saps.rate the · rioketts1:ae. rrom. 
~:t 

·-r 

the yolk sac tissues depended upon the formation ot thre~>. 
,-,. . -·: .• 

phases/following the initial mixture of: ·.yolk sac suspension 

an~ oil in a separator, funnel. 
'··-.-:.·:-' ' .. -.. _··,' _··_::\'?:'.::•··>- ,::··:·::·:· t 

A relativelyclear,~upernate 

was found 'Yihioh .was separated from an opalescent' _.soilition by 
.. ,-t 

·, ·,·,_· . _-.-, 

a thin layer ot yolk sac tissue fra~ents. The. time<::;required 
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for.separation depended somewhat'.on the emul~i.on.fonned, but 

usuallJ occurred with.in twenty to ·.-thirty .minutes. 

lUokettstae · were. demonstrated· in .the aqueoµ.s phase 

and -at::- the interface. . The .greatest number Of ricket~sia.er 

we:re :round at the interface. _. The aqueous phase .was •1th•) 

d:rawn -from the separatoey funnel and the- approximate.,;.·numb~i-

ot· riekettsiae 1n this suspension were determ:tneciby-i,-neans ot 
a<microscopio examination. then the :riekettsia.l .. co11.dentrit1on 

of · the aqueous phase was compared to the . num.be~: of :r~cketts1ae 

in the 1 suspensions prepared by differential oent;itu~ation it 

was evident that the aqueous phase contained. •Very tev'f: 
l'fickettsiae and did not represent a satista.otoey oon~:en• 

tr~tion ot the ridkettsi$.8 tor the respi%'at1on studi,EJs. 

Furthermore the aqueo\l-S. phase contained a ta.ix- amoun.~ ot yolk 

as:_ evidenced by the. q.etlni te ye.f_l,.pw coloration.. 

' _·, -· ·_.. .--·-:._, 

yolk and- tissue debris was greatly inc,r'=lased but :_j;he'':}'esults 

were not· comparable to those obtained by differential · · \. 

centrifugation. Because the more acid pH value tail.~~ to:J, 
:,}) 

give satisfactory separation or the rickettsiae,-no~ttempts 

were made to evaluate the viability ot the rickettsiie in · 

these.suspensions and th:e method was discontinued. 
,' 

Respiration 

'fhe respiration of Riokettsia ;eroJazeki ._ 1s}g1 ven 

in .Table 2 and Figure 1. The results ot the biologi~al tests 
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Amino Acids 
(.5 ·mgm/1 ml} ·. 

DL-Alanine 
Ir.Arginine 
li-Aspa.rtie 
L-qysteineHCL 

· L-Glutsmie 
Glycine 
L•:Histidinet,·•••.·: 

,· .. ,_ ,~ . 

DL-Isoleuc:u,.e 
L-teucine 
L-lqsine HOL 
L-Phel'.\Ylalanina 
L-Tryptopha.ne 
D~Valine 

TABLE 2 

The· :respiration and biologic activity of typhus riokettf4ae, BJ:teinl. atrain 

pH 
0".8}tgen Uptake Biologic Activity . . . · 

(ul /hr/ 1.0 ml) Toxicity l· · ·· Intectivity ·#· 
Experiment Experiment Experiment 

w-1 . . w-2 vr-3. w-4 w-s w-1 w-2 w-3 w-4 w-s w-1 w-2 · .• .i,-3 w--4 

i,~1ij::.1-W?."" , " ,./t.l.i. .... "···,o 1..)fi:it 
f'/.i·1'ii:; ' . 0 . ·: \ .:{\ 

'('.7~u-·· . m.~ 
:,?•~ .......... 26.~.-,t\7.40:.o ... •.·.·· 
':'' "' ~--·· .. , -· : --< ·, .''. '.. ,-·. :· -,-_ ·: . . , . . . 

. 7~4 
1.U·· 
7-4 

. 7.4 
1.u 

··1.4 
7.4 

··oL;·· .... 

0 

0 
0 
0 

0 
0 

0 
0 
0 

0 
0 

0 
0 
o~ 

0 
0 
0 

0 
0 

l2 0 0 

f Dilution of test suspension lethal.for albino mice.when administered :intravenous]¥ in 
o .• ;.m1 volume. Calculated as LD50_by method pt Reed and-Muench. _(Bl) ··· 

1,1-- _ Di].ution of test suspension infective £or dba. mice, calcula~d IJS•· i~D$O• 

* Bate ,,of. o~gen uptake for 1.s hours. 



are' also summarized in Tal:>le ·2. , In the four expe,:,imflµts 

c1ted>.only L•glutamic. acid. and. L-cy-ste~f18 hydro<!h,lor;de 

demonst~ated .. an upt.ake ··ot ·oxygen .. in the .presence· ot. the 
, ,• ·-_, .· ·, . . I, _- . _. _· ·.: :• ·. ·- _.·, ' _., .. : ·,·-... · .. ' ,'- , ·'•·;· ';·_.'.-·;_, ·_'. .'-_: 

( 

No · att~m.pt· 111as ms.de to _determine· the 

respiratory quotient. 'rhe. respire.ti.on ·meas11rements jere " 

madi_overaperiod.ofthree ,hour$, a p:rogress1ve.upt.,ke ot 
oxygen; occurring, during th+s time. 'l'he rate ot .. upta.k.'e 

-seemed to be. greater for 'cysteine than. torr Slutamic _11?+d• .ii,. 
. . ·, 

Hpwever the values shown -· f,or respire.ti.on. we~e. obtained . from 
1 ' . . • 

experimentation conducted at different ti.mes The ·d$tference 

therefore.may-have been.due to the etfeet!Ve concentlflation of 
viable r1,okettsiae. .The details of the. :toxicity_ e.n.d.};\ 
'irtfeotivity. tests' which are given in '!'ables 3 and 4-:\~ndioate . ' . . . . . . ,. . . . . . . . .· .. ·- --.::.· _;~c:J-~, . . , .' -, 

:c.:::, 

that a,, difference 1n :t11cketts1al concentration. did e:tist. · . . ' ' ' . ' ' •. ... ·:· :. ,'' ',. ·.·,' ' ;' _. '·.- ·:·-'.·i;;::':.· ' 

·The·.rickettsial suspensions used 1n t.'b.e variou~ test._~( ar~,:. 

identified ·by.- the lettel' W and. the appropriate nu.mbe~. The 
J/i./ 

tOxiofty test failed. to show a ditte:rence in the ntl.nl~er of. 
\:,: : 

ririket.tsiae wh1oh were used ,in w-1 and W-2 ... The 1ntf'iot1vity 

test, however, indicated a _g:tteatel' num'ber.of',rioket't~iae 
' '.(._ C 

were present in the su.speri.s1~n d.esignat~d as .w-.. 2. The 
; "~--~ 

increased respiratory ·activity shown for .cysteine could, ~-

tnex-etore .. ,have been attributed to the gttea,te:r num.be,~ ot 
riokettsiae. 

The complete .failure of the normal yolk sac 

suspensions to show any ~v-idence of an uptake or oxt~-~~ in 

'.: _'..-~-- ;:,:.:• 

':;, 



TAB.LE . .3 ·. 

'.roxio death.in,albino _mice .fol,lo'!ing intravenous injection 
of partially purifie,d · rioket:taial suspens:tor1s 

· used in respiration studies 

fz:,eparation Rickettsia.e Dilutions of. Bioketts1 al . :tD_,0-fHt 
· ... Suspension 

l:10 1:20 l:4,0 1:80 

··•_. /) .• · i.". Breinl '+l'-1-

' Bt-ein1 · · 4/~ 

Breinl 3/4-

Breinl · 0/4 

W-.$ Breinl · o/4- . 

0/4 0/4, 

0/4 0/4-

0/4 ' O/J+ 

_0/4 0/4-

-1:. Numarato:r represents th~ number .. dead. 

Denominator.represents the numbe:r tested. 

0/4 

o/J+ 

0/4 

0;4· 

0/4 

** Oalcul.ated,aacording to Reed.and Muench (lJ). 

12 

.o 

0 



· ,:·,·•' 

Ini'ectivity .determinations . in· dba · mice following intra.peritoneal 
injection . of partiall;y purified.· rickettsial ·· suspensions 

used _ in re~p~ation s;t.uc,ties , 

Experiment , Rickettsiae . l?revious. treatment*, 

' Breinl 

w-4 Bre:tnl 

Breinl 

10 .. 3 o.2sm1 · 
. 10-S 0.2s ml. 

io-7 ·. · 0.25 ml 
Sterile broth tt 

10-l 0.2s ml 
10-2 0.25 m1 
10-3 0.2s mi 
10-4 o.2; _m1 
10-> o.2.sm1 
Sterile broth·· t r 

10-l · o. 2S · ml 
10·2 o. 2$ ml 
10-3 0.2s m1 
10-4 0.25ml 
Sterile broth -'* 

·10-l . 0.25 ml 
10-2 o.2sm1 
10--3 0.2.s ml 
Sterile broth • t 

10·2 0.2s m1 . 
10•.3 0.2.s .·.ml 
10•4 0.2, ml 
10 .. S 0.2s ml 
sterile broth , • 

· Challenge . 
21 <UWS a.tter . IDS() infective dose __ ·. _· 

Toxic dose Dead 
Ll>5o~,_ . Tesied · 

6 . 

4.o 

h/4 : 10-3.o 
4/4 
W4 
4/4 
0/4 1a-s •. o 
l/4 
o/4 
1/h · 
1/4 :. 
4/4 .. _ 
0/4 · 10-4.0 
0/4 
0/4 
0/4 
4/4 
2/4 10-1.23 
3/4 
4/4 
4/h · 
0/4 10-h.O 

· oA 
- 2/4 

li/4 · 
li/4 

* The various dilutions of yolk sac material vrere injected intra-
paritone~. 

iHE- LDSQ 'Value received by mice as determined tv a. control toxicity 
titration at the time of challenge. 



th.a , ·prese110e 'ot the amino acid substrates offered a'· striking 

comparison ·to the results obtained with the ricketts1al 
suspensions. : Oonseq:uently 'the· :resp1rat1on'shown by j· 
suspensions'p!'a:pared from in.fecti~e yolk sac 'pools'was 
p.resuma.bly · a> function: ot the riokettsial cell. · \'<.: 

The :res·p1:ratot7. activity s~emed to be. di~~tly <\ 
:;··_, . ' 

propotttional to the concentration ·of viable ·cells. ·:txf the ... 
• · - - - _.- •. __ :·c.,:•.:_. - - • 

case of W•4, judging from .'the results ot _the toxio'it.f ·and,[ 
; >'' 

111.fectivity tests., aninsu.i'ficient number or rickettsiae 
\'.,\ 

were present. to ·give evidence or ·x-espiratol'Y' aotiv1ti~ 
··The relationship bfitween the x-espiratory_ e.~,tivi~y 

:.;_-. -:: 

and the x-ickettsial ooncentration·was also shown by·~he O'.: 

n'tl.ll1ber · ot inteotlve yolk' sacs x-equired tor the praps.tation 
ot the r1eketts1e.l ·suspensions.,, A comparison ot tJ:ui:;, 

different suspensions is given in Table· S. Suspens:to.ns 
' ' .. ·-.. ;\'-/}': 

w.hich were pre.pared from less than nine .yolk sacs fa~ied to 
! ' •-• ' . ' .•. C•'· ; ; 

d~monstrate an uptake of oxygen.in the presenee· ot glu.tamic '· . . ' ' . ' ' ' . ' -_ · .. ·.·-~_-,'~):: , ' <. 

' . 

as W-~- and. W-S. to demonstrat·e respiratory. a.oti vi ~1 ·w(s ,'_'_.;·,; 
·,, :,· 

~hown by the to.xlo and infective determinations to rJsuit 
'·;. 'i. ,': 

from a low concentration of viable cells. The measui~ement . ' . 
,;·,, 

ot , the:· .rickettsial concentration _b,- micPoscflp:l.c · exatn:?:lat~on 

of smears prepared from the suspensionswas ·shown to.j_be 

unreliable~ 



The preparation of suspensic>n~ ttsed 1n respiration studies 

Suspensiot.t Yolk Sacs R.i.ckettsial Cone.. *Toxicity . ~activity Actin.ty in Be.spiration 
Number Weight (average) · (LDsol (ID.50) Stu.dies 

W-3 
w-!r: 
W•St:·::: . 

legend 

(gms) · •·(ul -/ :hour/:. l.o ml) 

,' ./ ·• · 

. . .. ,· . ., • 

_j_:~_{i5_ .,.\ ;_. : \ · 2ots 
.. ~·· . 

~-·:. ?~'\ =-~ ~-:~:~ '· 

- t'>} ·~ ,}::} /·._. ·i6~5-

> ;·;:_. 9 . : 11.:7 

a.3 
,_: . . - • .. · ... .. ',;:_,,·, .. .. -. ,-i~o . · 3.3 ,t· 

-3.s.; .'. 
0 -

0 

1<'.r"~ 
10-5 

~4 
10-1.23. 

10•4_ -

Gltthamic .. : _ Cysteine 

.. _.·; 

0 

0 

Jlilution ot te~ suspension l.tlthal for aib:bio ·mice ,men .ird.~:~~ 1ntfavenous]8 
in o.S _mlve>lUJD8• Caleulatedas _•~ by method ·or Reed. and l!uench •. ·_ -(81) ::~ _ 

, • . ,• , • - • -. •• • •• . _ .. _. . ' . • . • · . ·- .. -· , .- : . ,· > , • ·· - ·-. - • 

ff- Dilution of _ tes1' suapension itlfecti~ · £or _dba.mice. when __ admtnis~<i inti-.. 
peritone~ in 0.2S ml. volume. Calculated as ID50 by method of ~ed and Muench. 

, .fl- -- Rate. of mcy-genauptake tor · 1.5 hours. · 



Evaluation. or Toxic P.reparations 

The·com.ps.rative toxfc:tty·of the·yolk sa.c 

suspensionsis·givan in Table 6 •. The n~ber .of l,eth~l , 

doses· per-. gramrot yolk. sac weight.: compared favorably:'..;,:with::: 
. • .. , ..... 

the .. toxicity standard established PY' t~e National _In~,Pitute~ 

oft BeEiith, .us:eas· (72} •. Aoc<>itding. te> tpese stande.rc;ls •. \ ;toxic 
' . 

prepa?'ations must pos.sess . a :minimum to.xic:!:tr·: of. 80 J4~D 

per<gran1 ot yolk sac· .weight. Wilmington TT~,:: Lot·,#2,:/ 

repr~senting the lo•~~t: toxio. value obtained.., was. two and:.a 
' . . . ,··,.••. .·, 

half times as potent. as the minimum value allowed. ",8re1ri1. 

'lTS, Lots .#2 and fl-3, represented the highest to,cic valµea .. 

obtained.· .·These values were eight ·t.imes as. poten~ art the 
, ' ' :; 1- .~ 

minimum value allowed •. 

The ei'f1cienoy of paper chromatographf wb.i&li was 

used to evaluate the concentration of amino acids bet~re 
use in· the respiration studi.es was found to be .satfsf,ot.oey. 
Giuta.mic acid dissolved in distil.led water and .l{:rebs.-Bingar 

. '/(<:·., 

I ' , ' 

plloaphate buffer (.$ mgm per, ml) .gave recov~ry ya1ues\~s 
' ' ·.·( 

shown :in Table 7. The . :recovery .from phospllat~ .· bu.fftlf~d ,. 
'. ;~_ ' 

solutions seamed to show a. greater .variation tbe.n· tr~m,,th~ 

distilled water solutions. An examination of phosphate, ,.• .. 
. ·'"•' 

but.fared·. soluti~ns of·· glut.amic acid. was made in wllio~\ the) 

concentration of emino.acid.~as va.ried, and,theninhi~rin-· 
developed solutions were .filte~ed p?'io:tt to. the eva.lue.;t1on 



:·~r-;. • 

Toxt~ t8St ·Yollt. sacs ·Sld.mm.k.::t,&t~nsion 
Substan.c~ ::Numb~ Weight . _,.,: ·.,, ·• · · 

· > . • J · · . (gms) (ml) ;:/}•;(~~f•(:¢ent) :*LDSO 
. . • _,- - . . .. ,•-_•,"J.,•.,,'_·-.i./.~_~/-{,-.:~i.i •,:·;;; /l'. , .,:·_·_;·.; .·10 '.'· . 

... 
3li6 
ao.o 
ao.o 

'-)i7 · 

Taxicity-

tD~ofJ-•O~Yt$f . 
. ~:<- ·, 

- -,:· .. ·,·· .. ·:.:• · .. :• 

:~()_,:_: 
640: 

·.- .... .. ·.·.• .. • .. ;:,:,;:\{/•1)j;). y()Ji:.:/( /,;_ _. 

' ~ ;fi~i{l~)~ ri~sial su81'tlfii~{ffG.$ ml ot 1mi¢h ~s.;lL1)$0f(} 
?Xh.:-:-t: • .. :_ 



: TABLE 7 

The recovery 0£· ,µutamic _-acid front __ aqueous solutions -1.13' pape~ _cbroina.togra~ -

Distilled Water:l 
m.ank2 Standard) -Sample - % _ Recov .• 

' . . . . . 

Kreb• Binger_ Phosphate!- _- ___ ·:- - -
Blank2 Standard:3 Sample - % _Reoov;.-

L. , .• 683 . _ ,-_._680 97.01 • .$62 .620 .616 \ 93.1 -

.570 - -_ .618 - -_ :: .,620 -,. - lOh.l 

3 .,682 9S.o .Uoh .4;3 _ !·-:-• ·' .462_:_--:::/ t:-it.01.h 

... • . · _ .. ·_ ,, . ·:·, ,·,· '. 

l. _ pH of both sol.utiQns adjusted to 7.h. -

2 Blank -= Whatman Bo. l filter paper • 

.. 3 _ standard = Vlbatznan }To. l .tUter paper with 0.02 ml representing 10· gamma ot\ Glutamic 
·a¢td~ -

4 Optical densif4, reading,. 

::--· a:, •-
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of the optical densities.· The :results are shown ·in 

Table, 8.; -The use of samples conta1n!rig from. 2$ to _$() , ·•:·· 

micrograms 'Of ·g1uta.mic aofd _was ·followed. _by a reoovex,- ofc:c · 

9.9:·to 102 -per cent.·'· When solutions ·containing.glutatrdc acid 

1p. ·· exo~ss >or $0 ·oit less than 2.$ micrograms were meast1red, ; 

tµ.e: recbvery ·wa.s considel'e.bly 'iess·. The use of tilt~red ) 

,oa:ut1ons for estimating optical densit.ie~· had the·:_adirantage 
; • ! . ' ' . • ' ' ' ' ' ' ,', ' ', , ' ' ' ' ' ',•, ' -. ·-:-. :} 

o-t 'ifreedom from pe.ptfr ti bars and resulted in measurements; 
, . • . . • 

con·sistent with _greater· accuracy. 

,, . The analysis or the reaction mixtures a~ tlie 
te~in_atlon ot the ra~piratlon s;tudies :!fiaS _restzticted: _to an 
evalu~tioti of the _glutamic ac1d··oon.centration~ The··results 

' . ·, •-· ·'·'.:.··\: :- ' _··.·_' 

o,r the~e s.nalys~~ indicated a lowe:red -c:oncentra.tion :qt the 
. ,· ;/:· 

substr·e.te for the rickettsial suspension as well . as .#or the 

normal yolk sac suspension.· , In.·.experiment w-1 a· los,:0£ 97 
microgl:'ams was recorded tor the infective yolk- sac · 

.,·, 

suspension, 'w~ile · a loss of 35 mio:rograms occurred w:t..th' the 

nc;rm.a.1:-·yolk: sac suspension. In expe'.rlment W•3 8.- losj.of <· 

4-i, miol'Og:t'am,s oCcurred With the int'eotive yolk •· sac. sJir,ellsion, 
while a lossot 23 tnicrogra.ms was recorded with tht) normal 

Y'Olk ~a.o suspension. 

Although a loss in the __ oonce~tration: of ,#Jlutamic 

acid was found lri b~t.h.the test,ap.d the control·syst~fus, the 

test system was responsible. to.?' the greatest loss. Thus an 

actual loss ot.62 micrograms was attributed·to the action ot 



TABIE·8 
, •. ' . " 

The-· chromatographic analysis of glutamic acid. solutions 

Solution Concentration 

{micrograms) 

· Measurement· by Spectrophotometer !lecovez,-
Blank · *Standard ~Sample (par cent) 

Filtered Not Filtered Filtered Not Filtered Filtered . Iiot Filtered 

1 1oa.o 

2 0 

0 .27 .2sa: .. 275 .28.$ 101.a 110.4 

0 .227. .21, 73 •. 2 68.2 

Legend * Control containing same concentration of glutamic acid as $81llple. Thecontro1~a not 
developed 1n so1vent. · · -

Bol.u.tiondeveloped QVernight ill solvent. 

·.;.. 0pt1cal. densiti m.e~t; · .. 



$1 •. 

the rickettsial: st1spensi:c,~·tn Vl•li and; a loss• ot 2,l ,micrograms 

tn,w ... 3 •.. 

The .gt-eater: 101fs .~:f/glutfllntc acid which was found 

'iµ::····experimerl.t·,:W~-1:, •···compar~d..···to\·:th~ los·s ·round ..... :tJ1.w ... )}L 
.. . . . . 

i.'lldicatec; that •the loss·-1n: substrate oonoentra.t1on was 
.,./::~ '" 

•••-•: •.,•••H 

aa.·.evidt:inced by the greater uptake. ,of oxygen :recorde~rro~•-

ricketts1ae,contain.ed in the test suspens1on.>otW•~·~<>mpared 
to tne·.teat, su.spension of W•l, · as· shown by .t}le:<t:>1olog}c . 

activity ·or tb.e:r1okettsial .suspensions. 
The· evaluation of. substrate oonoentrat1on0,~y paper 

chromatography methods indbated that the use ot iJ.U:t;ilmi~) 
acid ln, the respiration studies oonduot&d.>Witb.Ih p~wazeki. 

v,as .followed b1ia quantitative- reduction in coneentr~tion) 
. . 

and thi,. loss could ·,be related to ·the degree .of respif$.tory 
~tl, 

aotiv:tty exh:q,ited by viable rickettsiae. 
'-. · .. ' .'-:· _·;: ' :- . . 

Pathogenesis Studies 

The use . ot animals for the production. of e~eri• .. 

mental _typhus ._111:reetions had a. two-told purpose: Tb.~ quest 

tor an. experimental host which would· serve as a_ relilible } 
· • · . • ", : _ · · , . " .; 's, · _ ', • ' - , " " · · :_._ · •: .' ' ' ; ' · • , : . •' • ' • '. : 

index .or ~he biologic aotivity ·exhibited by_, R •• :growa,~eki and 
' ·, - .' ·.-,· _·.•.· ·.: '; ·•, ,· '. ·. : ·, 

!t.i t:y;ehi, and host .. __ itl whose tissues the rickettsiae. could 
'-. . . . I .-,, ;_ .• · ·_. : ._- ,_._, -·-.:. ' .· . ·. ' --•: .. · ,:·- -: ' ' 

-~ ' i ', ·• ;·;; 

be cultivated in numbers sufficient for use in theipfeparation 



. . 

,o,;f; ·.:tnr ;t~st .· su.speri~:t..9n:s :·-employed in the. respiration-. studies. 

,The. :ev~luation .-o.f\ host susaept1b1l.1t1 ·was .-,:}._;t . · 
' .. ' ' ··, 

_dete;~tn~'1:: ~Y ; ~he.,·;tter,ponsc=,. ·to , injections -or: 1nfectl11~· yoll~ 
. . .: :, . -:_:. 

-~.fl.O · t::1,~~~ps~.<;>ns~ .::. ~e .mo:re . susceptible hosts ~ould· _bEf '' ·-_:; N 

infected. with f'ewer . . ricketts1ae . ., . and in some ce.s·es these . ( 
: , :1• . • C , • . ·• • ·._ -- , ._. • . • , "· . · · • ' ' , , ' ' · • · . ' • , ' i •_' ' , , . . : . , · • · : · · ' , ·,' •:-,' ' , ',.', ;;_ -~ •·:. , ·. 

ln_)._teo~ions •· terminated in the death.: or .the ·nost. :' otH~Ir ·ho~ts . \•·•,( ·n_: . 
. .•• , .... t ;-.: _, 

p:rov,~.~? IJ1C)r8 , r~sl~trmt to i~tection following,:: tlle:. inj~Jt~:O?l . 
· ; ·; •i. '~/t<'.-: . , __ ~_- _:r . 

. Q:f.:·'in1'~~ti~e .7oi~ sao . suspensions ·and: .the · only Jtviderice ot 
. ' ' · .'. : :~ /;)'.:_) . 

infection which . oould be demonstrated was the produ~ft{1on ot 
. ' ' 

. ' ' 

intt'avenous .1njection ·of a tox1c ·challertge.; 
. ' ' 

-The animals Which were used in these studiijs ' 
ipcl..uded guinea pigs, white ~ats, cotton. rats, .. and d6a mice. 

;', '.:{: 

. ' 

l ·. . Guinea Pigs 
. ,: ,_: . .-.:,\: .. 

·, G_uinea pigs were .used to study• the multipli'hation 
. ' ' ' ' , . .. . .,-:·-~)}\•.;:_. ' .: 

of the ricke't-tsiae in the ·tissues. Male ·pigs were e*ployed 

1k orde; tO . cmnpal'e the ilcrdtal Naction tor the 1cih1e .. bo:me 
:.' :: .. ,._,.·'.·~(f ' 

. and mt1rine ·s•t:rains. Three serial pas~ages we?'e :made.?tor each · 
•• • • . • ; j 

.· ·. ' _ .. _ , _·. . : . ... 

b-~;ncf '·typhus; the Wilmington and Balboa Park stra1nsJbt 
', '' ·::,·,.\}.i~•/.;' . 

ni~:ririeJ.typhus. Two guinea pigs were used for each p~_ssagt:t • . 
• · • , ; I ,.', • _.' ;.:•:~ . l . • • 

'fypio.~i results ~·f gttinea pig injection -and passage :_~tte s4ven 
:tri. iFiiUre$ 2 8.l'ld '3. · S&veral obse:rvations of inte·re;f Were 
made. 

pigs. 

,' ), _'-:' ·>•j 

All. of the strains· eaused a scrotal swelling)i!i,; the 
_: ,-.;• ··;-·,·,, 

t't was evldeii·t" that the swelling might oocutt '. ~h the 
- :.;,,;·, 

· ,, 
· _1 :.t ;, 



absence ot , . .fever.: .. : Once ·a strain was established in pigs,"' a 

:regula:tt_ fever curve : could generally. be, demonstrated. :. No 

deaths, occurre~ at s.n.1 . . t~tJle with any ot_ thef's_tx-ain~., ·_,. 

Microscopic : examination ot the b:rain,. spleen and. tunioa 

var&itllll,isf'rom aptg,intected .Withlouae;,,borne·t;phufusJL.11 
• ''' ' ' ' . ' ' . '' ', .. : ,' i,' ,· · •.' ' : ··; .'. '"," ·. ·. ·,.·· ._-, ,' • _'.· i"<: ' · .... : ·. :·.···:. 

l .;, 

ocoasio.nally in the ,brain and•tunloa-• vag1nalis TJpo' 

passage. ot · suspensions prepared .. from. the b.x-ain, splt:J~rt or>:_, 
tunioa, tissues. o.t an. infected pig,,: ~~fect1on.s watt~ ._\/~:{ 

routirtely i;,roduoed · in .the injeoi;ed. pi~a • '!'he.· miol'(JJ~opi o 

examin~t1on or the._same .·tissues ren1oved trom>a ·pig infected 
; . ;-• '·_ ;·- ,•,, . ', .· .... :· ···., ._;··::i 

with mur:tne strains revealed agreaterdegreeottu.n+ea 
. . ' .: . . . . .. : ..... - ":····:::.', ;>: j 

involvement than that encountered. with the lous~-bti:r~e 
strai14s. Riokettsi11e could· be demonstrated b'l the spleen .i 

:, .·_. : ,- ' ' 

and- occa.slonally ln the .. brail·l~ suspension.a or the tiirlioe/ 
and the spleen were I'egula.rly infective upon passagt:,f· 

When the various tissues were examined 811.d.ilthe 
rickettsial. concentration determined, it was apparen.f_tha:h 

the ·. guinea pig t1$sues did not compare favo~ably Witli the.:! 

1olk sao tissues for the cultivation or rickettsiae f:p. large 

numbers.· 

Experimental typhus infection in the guinea'. pig 

resulted in the £ormat1on.ot antibodies which could be 

demonstrat.ed twenty-one days after injection. The results 

ot a.mouse neu.t:ralization test 1nwhioh the pooled sera from 



Figure 2 

The · Infection of · Guinea Pigs with Typhus Fever . Rickettsiae, 

-Breinl Strain · 

Passage 1 

Inoculation: Temper9ture Chart 

Source -
40.0-----------------------------Yolk Sac · ....__ 

Scrotal Swelling 

Volume -
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<l.) 39.0 t---+---+-_;___-+--~--=----------~--+------1 
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1 P · 

"-::, 
+-
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\,., <l.) 
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Time (days) 
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Disposition: Sacrificed on 7th ·day. Brain removed and passed. 
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Source- c340.0 
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Volume - .2 39.0 
0 

2.0 ml \,., <l.) 
a. 

Route - E <l.)38.0 
l--
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37.0 
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Time (days) 

Brain = + 
Disposition: Sacrificed, on 6 th day. Spleen.~+ 

Tunica = + 

8 9 , 

8 

Brain = + _ 
Spleen· = + 
Tunica = 

9 



The Infection· -of ·. Guinea Pigs with Typhus fever· Rickettsiae, . 
w :ilmington Strain 

Passage I Temperatur_e ·Chart 

I noculatio·n: S crotar Swelling 

Source - 0 Yolk Sac. 

. Volume -
2.0 ml 

Route -
1 p 

Passage 2 

Inoculation: 

Source -
Tunic.a · 

Volume -
2.0 ml 

Route -
1 p 

(1) . 

::, 0 39.0 ....--------+----+--+----------t----t-~ 
'-
(1) 
Q. 
E 

38.0 

37.0---------------------- Brnin· = .- . o 2 3 4 5 6 7 -·· · . 8 Spleen= + 
Ti me · (days) Tunica=+ 

Disposition: Sacrificed on 6 th day. Tunica removed and passed. 

Temperature Chart 
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---- I\ c2 4 0. 0 1----t-------+----+-~--+--....;....; 

(1) 
-~ 
:J 

. 0 39.0-_ -------------------+--------
. (1) 
. Cl 

E 
3 8. 0 t----+------+------t--.1,___..----'---+---+----+--"--------I 

3 7.0'----L--~----i---'---...L..----'-----1-...;......& 
0 3 '4 ·5 6 

:·· !ime ·(day_fi) ·.-. 
.. Bi6in = :+.: " th · . · Disposition: Sacrificed on 6 _day . . ,- " · Spleen= -: -+ '-

Tunico = + . 



f.ive infected guinea pigs was used, ·\are· g:bTJn. in Wable -9~•< 
The serunl wh.1¢h• was obtained: . .front the· int acted_ gu.i~ea pigs 

showed.Can abil1t:r, in a f.;.90 d:tl,ution, to, protect albino 

mioe:r:r:rom' a toxic ·challenge. 
Albino m:t._oe: that we:re injeete4 w~th the normal ,) · 

·guinea ;p:tg serum. i.n a .1 ... .dilution, ... succumbe<i. to: the.?toxl:~ 
, . , , .. . , ··• .. •. _. ::' 'c·::c;..},.:, . I ,,• .. .; 

\ .. _·:, ,'. ', . . '. -~ . 

challenge., .. ·'.Cbe: ·.r.e~~lts ,of. a toxicity. tit~atiotj whic~\we.•~".; 

. conducted simultane6usly with the. neutralizat.ion tes~. · showed ; ' ' ·. . . . . . ' ' . . ,•, . '. : . -. ·_:· :.~· : . ' , 

',-/ ' ..... . 

that.· the. dilution :of the .toxi:<i test; substanc~ ~sedJ.r( th_e 
'-;·\:•~ 

test· ·contained 3LD50 dose.a •. 

2-. Wldt e. Rats 

White rats were examined for evidence of infection · 
) .. ·,~:.:\f: 

.following the ,intx-avenous injections ot murine strai~s • 
. 'l'hr_ee,.serial passages .were made in whi~h four rats w~re· used 

. . . ' 

roi--eaCJh passage. Tb.e._'rats gave no visible indicat19n ot/ 
illness., an.d 'the m1crosoopio examinations or .brain, 11.ver, 

'.-.' I 

spleen a.nd peritoneal so.re.pings tailed to demonstrate the 

presence of rickettsiae. One rat from the second paisage i 
w,, 

was bled on the twe~ty~second day after in.ject1o~,· a~d th.Et 

serum was examined tor the presence of coznplemen.t .tf,:1ng . ;t · 
antibodies.1 ·A 4 ,t fixation ot eompl~ment •. was t~~l'~in .al 
1~16 dilution ot the serum when antigen pl'epared. t.i-oih.i murine 

-,:<~/,,; 
•I;\ 

' l The complement: ti.xation tests VU:lI'& performed ~hrottgh' the 
courtesy or Mx-. J • ·'Holper, Depa_rtm<:int · ot Baet·e·r101ogy, 
University of Kansas;.· ... 



:TAB~ 9 

·. Tl$ ··. neutralization of. .toxic test· stlbstarice0 .by the serum ·or•.·•··~ ·guinea pig .• .. 

· Titratio.n of ·toxic ;.tes:fi · 
substance·· .{Breinl.)···•· 

D:liution . of/::r1cl~ttsial. 
suspensio:n 

~-•. ·'." ·,-. 

1-20 ii-ho·::::: /'.;: .. 1 ··.1-80 
. · ,:: ····. , _ .. · .. ·.· , . . .. -" , 

-·- ;': :,•·.- ;·.- ·· -
.... ,• • .: ., . <: ,: ~-< . ,~-. ·. 

. · infected with .louse-borne typhus 

. ' - . . . 

: Neutralizing power of>gu.inea pig · ·.... . ·· sera · · 
. . 

Dilutioruf o:.t' sera fJ 

b/4 · 4/4 

lsgend .·. ·c. ~;\/::~~~a~~ ·t'epresants the{XlUDlb_e1; ··'dead •. 
~•~-.· . _.· . >\>nenominato,;. repre·s_ents i t.~··.number\. ;tested.. 

. -.. ··:;-;-:_'.'1 ; 

_: :J .. .:..->.·:..·:__)-;,.'·--/ 

Bera. 
·contro1·· 

Dilution of 
Sara IJ 

_'. '-, 

'.;Dilut1011' of toxic teat substance,. o.s ml .of ~ch represents F}~so- _.: caictJ.ated: ... 
. according. to Reed and Muench {81)~ .· .. ·•. · • ·· .. •. / · · ... · •· 

. _____ ; ·. · ,· . ' ', .. . - ··,_ . . . ' ·- . , . . ·_,. . . . ,- , 

. fl :.• Re~rits. .• £inal. serum.dilutio~ •. 

,, Dilution. 'oi guinf)S: pig $era which will protect: fifty 'pe,r cent of the Ellb:tno mice 
inj ecte.d against .3 LJJso ;o.£ toxiq tE3st · SUbatanee., Cal.cul.ated acco~~ to Reed and 

,, Muench (81). . · · · · · .· . · 



strains ,,a.s used. A .4- ,' fixation ot complement was ~ound • 

tn .a,·l-4. dilution·.Of•;the same iierum. :when antigen. pre~aredi 

, normal , re.ta fail.ad .to demonstrate ·any ·fixation oi' coxnplement 

!n:·the, presence ot, 'the above antigens. 

· ·The identitica.tion ot· .c~mplament fixing antibodies 
. . ' . ' ' 

. : :tn:·the serum of e.n ;1njeote.d ra~ · ·tor e.ntigens pt-epe.i-eq.. tro111 
:th& mu.rine· and louse-borne strains was the only evid;noe: or 
infeotionwhioh could.be shown. 

.>::"-'r 

to:rm ot int ect1on. and !)ossessed a rel~tiyely lrl.gh .qe~tee J?;'. 
·'J. . 

resistano.e to e.xp.erimental typhus~ fux-tbei'.- stU.d1es ,/Jre dis.:;. 
'. ,,,·,t·· 

continued. 

3. Cotton Rats 

Ootton rats were injected via the intrae~t~d.:l.a.1, 
it1t_· re.cerebral and., ~n-trap<;lX-itoneal routes· W1th.1n:f'eot{ve Y~lk 
.,; 

sac ~uspensions of th.e Breinl and ~1lm1ng.ton strairisf Two 

rats were µsed tor each, route of .injection and tv,o •*;iea-tof' 
two passages ·each wex-e:~oar:ried out tor the two;·;:straiils. 

' . 
The intraoardial injection of inteotiveyolk aao 

lo ' ':- _·\ ':r 

suspensions ttesulted 1n visible symptoms ot 1llne~s __ ;l.th :fhe 

two.- lltrai.ns of r1cketts1ae. 

and :refused .food and water. 

The injected rats we.re:]istless 
' • . . ' .•·. I' )iAf .· ' ' 
Ot • the two_ rat,~ injecteq. with 

.... _·' -_ t_; :: : . ' 

the Breinl strain in the first passage_. one.died.on .the 

fourth day following injection, and the other_ becatrie.:Nmoribund 
/l 

\(\ 



and was sae%lif'ioed on the seventh day. ·• ,,he bra.in, spleen;i-

and· liver• · were .:_l'emoved _from the ·rs.t which ~led on the_ fourth 
··\·: .. _; 

day • . :- #- m1e:roscop~o ~Xamillation of th,$e tlssuea .:re!fl_aled : 

th~ ;~~~enc$ . it;r I'icke.tts1lle 1d!Dl,\1i 'nlllTlbers, .An eiiridnation 
•

0

tM{t1ssu~!J r?!9~ . th8 Otb~i rat t>evealed. thG prese~roe . 01'. 
(\t\•'•; 

rickettsi~~- in smail :number-a _in th, ·liver and spleen.~\_, No< 

riokettsiae were ,:found -in the bra.in • 
. :.-··.. ,·, 

.. , In the second pS:sSage, .·· ti slispensi(Jn g!' brll~, •spleen 

e.nd -li~~r: from~he-mor1bund x-atwaa ·1njected ' intrac~ia1a111. 
, . . ~. , . - , . . . .... ,. V' 

One , rat>was <sacrificed on the ninth da,- -e.rte:r 1njectiion, ,- and ... -.. . '. '; ': ' ,' . . . ' ,·, •'<·J ' ••,'' 
. ' ' ' . . ; . ' . : . , i i:.: :; 

the .otli~r was: saori,.ticed on the twenty-second day, _ -Ah-· 
..... , ·_} .. '· 

Gx8Jlliriation ot ,materiat -from the bt-ain, -spleen .-and,l t-:v~:r -:J 
t'ilile~ '.•t() ie~Onlt:ra.te the . p:resenoe of i-i(lkettS.f.ae :LJ}~the il"ats. 

· · The in.ti-aoa:t'dia.l lnjectton of mu:rine at:t'S.fit ••a; 
' .• · .. ? '. ~· . ,:· :- --(.~: 

toiloW$d by · Vi s1ble. signs of . il_~e·ss' _ in-'the . rats. ) : ,I~( the} 

1'1rat '-~aaallge, olle :rat di~d ozi':'th~ :t'frt~ dE\Y aiter 'ij3~~t'ton 
- ,. . . . . . . . . . ' '. . . . . •, .. ·-:,},.. . - ._ 

';" ,.1; : . .-.(~ :' :_( {{", 

and-{tb~ e,econd · rat became moribund on the seventh. da.f--and,.,,was 
t ' ,· •• 

"·• . ,, . . ·.·. . . · .. : ..-:· . . . ' '. .:·,_.·· ', .·:,:·.. ' ' ' ' ' ,· ,' .·' '' '' -_- ,- ',' -:·.' ' >.·/\'?} ·, ' 
sa.cttificed. _ The brain, , sp.leen and livet-. were relllove~·'., front. 

' '' . ( {~~- . ~. ,_ --:: ;,_!~-

--the --- dead .: rat -and· examined :microscopically- fo11. tha<P~,~-.senoe . _of 
. . . . .· - . . .. . . . . -· ' . ' . !· 

r1•ok$ttsiae. Rickettsiae were ·folil'ld 1n small numbe:t'~ ,: in: each 
'. ·: ,_ ·. f./,~'•,: t 

oI!- t .he three tissues. A microscopio examination_ of thebrain, 
I ":iJ, .. •. -

sp1een :iand live?' from • the moribund rat -revealed the ~resence 
.• _. , ' I , ' . • • • •' .:_C 

• ~- I 

' .. _,. ·· :'.}. , .. 

_found tn ·the bra.in. A. suspension of .liver and sple~J '. was 
' . · ,,., •, •·.:: ·· . . ' · .. : 

prepared and>used, as: the inooulum ; for the seeond .pas~:_age. _ The 



.· ·.-·-.· . 

. t'ats .were obsel'ved . to~ a .. per.iod:/ot t~en.ty~one days .follo•lng 

-~he , Jnje,ctlon • . ,No :signs .of ilJ.ne,ss Jvere _,det;ected. ,'fhe rats · 
,,· 

"°ere .. fJa~ritic~d .. on .the twenty~,s~·oond gay:, :aftei-. itdec~~on:-.• nd. 
:i : 

- . 

,fq~::the. presence of rickettsis.e. No . riaket.tsiae . wer~( f'ourid 

in .the .tissues o~ eitbe~. rat •. 
:- -,."•.···, ·' ·- · . ... " . , . ' .. - . . ·.. . . . 

' ,' .. •.,:• i: .. •: ,,. 

,Th&. 1ntracerebral .injectio~ of :rats with-, i~eot.~ve 
· • l'. , . <~· ~:-' 

. J-Qlk, see.: susp~nsionQ , ,or : the :. :Brein1 •, :a.n.d _Wilmingto.n ,.- ~t~ains:l·.was 
~ • • •. • • • . • C •~- c" • •_ .· . : • .' ••' •• • - . . · • • .,_. ' • C C • • :• . · •-- • -. • . .•_ . • • .-: •. : •, ••: \ ,':: • : : . · ; 

foll9wedby visible· -~Jmptomtt ot .11,lnefJs• · . . or the : rate . 
. ;- ·\/}> .... -~ 

\ ,· ~- .... 

injected·. with th.e . Breinl strain, one ·died :on .the . ~oii~h day 
: '·. ~\i. 

· ~ftel'J.--3.nje.otion.:; _· The second . rat .. beoame ·1n.oribun.d: o~ >sixth 
day : atte:r .:injectlon. .. and . was .sacrlf.iced. ,._ · '!'ha,; x-at. · wh;~:h . died 

.·) 

. Qn. : .the : f ourt:h day Was . ;autopa1.ed . and .l\ Jn.i()t-oacopie , e,c~inat1on 
' . . . -. . . . ,· ,_. . !~:,r>· 

. · .. :· .·; ' .. (·'", , . 

. s_~all c~umbers,. w.ere. :found in the$~ .tlssµe~1. '?he, _bratJ;r: ::llp~een 

$d -:livex- were .removed from the: rat .which .-as'·,saor1·ff:hediiind 
a1~o;bscop1e. e~amination C>i' th~X.t1saues \VU, mad,e .(.,~~R . · v 

R1ckettaia~ were found in small :numbers:, in each ti~j~·e,~ . · .. , .. . .. ·.· ... . , . . ·.··· .. •· ·. . . , . ·,;r 
A . suspensio;n of brain was prepared f.'ro.~ . th~. rat ·:::. 

·. w~toh. ~as ~ac!',ifioed, . and rats ot the ~eoond ptl$i•g~};Were1 . 
' . . . . •. . .~ . . ·' / ." ,'·:_:·:i..:t/ 

it1Je~~ed .. 1:ntr~Q~_rebra.lly •.. : No . SJ'ltlptoms. ot. illness. we~e .noted 
. . . ... _. . ;· ' ' ' ' . :i .. ' __ ··.::··:.:-/-~?):: . ' 

during:'. a ·: p1.{r1o_d . o.t · tw~nty-one . days. . The rat$ were -- ~~riticed 
- . ;~;·. ' 

011 ·-the.,, .twenty ... second day .. and -the brain, -liver and-: sp~•:een. were 
. . . . ,j 

.· ; ... ~. ::: ' 



·oo .• 

The intra.cerebral injection. or rats with infective: 

yolk sac ·eu.spensions · or the Wilmington strain was. followe~ 

by :.visible. evidence· of .1nfeot1on. . One x-at died .on the tour.th 
'.':::::>. 

da.y,>after1njeot.1on •.. The second rat became moriburtd:.··On ·tbe 

.fifth d.ay · after injectiont and was sacrificed on: th~j~1xt}?. 
. . .. · ·... . . . . . . . .. • ... . . .. . . . . . \ er . . day.. •~. microscopic examination of the brain, · liver :and -• •'ji .... '' ·. \./';,,-

:,·:·:·_:.·\ .. 'c:.··· 

r1cketts1ae; in ,small nttinbers. in these tissues. : A ~~i~oscopic 
. ' ' ' _· ' ._·, :._:':,\ 

e~e.min.at1on of: the; b:rain, 11 vex- · and. $pleen ot: the , ra~:._. which 

vtas · sao:rificed snowed the · prese.nce. of•· ricketts:te.e ·ln\"tmali. 
num.bat-s-in the brain. No· i-ickettsiae w .. er&. tound. in.'tb.e. liver 

,_,, 

', ·- .::i.<·\ ' 

A suspension was p~epared tron1 the l.>rain ot. thef rat 

which was. sac:ri~ioed, and injected· 1ntraoerebrally··.1n.to ra.ts, 
, . . . . . . . "··. ·. . .· .· .·. :· . _, ___ - -· .. _,:·:-r· ;_: -:- , 

of: the: second passage. • ·.The. re.ts were. observed for a./period 

of\ ,twenty-one .days. , No symptoms of illne$s were not-.~d.-, The 

rttts were saer1.f1ced;on the t.wenty-seoond.. day- after ·~nJection 
, '.' ·-:-;\{.', ·,:.~i( 

and., the· bra.in, · spleen and 11 ver ·were examined.· m;oros&opie:ally •. 

rioke.ttsiae were found in these ·tissues; ·,>.• · 

'Phe, ·1ntraperitoneal injection of ra.ts witn.·}\inteqtlve 
; . - . .- ._.-h_ ,- _, 

,- :- : 

yolk .. sac suspensions of the· Breinl and · Wilmington ·sti-a1n·s? 

we.snot: followed by visible symptoms of illness~ · Th~imioro-
' ' _· ,'·'·i, 

scopio exatnina.tions ot the brain, spleen. and . .livert,iied to 
' . -.,,'·•,• 

show the presence ot rlckettsiae. ThJ. passage in x-~~s -~f 
. . .< ' ; •'-, _- :--_;.\· -_ ; . . 

suspensions prepa:red .. trom the brain, spleen and live; resulted 
·, ·, .·:. .· ,, .. ,_ . ' •• . ···-• .:,.,'' • . '1 ' • . ·. '.·_··,_ . ' • . ['· / , ._... • 



in no .. deaths'- and.no symptom$ .of illne$S.. .The mio:rosQopio 

examinations of the bttain, spleen and livei- failed to reveal 

th.a ·presence .or .. ricketts1ae. 

The . p.rodu.ot19~ .. of exp&1'itt1ental : typhus .. inf e~tiori~ 
. . - . . . 

in <cotton rat~ of several •months ... age foll.owed the 111:tra-.:;> 
ca.rd1.e.l: •and intr.acerebral injections of infect! ve .y.oj'.k sac 
suspensions of.the Breinl and Wilmington strains. The 

. . . - . . . . ' . . 

presenc.e of infection was determfne,d by the occurret1\~:e .of) 

S11Uptomt:t of illness · in the. injected animals, foll<>we~. 111. $om·e 
"i • ·.••, . ·,---:·-_.·_-:) 

c·ase·s.,bj' death. The p:rasenca of': rickettsia(f in the-~iss.u,as 
ot .. ·these animals. was demonstra:ted• by'. mi~:ro scopi~. ei~l'~a~ion. 

at·:th<r:tima ot. autopsy.. Botb strains. faile,~. to·<giv~.?: 
' ' 

demons>trable. evidence , of infection upon passage in c6tton.' 
. . . . ' . '' . . ' . ·- .. -· . . . . ' _-- ' ', .; ~- ,,_ ",._; 

, ,- '' . '. . 

examination of the tissues at .the time o:C. ·autops:, railed to 
. . . . 

reveal the presenQe of rickettsi.ae. 

'?he inability to establish experimental typhu.s 
in:rections in the .cotton rats.· and the small number~);(;~ 
:riokettsiae which were found in the tissues of the r¥rst '; A, . 

passage animals indicated . that the cotton ra~s whioh)ware/·used 
in,these ·studies were not ·suitable .t~r the ~~o'3.uctio# or··. 

ei:perimentai infections. 

This·. oonolusion was confirmed :by the results of two 

passages ot mu:rine. typhus in :baby c.otton rats. The r 



opse.rvations·, wex-e confined· to -the _intracerebral route- or 
administration. ·fh~ rats ·were: less than !'our weeks ., e>:f ·as~ 
and. du~ _to : ;tll.tf ;V~?7, li~ted··nu.ml)eJJ . wb.io_b wf)re ;_S:yaii;i;1•e_, 

: -, - • • · • ' • • •: • . • .. • . . . .', • • : • • • • • • . . - , . > -! ·_: •• . .. , • - , . • . . . :- , _ _ -.. . . . . ' 1 .. : /, .. . •; · , :•: :_. . ·, : ·~ 

op.ly: two -wera ,·U:sed <fot-· eaeh -. ·passage~ -These Qotton::r~ts ·: ·:·; 

d1sd ·on the· tourth :to the sixth day after the ·• intrac~rebra.l-
__ <. 

injectto·n:ot a ,10 per cent :f ,olk sac -a.uspEJnsion. /l mll.oro.~· 
:·· '1 . ' ' • • ; .·, '. ;- '. • • ' -; ·' ' . ' • ·, 'i ' . ' . ., ; 

.s·oopie :examination or the · brain, splee11: e.nd :livel" ti~.siies ) 
: : ' . . · . . :) f ~:; 

revealed) the presence ot rickettsiae in these tissues:; in::.( . 
' . . -.- -_ ·. . . • . . • ... . . . --- • . .. . _,_ . • . . . ' . • ·- ;~-\~\' ' .' • ~ . • 

1tlrg$ numbers • , .. The intrac e~$ bl'al .inj eCtion of, oth,e~~t a1>Y,} 
.:·,;;.,:;: :".; :) _ \ 

ootton; rats with a 10 per cent ·suspension of. braln.~~~oved 
fronr '..one <of the dead '.rats ·at. the time of -- au.topsyi :·wa:•:. · : ,J 
,. ··< . ' . . . . . . . . . . .. <~{! 

· f6llowed/ .by the· death of th$'· 1njected . rats on the t.<:>~~h .to 
. . . ... . .. · G0 . 

the :' sixth . day a~ter injectiori.- A_, mio~oscop:Lc .. exami1~}t1on '.. of 

thif .··brain; .· spleen and livei-· tissues ot- the ._ dead· raii~)\1\ga1n 
l _1_· -~ . 

,r;vealed the presence ot rickettsie.a 

·Dba mlce ·ot·ten:to fifteen g:isamwe:tght were 
,· '• \- ~' 

inject,d wit~ infective: yolk sac suspensions · ot-·the .f3.re~nl 
1 ; ' : 

and Wilmington-: strains via· the .. lntrao~~ebral, _· 1ntra:v:~nous.::.'.; 
. _:--.-. ,. , , - . -__ :- ·;.:_··.<rt'·. ·:~:;:.··. 

and intraperitoneal routes. :Pour mice were used .. to:~}(eaoh> 
. ·•.•-·~ 

' ' J : .. , '. _.-· : , ~:- -~'~-~-

route of injectlon and two series ot . ·two passages . ·ea~h we·re 
~.;/ 

o.e.rried ·out . fo·r :the two strains.· The mioe were kept) at -·an 

environmental. tempei"ature ot 6$<? to 77o centigl'ade. } / . . ··. · 
; ::•, ;· 

The intracarebral injection of, tou.x- dbam1d~ with 

an infective yolk sac ~uspension of the Wilmington st-rain 



6.l. 

· resulted in. the death of two mice on the third day artel' , 

1.nJect~on. Of .the ·two remaining mice, ·.one was saci-1.ticed. 

on the .sayenth. day a.tter. injection. and ·the other on _the_· 

e~evel'lth day. The brain, spleen and liver tissues w~re 
: . :·, 

_·;: :_ . . . i; 

e,tami11ed microscop1ee.lly • to 7: t~e presence of ;t'ickett~:,-'18 •. ;, 

The rl~kettsiae were found in small numbers. in the<.~t~sues. 

Of·•. the,; mice that died. . No :rlc.kettsia.e werf:l tounq. ;;_n(~he \r: 
tissues of those ·mieethat were sa.crltioed. 

. . . ' 

" A suspens.1on was prepared. t.rom _the .. b~a.111.·· a.p.ct 
apl:een.: of! .one of the dead mioe· and injeelted in.tx-acex-~pral;y 
into-the mice of the seoondpassage. ~wo.mice_dieddn. th~-

fout'th:, day after injection, .and two JU~vived a twt3n~i-one,.}. 
'(} ' . ''' '' 

' .. ·. t ·.. . . . .. . . ;}} ' ·.· .. >.·) day.pe:riod ot ·observ~tion. A· m1:croscoplc examine.ti<>~ was.::· 
111.ade ot the>brain; sp1een° and live:r of_ ~ne .dead m1o"~f; 
lU.ckettsiae· were tound · in smali nu.m.bers in the tissues· of 

the dead mioe. The surviving mice were examined tor,' 

evidence ot infection .by me~s ot thei:r response·· to.J[ toxic 
. J~\ :-

challenge ot riokettsiae~ Vihen compared to non-:tnJe~;ted 

mice,' the resistance ot the inject·ed mice was found.:~o· be.( 
., .,• '. 

greatly increased. The control mice succumbed to toiio . /< 

death following the intravenous injection of a rioke~ts1al 

suspension c~nta1n1ng qLD50 • 11.'he ·injected mice· surv~:,ed :,' 

this toxic challenge. The resistance to·the tox.ioo!t.a.ll~nge 

which was sh.own by the mice of the seoondpassage 1rilcated. 
' ' ' .,-·; 

the presence or an. inappa.x-ent infection whichoould>l:>e 



:recognited bf. the laek of rea.ction to the cha.ll.enge as 
•.;:· J : ' 

oompa:red. ·to the nomal controls • 

. , . The intrace:rebxaal injection of four dba mi~'.e with 
, :•· , •; , : '~ .-. • i ' . . ; •. . .• . > •.,' '. :., . , . -_ -. /· .. ' >~_-•:' .. ·, : ·: \ ., ,, ,'.· I_'.~::·•.:•/; . 'f 

: an 'tntecti ve yolk sac Sus.pension ' 'of the Breinl atrafri:" F · 
'. ··; ;' - . . . . . . ' . -; • ., . :. . . . . ) ' ' .· . . :-·: •~-

result.ed in t;h~· .·death of one mouse on .th~ 'fourth day\ia.tte:r . 
. ,-, _ _ ·, ; ·, . . . ' ' ,_, -, 

The 'three remaining' mice-,su.xa~ived an obsfj~vat1.on 
•" , . • , , ·., , , , (',·/~ : .., I 

4 microscopic e:x:·am1ri~tiOij: was · . . ' . ' .. ;··;:, 
' ' . . 

made , 6f the b'rain; itve~ and spleen:, of the dead moti.sEi\ ,· 
. . . . . . . ~:. . . : . , . . ' . . . ?)f'i 

. ·Rt~k.ettsiae \Ver-e found. 'in . th~ brain~ but could not b~. 
':'i_\·/ i' f ; ; ' , ' · '.: ·,··,: ! . ·• ; : • ·, .':; ·<:~' 

demonstrated in the five:i- or ~pleen. The surviving .~oe 
,;~te 9~Blie~ed with 4LD50 ~f a r101tett;ial susperisj_i ri on , 

.:·. ·,, ·, \ .' \. ! . . . -:, •, :- , -::·' .· . . . ; .. . ; . . . . . . : ·, . 1 • . ' ' • • .' " • : \ • ' • . _'-: 

the ' twenty-second day. All of the m.ioe 'survived tht:'.l> 
, -; '. • I ' -~; ." • • 

.. _. . ; ·_- _, 

challenge • · 
. :- ;,,'·/ ; 

', . . '-; ;·' . ' . 

A suspension was preps.red from the .brain and. SI?leen 
:~ ~•f":":,_/ 

ot the dead mouse and injected intra~erebrally . ~nt(? :~:he mice 
-: .. -.-;· . - _._ . . . -- - - - ., .. ,_ ·-:. i,~'.,\r -_.-_ 

o:r ··the ·.s~~onci passage. Two mice d.ied on the ,r1r1;1,. ·4~:y 'atte~ 

i~dection 'and two·:·su.rvi;~d. :~n .. obser;atib~ perio•d .bt·#~ent{- : 
o~e ·days. 

iJ.l'l!l.t)pa'.rent iru'ec~ion. Both mic& s1lrv1;ed QLn_,0/;hile . 1:wo 
~,~~t:~9f,mice succumbed to 'toxic · de~th.·. . .. ·::,f_:,•i -· .. · 
. . i' L ,;:;: ;. 

The in.tx-avenous , injection .of .. d,ba .~oe 11dfflft ln1'e.Qtive 

. • ,·· ,1, .• ,, '.:'(!: •,.' '. ' 

The sul'Vivors wereexamined for the pres~n.ce ot 

; . ,· 

i~lk:·s·~c suspensions of the Wiltnington, and·, Bre1nl, Jit;·ains 
·, ! --- , -. :1 , 

rich .with rlckettsiae wa$ followed by, the death of th:e mice;; 
' •, I -- .•~ ' }\ - ; '/ .>,' ; • f , ·, -_ -~ • • ) • . ·• ! j t • . _. ' :.-:,.: :-.· :}~ _: :: ' • · •: , I _.·; 

withln:: ·twenty hours~ '. '!'he m1cro's·cop1o ·exam1n&it1~ns o:t.: the .. :: . 

})'r,aih,· sple··~n ; 'and liver failed to show .tlle : presence .; '.~ 

· ricketts:tae iri .these tissues. 

,-,· -· 



.. When the Y,olk s··ac suspensio,ns wer• -diluted :./beyorid 

th~lr abil.1t~ to cause toxic death • . ,the 1nt:ravenous :~;njeotion 
of: ·tour .;dbe.' mice .. with a -1·1~0 ·-d~luti~n ,of·. the ,Bl'einl\li~t•rain 
. . . . . . ' . . _: · ... ,t·:,, ' :' 

result~d . :in the survivttl of ·the .tnice· d~ring · an obse~!,'~.tion 

p$1'1od. or twenty.;one days. . Tlie ilitrav,e~ous 1n.3ee~iof : Or + . 
. ' :: : ',• •, , ( ·.' : ' ' . . ·. , . . ' . ' .. , - . . " ·-:·,._}( ... · ,· . . . 

fo~x- ·a.ba .. mice .w:tth a 1-1oo ·;dil\1,tion or :.the :wilmingto~: strain 
. ' , ' . . ' ' ,' ' :.· :.. ' . ' , ; .' ' ' ' .. :·-.· ":• ~"i/( ··' . ' '· ·• 

".f8.S ';'O:llQwed by' t .he .death of tWQ mice on the ; foarth/4~Y' 

aft.er /the j_njeoti on. The m..iorosoopio . examinations JJ .. ~he : · · • 
r : ,, . ,• . . . . ' : ' ; < ';: '\Jr :, 
bfain., ;liver and spleen of the dead .rnioe .:showed ·. the ':i?resenoe · 
',\ ' ,. ' . . ' . . . . . ' ' >.:::;.· . 

of :ttic~ettsiae . in ·small: numbers 1n the, spla'en and 1'1~ler. 
; . '' . ' .. ' "". '· < ·.. ' ' . ' ' ' ' ' ' ' . ' ' ' .· · ; ·, . . ..; .. ,· ·· .. ' : ,· .. -' . .. ' .': ,• .. •, .;' ' . 

tis.sues. , No rickettsiae. were round .in the br_ain tiS~es. } 
. · .. ·:···{.{t 

Th.e mi~e that survived the 1ntravenous .1njeotlon·s .·of)Wj;he }{. 
·:< . .· .· ·.· ·. ·. . .. .. · . . ··. . . .:· . . . · ... · ·· .. · . . . . ... · ·; :)B\: · . . : /· .. . 

B~t,inl·, and Wilmtngton strains· were. challengeq __ .,tw.ell,ty:,i9.n~ \ h'. > . . ' . ' . ,' . ·.· ·. . . . . •·· . < •, ·,.. . ' - . . \ . ' . . . <: -::]f ' . ·; 
la~er with .4LD50 o.t -the '.app~c,pr-ie..te -T-,.;'1•.ts.. . Alt'.f}t;u~. :;the 

, . /_::~,.:./lf> rnice su.-ttvived •. ·.:. . . ; .... • ·.,r:/•, , ··:- .. 

!].'hEI intre.pe~t.ton,ea]. injEl<stior o.t' dbll JlliC~·i,ith.i~ 
pel' cent y-olk sac suspensions o.t' ,the Breinl .s.nd. w1J!tgtqn, . . . . . :- ' ' ._ ' . _-. ,"' '.,, ' -~{\? 

~.tr.a:t~.'3 usu~l.li,' fai~ed to -~f~f t~e mica., ¥.hen yolk .i~o ·. 
suspensions 'rich with rt'cketts1ae .~ere .u.sed, howev-~i~r tli~ '.T 
i;ject~d mice sucoumbea to toxic death. !!'he 1ntrap~tton,~ 

1~j~J~ions we~e . made with f()u~ mice. to; eac~ ot the :i\l{o . . .•.•. · .. 
' ' ' ' '~· ' ' ' . ' ' ' ' ' ' ' ., ,, -:.:·\: :<.}{":_::::··~.- ' , ': i :.-.-· ._ 

StI'ain~. N':) , deaths .were recorded following the . 111Jai~ton. : 
. :.-.· \:}:.~{: 

· c,# .t;he.\ rnice with either strain. One .mouse from ea~}{)passage 
',· . ,. '. . .·. . ,·. .·· ·. · . . ·· ' ; ' ·. : ·: '. ,, i'. /;\{:~t· . . '. ' , ),,i 

. was saorifi'ced on the eleventh day after- injection and a 10· · 
' ' ' ... ,, ' ' ' ' ·_. ·.. . ·.. . .. • ·. ' ' :- ·,:,-.-

··•;.,·, 

pt,r ... cent suspeI1a.ion was prepared troll!, t:t1~i br~in_1 spl.~'.en. and 

liver. Ee.oh suspension was used.for the illtraPerit~rieal 



I 

injection o.t four m1ee of the _second passage_ •. No dea.ths 

occur;~d wlth either strain, and the niice were challenged} 

twenli;r:one days .afte~ th~ inJectio~a with 4:LD50 ot the ; 
' • > . ' ; ·, . ' ' . ' • __ _. : ' . ' :: . .. -~ .: '. ' . ~- ' . ·,! • ,, .• : '• • ·: : : : :': 

: : ;·· _, i\(:: 
. , ~ a.ppttopr1ate '? .T. s •. All of the mice survived. 

.:; -1 

.. The three rema.1n1~g mice o·f the first pass~ge fox; 
.' \ • ' ' • ' • ' • • • . . ' •' :~-: 1 ' • 

e'ach st~ain were challenged twenty--one days attex- th,~,· 
·' ' ' ' ·, _ • \. 1- ,_-, ' .··:,,/ 

. injectio~S \¥1th 4LD50 ot the appropriate T.T.s. Au>1ot th8se 
: .. _I; •,'-_-,, ,'• . .' ,, 

mice· ·.su.rvi ved.. 
. . 

The production of experimental typhus in ti.le dba 
_,i:; , _·l.·,':'1 .. ,;,' >i..J/·.·::: • ., 

miC<f l'ollowed the 1nje.ct1on of infective yolk sac sua,pensions 
·1-;,. ' • • . ' :_;_ 

by;e.ll"of the routes examined. ihe intl:'aeereb:ral, :lri.tra-
v.enous\' and: lntrape:ri toneal injection 6f _dba mic~ reslilt~d, 
in, ·som~ cases·,, in> the death ot .the m.ice. The miorosAop1c.:, 

, ··~<· ; 
. . ... · . 

· examina.tions or the b?'a.in, liveit and spleen which :were: taken r .\ .. - . ,'•· . 

f:rom ·the dead animals ·at· ·the time. of autopsy, reveal.e~'.:,the . .:, 

P,fes~i:lf!l of· l'iCkettsie.e in small llUmbel'S in theae tff sue-s. 
Ti,lose , m1c e , that did not , ·die; demonstrated the presenc:~'rot , ,;! 

' ' ' . -· . . ·, · .. \~ . ' . . 

in.apparent· 1nfeo ti ons ·by.· the ii- • anility to·· · retti at , a .. · t4~<J.: ). 
Challeiige coritaining 4.t:D50• The int:f~periton.ee.l l,p.j~<lti~O 

',• I • ,• • : I\ 

ot. dba.,.mice resulte_d-1n· an 1napp.arent_1nfection whic{i: produced 

immunity. as. shown by :the resistance of .the mice to ·t§.Jtio 
(' ' . ' ' -, . '/ ·, 

found .1n the.tissues ot·:the·def;ld mice wel'e small, ·t~is,b.o~t 
', ',, : ' •.·;_., __ .:· 

· wa~ not '1Sed tot- the large scale production of r1oke;ts1ae~ 
·':l> 

The susceptibility ot:' the. d~a, micuf•to ._1nt~4tions 

· caus~d- by_ R •. prowazeld.· and R~ t:y:ph} was shown by the ,results 



ot the pathogenesis: $tu.dies. This su'sceptibility. was> · . .fcm.nd. 

_to. be ,of .value in. :,estimating. ,the bio'i_ogi.e.s,1ctiv1ty· of.' .th.er ,. ' :,: ., ' . .'•_-. ·: , .. ',_· :·: ':.· .. ·' . . : ·._. _.•,_._.: ' . ' . ·_._ . _'.· . . . . -.; 

~<lk~tte1a.l· $us:r:,'ensions·,t1s~din: i;he <res.pir,ation _ studies 

ThecJl~tai~ .. s .. :Of: the e.stimat:tc,n._ of the ,b1olog1_c aoti,d.ty 

, t.he_ ri:9ket.teial ,, s11$pensions ... will be. p~esen.ted as_ :a p,_rt 
'•i;'' 

.the .results tor, t.he investigatiop.a upon the toxici-t:1{\Elnd 
;p.1:~ot}r!t:r or· 'thci. :riekettsia.e. 

The.intravenous or.intraperitoneal administration 
ot yolki' sao _ suspe~s1·on:s eont aining . lal'ge · numbers ot 
t-:i.cket,tsiae .resulted .in the toxl¢ death of, the dba i~d. albino, 

mce. The cotton',rats and ~hite rats ~hioh were .irii~c'te~-

intl'a.e,raiahy With yolk sac suspensions eonta1n1Ilg lars8) 
nunib~tt,;ot riokettsiae.did not succumb to 'boldc death.. The 
1nt;aperitoneal injection ot guinea pigs was not toiiow~d bJ 

toxic death. -··110 attempt was made to study •• the'·etf'etS#:ot 
1··7·-'.,·} 

·:1.nt:ra~ax-dial injections or yolk sac suspensions in gdinea; 
. t,!ga. i ~-::· : 

i''-'-, 

in'.jection of toxi~ ;ttspens1ons into mice. ln the course ot 
a .. ·tew minutes they beomne_ ~etharg1c, moving alx>tit wi~h 

ap•parer1t: difficulty and finally lying prost:t'ate. Th~y 
, ' 

$t1tr'ered from dyspnoea. Occasionally some ot the .. m:t.We were 

seized with: con'Vtllsi-ve movements, jumping-:v1g1dly an.~\tinally 
,, '.:·.-,• _-··_.' 

tailing on thei~ side, un~ble' tt> rise. A post mortem 



ex~na.tion ot, the ini_ce revee.1ad., no g:ross changes 1n. the 

ti,·ssu.es·.·/ There· w$re no· ·area's tit hemorrhage, ·a.nd··the? 
'.(':· -. . ·. ; 

·:tnternaf .organs· gave no evidence ot being engorged. w~th , ... 
•', ' ., ,·.-__ ·i ·: ___ ' ' ' ' . --,,·_;_.·_, '; 

''bloc,d·~·y :•'lhe deaths- ocourre·4·w:tth1n eight hours, ··,11nd J.n some 
ihs~~o:e~ ·within: torty..;f:tvtt m~nutes following ·an int·ra-, .. , 
venous·.: :injection'•· · Th~ toxic· deaths· resulting from. J .. ntra-\.,:: 

,;i,.";1 '11" 

·'per1·toneal <injection. were· more\:delayed., ··the_·· shortesti)timef 

observed being: -two hours. Rega~dl'ess of,the route of. 
J1d~:t.riistratiori, ··. the deaths wniob.• ·occurred after eigh-t;/hou:rs 

were -·not· 'considered · as tox:to. · 'l'be , direct ·relationsb.lp orJ 
riclcettsial. conoentra.tion -to ,the toxic effect of .tn~::/101k.; 

·suspensi~.ms co~d be dt1?1°nst:rated by d:tiut:ton: ot/:tne," 
•. ,_·, '.,·.• 

Vvhen the numbers. ot :ricketts1ae in a·\yg,lk sao 

suspensi9n wex-e · reduced by- dilution,. a. ·su.spenflion we.~: 
( •, ·_ ' 

. _-. _· ·:_'._:;','. 

· e.ventu~i11· ·attat11e0: ~ri which the. num~e~s ·of. ~lokett.slae that 

remain.ad were·too few·to·resultin toxic death. :The\rasults 
,-.-., ·, ' . ' . . ' '·. . . ,·. ' '·, ,,··. 

or 'the toxici~Y. ti trations a.re given in Table· 10_;:_,: ·: 

?!he relation o.:r the :rickettsie.l ooncentrat.fon 
'· • , : • I • 

the'. occu:cren~e· or toxic death followit;ig the intraven.dhs 

· 111.ject~on of albino •mice was applied to the biologh/f 

nieasu:rement of·.· the z,ickettsial concentration of :th~- e~st 

· suspen$i'ons used. in. ifb.e respiration studies. By cal~p.!ating 

the LD50 0£; /a· ~est sµspension, a. ~hreshold. va;t.ue wast}/ 
,· •c , ;, '., •• ~J. ·<.t>>· , 

de.terlt.lined which·•se_rved. as __ a point· ~t reference ~or)~he_ 

oofupa.rison of the rickettsial ·c 0J1centx-ation .· of oth~~/.test 



TABmlO 

Toxic death in dba and .albino mice following intravenous or 
intraper:Ltoneal. injection of · ri~kettsiae 

Dilutions or Toxic Test Substance 
Experiment Rickettsiae Intravenous Intra.peritoneal 

1:20 l.:hO l:80 l.1160 1:4 l.t.6 1:16 . 1:32 , 

l•albino ·;,\J3reinl. 
ff:tts. :No. 2A·· 

;_.···:;/:_:-'. ~ .·. ,: ··. 

1-dba. Breinl. 
TTs· .. rto. 2A · 

2-albino . 'Breinl 
. ·r.r'l'S No.,. 3A. 

, ._·· . . -. - .. ·- .-• . •,• .. , " ' . , 

1:10 

4/4 

V4 4/4 . 2/1.,, 

414·· . 2/h 

3-dba ·: .: ·JIUnli.ngton 
· · : 'lTS l{o. 2B h/4 3/4 0/4 0/4 

. . ·-

l Numerator repres~nts number dead. 
Denominator •represents number te·sted. · 

0/4 

0/h 

0/4 

0/h 

2 · .• ~1uUDn 0£ dckE!tt.eia1 SUBpensi.On,. O.S IIU. cl! 'Which equaJ.si i.ri5{)£ 
* IV :: Intraveno~ 

** IP • Intraperitoneal $ • 
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suspensions. Thus it was possible to show _that a test 
- . •.; ; · ' . 

suspension with an LD50 value of.fourteen eontalned_twioe: 
. . . . ' . . 

as ma.ny .viable x-iokettsiae as a test suspension w1tl1.an 

LD50 value .of . se·v:en. 
· · There were no significant dii'ferences betwet3n tlie 

<l'ba and··.· al,bino mica in suscep~1b111ty _.to toxic death.' . The 

tntraper:f.toneai route of ad.min.ist:ration, whe~e. compa.~e4 to 
. ' .'.,•. '' ' 

the -intravenous in. albino mice, resul~ed in 1owe~ :LD,S'o va,fues. 
The,dift~ren6e :1.n. the toxicity of the Breinl an~.w1~#ngto~ 
11tra.111s · to?' th~ experimental hosts w.aii more· apparent}than:. 

;;~ ' ', < 

real. ,:·_:·:M1crosoopicall7. the yolk aaos '1S8d 1n the preparation 

of 'thEr:/Wiltnington T.T ~/s. did 'not contain as .mallJ riekettsiae 
' ' ' 

J~<the.:Yolk sacs used tor the Bretn:t ·preparation. 

difterenoeinthe toxi~ity w~s attributed. to the. r$l.Jt1ve," 
I . . . . ,· : ... ··,\t ',,•. • ,, ., 

• . ·.·, .. ·. ·, • . ·, ... ; , . ... . . ' .-·,_, ' . ! ' ,:- '· _,, .... ·:.,_. ; __ , 

. r1cketts1a.l concentration of, the respeo~i ve _prepa.rat{ons .j: 
!?he albino mt'ce \Vert sel~cted as the. tes'tintmai 

1n.\'lh1oh the '··,to:,d.c1ty',t1't'rations were carried out. : :{fbe1r, 

a~ie~:-t:1.·on was· based. upon :the ease and . conv~nience wiifu which 

ihtx-a~enous _injections were me.de when compared. to thfjuse 

of. dba:mica tor the same purpose. 
•· ' : :·.~ . 

Infectfvit:v; Deta:rmlnations· 
The results ~t the, pathogenesis studies with allot 

the ijxperimental hosts exa.min~d indicated the . need tor a 
.. "<,~.: 

m.ethod which would permit the recognition of lnappa.tt~n.t 
infections, and.with some degree ·or aocu:raoy, allow the 

I ; .. 0 . -.::}:_;-• ; 
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evaluation of host susceptibility of lt!. prowazek1 and R • 

.;txphi. The investigations ot host susceptibility to the 

toxic preparations of the ·z-1oitettsiae·1ndicated that,!,the dba 

and albino ~ice. were· the most satisfactory- hosts fori(the .. •. 

~ea~urement ot the toxie e.ct:l.on of riekettsiae. The·.···· 
. (./' i 

d.emonst;:ration of toxio .death i·n these mioe tollowing'}the 

1nJection of .large number~. ot rioketts1ae, ·. and theix-,)J 

reaistance to toxic death afte1'' inapparent' infeotionl, 
I. :, ' 

. ':_·;· :. '·_ '' ':_-.-:; 

~uggested the use of _these animals as experimental hosts tor 

the. determination of the p~esance of small .numbers o~ viable 

rickettslae~ 
The studies on the intectivity of rickettsiae for 

the dba and albino mice were based upon the host reslste.n~e 
to' toxic challenge which could be ·d.emo~strated atte:r{(tha 

,- ;, ;~ 

. ' 
injeotion ot~iek•ttsiae. The susceptibility_ ot the/);wo 

' .. ' 

strains of mice was compared by determining the desr.~e• of~ 

resistance to-toxic·challenge which followed the •lnt~a ... 
pe~itonea.l injection or dilutions otrickettsial s1ls4~nsi~11.s. 

The host which showed the .greater ·resistano~.to tdxl~ 
, .· ' -_ -~-

challenge following the ·int~aperitoneal 1nject1oni/ot{the. 

smallest·number.ot riokettsiae was oonsidered·to be<~ore 
susceptible. 

The mice that su:t'Vived. toxic death tollowitJ.g,the 

intravenous injection ot dilutions. of the' inteotive}j-ol.k' sac 
. - '. . .... ' .. > 

suspensions used in the toxicity titrations-we:tte.sllti~n to , 

exhibit dii'ferent degrees 01' resi~tane; to a tox1~:~i~11iie:e 
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administered twenty-one days later. The results are:g1ven. 
'in. Te.bl~ ii'. 

The sur-vival' of the. dba mice that were tre~te'a :< 

with the Breinl •train ~ari~d from. a v~lue of 8.3' tO too·~~r 
t ; I ·~ I 

cent, while the albino mice showed a· su.:r-vival v~iue f,f' 80: 
' . .. : . '. / ·._.\ :. , '. ' ·, .'.. ·•· ..... ·· . ·_--.:.,_·,'_ -· .·,_·,.:· 

pex- ce.nt to. the toxic challenge.. The suMival ot. tht( dba\ 
; - . - - ._ ... _. ·-·,·r; · • 

mice that WEU.'& treated with ·the Wilmington · strt1in h~{ a. value 

of lOOi.per oent, compare·d. to no survivals ot the· alb~no 'i:nlcQ 
that .~·-oeived .1d.en.t'ioa1 treatment. Th& untre'1t'ed. 0011tro'1{ 

?'t3sulta of the 1n!,raperiton$a~ injection of the <lbf tfud. 
•··. . ·. ,- . • ' . . ! ';, ' ,. 

albino mice with one hundred-fold .di lut:1ons o~ 1nt~ect1ve 
yolk sac ,'~uspenslons or :the Brefnl &~d Wilmington' strains: 

1si given in '?able 12. 

The .suscept1b1.11ty ot the dba and albino:~lce te> the 

Breinl strain ·(ns #lA), as det$rm1ned. by ·.the :to_,0 ~' i~s ab.own 

to •be the same. With the B~einl TT$ ftu. the ID_,o<,r,;s· O?Il~ 
-sidex-ably less tor!· the ·dba than tor the albinb mioew:J '.A.·. 

comparison ot th~ susceptibility ot dba and albino ·ml.~e 'te> the 

Wi.lmingttin stra!ti, ·as ·det~rm1ned by ,the ID50,. inc1:tc~~ed that 

th.~ db; mice . were, mox-e susceptible·. ··Th~ ID.50 ·was ·tEl~· 
' . ·- <\ ·•.'.";° ·' 

• . ~?, 

thousand t1mes, less tor the dba than ·tor' the albino ndoe. >-
•- . ,,... . . . . . . . . . w' .. · . . . · • ···,, 

'!'he 1ntaot1 vity studies indicated .that . the.·:\iba mice 
wet'(tmore susceptible to R, typhithan the. all.line> fur~~, and 
at least as susceptible to ft. 12rowa.zeki. Because-thl dba mice 

\ 

.r;;•', , . 

ware considered to be more suitable tor studies invol.v1ng both , 
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TABLE· ll 
. . . 

The development of: an immunizing S.nfecti(;>n in eu:rvivora' 
of_ toxl.c dea~ titrations 

Experiment· Rickettsiae Fraction of Toxic Dose Challenge~ Survivors 
Ol'i.g:i.nal~ Received , Lt>$o Hunmer Per Cent 

·:- ·:._, 

l;...albino Brain! 
TTS No. 2A 

l-dba Breinl 
TTS No. 2A 

l•con-trol 

2-albino Breinl 
TTS No. 3A 

2•control B:reinl 
TTS Mo. 3A 

).albino Wilmington 
TTS No. 2B 

3-dba Wilmington 
TTS Mo. 2B 

3-control 

none _received 

o.7S 

none .. received 

o.S64 

0 • .390 

none received 

4 

4 
4 

4 

2 

2 

2 

1/6 
4/4 

0/6 

12/12 

0/4 
4/4 

o.o 

100.0 

o.o 

lOfJ.O 
o.o 

~Ht LD.$0 value received qy mice ,as detemined by a con~rol toxicity 
titration a.t the time of challenge. 

* Mumarator represents number dead. 

Denominator· represents number tested. 



In:tect1v:Lty dete:rmillat:tons in. dba $D.d albino mice 

.. Oballenge . 
21 .·a • .. ·•attar infective dose• 

lli.okettsiae PrEwioWJ Treatment* Tox:t.c· Do~iHt · Dead/Tested . .· _: ID.50 · ·. .. 
W5(f : · dba · · albino dba .·· · :·. albino 

VliJmt~t~~-
fTS Wo-. 2B. 

··::• \· · 

1cr3 ·,' 0.2s m1 
lO"S. 0.2s m1 
1<i'q ··: 0.2,; llll. 
1~9 ·0.2, 
. Stenie broth ! ' 

1,1/;~I:,,1,ji~ · · tt 
·.· • c.J 4/h ·~t 

' -- ·. ---, - ; 

!J :·· o/4 · u/4 
0/4 h/4 
3/h· h/4 
h/4 ·w4 
h/4 _. , . li/4 
0/4 0/3 · 
0/4 , h/4 
0/4 4/4 
4/4 4/4 
h/4 lif4 

* i11e various dilutions ·ot ;yolk sa.c :material vie:re injected 
$.ntraperitQneal.l;r. 

: - -. ·, -
~--_,'.,- ·_:•':·-: _ ... :\;<_·:~.- ' '·;,: ' 

1~-1 ·· :((r:;io 

ff .:µ>so value reeeived by mice as determined by a control toncity_ 
y1tration at the time of •·. challenge. · 



R • . typhi Ei~ct R • . prowazeki• : ,.;t~eY, .. ~rere 1,3elected ~or, use . in .the 

1ntec.t1vity dete~1nations •: 
: : - . . ·' ·,; '·' ... · · ·r . .. ·. · · .:· . ;. . . . ;· . ·,. _· r , 

Where. the, LD5o ;~4. JD,$0 for, :t}:l.e. Breinl strain 

~are ·;~~mp_'1r~d . ~ll ,,~b~_. ;ntice ,. the;·: ~D50: ;_was f ottnd to. be. ~p~_ro_lti-
. . . ··: ' . 

m_ately., ten thous.and tinies l ·ess.. .A s1.~ilar comp.a~isot:1 ' ot. ,1ihe 
,· : -,·· • ·,-. ,.._ '._ .· ., .' · .. ,. • ,: ;· ' • . • . • . . • ·. . • , .... .-• ·, . ' ·, · • •, . • : '. • ... ": .'_,\. i :- , .'\<.-: : I 

I.D50 and :t~50 . t Or tbe . VJilmingt()n StX'a~n in. <lb~ llliC8 \l~<'4c~ted 
' ' ' . . ' . ' ' ' : ,~.. ..... ' . 

tile ~D50 . ~as _approx~nia~·aly pne-:)n1i;i.~on :ti~t:ts l~l, ~-:.This 
\. ·.- :.· ' ·_ . ' ' ./; .. 

tind_:lng-._indi.c'1t.ed that wlth :t _h$ .ereint stra:tn, th$ snikl-le~t 
, , • : , . • .• ' . _•· . ;. ._, • • , : • • ' • • • • i' ; _'. ,;, . • . > • • '.· :' •' • • '. ~- • t • ' . ! . . I t \ ' ' :•:•\ ,. , ' . •: ' • : . .- -, • •- ; 0 

' . ' . -

numbe~, ot ripke.tt.siae . cap_able .ot c11usir1g _th~. t.o.2t1:o: d~,~~~ -},t 

tlf8 ~oe was 8PP1"0ximat8ly ten thousandJ;imes the § ~1l~st 

nlll)ibeP capal)le: of i?litiating · an illlll1unidng int.ectio~l';. With ·:·_ ... , _. :_ <; :_' '"; .:· . ' ... . · __ - •. ' · .• . :: ,- _- , -,: ; . . . i _: -__ '.·-· -_ : : .: . _: : .··.::·:::'-:, . :. i 

- . -·.-_ . ·, .::i:' 

t~e_ \V_il~1ns,~on .st~ai;~,: the:· smallest ·n~b~r of-.r~~ketisiae 

capable o,f _ oaui:1ing t_.•be ,tox.1c . .. . d.eat'.b. Qt .... ~he ~ce ·_was ·.a~proxi-
- ' ' ' . '. 

1~~t:1a_tin~ ._flll: ,immunizing infection. 
. . ' . • ' ~' 

,,; . The. d1:f 1',ere,n,ce , bet ween _ t :he LD.$0 .an.t1 \t;ne '. ~;D~~>'-· _ 

s:uggest~.Ht at tirttt .that the use .ot the ;t,D_so could -~e,/;~e.pl~~ed 

by- .tbe x~50< because t.he l,atte:r made 11; J)O$s1ble te> \Jf~~rnJ.nEI 
.. ' ' . ' . . ' - ,. .· . ',' . . -~ f i ,.: ,. : ' • 

the presence _of smalleP. number~ . o.r riokettsfa& 1n.: tb.J·; teflt 
. . . . . -· . • . .- ,-. . . . . . ' . . . . . - ' --•' .. -::/( ,_ , ... ·. 

suspensions ,us ed_.!.n ,the x-espiration' studies,. and tht1f :_: 
. . ' ' . . · . . ' . . : . _, ' : ' . . . . ' ··. · :, . :;-: ·:/"·/-·' ... 

a~!'orded the· in.vestigator . a more delicate n1easurem~t1~: of· the 
• • • ,' I _. . . , ·• · . . , . I ·•·· • . ,· .. _•, . , ' , ' ,,' • • : , •_ ·,• . ' . ·•' ' , •, , , , .. -;_ ,', ,.-"<\~• ~: , 

~~ckettsie.l oonoentrati_on •. _. Although thtf ,.use ,o~ t~~:: :.;!t~so· ;clid 

· ~ke :it p~ssible iio nie~sure .. smaller numbers .ot ricke,istl!le 
•, _,. •:• • ,- • ·- ' , • ., •.. • : - : . : . ,' , · • ' I . ·._ -_- :_ •, : : ·, -· • • _• _'. -~ ·- . _' '. ; /• _: . : : ' .- •. :.\,':•·) : ; . : • . •'.: .: 

1n .. a test .suspe~sion, thie· procedure A14 not· ·. ~nsu.~a: :·#,he > 

~ea,suttemeri.t .of viable li :cttetts.1ae .8.l.Qne. The• I1:1.$0 .con-

sider,&d to . be th~ .result · of the total effeo~ . o.t bo.tb.::/(vie.ble· 
' '.'. :{ 

,_.~ , 
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and .non--:viabl e riokettatae, .while the LD!)O. repre~t'entf.ld tht-. 

exclusive measurement of •viable x-ickettsiae .. , , .Betlaus~.J;h~)}< 

result'$·of tne .· .. -respiratie>n, .. studies .. indtc.ated-··,.that;;ai.41rec,t 
·relation,.etlsted.••· between: theuptake• ,.Qf ox1gen ( ,and. tl:i~t -::,! '\. 
numbtr:r!o.t·:viable rickettsie.e · p:ttesent\, .the•·,.tinal•.·.·pr¢·~~;dure·h• 

,: . -_ ' . ' . . . ' . :, .,: ' .. ' .. ,_• :_";;.:');"}} 

' :;--:,-.-·:·-·; . ', . ·, . . ;,:-;::\ 

ri'ckettsial concentre.tio.n: included· the d.eterminat1on.{lot the' 

LD_,0·•·1ll.>e.o.d1tion· to the. lD50 • 



DISOUSSION 

'l'4e $.tuqy , of. the cu~titation .•f ty-phus· fevex-

r~ckettsi~e in" s~vera~ hosts was undertaken to determine 

the most SlJ:itable source ot ric_kettsiae fox-. the .. X'espi.·ra.tfon · 

·studies. .The' ~evelop:tng yolk; sac. ot .:the :Ch1~k: embr,"·a,i:_v,is,,, 
" . , ; :. . ' '. ' . . ·.·· ' ' ' ., ' . -·;·; 

nuro.bar~ .. ot rioket.tsi.ae, . The. exam:t:nation of: the._ tissµ.~a from 

infected guipea pigs, _ cotton r·ats', .; _wh:i,t~,- rat_s .an:d. nt+~:~: --- :>) 

revealed ·the presence of'.riokettalae in <ionoenttte)~iOn.tt. 
· The. p~epariit1on of the _i--1,oke.tt-sia)_. EJ~sp·~n$J()ns ·••'. 

US-ed in the respiration studies depended upon the separation 
.)_ ,. . • • . •· ') . . ' . ' . ' _: ' .. _· :··. i· .. /{ :~ 

--._,', •·;;-·... . 

of larg!! numbers of viable ~ickettsiae t~m th.e_-_ydl.k_:}I~.ae, 
tissues. 'The. respecti,ile effioie1:1clEUJ_; of dif1,'~~ent1ii;,- , 
eentri.f:~g~tion.·.~nd oil•Wt:1te~ e~ul~.ions. f?r, ~ht, s,E:>pl:l:ta#~iqn: 
of the: rick~ttsiae were compared •. The, use· 'ot tu.t-peri~ine, ' .. ' ·.·.·, ; ·, ",' '• :_ .... ·.>;:·\\··~: ' . 

pine and paraffin oils ~hich;. V(a8 repom;ed by Giro~~j~d 
M~un_· ie~(_ ;,6_) ·_fo~ th$. separatiQn of ricltettsia8 .• 't-t•Qm ~-ni_._. im,µ,> 

·. • . . . • ,. '~ . . 'p •· -. ·,',,_· . •,' ·_;,,._ .' , •.• -·-,._-.':; 

tissues did .not ·prove applicable. to the separa.ti9n o{: 

rickettsltie from. yolk sae .tis~u~s., · .. T~e di~f~ttantiaI{centri• 

ftt,gati.on ~et~od .. which . VfaS reporte.d · b:r . Bova;niok: _;Etnd.i~wde:r. 

(7:l.) was fo_und to be-ithe ''most. s~t'isfaot.ory tott. the i~J11tine' 
. . ;; ~. . ~- i . , .. ' .. ' ' ' - ·.- ' . . . : -:·)-:i·'.' ' • 

•·._ ·,. '., ·.. . .· ' ' ' 

prepara.tipn of_ the rickettsial auenensions. ; · ,\l)c, 
. ·_.,. '' . . : • . ' f., ' . ' ' ' ~''! ' •' ' '. :-··· ' 

, , . i:~h 

Th~ need for lar,ge:;numbei-~ of _vi.able,:rickEr~t~iaef:: 
J'; . • .; .. - _ .. -.. ,"' _,, .. : -:- ·_., ' ·.'' ',,_ ... ·_: .. ,;:• _ _._·_ .. :.-:_,\ 

in the resp~ra~ion ~t~.dies .w;e.s made_. Qleax-: in ,the :-.ea~tr; s;t,ages 

of the. 1nves'tiga_t.ion;s •. , In. ,order t.Q _preP.e.re ri~kett>stal . 
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suspension~ y.rhio-h eontained a _·s_urt:toient concent:ratiorf of'. 

\tiable.· x-:tcketts1ae, >!t _ wait neo_e_s·sa.ry. t·o use_ at the outset-I 
at lea,t .nine yolk s~~$ , oo.nta!ning numerous rickettt1¥a.e .ei-ld 

t~' us~i ft c1arifying: agent in' thEl proces.s of d1'f'ter.$n~~al 
. . 

c·~t1trltu.gatiC>n. Several .....•. age~t$ .were \s.e,lected ..• for .. tt-; 
. comp;~ative stu.dy of. their ability. to irt~-~ea.se the. etfi;o!encr 

: ~: ' ' . ' ... ·, ._- ·;:,: ·; ·; : ;: . .' :.• <· _; . ' . . ... •· .. ', ... ' : ' ;'. . ' ~' '' ·. ' : ' _- ' ' _-_ •.'' '.· . -_ , .. ' . •' :_,· ...... . . · ' . :: ': ' '·, ,' ' ·> :i '.·' _,· ... ' -- . ; 

c,t' /' ·sep~re.t1on in_- tb.(-.l, differential centrifugation. proJed.u~; . 
. : ''./'' . --,·:'_:t" . '. ·. ',·' ' ·_ ' . ' ' '' _· . . _·. ' _- ·-. 

o"#; ·tn.tjt_·agents ... atu11_ed.,_ •. rrte.gnesi.um oxld}, and· -~eiite,~~n~y.tical 

r1l\~:~:·.a1d' ,wex-e' founcl to. give: ,tbe 'mo~~ satis,ta.ctorr kestilts. 
'$a. ¥~t1EJ~1lllll pj[J_d&, ., ~es~ ted .in J,~ ~lll#.es {,pn1Jl<ier;d.!~o .. be·. 

1.ncompatibie With· ·vfab111 ty ot the -_~ioketts1ae, 
:,; ._:: - ·:: : : . ," ,' • • _'., ',': I_ 

1 
" • '/ . • '• ; : ' :, '. . _, '· , .; , ·;. • , , ',, :: •• ·': 1 ' • ', · -·', - : • 

Be~ause', .:the ,alkalini.ty: _ot, th_e magnesium_.o#.{~EJ . 

JfEJpaJilti0~$ ,waa 9.6 or. highet; the, eeiite-anely1:i~~I rilt,e~ 
ald. wa.s _selected for routine.' use.,, Bovarniok. (ind smi~~r h~ve 

also_. i-eported _. the> use • of · o&lite ,-n., the -.p~eparation c,f 
;ickettsiaf s,uspens1ons· empioJect.for.re.spiration. atJ41~Et 
e,;>.> · ~ese: authors Prepated .their r$cke#tt1bl suEIPihs1Qns 

; ~::, 

wiiih tb.e .. tl1d ,of .a. phosphate buff~r to which: glu,tamat~_. was!. 
·, -~' . ' ... '·. '· ; ' . '. ·: . _, ' . . ' . : : ._ . ·' ,.. - . ;,_. '.: .. • .. ' •_ '_ , . _,' . · .... , .. ' ' .. : ' '. 

added. . The glutaniat~. was present in e.ll/c;,f the centfi,fugations 
excepif ... thtt iast washing. Because the. use of gl~t8.lt19,fe ln>the 

.. . . . 

diluent was oonside~ed to . :repre·eent a possible. soµrc~- o't : ! 
i • •: . ' • ' . • ·.' : . - • r•:-.;.; 

r'J,,','-, "> 

ex-ro~Jri the .~nterpretation ot the: respi~tion_st~dl~~,; the_ 
dilu.ent··.employed· ln the····.prasent._studies was Kttebs-Ri~ger ... 

:·- ' 

phosphate .b~fter,~hic_b/dicl not-_contain glutamate., 

The results of the· !respiration studies demqnstratf3d 
. ,_' . . 

a11. uptalui of oxygen with L-gtutamio acid and. L-oysteine 
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hydro,ohloride ~1:1 the _presence ·or:.R• .. ;erowazeki. Bovamick.'! 

and Snyder and :aovamick · and Mifl.er Nported simi:ar) 

results 'tor L-glutamio, acid. but failed to. obtain an l).pta.ke 
': ', 
1·· I J 

ot oxy-gen .withe.ny ot the othe~ naturally oc,ourring ·~min~.i 
,·'1._,.' 

'J __ \ ! ·1'. 

acids (71, 72) • 

. In .the pr,esent studies the -re$piratio11 wa~iNshown 
·- ; . '..'- ••. :; _' .• \': / .1 .• 

to be attected by --pH, as there was no ... uptake of o#~~h .ati'· 
1_ .. ,_-•. '. ' .•. ,' ,:./:,: 

6,7.. Th$upt~e· ot oxygen in the pres$nce ot glut~~te and 
cystaine was proportional to the number of v1ablE, _ . { · 

, '·, : ' \ . ·. ·-. . . . . . . . . . . -, ... '. ,-.. ,._ 

· riokettsiae in 'the test ·suspension, ·as .. evidenced. by t,he · 
: i - / ; , . - I . . • . } , . '• . • ;·~-; 

I~•\'•; . ,I -•, • , ; ' . : '• . i 

respective biologic activity ot these suspensions wh~n tested 
~ . ' -~ I ' • 

;, ,·: • •. ! .. .' ·.• I -'. I ' ,,' ', , • -'·' ,.- , . _· .• 

tor ~heir toxicity and in.fect1vit1. in animals. 
suspenafon:3 with relatively s:mall numbers of viable .}/'; 

·' ' 

ricke.tt,siae, .. as determined by their biologic e.ctivitjO:, 
I . . ' . . ; .. -, : •• ,;r: 

'• '' ' • f I ' \ 

£ailed• to show an uptake of oxygen :tn the presence . o.f.;., . 

glutamate or cysteine. 
,··' 

The glutamic acid used in the respiPation Qtu.dles 
.. <(' . ' 

was measured by -means of pa.per chromatography. :The ·'iiieasu.re-
.. 

ment . of cysteine by pape:r . chromatography-\ rasu.lted' innrecovex-y 
' . . 

•.' '-:;,'.';'·J 

h·e.ve been unable" to obtain · quantitative recove:;ries (~i· cyste1ne 

by papel' ch~omatogra.phy methods (80) ·• · Because. cy.steihe··Could 
' . . • . . - ·. . ' ' .. - /,_l).;• .~ 

· '~l : r •,. .. -_. i 

not be-measured with e.ccul."aoy, the. evaluation of the·(Sub-.? 
.,':,:,! • 

stratas used in the :respi:ra.tion studies 1'18.S restriot~cl·to .. '. 

and contrQl · systems was shown to. decrease during '.t'&spJ:ration. 



ao. 

The •great.est diminution .of the glutamie acid content 
/·,".'" ' ·., - ·. " 

ooour:red.·with tp.e test auspens:ton· ot viabl~ rickettsiae. 

The, decrease in t~e glutarnic acid concentration was, .. . r· 
aooo~panied.. bY; a. cor:respond:tn.g uptake ot _ oxygen .in · tlie . test 

:system, : The. contl'ol system ge.ve:.no signi.ticantupte.~~. ot_i 
oxygen-:. . Bovarn1ck and Miller repo~ted/ similar !'&Sul~~. tot 
th~1r.:. ~tu.dies, on.•· the transaminase actlvity . ot &_ raro~~zek! 

' ' ' . . . .. .· ~--

(·721. ..·tn ':these . studies the authors ·. remov~d a trans~S.~ase, 

\Vbi.eh:_ was found. . in normal : yolk. sac preparations,> by-",\{i:' 
a~g'.L~t£nation 1n 6 pex- cent•·· Se~ al.btunill• • With l'toi~ttsial. 
i,J?epa1'ia.t$<:ln1J · that ,we:re tx-e8.ted. ,with .6 ~a:i,oent se~tkl.btunin, 

i'.':":: 

the: yolk sao-itransanunase .was :rem9ved and- it was· .pos~ible · to 

show the·e:xistenae ·of a rlokettsial,transaminase ,that 
remained. act:t ve . after the loss of o:x1dative encymes '~nd. 

viability. 

The pathogenesis studies in animals showed.i/~he. 

guinea,pig, cotton rats and ,dba mice to be .. the most .;·t: 
susoeptible hosts tot! .R •.• i!~owa~ek::t and.R., t;rphi. Th~ .. pro,4 

duet1on of ,xpe~im~ntal typhus :1n the .. v1h1te :rat :was .#?llowed 

by ; an: inappax-ent . form of .1nre.ction which ,could. be; d~~"~cted, 

only by the appt)S.~lince of complement fixing anttbJrif js·: 
Int~ction in: the guinea _pig, .cotton .rat ,and. dba mioe)\Vas 

aecC>mpanied: by, •S,ntptoms·· .. of' .·illness. 

rats and m1oe · terminated in some instances in. death.~\ .. No 

deaths ooou:rred in the inteoted guinea ,pigs. · The .ntl.4'roscopie 



:examination of the braih; spleen a11d 11.ver ti~sues : of : the$e 

animals :revealed .the presence of rickettaiae' .in, small· 

numbers.. "The serial passage ot l'iekettsia.e was aocfo~pllshed. 

:t.n 'the\guin.ea p1g.s · and dba •mice·;· but serial passaga•'~f: 

r1oltettsiae in cotton rats was not su.cceasf'ul~f . '.rhe #otton: 
. ' 

rats.·.• were.··ta.ken ·••from ... a stock .. which was severalimonth~. old\>· 

· as . indicated by the large · size ot the animals and th~i.1',: ·: >r .. 
'(.;' 

average v,eight of 40 to $0 grams • .'.· 'l'he results of ~ni.-fler : .. and 
·, 

An<i~rs6n who ··reported the successful adaptation or···~·.~·.., .... 'V 
,·t 

i~dioated'that·rats of more·than twom.611tha.or·ase.dt4,not 
exhil>lf .t~e .same degree of #usoeptib1.litf as ,;~~il;ats · 

: .. /'.!' 
(~2}.·,yxn•· a le.tel:' report. Anderson stated,·_that rats of('two+ 
~onths.J· ot age did ,not dif'fe?t sign1f1c.antly . 1n susceptibility 

• < ; , . I.··.,. . ·;- . ' .· • .. .. _.,.·,_··:. ; 

from younger l'ats (JS). ..!fhe results_ot the present, ~tu.dies 
, . · __ -._c -/\ 

iridica.ted ~hat cotton rats of approx~ms.tely th?¥eE?l?l01:l~hs .ot, 
t·;:.r.·: 

age , canno.t be substituted. for cotton rats of less than two · . ; . . . ·- . ' . . .·· . ' ' . . ' . .' . . . . ' - . - . . . . ... ·. . ' ... .., ' ' ~-

mollths age. !fha . ~indings also in9-ica:~ed that th.a . ¢6~~9n ·i} 

.:rats should not be more than six vieeks-of_age for.tb.emost·• 
. ;, .. , ' . ' ·. . / ' ' •. . ·) ' ..:;r.··.', 

,.··:·:,.:?/:\ 

s·atisfactol'Y u,e of this host in :rickettsial researcli. 
. ·, . . ',), ' ·::?J.·-: 

The use ot tiba mioe as an experit?ente.l ·hos~.:, for.} 

the eval\].ation of the. biologic ;aotbitj ~anit'~sua ~l\11ft·: 
: • . ' . . . ·; ' , •,, •-· , , , ',·_ , ·, ·. ,::{\-;,. I 

rickettsia., ·rollowed the demon.~tration 'of the~r grea.~er.. 
• . ·,. ,- ' : . ;. ,_· ·-•:,, •.-, . ··- '· ; _--_ •--.-.-,".t 

'' 

susceptibility wher;1.c9mpa.red to gl14-nea pig~, cotton Jtata 
and albino mice. The intrape:ritoneal ·inJeotion of dJ.lutions · 

... _, ... -. 



·.<># infective yolk sac suspen.sions was . fQllowed. . . 01. ,:in'.7 ,, .. . ,. 
_ ,·,, t; ; ; ; :_.. !, <; r ' 1 ·, .! ' 

. apparent 1n:f'ect1ons· 1n ·the :.a1bino and dba strains of• .. mioe·. 
'. '• \ •·:.; ,· • ,·.: 

.Tli~ .9COU:rrence c,f .· these .. infections wasdetermine.d b,-:;.·;;;he .x.;· 
i'eili stl!rtce ~f thJ . mici'a;, ~6': an' int~livJnOU.s . ~ha~le~~ ; !Sh- , ,, 

. : ~istillt6t ~Dso w~On t>e~ul~ed' izi ~he to~~ de~t~ ~{ the.i 
. </ :. . ' ' . . . i' ; ' : ' ; ' . ' '. ' ' . ' . ' : / i . ' ' ' ' :, , , ; . ', . ,· '. . . : ',)/ ; : . ' ! . 

'urit':reated control mfce .. The· dba :mice vtere fottr1d tc> j~e . 
. ' . ' ' ' . 

~~~:Jept1ble ' to ;me.lle:r numbers ot . rioktlt:bs:tae .tha~ tb~. 
';'.' , .. . • , ·.• , • • ' ·. . · . . . . : ·• _.'. . .. _ ,, . • . ': _I_ l 

I \ ' ' • \ ; ; ' !. _-:. • •; ' '. , - ' ~- • \ ' :\ ' 

. '1lbinq;/m1ce,:. an~· as tbey · represented a :host 1nwh1cb.£:smali 

nUilib~;tot' l'i~k~tt;I~;· cio~id be ~e.sur~d, tr:~j'\ereJ ~ed fol' 
th& d~i:el'l!11n~t,1ons of thEI tntectivity 6t ricltetts1af1;~: ·: 
s\ls'pe1:isioni, . These results c6n:tirm .th:~ findings of ::ijo:i-agu.,es 
arid PinkEJrton who s~oWed that a g;('&atei- nUI!lber of c1~f m1ci . 
died from infection. with ·•&: tzyi1than .e.J.bino mice (ij1_}. } 

'.-.\'/.·;,t._:. ·.:-·, 

Thes~.:al.1thors used death as' their orite~ion of SUSC(i)~tibility, 
, ,;;;, '" /, , 

wh11e ·· .. the present studies made 11$$ of· the ' immunizingJ\ ,;~_.:;., 
; . . ·_:'\}, -~ , . 

. . intectJ.on.· · The prin:e1ple of· the 1inmu.nizing intectf61f :was .::. 
. . . . . . . ; ' ~-. 

, :· - /·.:);' 

b11sed. .-uponrthe .· resiatanc~ to toxic challenge which 1 J1ii·s dis--- '", ' ' •' ',. '" ' ' ' . ' ' ' ' ' . ·,::<\ 

. . 

mi~~ .. ,49Jth1b1 tad-no evidence -' of an·. infe~tion .- at 8ny t1¥e. ;; 1.t'he 

inanparent :. infections -in the : present studies .. followeti; th&{ 
- . . .. - l . . . . • . ~- : . _._ • . , , ;,, ·• 

ih3ectionQt' small numbers Gt rickettsiae. 'rhel'ec6'ln1t10n 
ot .these·infections enabled ·the investigator to detect the 

prese:noe · of rickettslae in the inoo-ulwn. ·_ -: .· .. :_·?. -. . 
. ! . 

. . . ' ' . . . ·. . .. : : ':~: · ... · ·. 

;. The intravenous injection of. ,dba · and alb1n6•. mice 
-·.:·._ .:/-..>.· 

; _; /~ ·:• 

with ·1nfect1ve yolk sao suspensions w_a~ : followed ·' by\ ~he death 

ot both strains :· of ·mice. · The deaths ·occurred with1n•;fe1ght 
::'. .·/'. 

, .· . 

. ' :'._.( 
· -··r:· 
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hours after the· 1njections. Upon dilution. ot. the infective 

yolk •ac suspene1ions a point was ,eventually reached·•v.h,ei-e,: 
i : ' • ' ,· .-, ;, • _;-. ·/·/' ,- ' .-. 

·the· mice survived ~oxic death. The .Presence ot an: ln~ppai-ant 
infection in the survi_ttors was shown by· the1:r .abilitf..to·,;N 

._' .. ::- ·_;, ____ '.\::':.'' ' _, ' 

r(!s~st \ a tox:to challenge. Ct'lntain,11'1$ 4-LD.$0. No. signi.fioant 
;. ·._ ......... ,...,;·-.' 

dittert!fnce in the susceptibility.to toxic death was i~own.;.: 
' .. ' . ' 

, . . . ,· •;··, 

£or the dba and albino mie.e. · Because. th.a_ intre.v.erious· 
":.· ... ,.,::'! 

' . ··,· ·. -:·, 

~nJeot:ton ot the. albino\;nd.ce could be accornplish'ed w!th. ,', -:_ .·_ "·,·, ,'., ., . _·.·. ' ' ··. 'i_··.-·.,.,,-,, 

·. ' ' . ,. . ' ·. ,_·_-.•-·,;·-: 

tor the deiierm1na.tions of·the3 toxicity ot picketts~Etli 

The comparis~n_ ot the t.D50 and IJ)50 yal.ues :·f_or the 

llaniEi)·611t. sac Suspension ind.3.o.ated that 11'1..tne ()ase ;t th~ 

Bre.1nl strain, . ~he ID_,0 was tapproximatel:r ten 'thousijd tfttlas 
. . ':· ..;.;·- ,,·. . . _, 

less than the LD.50. The II>,o .value .. fol' •the ~.ilming~#n sti;-ain 

was on~ million times less· thtin the :tD50 • The LD$o \~'as con-
. , .,,. ··' 

ttide:red. to result . from. the action of viable r-ickettt1iae 
. '·. . . ' .,._._,',_:/· 

' -·'·f 

a:u~ne, while 1 t was possible for the ID!,o . t.o re.pz,ese#:t· the 
acti.on> of both viable and non-v1abl.e r1cketts1ae. Thus the 

.. ·.·._ ', . /';' ' 

Ii.>:,o Yilf1 h8'.ve represented. the e.fteot ot small numbe~J,ot 
riok~t.te~ae, an- 1nd.etemd.nant nwnber· ot· which m;,- haye ·been 

non viable. 

The evaluati(?n of the biologic activity otUthe 
rickettstal Sllspenslons. ,was b~sed upon the··determ.in~i1on ·ot 
both the LD50 and ID50.. Through th~.u.se ot these me#sure-
ments two points of ref'en."enoe wtre· established fox- e·Jch · 



~ttspensf<)n• andi it was.· Po·ssiql~· '?pt on_ly_ t_o ,cpmt>,,;-&,'. the;r) 
. :s.ctivi~; in· the ··res~1r~tion .~t~die~, •• but .to_ . __ relat~.t~is. 

,-' .. j 

t~:st , :$~pentt1ons~. 
' -: . . • '. ·-•. ' •. ' .: .. • ;· 't '. ' . . . • . ' 

_'. _'lb~- -.~1:rt~~e~o~s: 1n' ~~e,.' l'~~i~s '..~f! t~e t,Dsd i}) the 
IJ)5d' \Vjit~li' we re Obil&~e d to :r th" Sl'ein]. ~a Wi ).mitl~tf 11 ' · JI 

:,·, ._, . ·,: -,_.· ·. , l -, .': ·. _'·_'... ·, i'-,~---_ ...... -__ ·'._ ; ··.-·,_ ·,. :.·.·· .• .'-''. , 1 ·.. ::·' ··.···'i '--, __ •.~-.- ':".-·t-~ '.,':-::·_·-_. __ ,_,_·,_:.-_, ' ~•.i·:,>.",'_:"·.:<·· . ·.·.,.,.:: 

strain~ ;.were·' ncit•'. at~x-ibtited tcf :~ a· gre.at~11\tdxi~1ty \On\"!:the/c:}. 
p~~'. ;t, tll•' :a~;,_11:f $1;~&.ini · 9lh!i~ thi; P~sl\t1~1l.1tf Jit1a tli>t 
: ' ·f ( ; '.- ; ~- ' ' ' ,- . .- . ' . . ,· ', ., ' .. : . ' ' ;- ' _- ·:· ·'.i , ' -._/'.'. ' ' 

.w•11pµnate4, ·.·co11daera,1.on ?$ · QJ.sQ ,tre11<tO. th~ ~~tatei-. 
n¢!1~;~11.<>i' r1c~~t~.B18..•. wh1ch \Y~ref9u?ufJn· the )3re~• prepa .. 
,;: ._,;<•·· >···.,::·.· '.,< '\.· ' .. · .. i··•.· , ·."· ,_:_,· .... ·_.,· _>.·:._•.•,:.\ .,'._,._,··::..•:.'!. ,. . .:··.i.'..' ' 

" 'i-11tipt1&,C and th~ ~ppe~liano~ r,f a-.. state ot, ~esistan~e){t9 
> .. • ,·' : . '- ; ·• .'· .• •... l .'. • .: .' ' . . , ,· •.. :·· ·. _' . . ·.: . ·, :,- ·<:. 1. "•:.> ·I, .; •• •, . ,, .. ,: ."-,' ' .. · . .', '.,· :·.,, ," '. . ·. _- .· .. '·' •' , .. , ·-:,."·,' , ... { >-~ 

. t~~1c·'.ch.a1lenge_ ~~.-·dba.·m1c, tollo•1rig·.·• the'. in.ject1ori::iBr·. ·ame.ll 
·~··.. '.,.. , , . . . ; :, ; , ·. : . l : •... , ',, ' · " . , . ' ·, (.' , ·• , , •.: ',.· .. , i · :. _; ·.' . ,";\·,.;, • 

11Ulrlb$?'fJ-:.ii't_. x-ickettsiae:· ot thca ·w11m1ngton/ strain·. -. i-h}s$ 
·, • .) .. > . I .. ' . ·: . .' . , . : • :.. . ' , . ·.. '. .• ·. . ·, . . ' . . "· . . .' '. . ... ·'·. ';- . . . . . . . . ·'· , : . • ;. "i· -~ ' : . , 

.. :f_ 1_._ndi_ ngs ).ndfc'ated that. the obser9ed _difference 1.n t.lie. r_at1o 
'' ,- . '. '·: . ' .· ' • ·' '' • ' :· • ' : •• : : : ' ' ' ' ·• , . -- ' ' • ; • , : ' • : ; ' • • • ·'· ' • '• ' ' • • ' ; ·• ' ' ... • ' • . • •• • : :-. ''· ' j ' 

ot.'.th~i:LD_,o ·to:the .ID$o to~ th$ Bi'~tlil .artd W11m1ngto#·· 1'tt-ains 
oouid; b:e··· 8.ll~X-ibed to;_ one or more of. ~ha foll6Win.g ··raJt~rs} . 

... : ' ' . ,· .,· .· .•. ; ' ', ,·' ' .. ' . ·.·•.; ,-. . :·:·_:<; ,: :' 

a:·_gre~ter.to~101·t,-; or th~ B~einl strain for•··m1ce; ._a,:~~e-atEJr 
' ' ' ' ' . ., ~- '. ·. ·.- ': i . '. ·• ' , \ 



' -- ' •.·· .. •; 

developing yolk sac ot:. the chick embeyo resultea;.·1n a· 

~e:tistactoey ·yield of' viable rlckettsiae for the;. 
•.' ',·,;·,. _· I_ . ·:. .,·• 

tteaplrat:ton Eltud:1es ,.' 

:ricketts1ae t!rpm yolk sac tissue. 

~t diffe:r~ntial·centritugation ··"a$• studied •. '"\. ·, 

:/·; 

4. O_e1ite~analyt1.~al J'ilte:r- aid _was selec~~d as the-: 
clari.fying .. agent to . ·1p.creas•.'~~e. yield:. of v;able}\ 

. ' ._· .·.·.·".) 

r.1 ... ckettsi.ae ()btalne.d by differential·• cent:ritug. ·.a .. t..1.·•.o. n. 
. ·. . ... : . . . . . : . .. ' . .' . : . / . ' ' ; . : ' : '. ' . .' ; . ' ·, ' ·. ; ·: -_ ' ·.- . •.,. . : •· . '. . '. . ' . , : . . . . . . 

. . _._-···-. . . . 

uptake of .oxygen in .·the. presence cit L-cystei.ne hydro-

ohlor!d~ and ·t-glutandc acid.: · 

6·~ • The use 9t_ paper .chromatClgi-e.phy indicated that · aft · 
;:i 

quant+tative :r(9ductiop.. in the,·.oor.ioent.r~tiqn ot .s~ut~o 
:_~_Jr, 

acid . OOCUl"red during respiratfoll .• 

7. . 'TJ:ie., uptake ot oJt3'gen in :the . presence . ot i,;..oyst~hie a:ai 
and L-glutaniic acid wa~ _proportional to the ·conc.Jntrat:ton . 

cit viable r.lckettslae p~esent. 



. lt The biologic activi:ty:.or .the riaket.ts!al. suspensions.:) 

watf m:ee.sured by their . t.oxicity for albino mice and 
' ' ,.··-,.•,·•·• C-/ 

thtectlvity ·•··· for. dba · mice 
.. -·-_;.,,.,_,.·_:: 

N·o signifioant. :difterenoer in su9oeptib111ty to ;to_xio: 
,d~ath ·was :demonstrated :for.· the dba and albino m:J.ce. 

iO·; · Dba rnioe were more susceptible to the Wilmingtotf, strain 

ot ·mtJ.rine typhui than albino mice. With theBreinl 

strain otlouse.-bome typhus the dbe. ·strain•was}at least 

·as susceptible as albino mice. 

ll. Oottonre.ts, three ·months·old, exhibited a highFo~er 
. ' 

ot .re s1 stance to experimental typhus. Ootton .. rats 
-··:ci: 

six we,eks old were .shown to be veey ,susceptiblei;to 
-. ,' -_ ~;.: :~ 

e:xperlmente.l· ·typhus~· 

"12. White rats were shown to possess .a high level ot. 
resistance. ~or the ~ckettsia.e ~f murine typhusZ 

1.). 'l'he production of experimental typhus.inmale 0 gdinea· 

. pigs was accompanied by a scrotal swelling whiol:l was 

· observed for both thtLlouse-borne ·and ~rine stra~ns. ·. 
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