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INTRODUCTION

_ The aisoovery of the rickettsiae by ﬁiakebts and
Wilder 1n 1910 revealed the presence of mioroarganisms whase.
morpholagy was similar to- that observed for bacteria.‘ Unlike
the bacteria, however,.the riekettaiae could not be f. |
aultivated in any of the known madia scceptable for tha
propagation of bacterias. o f

The investigations of the rickettsiae fram 1910 tc
1938, while varied in nature, illustrated the diffieultias "
which were encountered in the eultivation of these miaro~
arganiams. The use of the developing yolk sae of tha chick
‘embrya for the cultivation of the riakattsiae, which was,Q
reported hy ﬁox in 1938, solved the troublesame problem of
rickettsial propagation. This mathod was not: only canvenientv
‘bhut resulted in preﬁictable yields of larga numbers of
’rickettaiaa." |

The large scale cultivation of bhe rickettsiae o
made pessibla many saientific advences in the field of ‘
'trnpiaal medicine which contributed greatly to the suceessful
war efforts of the United States in World War II. whe 1arga
secale pn;duction of an improveﬁ vaeaine for the protection
of American troops against the lousa-»bcama and murine forms‘
of tvphus fever resulted in a remarkable reeord of ralative
freedom from this disease. The developmenb of 1mproved

1a§oratory methods for the &iagnoais of the ricketts;al
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digegses ensured the rapié re#ogﬁitiou of these diseases
when they‘oeeurre&. | | |  ,

| " The studies which are dedicated to the impravement
V‘Gf existing methods and teahniaa continue to eoaupy the g} ’
’attention of many biolngiats engaged in riakattsial rasaarch.
Of inareaaiag interest and significance, hmwevar, is hhe‘ﬁ
fappearanca of atudies that do not seek an imme&iate applieatian
of practiaal value, bub instead ava coneernea With the bialagy
;of the rickettsiaa. Among these studies are the inveati~‘,
'gatians by Peterson and Fox on the mode of action of toluidin
blue and the thionin dyes in experimental typhas 1nfections
of mica, the use of enzyme inhibitora and aetivatora 1n
axperimental infeotions af mice and tha chiok embryo by
Pinkartcn, Grelff and Horagues; and tha invesbigationa of

The

'rickettsial matabolism by Bovarnick, Snyaer and Miilkv
study ef ‘the phyaiolegical aspaets of the cultivatioﬁ of the'
riekettsiaa by Zinsser in 1936 antedated the above studies
an& represanted the first serious endeavor 1n the investi~
gations ‘concerned with the miarobiology of the riekattsiae.
The studies which form the basis for the research |
which 13 presented 1n this report were suggssted by tha early
work of Zinssar on the physiology of the rickettsiae. The
present studies seek to extend the knowledge of the fi 1;
physiolagy of the rickettsiae, gnd to relate their biachemical
activities to the pathogenesis of experimental 1nfeotions

. induced in an appropriate animal host.



LITERATURE.

Typhus fever is a diseass which has been :
raoognized by the medical profession sinee the eighteenth
cantury. The pages of history are repleta with aecounts af
ravaging. apidemias which. deaimatad human populations during
th& middle aeges., There seems to be little ~doubt that many
of thase terrible epidemies ware aatually typhua fever.' ?
Gerhard in 1837 was eradihed wihh the seientific description
qffthe,glinical,aSpects of typhus fever‘whieh_m&de”pagsible
the Séparatidnxef_typﬁua‘fever patients from fhosa sﬁffe?ing
with typhoid fever. Although the disease wéa,wallcgaractef~
izad elinically after 1837, the eticlégiﬁal aganﬁ wé;]noﬁ;'
digaloééd(until\the year 1910, vhen Ricketts andeilégr,vf‘
wurking in Mexico, observed short ba&illus-lika fo#ms in the
blood of typhus fever patients (l) These forms exhibited
polar ‘staining and appeared as small baeilli. f” ‘

In 1910, von Prowazek, working in Serbia, described
many small rod shaped bodies within leukoeytes in tha blood
cf typhusrfever patienta.' Sergent, Foley and Vialatte in
North Africa reported‘stmllar~badies in lice removed»rrom“
typhus infected persons in 191 (2). These workers‘fnfectad
three human voluntears with typhus, one by louse faeding,
one by subcutaneous injection of 1ouse emulslion, and one by
scarification with.crushed eggs of infected lice. I@vre-

mained for da Rocha-Lima, an associate cf‘von.Frowazékjvto
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sﬁmmarize the previous findings and in 1916 to give ths name

Rickettsia prowazeki to the etialogical agent of typhus .
fever (3). 1 | | " |

The Eurapeam or lauss-borne typhus was the anly
typa af typhus which was raeognized until 191?. The ‘
existence of another form of tvphus which could be differ~ .
entiated from the 1ouse-borne type in male guinsa pigs waa
indicated by Neil, who reported the develcpment of aarotal
:swelling in male guinea pigs injected intraperitcneally with
blood_fram typhus patients in Texags (lt). In well davsloped
male guinea pigs injected 1ntraperitoﬁeally;with'mékiéaﬁ ;
typhus, the temperature of the animal rose frcm 40, Biéc h1°
centigrade nine to fifteen daya after injection, and a o
definite serotal swelling was observed. Hamorrhages were
found in the oremasteric fascia, just external to t@g;parietal'
laminee of the tunica veginalis, and immediately beﬁégth_the
visceral leminae of the tunica vaginalls. The gorot%i

swelling subsided after the temperature returned to‘ﬁbnmél

and the lesions cleered up repidly. The flndinga ofjmeil
were not fully appraeiated until Mooser in 1928 showed that
over 90 per ecent of the male guinea pigs ingected with
Maxican typhus presented more or less pronounced swelling
and reddening of the scrotum whidh was due to extensive
specific lesions in the tunica cremasterica, tunica vaginalis

and teaticles (5}. In addition Mooser demonstratad a minute




;1ntraeellu1ar diplobaoillus in the seationa and smears of
‘proliferated tuniea vaginalis._ The small organisms éould
?not be culbured on baeterialoginal media, wera always present
whEn histolﬁgical rindings charaeteriabio of Mexican typhus

’wara demonstrated, and stained pocrly with all but

HRamanowsky type staina.,F

e ;fén investigatian of Brills disease bv Maxe&iin the
¥southaastern‘ﬂnited Statea resultad in findings whic_ ‘[“w
faubstantiated the stuﬂies of Neil and Mcaser (6 s 3) Brills
diaease waa reported by Dr. ﬁathan E Brill ef New York as a
:typhusnlike disease ooenrring andemically in thah eityj(9)

The identity of Brills disease with typhus fever was shown
by Anderson snd: Goldberger following isolation of the et’ié**

rlogical agent in monkays (10).{ H&xay’s invastigaﬁiona were
based on apidemiolagisal considerations gnd amphaaized
’essential differenaas batwaen old world typhus anﬁ the endemia :
ftyphus rapartaﬁ by Brill. The saasonal incidence far the

Eendemic farm reached ‘a maximum 1n tha summer and fa11 montha.

?Butbreaks in eities showed no sharp 1ocalizaticn.f ' foca1

5center of the disaase in cltles seemed,to ‘be in the'weart of
.ﬁhe buainess distriet an& persens abtaeked were th _?;engaged
11n trade, espacially thase employed in fcod d@pots, grccerias,
‘feeé staras and rastaurants.f The disease was not assaciated

with 1ousiness.b &axcy concluded that a reservoir ofw“

1nfection existed apart from.man, and that tha reservoir wes




6.

ih rédents,rprébably rats or mice, from which ;he disease
ﬁéswooéasienallv traﬁsmitfed to man, . | ; |
The conaept that Brills disease and the andemieé
typhus repayted by Maxey were identiaal was challenged byﬂ, ’
Zinsser (11). Following a stu&y of Brills disease in Newi
York and Boaton, Zinsser was foraad to the aanalusion that 3
the disease was 1mparted form of the classiesnl Eurapean
t&phus fever. The cases observed in New York and Bostan .
were aaid to represent recrudescences of old 1nfeations ‘
originally acquired in &urapean foecl, Zinsser's views have
reeeived wide attention and tha acceptanea af many |
authoritias on this subject‘ Thera are a few critiaa, how«
ever, who maintain that Brills disease 1is murine typhua.‘g}
In.1931 murine typhus rickettsiae were 1salated
from fleas ‘taken from wild rats in Baltimore (12),: In the
same yaar murine typhus riakettsiaa were isolatad,frqm.‘
wild rets (13). By the year 1931 it was clear that two
types. of typhus fever existed, the old world or lousa~bor§e

form and the new world or murine rarm.

~ The use of experimental animals for hyphustfevar A
inveatigatians was greatly stimulated by the finding& of Neil.
‘Mocsar<and others. While the usa of enimals as an aid in
&atéctiﬁg the type of typhus fever was encouraged argund .
1928, the application of enimal inoculation to the i%blation“
end cultivation of typhus riakeﬁﬁﬁiae‘datgs back £Q i9G9 when
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iﬁicolle, Comte and Gonseil reporﬁed the infection of. munkeya
with blaod taken from a typhus fever patient (1&).‘ The
transmiasion of typhus to guinea plgs was aceompliahed in:
1911 (15). .Nicolle and Qquworkera reported the nse;g; white
rats in experimental typhus. infeeticné”(lé, 17, 181;?
Although rats exhibited no fever, brain emulsions from .
1njeetad rats pruvaﬁ 1nreat1ve upon pasaaga. This led to

the tarm “infection inapparenta. Mooser 1n 1929 anéfﬂaxcy

in tha same year reporbed 21 5harp rise in>the bamperature of R
male white rata three to six days after intraperiteneal
injeation of mnrine typhus ricketbsiaa (19, 20).J No?scrotal
swellings were. noted, even theugh tunica sarapings démon- ;
atrated the presence of riekettsiae. ‘”

Other animals have been found which represent
suaeaptible hosts* The suseapbibility of rabbits,'whita
_miae and garbils ta 1ousewborne typhua was shown by Nicolla
{21, 22). 1In a recent report by Snyder and GOnwarkers the
use of two speaies of gerbils in experimantal typhua
infectiana was studied (23), The rodents suacumbed to
1arge doses of either murine’or 1ouae-borne typhus rickettsiae
by the 1ntranasa1, intr&venous or intraperitoneal routes. |

White mice did not succumb to infeetion. Their responae to ‘

louse-barna typhus assumed the form of en inappareﬁtiiufection
which could not be tranamitted serially in mice.‘ Bimilarly

‘whan white miee were infected with murine strains, the o
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infection was af'thé ‘inapparent t?pe, but could be trans—%
mitted serially in miae (2&, 25, 26). Wchlrab not only j
\confirmed the auseeptibility of white mice to murine typhus
but was able to produce . infections which terminated in the
daath of the injeoted mice (27). Castaneda was able to
prcduce a highly fatal pneumonitls in white mice followiﬁg
the intranasal inaection of murine typhus rickettsiae (28)
~Lepine reported that the Maaedonian spermaphile (Gitallus
citellus) was suscaptible to louse~borne but not murine
htyphus, while cats were shown to be susceptibla to the murine
strains (29, 30). Saquirrels and dogs viere successfully
infeeted with murine strains by Blanc and Gombiesco (31, 32)
Dyer_found woodchucks, house mice, meadow mice and,white ﬁ
footéd m1ce susceptible to murine typhus (33); Of tﬂis
group, only the meadow mica died, the deaths cccurring on-
the fourth day after infection. In another study Brigham
.and‘Dyer reportad the following animals suaceptible tc murine.

typhus: Opossum (Didalphis virginiana), field mousa (Peramyscus |

}polionatus), aotton mouse (Percmyscus gossvpinus gossvpinua),

golden mouse (Peromvscus nuttalli aureolus), wood rat (Neotoma 1

floridana rubida), cobton rat (Sigmodon hispidus. hispidus),

rice rat (Orvzomvs palustris palustris), and the flying

_squirrel (Glaucomys volans saturatus) (34).

The eastern cotton ret was shown to be as

susceptible to 1nfeotion,with the murine strains asIWhité
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ﬁiée;Qandkmérs susceptible to infection with the louée-borna
atraiﬁa:than white mice (35). By ‘subinoculation into ﬁhe
yolk sacs of fertile ezgs, the rickettalae were raadily :
isolated fram.livar, brain, pericardial and paritoneal
sourues,‘ Five strains rapvesanting both typas of typhua
were established in the cotton rats by serial paasage, and ;
in egch case resultad in the production of infeatians
» termiﬂated by death. , | ol
- Fox in 199 summarized the relative infeatibility
' of 1aboratory animals and chiak embryos with typhus ;
v‘:ickettaiae (36). The cotton rat evinced maximum 1nfecti~‘
bility: ‘with'muﬂ. ne and 1nuse~bome strains, Swiss albine
miae were as infeotible with murine strains, but relatively
1nsusceptible to infeetian with 1ouse-berne strains. Tha
‘ guinea-pig was aonsistently 1essrinfeaﬁible than thegcotton
rat with either variety of rickettsise. The infecbiéility
of the ehiok embryo was equal to that shown by the eotton
rat for recently isolated murine strains. Infectibillty
, with recentlv isolated 1cuse~borna strains was usually lower‘
~‘In ccntrast, louse~borne strains long passaged in eggs were
aqually 1nfectious for both cotton rats and embryos.

The relative &egrae of susceptibility whi¢h an A
sxparﬁmantal host displays tc typhus rickettsize may ba

. altera& significantly by varying the treatment which the host

reoeivea elther before or during‘infection, Zinsser and
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Gasté&aﬁafsuaceadad in pruduaing maééiva‘invaﬁiaﬁ of white
rats by murine atrains when the rats wepre trsated with & ;’
miutura of benzol and alive o1l priar ta injection (37)

‘Rata coul& alaa be r&naarad.mnra suaee@tibla by rnanhgan :

irrs&iahian (33}‘ Riab.suﬁpensians ﬂf murine &ickett&iaa

'wers abtainea by vepa&tsa 1njeotians of 1arge daﬁaa af guinea 3

pig hlaad intu the pepit@naal eavity of typhus 1nfae£ed rata ’
(39). -4 gen@raliaaa paritaneal infection with murina  “ ‘ f |
atruins was obtained in gaiﬁ@a piga aubmittad to a dafiaian@y ;f 
dlet (40). The reslstance of rets o murina atraiﬁa w&a .
shown to ba lowered by a riboflevin aaficiency (h&)‘ Toppiag
ahmwed that gaimaa;pigs treated with sulfa arugs exhibitea a
lowered resistance ta murine %yphua (42}, The prﬂﬁuebian of
a gen&r&llza& rickettslal 1n£aahian ef th& p@rﬁtanaum in B
guineg<pigs, rabbits, and sheap £o1xowe& the mowering of -
hba? temper@tura (43). :Fiﬂkertdn‘aumpareé’faur atréiha7of
miss for suacaptibility to murine typhus* ﬂba, A*albina, A
'brewn agouti and swiss albinc (}%)‘ ‘He fmunﬁ ‘the ﬁba strazn
to be the most susceptible mnd demonstr&taé a variaﬁian 1n
the marbidity snd mortality ar infecstions with ahangaa in tﬁa
anvironmantal tampﬁrature (h&) | ”"f

' The use of anlmala a8 the sale maans. of aulﬁ&vating,‘
rickettsiae an& maintaining staok gultures was baaed upon
the abaalute nanesaity ar 11ving tiaeu&s %a auppar@ tha i
growth of these organisms; Iu 1923, Welbaah, Pinkamtan and
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Sehlesinger repartad the‘use of tissue cultures for i
nultivating tha louse~-borne strains of rickettsiae (&6). :
@hese eultures retained their virulanae for guinaa pigs for
’twenty days but ‘eould not be transferred sevially in tisaue
‘aultuve,, The murine typhus rickettsiaa were aultivated 1n
8 tisaua culture oontaining guinsa pig tuniaa suapande& in
guinea pig plasma {(47). While great numbers of riakettsiaa
were fcund in the tunica tissues, the aultures ratained -
‘their virulence far guinea plgs for only ten daya, and ﬁha

riokettsiae ccula.not be maintained by serial passage.;

Nigg and Landsteiner wsre able to maintaiffmﬁrine
‘typhus rickettsiae 1n tissue cultures by uaing mince& guinea’
pig tuniea suapended,in a serum-tyrode madium (h&, kg). i
Pinkerton and Hasas showed that ‘the rickettsiae retained
their 1ntra~oellular 1oeation in tissue culture and mu1t1~
plication ocsurreé exclusively in nonphagoeytic cells

beliavad to be of mesothelisl origin (50). In 1936 Nigg

.raported suaaessful transf&rs of 1ouse-borue typhus:;h
tissue cultures for a pariod of one and one half years.
Similarly a8 muvine strain was maintainsd for four years
with no apparent loss in pathegenicity (Sl). The louse-=i

\borna atrain produaed fever and less severe ssrotal T

reactions then the murine strain.f The murine typhus
rickettsiae appeared to shaw a predileetion for tuniaa
'tissue., Theae findinga were eanfirmed by Bengtaon (52) and
Plotz (53)., | |
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As e result of the problems Whieh wers enacunterad
'in tha preparation of tissue eulturea, Zinsser beaama '
interested in the physiolagieal aspects of the cultivation
of rickettsiae {5, 55). He found that the oxygen ccnu,wr
sumption of uninoculated tiasua eulturas resched a maximum
value at fortyyto forty~-six hours. The potential of tha
éystem7ruse, réaahing 8 méximum at forty hours. The pﬁ fell
fr@m 7.8 to 7.0 at the end. of. six or seven days, - Tha most
adtive growth of rickettsiae did not seem to take plaae untilv
the sixth or seventh day whan tissue viability andxmatabaliam
©oame ta a standstill. | “ ) g

The intreéuation of the use of embryanated hens
eggs by Gaodpaatura and Woodruff in 1931 for the eultivahion
of ultramicrasaopie fcrms, reprasanted an importanx a&vanae
in virus ‘research., Using the ahoriaaallantaic membrane
tschnio of Gcodpasture, Zia ﬂttempted the cultivation‘of
. Both

louse~borne and murine strains in fertile °ggs. (56);;
atrains could be cultivated, but large numbers of rickattsiae
were not found. It remained for Cox to demonstrate the wé
effectiveness of the chick embryo for the prOpagahion of the
rickettsiae (57). Inoculation of tha yolk saa rather than
the chorio-ellantoic membrane resulted in abundant~yield3 |

of riekettsiae.‘

The advance in methods of cultivation mads 1%

possible to study the action of antibiotias and chemo~
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therapeutlc agents upon the rickettsiae. Snyder and co-
Workers‘observad a rieketﬁsissvatic effect of p~aminébanzéie
| aéid»ia animalé'(SB).’ The same finding was veported follaw-
ing the use of p-aminobenzoie acid in expertmental vi, ‘
infeations of the chick embryo (59). Fitzpatriek found an
analague of ﬁDT that resultaﬂ in a degree of survival far
murine infected mice equal to that obtained when feur times

“:tha amaunt of p-aminobenzoie acid was administerad (66}

Ghlornmycetin, an antibiotie obtaimad fram

’Streptomycaa venezuelae, hes been shown to exert a

| rickeﬁtsiostatic aetionvagainst 1ouae~borna and murine L

'typhua (61). Aureomycin, en antibictic obtainad frai; |

’5tregtomvces aureofaaiena Duggar, was shown to be eftéative'v
fin.the traatmant of typhus fever (62, 63)‘» |

. Tha rickattsiustatia effect of toluidine blua in
"typhus-infected‘miaa was demonstrated by Paterﬁon (6@)

| Andrawes, King and Walker showed that ehemotherapaubia
agents active against typhus 1nfaation in mice did not give
:evidence of activity against the same rickettsiae in vitro

- (65). Panicillin was found to be rickettaiostatio when used‘
in eXperimenhal infections of the chick embryo and fé

f animals (66). A
| . With the susccessful use of various antibictio or

ehematherapeuxie agents, investigations were directa@itowards

the mode of section. Fox and Peterson suggeated,thatfthionin
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dyes exhibited a.riakettsiostatia acﬁian by pxoviding an
&1ternate machanism for intracellular respiration, thus |
; sparing the host cells from the usual harmful effects

produced by the riakettsiae (67),‘ Greiff and Pinkerton :
1nvestigated the metabolie interrelationship of tha rickettsiae
and their host c¢ells through the action of enzyme 1nhibitors
and activators (68, 69, 70).' They found that a temperature |
of &09 centigrade suppressed riakettaial gr&wth. The ;

suppression which rasultea from the tamperature of hﬂ° centiu

fgrada could be raversed by the addition of pataasiumhayanide.\
?he reversal was 1nterpreteﬁ to result from a aapreséion of
the high rate of metabolism observed at “loo centigrada. In
general the rickettsial grow was 1nversely proportional to,
the respiratory rate of the host cells, ragardless af the
factors which determined that rate.} The aasumption was ‘made -
vthat p~aminobenzoia aoid owes 1ts riokettsicstatic aetion to
its ability o increase cellular~r33piration.' '
Bovarniek and Snyder studied the resPiratiun of
g;‘growazeki and R. typhi in tha conventional Warhurg
abparatus (71); Using casein hydrolysate and glutamata as}
the substrates, they were able %o demonstrate an uptake of
oxygen in the presence of viable riaketts&ae. The:;f’
respiratory activity was proportional to the concantration
of the rickettsiaee, as determined by the biclogic acgivity

of the rickettsial suspensions. In a recent report Bovarnick
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and ﬁillar exteaded.thé 1nitia1 obésrvétions to a‘study
of tha oxidation and tranaamination of glutamate by
rickethaiae (?2). They ahewed ﬁhe formatian of aspartaﬁa
'and ammenia during the exidatlan of glutamate.‘ Trana~
aminase was prasent and remained aotive after the losa of
cxidative enzymes and viability.ﬁ The authora have intar~
'preted their results aa auggestiva of cxidatien of:”ﬁ

glutamata by riekettsiaa, procee&ing through the eitrie v
aci& aycle, with fermatian of aapartaﬁe ns a bywprnduet due l

‘to the pressnce of transaminase.

&dditianal informaticn on tha pcasible rol“ of the

rickattsiae in the pathogenesis of typhus fevsr was reported
uy Gl&rk and Fox (73)' Suspensions of yolk saes infected
with murine or louae~borne typhua were shown to posaass tha
capaeiﬁy to hemolyze the r@d cells of the rabbit or 9heep
in vitro. Under the same aanditions such matarial did not
ﬁause the hemolyais of the cells from mica, cottcn rats or
guinea pigs. The toxicity of heavily infected yolk‘qacs
‘for £ntravanouﬂly 1noanlated mice aeemad to be related to a
aerious alteratian.in vascular permeability whieh aauaed a
markeﬁ reductian 1n the blood volume. This was Shown by an

1neraased eoncentration of the red eells but not or the

'plasma protaina.

‘ The taxiaity of 1nfective yolk sac suapensions fbr

albino mioe follcwing intravenous or intraperitaneal 1njection
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ﬁas'reyorted by Gildemeister and Haagen in 1940 (YHJQ’fTﬁé
‘symptoms in the injected micemwprostratiun, canvulsive |
- movements, and labored respiratienwmaeeur promptly.; The
"toxie substance" seemed to be associated with the 1ntaat,
.'living rickettsiae and could not be. separated from tha aslls.
'Tha direut relation of toxicity to the coneentration af
~viable rickettsiae has resulted in the application of
 'taxiaity titrations to the determination of the number of
-viable rickettsiae in rickettsial suspanaiona {75).ff'

The demonstration of a toxic effeat in mioe after
‘the intravenous injestion of suspensions of viable rickattsiae
was - follawea by the finding that the baxic action could be

-t..h

| neutralizad by immune serum (75). The resistanoe ow&

‘exparimantal ‘hosts to toxie death was greatly incre;gj‘f”f
'following infection or vaccination,: These’ findings hava

been. used in pathogenesis stu&ias %o measura the concen» Qvf'

tration: of antibodies, the relative resistance cf ani“xperi— 

;1menta1-hoat, or the presence of an’ immunizing,infeqt;pn*,“
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- OBJECTIVES

The purpose of the atudies whieh are presanted

here was tc invesbigate the biochemical aotivitias af the

.rickettsial eell and thair ralationahip to the pathogenaais

of rickettsial infectimna. Tha Speaifia objectives wers f

as fallgwsz

1.

2.

3

4 study of the respiratory activity

exhibitad by Riakettsia prswazek;w

A study of tha canditions contributing to
the r35p1rat0ry activity of rickattsiae.

The evaluation 0f substrates asea in
resplraﬁory sﬁudiaa by pap@r chrcma~

tography.

The pathogenesis of typhus fever in

experimental hosts.

‘Tha comparativa susceptibility of variaus(_;'

experimental hosts for typhus faver

‘ rickettsiae.
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VMATERIALS;&NQ METHODS

The Gulbivatien of Rickettgiae'A~

Stack strains of typhus rever rickettsiae were}
ebtained from the ﬁational Institutes af Health and the
Microbiolegical Instituta, Roaky Mountain‘Laboratory;
Eamiltan, Montana.l The strains raceived‘in¢1udea’ﬁ§é»
Wilmington and Balboa Park of murine typhus' tha Breinl and
Madrid of 10use—borne typhus. | : :

| The rickettslae were eultivaﬁeﬁ in the develaping

yolk sac of ambryonated hens eggs.a The eggs were 1noeu1ated
when six deys old with 0.5 ml of en infeativa yolk sac o
suépaﬁsian, - The yolk sac dilutioﬁ was baaed ﬁpcﬁ'thé éone
éentﬁéﬁion of rickettsiae requifed to'cause'tha dééfé;of the
embryc on tha sixth or sevanth day following inoculation.‘
The diluticn factor was ascertained by titration of infective ‘
yalk sac stocks in eggs. | iw |

Infective yolk sacs were ground 1n tubes which f
oonsisted of 50 ml pyrex centrifuge tubes eontaining greund
glass or alundum,3 and fitted with a glass rod which was held
sécurely in the centrifuge tubg by a cotton plug._ After the

ll Obtained through ths caurtasy of Dr. David Lackman an&
Dr, Karl Gerloff. ' i

2 White leghorns, English strain. ;
3 Crystalline alumina, 500 B. Norton co., horcestar, Mass.
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yolk aaa was ground;va diluting fluigl was added to give,éhe
 desired suspension., | L !

| The preparation af the ahxek embrya for iuaaulation
began with the ﬁisinfaction of the 'ezg shell surface direatly
’ovar the air sac with 7 per cant tineture of 1odina.‘ After
an intarval of ‘B few minutas, a small opening was made through
the egg shell with a dental drill. The opening reeeived a
;sacond applieation of 1odine and was then ready for -
| inaculation, The injeetions ware made with a 22 gauge, 2 in¢h
 naed1e directly 1nto the yolk aac. The cpening was. sealed
with flexible colladien and the eggs ware incubated at 35 to
36° centigrade. At the end of three days the aggs«wqre‘~ﬁ
’candlealfor evidence of traumatic deaths. All of thé}daad
'eﬁbryGS‘werﬁ>aiscarded,' Thefcéhdling thereaftér wéé;d6ne'
thrme timas daily until the embryos were moribund or dead.
The eggs were harvested, the yolk sac removed, placed in a.
sterile container and immadiately frogzen in a dry ice~alc0h01
mixture¢ ‘Bach yalk sac was exemined for bacterial can~ 5
taminationrand rickettsigl ccntent. The steri“ity test was
: made by drepping a small portion of  the yolk,sac 1nt9

Brewer'a thioglyecollate broth. 4 yolk sac smear was prepared

1 Dextrose - ' 0,5 per cent
NaCl 0.5 per cent
Phosphate Buffer (pﬁ TJdy) .

NapHPo), (0.14) -~ 8l parts

KHpPo), (0. 1M) --- 16 parts
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for overnight staining in Giemsa., The aclntiah was prepared
from a stock aelution which had been standaraized agéinstg
nonmal bload rilms and the dilution factor detenmined.

~An arbitrary method of eatimating ths rickettaial
'nancentration was adopted. If numerous rﬁckettsiae could be
demcnstrated in every micrsscopic field examzned, a h %
raﬁing was ‘agsigned. In a similar way, less numerous
rickettsiaa per field were designated as either 3 / or 2 /
If one to three ‘ricketsiae wers found in each field examinad,
or if they were irregular in occurrenae, a l £ value was :

assignea.

Preparation of Riekettsial Susnensicns

) ~ When yolk sges were shown to be xrea frcm bacterial
contaminants anﬁ heavily 1aden with rickattaiae, they were
thawed, pooled, and a 20 par oent suSpsnsion was preparad.
The diluent used was Krebs-ﬂinger phosphate buffert adaustad |
to a final pi of 7.4. The suapensian was homogenized in a
Waring blendor and transferred to centrifuga tubes._ &11 ;A
centrifuging was carried out in a rafrigeraked centrifuge
set at 0° centigrade. The diluent, glassware, and blendor

bowl were'ahilled to ice box temperature prior to uaeu

KHZPoh
% MgSo) +THO0
M phosphate buffer, pH 7 Ay



'Differantial aentrifagaticn was uséd to separate the
;r&ckettsiae from the yolk sac tissue.

The principle of differential centrifugation was
,tc centrifuge the yolk sac suspensions et high spaads to
sedimant the rickethsiae, thns permiﬁting a separatmmn frem
the yalk and other soluble components, fallowed by lew apaed ;
centrifugation to throw down the yolk 880 tiasnas aﬁd leave
the rickettaiae suSpenaed in the suparnata. Varioua centri-
,fugal speeda were aempareﬁ far their afficiency in separating
tha rickettsiae from the yolk sac tissuea.? In general,
esntrifuge speeds of 1000 to 5000 RPH for forty mihutes
sedimented about 90 per eent of the rickettsiae,e For the
separahion of volk sac tissues, speeds in excess of 1600 BPM
for twenty minuhesfor 1ongar resulted in = seﬁimentag;on o£
;the rickettsiae as well as the yolk sac tlssue. Gohgequentty'
1¢W'speed centrifugation was never in excess of 1000 H?M for
twanty to thirty minutes. The procedure employed was |
esaentially the same as the differenxial centrifugation used '
in the preparation of the Cox type of tyyhus feverlvaecina.
The same proeadure was employed by Bovarnick for the |
preparation of rickettsial suSpensions used in respiration
‘atudies {71). |
)1 The use of various clarirying ageats was conaidared.
‘Topping raported the application of celite to faoilitate the
aeparation of rickettsise from yolk sac tissuea (75) The
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celitéfpreparation was respénsible“for‘é‘greatér‘rémavél‘Sf
:yolk aac eonstitueats, so that the final rickettsial
suspenslons were superior in apnearanca and,rickettsial |
concentration to non-celite traated suspensions. Based upon
the theoretical considerations of particla size and i
adsorptive eapacity, the fcllowing substanees were selected :
for trial: Celite-analytical filter aid, Gelite 505, Filter- |
Oel, Hy~flo, light magnesium oxide, kiesalguhr, barium sulfahe,
alundum, and activated charaoal. All of the powders were
added at the rate of l gram for each 5 grams of yolk sac.ﬂ

The use of the agents for the separation of the
‘rickettsiae from the yolk sac tissues was atudied to determine
'the procedure which gava the most effectiva results.;iThé

ddition of an agent to the yolk sacs pricr ta their' |

,homogenization and followad by the differential centrifugation
process, resultad in 8 final suspensicn that eantained aome |
yolk sac canstituenbs. It was avident bhat the separation
, of the thick yolk sac cream was impaired in this procedure,}
and a small amount appeared in the final suspension. Whan an
agent was added to the yolk aac suspensian after homogenization
 and at the time of the second eentrifugatlon, the final o
suspansion which waa obtained after the completion of the
' differential centrifugation process failled to exhibit the
prasence of volk sac constituanta.} With this prooedure the

thick 1ayer of volk sac cream was found at the surface of the
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Vsuspansiouifollowing the first'centrifugaticn, and was
easily: removed by means of starile applicator sticks.xw
fﬁLﬁV*‘ ~The separation of. rickettaiae from yolk sac
"canstituenﬁs was- attempted by means of variaus oils auch as
'parafrin, turpenbine and»pins. .The. proeadure fcllawed was

a modification of a previously reported technic. (76)*,

each instance a 10 per cent yolk sac suspenaion was;;f.A,;

pared in Krebs~ﬁinger phosphate buffer‘ Tha pH of the;ﬁ?f

rickettsial suspension was varied frcm Ty to 5. 5 1 _different
‘experiments; Five ml of a 10 per cent . suspansion waa mixaa ‘
with an equel volume of the 0il in e separatory ﬁmnel until w0

amulaion formed. The, mixture stood at room temperature

until a separatiun of the phases oocurred. When thefaf. g
separation was com@lete, the aqueous phase, interfaea and

oil phase werse examined far rickettsiae.

'Preparation of Toxio Test Substance %
RS The ehick embryo was inoculated via the yolk sac

route with a dilution of vickettsiae calculated to eause the

death of the embryo on the sixth ta seventh day afterh“
'ineculation.‘ The eggs were aandled thraa times daily and
when moribuad, harvested for yolk saas.” The volk sacs were -
weighed and 8 25 per cent suspension was preparad Sterilel
skim milk (O.S per aent) with a pH of 7 Jowas used as the
.auapending vehicle.“ The yolk sacs were homogenized in a

‘Waring blendor and the suSpension-centrifuged for § @1nutes

oA
AP
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at 1000 RPM to remove'tiésua fr&gménﬁa;‘ The supernate was
‘Pébled;ldistributed“in steﬁilé cnntéiders, sealedaand~n };
‘1mmediate1y shell frozen in a dry ice~alcohol mixture.-
"Storage was in the dry ice box.-

Preparatian of Amino Acid3

- Amino aoidl solutiona wera prepare& in Krehs~ainger
phosphaté buffer. Each salutien had a final aoneentrabion of
5 milligrams per ml, and a pH of 7 & All pH ad3ustments were
made with pobassium hydroxide. Tha salubicns ware passed
thraugh Seitz filters and stored at rafrigerator temparaturat

in ﬁterila, seale& aontainers‘

Maaaurement of ‘Amino Acid Concentration

Paper chrom&tography was uaed to deteﬁmine the
‘esncentration of the amino acid befare and after reapiratien
measurements.v ‘The technic is a modification of other R
published methods (77, 78 19, 80).; . :

Whatman No. 1 filter paper was eut 1nto strips one»
}and one~ha1f by twenﬁyntwo inches.- Ths amina acid- solution
was plpetted onto the paper three inches from the bottom,
total volume of 0.02 ml belng used. The paper was allowed
to dry, and then suspended in a closed bell jar so tgat tha

bottom portion was beneath‘thevsurfacetof;tha:solveﬁﬁ};imﬁe

1 H. M, Chemical Co. Ltd., Los Angeles, .California.
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sblVént*uéed in alliths'gtudies was an 82 per;cant‘éqlutién
«df:phenclaw‘The'301ubioh waérprepared WithxrediStilléd :

phaﬂdikﬁné aistilled'Water¢ ‘The ahromatogram wa3‘31£OW§&@,
.ﬁb‘dévélop fO?ﬁtﬁentyéfaur hours, Ab. the end of %his rexé‘

‘interval, ‘the strips were ramaved, &ried at 100° centigrade~>

and aprayed with 0.05 per cent ninhydrin in butanol 3
1saturatad with watar.‘ The atrips were aried at 100°ipgntie»
’;grada and the amino acids could ﬁhan ‘be locate& on tks paper« 

- The spots of amino acids weve ‘cut into small yiaoas a ;
. placad in test tubes. ‘Three ml of 2 per cent ninhyérin in

ethyl cellosolve-cltrate bufferl was added to eadh bube, and
the tubes placed in a boiling water bath fer twenty minutea.

The tuhes were cooled, 17 ml of propanol~water soluticng
added, and the calar 1ntensiby read on a Goleman ape?tro—l'
photometer gt 570 mu, - A blank ccntaining filter papér alone
‘and a’ standard of 50 micragrams of the respective amino aoid

°was run with sach set. of " samples¢

“'Measureumnt of Oxvgen Gonaumgtion ,'
» Tha raaetion mixture was composed of 2.0 ml of

v riekettsial suspension, 1. 0 ml of amino acid solution, O 2 ml(

1 20. 0 grams of citric acid, 8 0 grams of sodium hydroxide,
10,8 grams SnCl,+2H 20 in a total volume of 500 ml. pH
- adjusted to 5. 8 Ninhydrin, 2 per cent, in mixture of.
~ equal volumes of ethyl cellosolve and eitrate buffar.

2 Mizture of equal volumes of N-propyl alcohol and distilled
water, ‘ ;
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Qf»Krebsﬁﬁinger'phaaphaie buffer and 0 2 ml of.lo per cent
potaasium hydroxida in the canter wall.A The measurements 2
wera made by the Warburg mathad at 3& hp éantigrade.& ThQﬂ
manameter readings were made at intarvals for twn to threaw
hours. Ncrmal yclk sac preparations reaaived treatment ,f
identical ta the infeeteé yolk ssacs and the final suspensionf
vwas used in the same manner as the rickettsial suspensian

to control tha results for eaeh amlnc acid invastigabed. ;
’The pH of the reaction mixtura was varieé from 7.& to é (&

'1n different experiments.

Pathogenasis Stuaies;  Injectien of Animals

1. Gulnea Pigs

’vr Kale guinea piws weighing from AOO to 800 grams
were 1njacted intraperitoneally with 2 t6o 5 ml of a 10 per
cent yolk sac suspenslon. A daily hemperature charb Wgs
maintained far each pig, ﬁhe temperature being taken
reotally. A temnerature of 39 6° centigrade or higher
constituted a fever, The febrile period may or may not be
aeeompanied by a scrotal swelling, Paasage of the infecbious
tissues was usually attempted on the third or fourth day of |
fever for louse-borne typhus, and on the secgnd or third”day
of fever for the mufine strains. In the absence 6f #evan;
the se&otal reaction Was‘used as an index of infectiéh; In'
the latter cireumstance, passage of 10use~barne typhus was

attempted on the third day of scrotal swelling, and on the



sécbnd day of markad sﬁelling for murine strains, 'Passage

of 1euse~borne typhna was made with 10 per cent suSpensions

af either brain or spleen. The murine strains viere

passaged with 10 per Bent suspensions of brain, aplaen or

huniea vaginalis. Rickattsiae of eiﬁher strain could be .

passed serially from guinea pig to guinea pig, guinaa.pig

to embryonated eggs, or guinea gig to athar suaaeptible hssts‘
o The pro&uction cf antibodies Was measureé by a.

mouse nautralizatien test (75) sarial two~fold dilutiens

of pooled guinea pig sera were made in ‘sterile nutrient ' 

brﬁth.' An aqual voluma of toxic teat substance, containing

ALDBQ per O.b ml and praparad fram the homolagous strain, was

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

stand at room tamperatura (26° centigrade) for two hours.

The extent of n&utrallzation of the tcxic teat substance 5

was determined by the intravenous 1ngeotion of albinn miee.f'y

whe pooled aera from nonmal guinea plgs was used 1n the test.

as a eontvol serum

2. White Rats ‘ .
Adult white rats! were 1njacted intravenously with; 
the Balboa Park or Wilmington strains of murine t;yphus. The
incculum was 0.5 to 1. 0 ml of a 10 per cent yolk sae .

suspensian. ‘Serial paasage was carried cut with suspensionS‘

i}

1 /Obtéined erm'Sprague—Dawley Oqg,'Madison;~Wis.



oﬂLpoalédvbraiﬁ,flivar an&,splean‘;'mach ﬁaaSage was'made3
b&*the-intvavenoas route with inccula of‘l 0 ml. The rats
were elther sacrificed and the tiasues axamined>micr9~ o
scopieally for the presence of rickettsiae,. or blood was
’withdraWD, the. serum seyaraked and. examined for the prasence |

of,camplement fixing antibodies,

‘3; Gntton Bats

e Gottan ratag waighing hO to 50 grams aach were
‘injeeted uith 10 per cent yalk 386 suspenaions via the intra~ ‘
neritcneal, 1ntraaerebral and intracardial rcutes. One ml |
was given 1ntraperitoneally, ) 03 ml intracerabrally and 0.&1“
‘, ml intracardially. Passaga of ’che Breinl and wummgton
| strains was made with 10 per cont suspensions of pooled Y
‘brain, liver and apleen inocula frum moribund rats via the
intracardial and intraperitoneal rcutea« The tissuas were

sxaminad micrcscopieally for tha presenee af rickattsiaa.'f |

‘”ijh;~;Dba,Mice~f‘ R
. Dba mice? Were injected with 10 per cent. yclk aac
suspensions by the intravenous, intracerebral and 1ntra~ }

peritoneal routes. Mice injected intravencu31y recaivad 0 -

1 Eastern cotton rat (Sigmo&on hispidus hispidus) ebtained .
from Tnmblebrook Farms, Brant Lake, N, Y. S

2 Dba strains obtained £ rom fbllowing soupcess |
(1) Jackson Memorial Laboratories, Bar Harbor, Maine _
{2) Rockland Farms, New City, N.Y, : '
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‘ml, while ‘the intracerebral Inoculum was 0.03 ml end the
intraperitoneal inoculum was 0.5 to 1.0 ml,-  G

b . The mice wara sacrificad while morihund, and 10
par cent suSpensions of poaled brain, splean and liver
1neau1a were paasaged Eaeh paasage was made with 0.5 ta
,1 0 nl: vmlumes 1n3ected intraperitoneally. The mies were~
‘eithar saeriflcad and‘tha tissues examined mieroscopioally
for tha presence of rickettsiae, or thay were subjectad ba '
Jboxic ehallenge to determine the praaenca of an- 1mmunizing

‘infection. e

Titraticn of Toxie Test Subatanee

Toxie test subsbauce (T.T S. ) was preparadéfor the
Breinl and Wilmington straina. Alhino and dba mice wara
1njected 1ntravenously with 0.5 ml volumes of twc»fold
~dilutions prepared in sterile nutrient broth Gontrol mige- -

fof both Spesies were inoculated with 0.5 ml of starile
{nutrient brsth.’ Deaths gecurring within aight hours were
’considared to be toxia, and the LD50 valua was oalculated
(81). All of the- mice surviving toxic death were. challenged
intravanausly with approximately QLDSO doses af T T 8. after
an 1nterval of fourtean days to determine the presence of an .
immunizing 1nfection. Tha toxicity of the ahallenge was ' g

eontrolled by a simultanaous titraticn 1n albino mice.

1 White mice obtained from Maple @rove Rabbitry, Springfield,
Missouri.
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Infeetivitv Betarminatisns ,
i | Albina and dba mice were injeote& intraparitoneally
with 0«25 ml volumea cfi;en-fala diluﬁiens preparad in

sterile nutrient broth. After an interval of twent&w

&ays tha mica were ehallenged intravenously with approximately
uLDSO dases of T.TuSs The toxicity of the challenge was

aontrolled by a 3imn1tanecus titration in albinc mi”!‘}i
of the mice surviving a toxic challenge were coasid ‘
;hava'develaped an immnniaing infeetion. The infeative dose
wes expressed as the 1Dg, value (81).

,Determination of Biolagieal Aativitv of Rickettsial SuSpensions
The biologieal activity of each rickettai |

suSpension used in tha reapiration studies was meaauradvin

,terms af its toxic value in albino mice, &nd its 1nfeotivity

value,in‘dba miqe,
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RESULTS 4

The Gultivation of Rickettaiae . U

| “' Tha astablishmenﬁ of the lousa-berne and murine
'tvyhus strains 1n the ehiek embryo wns aeoamplishad by serial
‘passage of infective yalk sac auspenﬂ&ans._ The riakattaiaa
;seen in tha amears prepareﬁ fram infective’yalk sa&sﬁandgglrf )

ustained by Giemsa, appeare& as amall baailli, red taﬁfﬁ

1n aclor, and arrangad in a eharacteriatia diplcid p’f 4v\
Tha rickettsiaa were observeﬁ as. intraaallular forms?h. :y:
,wiﬁhin the cytcplaam of the yalk sac antadermal aallﬁt t'”
extraaellular forms 1y1ng free among the yolk sac ti suéJ&f"
'eells. The extracellular forms wsre a result of the rupburing
’of yolk sae eella during the preparatian 0£ the ameaws, at
whidh tima innumerabla rackettsiaa were releaae& fram.their B
1nitial intracellular position.~ An illustration of the
vrickettsiae seen in the yolk saa smears is given 1n Plate l.,
| \ The resulta uf the aerial passage of tha Breinl
anﬁ Wilmington straina 1n chick embrvos are given 1n%Table 1.
.mhe average &ay/of death (ADD} for the chick embryos was

directly proportianal to the number of the viable riakettsiae

which were present in the inoculum as shown in.Brein pasaage
#3. While it was possible to show the effect of the‘dilution
cf the inoeulum upon the ADD for the embryos which were
inooulated in the aame passage, the ADD which follawed the



PLATE 1

A. Rickettsia prowazeki in a yolk sac smear

Megnification -
Stain -« Glemsa
Strain - Breinl

B. Rickettsia typhi in a yolk sac smesar

Megnification -
Stain -~ Giemsa
Strain - Wilmington

32.



33.

-iﬁeéuxéﬁmbn’bf*eggs-ﬁ&th‘é given dilution 1ﬁ”éné“§assageﬂ
coula not be compared with' the ADD whieh followed the inaeula»
‘tion of other eggs. with the same dilution of 8 different |

7inocu1um in a different passage. This differenae inv‘ha ADD o

‘was sttributed to the discrepency in the. number- of viabls

riakattsiae whiah existea in the diffarent yolk sa,iinoeula.

| The numbar of rickettsiae ‘which were found 1n bhe
,smeara prepared from the harvesteé.yolk sacs of tha;
 pasaaga was diractly propcr&ional to the ADD as Sbol
Breinl passage #3. Like ‘the ADD which was found to v :
»tha different passagaa following the inoeulabion of embrwoa 3

with the same dilution of different inocula, . the num ar of
rickettaiae in the yolk saes harvested from different:»

paQSages cauld not be ecmpaved on the basis of the dilution
of,the;inoculaa:

‘The inoculation of large numbers of riokettsiae

resulted in the early.death of the embryo, and a 1ow oon~

‘adJusting the dilutien of the inoculum, the approximata bime ~»
of embryo death eeuld be eatimated, and a prediatable yield

of rickettsiae resulted.



. TABLE 1

3.

- The. sarial passage of typhus faver rickathsiae :
. in the chick smbrya S

Passage Rickettaiae Inceulum ﬁvaraga Day *Riekettsial

(log of of Qeath

- dilution)

Goncentration

w E

<UR$% fuu‘

“Breinl"'
" Bpeinl

Breinl

' ‘Breinl

Breinl
Breinl

" Breinl

i Wilmington

. Wilmington

Wilmingtan

- Wilmington
fWilmipgton

10-2 g, 595 o

10~3 | 6.50,

N 10.’.2 » l‘. 50
1073 j.80

10-2. . 5.50

10°3 6,33

0‘@'; . V,goas

,19*5 C 11,33

1072 15,00
10-3 ‘ 6.00

- 1073 | j“,‘;aS‘ff“

. w19"3 '  5 33 fu-}ﬁ:w
| 10-3-69 5,85
1008 582

102 6,28

10~3 6.25

102 ' 5.80

, 1w0-3 : ‘6¢hO;.
10-2 5.75
10“3 i '6.53"

102 7,00

- 10-3 6,33
1073:60 6.y

(average)

-
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Legend:

4 Estimated coneentration based upon examination
of yolk saa smears.. - _
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i ‘;}‘ On the basis of the ‘results shown in ?able 19,#}
.1~500 dilutian of 1nfentive yolk sac suspension’ was used
  rcutine1y for the cultivation of the. Breinl strain 1n the
‘develnping yolk sac of the ehiek embryo‘f-

The Wilmingtun strain ﬁid not appear to be as wall

'adapted to the yolk sac method of eultivatien.: A 1~100
dilution of 1nfectiva yolk sac suspensicn was uaed for the

',cultivatian of murine ricketts&ae.' The time of embryo death
]fcould be preaicted, but the riakettsial concentration 1in the
‘harvested yolk Sacs showed a graater variation than the day

of éeath.

L | sudging from the ﬁDD and the number of ria ettsiaeH
' whieh were found in smaara of tha harvasted yolk sacyg:the |
;resulbs of the yclk sae aultivation Of ﬁhe murine stfain
were lasa consisten$ than those whiah were obtained for the

1ouse~borne strain.u

;Purifiéation énd"ﬂbnéanhration of'Rickeitsiéé'i

‘ :"; Differential centrifugation without the. aid of a
| clarifying agent gave a aatisfaatory concentration af ‘
rickettsiae, but ‘the final susnensicns also aontained
eonsiderable amounts of yolk sao eonstituents. Yolk sac
tissue was feund microsoopically. Macrosoopically the
suSpensians exhibited a definite yellow color raaembling yolk 
' saa fluid Tha egg impuritiea could be removed by increaaing,

the number of separations in the centrifuge. However, ﬁhe
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 ﬁ&mbqrfpf.viablggriquttaiae,qgggdetarmineﬂ,hy,;he‘decreaéed‘
‘ inféétibility cf'sudﬁ«sﬁSpsnsiéaa fér the ﬁeveibpinguyolkééaﬁ
of the ehiek embryo, aecreased wiﬁh the added,separations'>
Tha use of dlarifying agents made it poasible to

aahieve a good separatian of rickettsiae with . minimal
number of eentrifugations.a Light magnesium oxide g Te]uni—
vformlv satisractery raaulté‘ The . eonaenﬁration of riekattaiaei
was excellant, and no tissue fragmenks were observed miero« )
‘scopisally. However, the pH of the yolk sac suapensiens inta'

wnich ‘the magnesium. oxide was incarporatad was §. 6,‘

'attempts to ‘buffer the magnesium oxideuyolk sac suspensiuns |
‘at a pH of 7.5 to 8.0 led te an unsatisfactony product.; No
viaﬁ.liﬁy atudies were made on riakettaial suspenaions pre» |
parad with the aid ef magnesium oxide. Due to tha alkalinity'
‘of these suspenaicns the use of. magnesium oxide waa dis~ -
cantinued.¢;

Kieselguhr did not give satisfaetary reaults.-,@he

'degrea of rickettsial ccncantration was approximatal :
equivalent ta thab obtained with magnesium axide, butfyalk

?sao material waa prasent in the final suSpensions.a A~yellow'

.eoloration was imparted to the suapensions and bissue debris

‘was demonstrate&
‘ , Barium sulfate, alundum and activabed charcoal E
treatment failed to give fingl riakettsial suspensions frae

f£rom yolk sac tissue ‘and debris.f,‘“



The addition of celite preparations ta tne ycik sac
fsuspensiena during the proeess of differential aentrlfugation
racilitated tha aeparation of tha riakettsiae fram the yolk
sae tissues. The purificakion and canoantration af the “}
riekethaiae whi¢h fellowad the use af aelita waa apprnximately
equivalent to the results which were abtained afber twiaa as

tmany SQparations in the centrifnge without the benafit of
celite. The use of celite products to faeilitate th |

preparation of riekettsial suSpensiens parmitbed a*g Qd .¥

saparation of r&ckettsiae frnm yolk sec conatihuentskwith av

minimal number of manipulations, Of even more critiwalz
importance was the increased number af viabla cells thdh‘
wera cbbaine& | : | ‘ ‘ h

Gelitewanalytiaal filter aid was selected as the
~preparation which seamed to giVa ‘the most desivable g%
rickettsial suspensioﬁ._ Whila all of the calite proéucta
were found to ba diffioult to remove from tha yclk aac H7$' 
‘suspanaions during differential centrirugatlon, the aelite~
analytieal filter aid product was faund in the 1owesh con-
cantration in the final suspension. |

The use of oils tc saparabe the riakettsiae from

ths yolk sac tissues depended upon the farmation of thrae

phasea following the initial mixture of yolk sae susﬁension
an& oil in a saparatory funnel._ A ralatively clear‘fupernate
was round which was separated rram an Opalescent solution by

a thin layer of yelk saa tissue fragmenta. The time raqnired
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far separation dapended samewhat on the emnlsion farmad, but
nsually oacurred within twenty to thivty minutaa.

. i = | Rickebtsiaa were demonstrated in the aqueous phaae
end at the interfaea., The greategt number of rickettsiae
were found at thevinﬁerfa¢e, .The aquaous phaae was with~
érawn from the separatory funnel ané the appraximata number ‘
of riekettsiae in this suspensian were determinaa b ?means of
a micrasaopic examination. Wheu the rickettsial eoneeutration
- of the aqueous phase Wasreompared to the number of rickettsiaa
in the snSpensions prepared by differential cantrifugation it
‘was evident that the aqueous phase contained very few
rdckattsiae and did not represent a aatisfaetory aoncen~
‘traticn of the rickettsiae for the respiration.studies.,;;
Furtharmora the aqueous phasa eontained a.rair amount or yolk
as evidenaed by the definite Vellow coloratinn. Whan the .
axtraction was carried ﬁut at a pH of 5. 5 ‘the aaparation of
yolk and tissue debris was greatly 1nereased but the results
'wera not comparabla to those ohbained by éifferential
eentrifugaticn. ‘Because the more acid pH value failed to
give satisfaetory separaticn of the rickettsiae, ne attempta
were mada to evaluata the viablility of tha rickettsiae in

thesglguspensions and the method was éiscantinued.,

Resgirahion :
The reapiration of Rickebtsig grogazeki is givan

;in Table 2 end ?1gure l. The resulta of the biolagiaal tssta
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| o TABLE 2
The respiration and blologic activity of typhus ricketts_iae,_ Breizﬁ.atram '

Amino Acids
(5 mgm/1 wl)

gen Uptake / o Biologic Activity

) ’p:H, (@ /hr/31.0m) Toxicity £ - Infect viiy #

Experiment Bxperiment ' &xperimnt ‘
el . W2 &3 W-l WeS ‘E‘é’-»l W2 W3 Wl WS Wl we2 we3 Wk WS

DI~Alanine
I-Aspartic

I-~Cysteine HCL 7

I~Glutamic
Giyeine
I~-Histidine

BL-Isoleuciﬁé .

I~leucine
I~Iysine HCL -

I~Fhenylalanine 7

- I~Tryptophane
 DI<Valine

b o0 o0 0
7 0 o0 0

12 0 o 103  10h 102 107b

iegen&* ;4

H#

i

Bilut-ion of test suspension lathal i‘ar albino mice when administered :intravanous:{y in
0.5 ml volume. Calculated as m;o by method of Reed and Muench. ‘(83.) ,

nilzrb:.on of test suspensien infective for dba mice, calc\ﬁ.a‘bed as 11}50.
Rata of oxygen upta.lns for 1.5 hmzrs -

, e
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vare’alsd‘Summarizéd;iﬁ.Tabla*E..In.the~four,expériments5;
aitedgbnlygb~glu€amia a&id and‘meyata;né,hydrochlor;de
‘démbnétratéd"an‘uptaka/offaxygen in the presenca'cf fﬁe tﬁ -
| riéksﬁtsiaé., No attempt was made to determine the
virespifétcryvqnotient.- The rQSpirution«measurements wera
madé;QVer a*parioa‘of‘three~hours, a prggrasa&va uptgke of

| oﬁygéﬁféécﬁr&ihgrdﬁrinthhis‘time,, The raté of uptaﬁé ’
’\seemed to be greater for cystaine than for glubamie acid. ;

f ﬂowever the values shown for respiration were obtainad frcm
'axperimentation cnndueted at differant times.~ The difference_

‘ftherafere ‘may have been due tc the effeativa 6ancentratien of

 visble rickettsine, The details of the toxicity and" i
 infeativity tests which are given in Tablas 3 and hjﬁn&icate,.
:Athat a differenee 1n rickettsial concantration did‘eiist.,
'Tha rickettsial auspensions used in the various tests are
fdentified by the lebtter W and the appropriate number. ‘The
toxicity test falled to show a dirferance in the nnmber of
rickettsise which were used. in W-l and W-2. The 1nfectivity
teat, however, indicated a grsater numbev cf riekettsiaa
meere present in the suSpensian designated as W=2. The ‘;f
;fincreaaad resPiratory aetivity shown for cysteine cauld,dg
therefors, have been attributed to the greatar number of

ricketbsiae,

The eomplete failure of the: normal yolk saa

suspenaians to show any evidence of an uptaka of oxygen 1n
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Toxia deaﬁh 1n albino miee following intravenous in;action;
L ef partially purified rickettaial suSpensions jff”
‘ ‘used in respiration studies )

»“ ~?§epafat£on' Rickatﬁsiae‘ Dilutions of Rickettsial Lﬂbo**
L - Suspension H T
_1:10 1:20 1:&0 ' 1»80{;E‘ o

__ 4;;§+1:  ﬁ';, y Bréini \»; §/hf_  Q/u> ~ q/u‘f\fé/Q  {'i;,f
“féfa{f l‘<Bre1nif» BV ‘fo/u_i .q/ﬁ; f a/u>fff1a '
e Bretnl o o o ok 12
‘ :.§;5' | vaaréinl‘- ‘d/&1 Q/h;:..Q/@ i o/gf:;'fc )
‘: w—§/ _  1 | Br§1n1 f  c/n[  .Q/q 1 Q/#  ;0)4 :gj o

Cow Numeratorirépresénts the number dead..

,Dencminator,rapresents the,number téated.

%% Calculated according to Reed and Muench (13). .
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| TABLE b |
infe‘ctiﬁity determinations in dba mice following intraperitoneal |

izrjec’on.on of partially purified rickettsial suspensions
: used in respiration studi.es

L " Challengs. ‘ ‘
Experiment Rickettslae ?revious treaﬁment? 21 days after D,
o : : : - infective dose
‘ Toxic dose Dead

Wl Preiml = 1073 0425 ml 6. W4 1073.0
| IR0 R 1075 0,25 ml Y/ S
107 0.25 ml | b/h
Sterile broth tt ‘ L/h
W2 Preinl 1o~1 0.25 ml b7 o/l 10750
:m-3 0.25 ml o/
04 0,25 m 1/L
105 0,25 ml k.
Sterile broth 1t b/l
W-3  PBreiml = 1207 0.25mL = 3.0 o/h 107l0
: . 10" 0,28 ml o/l .
103  0.25m o/l
o~k 0,25 m1 o/l
g Sterile broth t* VI
Wi  Breinml 101 0,25 ml 4.0 2/ 107223
o 02 0,25m1 LY
103 0.25mi | /L
Sterile broth 't W/
S Breinl 102 0,25 ml 3.0 o/l 10740
feiTae 10™3 0,25 ml o/h -
10'1* 0.25 ml 2/,
105 0,25 ml L/h
Sterile broth 't L/

- % The va:d.ous dilutions uf yolk sac material v:ere imected intra~
peritaneal]y

e IDgp value received try mice as determined by a control toxicity
titration at the time of challenge.
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the presence of the amino ‘acid substrates dffez-‘ed‘ a"étriking
comparison to the reaults obtainsd with tha rickettsial
'fsuspensiens, Gonsequently the respiration ahown by

. suspensions prepared from 1nfeetive yolk sac pools. was
presumably a function of the rioketﬁsial call.

' The respiratory activity seemed to be direotly
'prcportional to the concentration of viable cells, In the
“caae of W-l, judging from the results of the toxieity and
,infeativity tests, an insufficient numbar of rickattaiae
were present to glve avidence cf respiratory aativity. ~ *"

‘ The relationship bebween the reSpiratory aetiviﬁy
number of infective yolk sacs requirad for the preyaration
of the ricketbsial suspensions, A comparison of the '
differént suspehéions 15 given in Table 5., Suspansions
which were praparad from less than nine yolk sacs failed to‘
demonstrate an uptake of oxygen in tha presence of glutamie
aeid or eysteine. ‘The failure of tha suspensians designated
as Wl and W-5to demonstrata resplratory. aativity was ”'i
’shown by the toxlc and infeetive dehsrminations to. result
from a low concentraticn of viab}e oells.j The meas;remsnt
ef the rickattsial concentration by microscopic examinatimn

Qr amears preparad from the suSpensiens was ahown to be

unreliable.‘
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'}Iha ;n’eparatmrz af snspensmns uged in res;:iramcm etudies B :

Suspension  Yolk Sacs Rickst*bsial dance *Texicity **Infectivity Activity in ﬁespiratien e

E’mher ‘éfe;.ght “ -(g:vezfage)u I.Dsgl ~ (ID;O} Studies

(gms} “(ul / hour / l.0 ‘mli

. Glutamic = Gysteine

w1 15 .5 384
165 2084
wT kA
s w3 334
e

W2

%3 .
W5

- ‘Iagen& : % mlution ef “bes‘b suspension lethal for albmc ‘mice 'eﬂaen acﬁainistere& intravenously
IR 1n 0.5 ml w:lmm. Calculated as I.Bse by method of Reed and %..aemh. {81) -

T D:Llutian of test suspension infec*hive for dba mice when administere& intra«

peritonoally in 0.25 ml volume. Calculated &3 IDgy by methed of Rieed and %iuenéh. |

# Rate of oxygen uptalce for 1.5 }murs.

ey
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The Evaluation cf Toxic Praparations<ﬁl“

| The comparative toxieity of the yolk sac
suspaﬂsions is. given in Tabla 6,  The. number of lethal :
doses’ per gram of yolk sac weight comparad favorably with? .
the #:-oxicity ‘standard es‘aablishad by the National Insmtutes
of Health,,ﬂSPHS (72). Aoaovding to. these atandarda, toxic
'praparations must possess a.minimum tcxicity of 80 MLD
| .per gram of yolk sae weight w1lmingtan TS, Lot #2, A
representlng the lowest taxia valua obtained, was. twe and a N
half times as potent as the minimum value allowed. Breinl
‘TTs, Lots #2 and #3, represented the highest taxic valuas
dbtained. Thase values were aight times as, pctent as the

minimum valua allowed

‘Measurament of Amino Acid ﬂonaentratian o
‘ihv | The effieiency or paper chromatography wniah.was
"used tc evaluate the eoneentration of amino aei&s before f3
vuse in the resyiratian studies was found to be satisfactory.

; Glutamic acid diasolved in distillad water and Krebs«Ringar
phosphate buffer (5 mgm per ml) gave recovery valuea ax
shown in Table 7; The recovery from ﬁhosphate buffered

solutions aaemed to 3how a greater variation than frmm theﬁ.

- ,distilled water solutiona. An examinatian or phosphate ;Q,{'H

,bufrered solutiona of glutamic acid was made in whioh tha -
concentration of amino acid was varied, and the ninhydrin- ,

daveloped salutions were filtered priar to the evaluation
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’l'he pmpara:tim ami ccmpara*tive }'%;ozdcity of several
‘ taxifc ﬁest mhst ces

Toxio best  Yoll Sacs  Skim Ilk Suepension Tmcim.ty
(gms) ()

Subsbance Itfumber T”@igh‘b - '

BT
- 80.0 6&0

CIT6 - 52.8

20,0 200

L2002 60u6

of rickettsial suspension; 0.5 ml of which equals 3.1;950 i




&‘ABIE 7
The recovery of gluﬁamc ac:z.d frcm aquaoua sclutians by paper chromatograplv

‘Blankzi Sbanﬁar@ Sample % Recov. 5 Blank2 $tandardj sample %RSGO‘V*

.5t .83 L680 9701 . .S62  .620 .66 931

: 46?5 95-8 T 14:{'579 | ’618 ’523 1013’1

.2 95.0 ook S8 L2

, pH o.f be'bh salnt:.ons adws%ad to ’i.h.
2 Blank = mtman Ho. 1 fm;er paper.kf.._ o

‘ Standard ’ahaman ﬂo. 1 filter paper mﬁz G.GZ ml represen’eing 10 gamma a.t' fﬁutamic  f |

' ‘ac:;.d. :

| Optical ﬂens.ﬂy :readmg

i
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of the Optical densities. The rasults are shownlin 3:"'%
‘Tahla 8 Tha use of aamples cantaining from 25 to 50
micrograms of glutamic aoid waa fbllowed by a recovery of

‘99 to 102 per cant. When solutions cantaining glutamic acid
1n axcess of 50 or less than 25 mieragrams were measured,

the reeovery was conaiéerably lesa. The use of filtereﬁ
,aclutians for aatimating optieal denaities had the adVantags*~
'of freedom from paper fibera and. resulted in.maasurements

ccnsistent with greater accuracy.

i The analysis af the reactian mixtures at tha
tenmination of the respiration studiea was restrieted ﬁo an
evaluation of the glutamic acid concentration., The results"
’of these analysas indieated a lowerad aoncentration cf the
sﬁbstrate for the riakettsial suspension as %all as for the?
normal yolk sag auspension. xn experiment W-l a less of 97

micrograms was recorded for the 1nfectiva yolk sac

suspension, while a loss of 35 micrograms oocurred with th95 
normal yolk sac suapension. In experiment W~3 a loss of
ué microgrmms occurrad with the infecﬁive yolk sas suspension,

while a,loss of 23 mierograms was recorded with tha normal

yolk sac auSpansion.‘ R B S
 ‘ ‘; ~ Although & loss in the concentration 0f glutamic :

acid was found 1n both the test and the eontrol systems, the;
test system was reapensibla for the greatest loss.~ Thus an

actual loss of 62 micrograms was’ attributea to the action or



' TABIE 8
Tha chronatographic analysis ‘{v)f glirﬁamic' acid 'éoiufio‘ns] T

Solution Concentration Eeasmment by Spectrophotometer T Be&uvery “
o : Blank ¥#gtandard ¥Sample (por cent)

(micrograns) ~ Filtered lNot Filtered Filtered Hot F:t.ltez'ed Fil’{:ered Tot, @s.z.éei-ea. e

o CAes ';1717‘ W73 R 131 1080

0 s W9 .2 8 993 99
3. - 2 0 . .88 .25 .28 L8 1o

Sk 2 0 a5 B2 e

-,Iagend # Control aonta:ming sane eoncentraticn of g}.ntamic acz,d as sampla. , The eén‘bréi was not
' developed in solvent. , : R

-ﬁ% Boluticn davelaped overnight in solvant. S

,l Optxcal densz.ty masurement. :«_,'

05
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the rlakettaial suspension in W~1, and 8 1033 of 23 micragrams
‘The greater 1038 of glubamia acid,whiah was found

in. expariment W~l, compared to the 1oss found in W~3,‘

1nd1aated that the 1053 in substrate concentration w&s ;;;’
ralated ta the 1ncraased respiratery aatiﬁkty foun& in W~l,,

'as eviﬁ@nced by the graater'uptake of oxygen.recorded for

‘expariment W~l.; The greater uptaka of oxygen Which ias,found -  '
in Wal was attribnted to the presenae of graater numbérs of :
.rickettsiae aontaineﬁ in the test auapension of W«l campared
to the test suspension of W-B, as": shawn by the biologic‘ﬁivfm -

activity of the ricketts&al suSpensions.,

" The evaluation of. substrate consentratian by paper

'¢hromatography methoda indiaated that the use of glﬁfamic
acid in tha respiration studies oonducted with R. prﬁwazeki
was follawed by & quantitative reduction in eoncantration,
and the losa could be related to ‘the degrae of reapiratory
activity exhib&ted by viable riakettaiae. ST e

Pathogenesis Studies %

, : Tha use of animals for the produetion of experiu»
mental typhus infections had a two-fold purpose: Tha quest
for an exparimental host which would serva as 8’ reliable ,
in&ax of the biologic aetivity exhibited by R prowazeki anﬁ
R t i, anﬂ a host 1n whoae tissues tha rickattsiae could

be cultivated in numbars sufficient for use in the preparation
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 af ‘the tesk suSpensions;employe& in the ‘respiration studies.
~The evaluation of host suaceptibility was - ”
”detsrmined by the, response to injections- of 1nfe¢tive yolk
::sac suapensiana. The more susceptible hosts could be :
‘infacted with fewar rickattsiae, and in some casas thesa
'infactiona terminatad in the death. ef tha hash., Other hostsj‘
prcved mnre resisbanh to infeetion follawing the 1njection ]
‘af infective yolk sac suapensions and tha only evidence of 1’
’inreation which. could be demonstr&ted waa tha produation of s

the

antibodies, or the presence of a resisbanh atate to.
1ntravenous injeotion of a toxic challange.,< , ‘ o
| | The énimals whidh were used in theae studias

included guinea pigs. whita rats, cotton rats, and dba miae.‘ 

'1;, Guinea Pigs | | | e
" Guinea pigs were. used ta study the multiplication ,

cf tha rickettsiae in the tissuas. Male piga wera employed a
in order to compare the scrotal reaatian far the louse»bnrne‘
and murine strains. Threa sarial passages wara mad'ifor each

of four s’cra:.nm ' The Breinl and Madrid strains of 1ause~ |

borne typhus, the Wilmingten and Balboa Park strain wof
»mnrine typhus. Two guinea pigs wara used fer each passagé.
Typiaal results of guinea pig injection and passage ave given
in Figuras 2 and 3. Savaral observations of intarest were

made. 511 of the strains aaused a 3crota1 swelling~1n the

pigéi‘ It was evident that the swalling might occur xn the |



absences of*fever. ?Onea'a»strain-was astabliﬂhe& in pigg,ia
regular fever curve could ganerally bs demonstrated.% 59;14”
deaths occurred at any. time with any of the strains.ﬁiu”\£ 
Microscopic examination of the brain, aplean and tuniea ié
veginalis from a,pig infeoteﬁ with 1ousa-borna typhus usually
‘revaaled the’ presence of riakettsiae in the splaen and S
oecasionally in the ‘brain and tuniea vaginalis.i Upon
paasaga of suSpensiona prepared from the br@in, spleen ar

Vtunica tigsues of an infeated pig, 1nfactiona ware

routinaly producea in the 1njected\pigs.‘ The m@croscopie
examination of tha same tissues ramovad from a2 pig 1nrected
with murine strains revealed a greater aegree or tunica L*
invclvemant than that enaountara& with the louse~borne
strains. Riekettsiae 6ou1d be damonstrated in the sPIeen

and necaaionallv 1n the brain, Suspensions of the tunica

and.the Spleen ware ragularly infeetive upon passage{;
i Whan the varioua tisSues were examined andfﬁhe-ﬁ

rickattsial concentration aetermined, it waa apparent that
the guinea pig tissuas did not compare favurably wihh the
yalk aa@ tisaues for the cultivation of riekettsiae in large
numbara.k" | | o I

 } | Experimenbal typhus infection in the guinea pig
<resu1ted in tha fonmation or antibodiea which eauld ba
demonatrated tWentywone aays aftar injeation., The rasults

of a mouse neutralizatien test in Whioh the poaled sera from’
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The lnfechon of Gumea Pigs with Typhus Fever Rxckeﬁsme
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five“infecté& g&&néa ﬁigs’was~ﬁ3éd§?aﬁs“gi§éﬁ in‘Tablefg»?
The serum which was abtained from the 1nfe¢ted guinea pigs
showed an ability, in a 1-90 dilubion, to proteet albina

‘miee from a toxie challenge.

. Albino miee that ware injaeted with the norma1 ﬁ;}f
vguinea pig serum in e 1~& dilution, succumbed to the toxic
éhallenga. The resnlts of a toxieity titration which was

,conducted simultanaoualy with the neutralization teqt;shcwed

that the dilution af the toxiec test sﬁbstance used‘ ;thng -
test eontained BLDSQ doses.

Sy .

2 Wh.‘tbeRats S B
White rats were examinad for evidenea nf infectian'
‘following tha intravenous 1njections of murine strai;s’
‘Three serial paaaages wera made inuwhich,four rats were usad
far eaoh pasaage. The rats gave no visible 1ndication of ”
111ness, and the ﬁicroacopic examinations of brain, liver,
syleen and paritonaal acrapings failad te domonstrate the
,presence of rickettsias. One rat from the aecond paseaga |

was bled on tha twentv~second day after injaction,

‘ '*"a : the
serum was examined for the presenoe of complement fixing
antibodies.l A u K fixation of complement was found in a

'1»16 dilution of the serum when antigen prepared fram.murine

1 The complemenx fixation teats were perfonmed through the
courtesy of Mr, J. Holper, Departmant of Baeteriology,
University of Kansas., 5 '



TﬁBLE?

Tha neutraxmaticn oi‘ mc test substanae by the serum af a guinea pig
. v ' :.nfeeta& with lousembame ‘t.yphus '

Titrati.an of baxic tesi‘: o Eeutralizing pover of gznnea pig ‘ - E ,agra,' _
: subatance (Ereinl} R o hera e eondbrol

Dilution of rickatts}.al w;a | ﬂﬁutions of sera b o 1%0 used Iﬁso m:mtien of

snspension | test: Sera#
1-20 ' 1«-32 1-61; 1-128 3.~256 1512 1l
* 1/l 7 3 e

% ‘mnera‘bor repwsents the mznber deaﬁ»
v nencmnator reprasents the nmber testezi.

: -uét- Bilwxbion of tmﬁ.c test substance, ﬁ.S ml of whic.h represents }. m;o. ﬁalcula%ed
- according 'be Reed and E&uench (81) e v :

7 %.Regresents f:nal ‘serum. fhluti.on

‘ ## Dilu’t:.on of guinea pig sera wmch wm protact ﬁi‘ty per cen’o of 'l;ha azbﬁ.na mice |
- injected against 3 13)59 of tom.c test gubstance. Calc\:late& accarding to Reed and
Muench (81). . : S ,

s



~étrain§(wasjusaﬂ.Klﬁghu/;fixatién of complement was fo&ndﬂ»
in’a~1;&“dilﬁtion of'ﬁhe aamenéérum wnéuféﬁ§1gén‘preééredyf‘
;fram louse~borne strains was used, Serum‘obtained'from ;;
jncrmal rats failed to demonstrate any fixation of complement
Jin ‘the. preaenca of the above antigens, | P

o The identification of . comglement fixing antibodies
hin tha ‘gerum cf an injeeted rat for antigene prepared from

. the murine and 1ouseuborna straina was the enly evidenoe mf

_infection whieh aauld ba shewn.

- Since the white ‘vat suffered anly an inapparent
form of 1n€ect1nn and poaseased a rélativaly high degrae of

'resistanae to experimental typhus, furthar studies were dis-‘

eontinued.

‘N‘73§ Gctton Rats ‘, |
o Gatton raﬁs were injected via the intracardial,

1ntracerebral and intraparitoneal routes with infective yalk

saa suspensians of the Breinl and Wilmington atrains; ‘Tw§

rats ware used for each routa of injaction an& twc siries/af .

two pasaages each were ‘carried out for the two strains.,‘{j
;A The intracardial injaation af infaetiva yolk saa

suSpensions resulted 1n visible symptoms of illness with ths

two strains nf rickettaiae. The 1njeeted rats wer

and refuaed food and w&ter. Of the two rats injacta? with

‘the Breinl strain in the first pasaage, ona died on‘ﬁhe |
fourth day following injaetion, and ﬁhe other became moribund
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aad was. sacrificed on tha seventh day. The brain, apleen
and liver were removed fram the rat which died on,the fourth
day.: A mieroscapic examinaﬁicn of thesa tissues revealed
;the bresanee of rickehtsiaa in small numbars. an examination
‘of the tissues from the cther rat revealed the presenca of J
‘rickettsiae 1n small numbers in the liver and spleen., Ho?

rickettsiae were found 1n the br&in.y

In tha aecond passage, a;suspension of brain, spleen

'and liver from the movibund rat was . 1nje¢ted intracardially,
One rat was sacrificad on tha nxnth,day‘after 1n3eetian, and

An g

,tha aﬁher was 3a¢rificed on the ﬁwenﬁy~seaonﬂ day.
éxaminatian of material fram the brain, Spleen and liver V
failed to damonstrate the prssenoe of rickattsiaa i

The intracardial 1njection cf murina atraina was

followed by visible aigns of illness 1n the rats. Inithe
‘first paaaage, ane rat died on the fifbh day afberuinjection

and the saaand rat became mordbund Gn‘the seventh day;and was

vsacrifieed The brain, splaan and 1iver were remov ,,frcm

the dead rat and examined mieroscopically for th6~pfé89nﬁ0 of
rickettsiae. Rickattsiae were foun& 1n,small numbefs in each
of the three tissuas., A microsaopie examinaticn of the brain,
apleen and liver from the moribund rat revealed tha presence

af rickettsiae 1n the liver and spleen. No rickattsiae were

vfound 1n the brain. A suapension of 11ver and spleeniwas

prepared and used as the inoculum for the second passage.‘ The
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rats were cbséréed for aléeriodfof tweﬁtywane‘days fbllowiﬁg
the injection. . No signs of 1llness were. detecte&.; Tha réts-
were sacrificed on the twenty-seaond day arter injeation and ‘
the brain,;spleen,andgliver,weregexaminea‘microacopiqglxmﬁ:

| £0r~the'presence ofﬁrickettaiaé.}aﬁé_riekettéiaé}weré}foﬁﬁd"' 

in the tissues of eibhar rat.

. The 1ntraaarebra1 injection of rats with infeotive ol

yolk sac suspensiona of the. Breinl and Wilmington atrains SWas

"followed by visible symptoms of 111nesa.- Of the ratd,A~}$ 

’injected,with tha Breinl strain, one died on the fourth day

: ';after 1njeetion._ The second rat became moribuna on ﬁhe sixth
"day after injectlion and was sacrificad. The raﬁ which died
"on the fourth day was autopsied and a microacopie examinatian

was made of the brain, liver . and snleen.; RickettsiaeAin

y”, Small numbers were found in these tissues.a The brain7f
and 1iver were ramoved from the rat which was aaari fced and

fa microscopie examination of the tissues waa made.

Rickattsiae were foun& 1n small numbars in eaeh tissue.«w; R

A suspension of brain was prepare& from theirat

”which was sacrificed, and rats of tha second passag were

‘injeeted intracerebrally. ﬂb symptome of 111ness were noted

“during a. periad of twenty-one daya., The rats weraf7jarificea‘

g on the twenty*saconﬁ day and the brain, 1iver-and apleen werej

5”1 examined mxcruseopically‘s No rickattsiae ware founf

\ ftissuas.A,w_w



' Thé;in§racérébra1 1njsetion of*rats wzﬁh‘infadtivé*
yolk sae suspensions of the Wilmington strain was. fblloweé
by visibla evidsnce of infectian. Ona rat died on bha fourth
day~aftar injection¢ The. seconﬁ rab baeame moribund on the :
fifth day- after injection, and was saerifiaed on the sixth
day.- A microsaopic examinaticn of. the brain, 11ver and

aplaen of the rat which ‘died ravsaled tha ‘presence af,

rickettsiae in small nnmhars in these tissues‘ A 4féfoseopic
examinatian of tha brain, 1iver and snleen of the rat which
waa aaarifioad showad the presenee of rickettsiae: in small
numbers in‘thexbrain.  No-riokettsiaa wera_ﬁonnd;iu;ﬁheiliver.

or spleen.

‘ A suSpensionhwas prepared from the brain of tha rat
which was. sacrificed, and injected intracerebrally into rata
of: the second passage. The rats wers. ebserved for a period

‘of twenby~ona days.‘ No symptoms cf 111ness were noté

rata wera aacrificad on the twanty-seoond day after‘injectien

anﬁ the brain, SPISEﬂ and liver wers examined miarascopieally.,

No rickettsiaa were found In these tissues.’ ;-ff»*;
- The intraperitoneal injecticn of rats with' nfective_
yolk sac. suspensians of ths Breinl and Wilmingten strains
was neﬁ fbllowad by visible symptoms of 1llness.: The micro-
,acopie examinations of the ‘brain, apleen and 1iver failed to
show the preaence of rickettsiae. The passage in rats of

hsuSpensions prapared from the brain, spleen and 1iver resulted
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in no. deaﬁha, and no symptoms af 111ness. The migroseopic
'examinations of the brain, spleen and 11ver failed to raveal
tha presanee of riekettsiae.' | ‘i , o
’ f Tha pro&uctlon of experimenbal typhua infactiona j’
1n cotton rats of several menths age followad the intra»ﬂéV
cardial and intracerebral injections of infeetive yolk sac ;
auspenaions of the Breinl and Wilmington strains. The Lf?
presance of 1nfeetian was determined by the oacurrence or
symptams of illneas 1n the injaatad animala, fﬂllowed in some
aases by death. Tha pvasenae of riekattsiae in the tissuaa

of‘thesa animals was demonstrated by miaraseopie examination

at tha time of autop8y., Both straina failad to giv‘b A
demonstrable evidenca of infbation upan paasage in catton
rats., The second passage rats survived injeetions by all
jroutes with no symptcms of illness, ‘and the MierOSGOpic
examination of the tissues at the time of. autOpsy failed to

raveal the praaence of rickettsiae.  9'

 The 1nability to aatabliah exparimental typhus

infections in the cotton rats, and the small numbar'juf_ ”A;"
riakettsiae which were found in the tissues of the : :
passage animala indicated that the cotton rats whidh;wera uaad
in,thesa stu&ies were nct suitabla for the production of

experimental 1nfeotiona.

This aonclusion was confirmed by the results of two

passagas of murina typhus 1n baby eotton rats. Tha,§~_lﬂ
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4abéérvatién87were confinealtcrthe intrécerebral»route~off?
‘administratian.; Tha rats were less than faur weeks of aga

' and due ta the very limited number which wera available,'f7 ;
anly twe were- used for each passage, . ?hese cotton rats ffa;'
died on the fourth to the sixth day after: the intraoarebral
injacbion af a 10 per cenx yolk sac¢ auspansiom. A miero«
acopic examinaﬁion af the brain, snlean and livar tissues

revealed the presence of rickettaiae in thase tissuegﬁinggt

Alarge numbers. The 1ntracerabral injaetion af othe. 353§ 
cotton rabs with a 10 per cent suSpensian of bruin removed

| frum one of ths daad rats at the time of autcpsy, waa |
'followed by the deabh»of the 1njectad rats on the faurth to |

'”bha sixth day after injeetion“ A microsoapic exami

the brain, spleen and liver tiasues of the dead ratsfagain

‘ravealed the prasenee of rickettsiae in larga numbers.;,  .

u Dba Mice -
| Dba miae of ten to fifteen gram weight wara
rinjsoted with infaative yolk sac suspensiens Qf tha Breinl

_and Wilmington atrains via the 1ntracerabral, inﬁravenous

, and intraperitoneal routes, Four nmice were used fﬁdé
‘ raute of 1njeation snd two series of two paasages eaeh weref
 carried cut for the two strains._ The mice were kept at an

environmanbal temperature of 650 to 77° centigra&e{

The intraeerebral injeetion of four dba,mice with

an infective yolk sac suzpansion of the Wilmington atrain
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aresultad.infthe;death of two mice on the third aayfa£ter };
injectionci affthe*two remaining miee,iohe was sadrifiaedf
on the seventh day after injection and the other on the ,f
geleventh day. . The br&in, spleen and liver tissnes ware ?f'
vexamined microscopieally for the presence of rickettsiae.»
‘The' rickettsiae wers faund in Small numbers in the tissuas
| af the: mica that died. No rickattaiae were found in‘tha i

tissues of those miea that were sacrifiaed‘¢

v \ auapension was prepared from the brain and
vaplean of one of the ﬁead mice and injeeted 1ntracerebra11y 
into- the miﬁe of tha secona passage.: Two mice died on the |
‘fourth day after injection, and two -survived a twentyuone

 day periad of observation.. . mierosacpia examinatien was “

‘made of the brain,’ spleen’ and 11ver of ﬁha dead’ miaa%
Ricknttsiaa were found in small numbera ‘in the ﬁissues of

the dead.mice. Tha surviving mice were examined for;j‘ -

avidence of 1nfection by means of their response to _”toxic
challenge of rickettsiae. When campared to nonwinjeeted
mioe, tha resistanca of the 1njeeted mice ‘was faund to be
‘greatly incraased The control nice succumbed to toxiu ';‘;
death following the intravenaus injection of a rickattsial
suSpension containing ALDSQ. mha 1njeoted mice survived f'
this toxic challenge, The resistanse to the toxio ahallenge
'which was shown by the mice of the second passage 1ndicated

the praaenee of an inapparent infeetion Whieh oould be
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\recagnized by the 1ack of regctian to the challenge as }
‘eomparad to the normal eantrola. | R e ’i‘F
7t'“ "iiyt Tha intracerehral injection of four ﬂba.mice with
‘lan 1nfeetive yolk sac suspension of the Ereinl strain f
resulbed in the death of one mause on tha fnurth day after
'injeation.‘ The threa remaining mice survived an abservation'
 peria& of twentywana éays. a miaroacapio examination waa
‘made of the braing 1ivar and aplean of tha dead mmuse.
Rickettsiae were founﬂ in the brain, but eould‘not be i 
'demonstrated 1n the 1iver or spleen.  The surviving mice ;

were challanged with hLﬁbQ of 8 rickettsiai auspensien on.

‘the twenty~sacond day‘ All af the mics survived th 1 "_é
challenga.'” | | | W

B A auSpensicn was preparad from the brain and Spleen

 of tha daad mouse anﬁ 1njeeted intraeerabrally inxo ?he mice
of the sacond passage. Twa mica died on the fifth day after
injection end two survived an observatinn period of twenty» B
vane &ays.' The survivors wera examined for the presenee ef

‘an inapparenb 1nfeation‘ Both mice survived kLDSO, ?hii@ft&o

‘eantrol mice auacumbad ho toxic deaﬁh. ' S o
 ‘_ '  The intravenaus 1njection nf dba mﬁae witwr,ﬁfé;tiie
yolk sac suspansiana af tha Wilmingtan and Brainl strains
rieh with riekettsiae was followad by the daath of tha mice
wiﬁhin.twenty hcurs.' The mieroscOpic examinationa of the
,brain, splaen end 1iver failed to shaw the presence or

rickettsiae in these tissues.‘
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©.o.. - Ven the volk sac suspansions were diluted bayond
their ability to cause. toxic death, the 1ntravanous injection
‘af fcur dba mlce with 8 1«100 dilutian of tha Breinl sﬁrain

resultad 1n the aurvival of the mice during an obaervation

period of twentyuona davs. The intravenous injeation'of
four dba mice with a 1~100 dilntion of the Wilmington strain
was followed by the death of twa mice on the . fonrth day

after the 1njection. The microscopic examinatians o] the
ibr&in, liver and Spleen of tha dead. mice shawad the ﬁrasenoe g
af riekettsiae in small numbers 1n the Splaen and 1ivev G

tissues.: No rickettsiae were found 1n tha brain tigsuaa.a

The miaa that survived the intravenoua injectienslaf
Breinl and Wilmingtnn strains were challengad twenty
days later with hLBSQ of the appropriate T.T. S.‘ All
’mice survived.ﬂ, | L __f :
i The 1ntraperitonea1 injection ef dba miaew
per cent yolk sac suSpensions of tha Brainl and Wilmpi
strains usually failed to kill the mice. When yolk sac
suspensions rich with rickettsiae were uaed, haweier tha
injectad mice sucoumbad to toxie death.' The intra' }
‘injeotions were made with,four miee for each of the’wwo 51“
strains.; No deaths were racarded following the 1njection
of the mioe with eibher strain. One mauae from eaah passage
'waa aaerificed on the elevenﬂh day after injactioh afd a IQ
per cent suapension was nreparad from the brain. spleen and

llver. Each suspansion was used fcr the intraperitoneal




;injeetion of fbur mica af the 8econ& passage.; No deaths i
,oceurred with either strain, an& tha mica wera challenged

; twenty~one days after tha injections wiﬁh hLDgg of‘thm f ﬁ

'happromriate T.? Sc All of the mica aurvived.,
j: St The threé remaining mice af the first passaga far '
;faaeh strain were challenged twenty-one daya after the »* ' |

‘*1njections with hLDbQ of the appropriata ? T,S- éllfwf:these
vmice survived.‘ > : | S o

| The produetien ef exparimental typhua 1n the dba‘“

, mice‘fo1loweﬁ the injeetion of 1nfactive yalk saa sﬁspensions |
by all of the routes axamined The intracerebral, intra~~ |
venous and intraperitoneal 1njeaeion of dba miea reaulbea, M'

, in same oases, 1n the death of the mice. The microscopie
"examinatians or the brain, liver an& spleen which were taken

' from the dead animals at the time of autapsy revealeﬁ the

-presenaa of rickettsiae in small numbers in these tissues¢

gThose mice that di& not die demonstrated tha presence of

;Iinapparent infeetions by their ability to resiat a toxic“”C
4 challenge ccntaining hLDEQ. The intraperitoneal injection
.of dba miae rsaulted in an inapparent infectian which_producad

' immnnity as Shown by the resistance af the mica to tu 1a {

 cha11ange. Since the numbers of rickettsiae whieh were

\‘found in the tissues of the dead mice were small, this host

*was not uaed for the 1arga scale production of rickaﬁtsiae.,’
g The ausoeptibility of tha dba,mice to 1nfec‘ions
fcauseﬂ by R prowazeki and B. xp was shown by the results |
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‘Qfgtha*P&th&génﬁ&iﬁfﬁﬁudiaﬁgjgThi&ﬁ&ﬁSééﬁtibiliﬁinaétfqund
 to be of value in“estimating the\bidiogié>a9£ivity50f'the;

,riekettsial suspensions used in tha vGSpiration shudies*;;»

?7'&The details of the eabimation of the biclogic aativity of

 zthe rickettaial susn&nsions will be- preSentea as a part of

. x,tha results for the invesﬁigaﬁiens umon the toxicity and
,{infectiviby of tha rickettsiaa.gl, :

ﬁ'ﬂfToxicitv’Titrations' N:"" H
} The 1ntravanous or intraparitaneal administrabion,

‘of yalk sac suspensions aontaining large numbers of o

frickettsiaa resulted in the toxic death cf the dba\an albinOK,

fVUimica. The ‘cotton rabs and White rats whiah were 1njﬁw;'"

‘intracardially with yolk sac suspensiona containing large
”numbars of riakettsiae did not suecumb ho ﬁoxic death. ?he

i intraperitaneal 1njeation Qf guinea pigs waa not fbll@weﬁ by'

“ ftoxic death., No attempt was made to study the effect of

"intraeardial injections of yolk sac suspensions 1n guinea

3 :;pig3. e ,
: A characteristic sequenae of events fcllowed the

1njection of toxia auspensions into mice; In the courae cf

& fow minutes they became lathar@ic’ maving ab°“x With

3apparant difficulﬁy ‘and finally lying prostrate. They

?]’ sufferad from dyspnoaa. Qccasionally some of the miee ware

selzed wiﬁh eonvulsiva movements, jumping rigidly and finally
falling on their side, unable to rise. A‘post mortem :
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 féxamihétion1ofnthé*mice‘révealedanc‘grcsafchangesfin‘ﬁﬁe;g.
”~ﬁi$éu$§.< There were no’ areas of hemorrhage, and tha v
’”1nterna1 organs g&va no eviéence of being engcrged with
'“blaad The deaths oceurred with%n eight hours, and’ in some
 instancas within,forty—five minutes rollowing an intra~-»~
“vanaus 1njeetion. -The toxic deaths rssulting from intrawt

,;paritoneal 1njeetion were more ﬁelayed, the shOPteatfkima

‘Vobserved being two hcura. Regardleas of the route ofﬁ

Taéministration, the deatbs which oceurred after eigh;;houra

Twere not cansidered as bmxic. The diraeh relationéhin‘of

J‘rickettaial connentration to tha toxic effeet ar the; olk

fﬂsac suspensions could be. demonstratad by dilution o“

);euspenaions.i When Ehe numbers of rickettsiae in a yalk sac
»vsuspension were reducad by diluhion, a suspensiun waa

1feventua11y attained in which the numbers of rlckettsiae that

;remainsd were too rew to result in toxic death.‘;Th ggults
?af tha toxicity titratioas are given 1n Table 16. ’;
; - | The relation of the riekettsial eoncsntration toﬁ
tfthe oacuvrenee of toxic death follcwing the intravenous ;Q '
"injection of albino mica was appliad to the biologi | i(
 measurement of hhe PlOthtSial ¢on¢entration af the/teat \

fsuSpensions used in tha respivation studies‘i By calaulating

 the LD;g of a tast suspensian, a threshold value wa ,‘]
fjdatermined whieh served as a‘point of reference for the

1comparisen of the rickettﬁial concentration of other test



TABLE 10

Toxic death in dba and aibino mice following intfmnous af :
| intraperitoneal injection of rickettsiae "

o ST Dilutions of Toxic Test Substance gy "
Experiment Rickettsiae ~ Intravenous Intraperitoneal o G ¥
: ‘ 1:10  1:20  1:l0 1280 1.160 1 L 31:8 1.16 1,32 , -

© omsTo.za WAT WA Wy .
i-dba  Breinl - | [ R
e TS THo. 24 M Wy oo 2/ o 20
pealbino  Breirl T R i f
.. TISNe.3A W4 WA WL 2/ ok — Wi L o/fh . 8 226
3-albino  Wilmingbon S e R Sy |
-  TISNo. 28 WA 2/ o/ o/ o/ 2/ 1L ok Ok 20 L7
e Wilmington | | | B
, ., m o 28 W/u 34 o/ O/ oy =

1 Kmera‘bsr re;:mesents number dead. .
- })ancmnator represents number ’bes*tech

2 'Fi.nal dilution of rickettsial snspens:.on, 0.5 ml of which equals 1 LDSG*
3 I? Intrasvenms '
# IP= Intraperitoneal

"69 |
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suspensions;( Thus it was possibla to ahow thet a tast ‘,g.,
‘:auSpension with an LD;O value of faurteen;eontained twica

as many viable rickettsiae as a test auspension with,an
Lﬁbg value of seven.; ‘ R : ,‘i e
e _ " Thare were no significant differences betwaen the '
dba and albino mice in auscaptibility to toxia ﬁeath. The
1ntraperitunea1 route of administration; where eompared to
the 1nbravenous in;albino miee, resulﬁed in lower Lﬂsg values. ‘
The airference 1n the taxieiﬁy cf the Brainl and Wilmington -
atrains for tha experimsntal hosts was more apparant than
real.: Mieroscopiaally the yolk saas used in the preparation
;of the Wilmington T T,S, did not contain as many riekettsiae
as the yolk sacs used for the Breinl prapavation. Tha‘ "

‘difference 1n ﬁhe toxicity waa attribuﬁed to the ralh 1ve
'riekettsial eoneentration of tha raapectiva preparations. V

: ;k %he albino miae were seleated a8 the test animal |
fin whiehﬁthe toxieity titrations were earried out.‘ Thair
; seleation waa basad upon the ease and eonvenienee with whieh
’1ntravenous 1njeetians were made whan eompare& to the use

“of dba,mica for tha same purpose.

Infectivitv Determinations,_
“ ,  A The rasults of the pathagenasis studies with all of
the QXperimental hoats axamined indicated the naad for a

 infact1ons, and with snme degree of accuraqy, allow the:':‘



T
evaluation of hast suaceptibility of R. Qrowazeki and R.-ﬁ
txgh .- The inveatigatiens of host suaeephibility to tha !
toxia preparatians of tha rickettsiae indioated that the dba

amd albino mice were the mast saﬁisf&ctory hasts for the

measurement af bhe toxie action of rickettsiae.; Tha

demonstration of toxia daaﬁh in,thesa miee following*tha ' ‘
1njectien af 1arge numbera of riakettsiaa, and theié o
resiatance to taxic death aftar inapparent infections, ‘

suggeated tha use af these animals as experimental hosta ror
'ths detarminaﬁian or the prasenee of small numbera of viable
riekettsiae‘~ A | B S + e |
' Tha studiea on the infeahivity of riakettslae for

tho dba and albinc mice ware basad upon ths haat resisﬁance

to toxic challenge whieh could be damonatratad after%the-ﬁ
injection of rickettaiae. The susaeptibility af the two o
atrains of mica waa ccmpared by determining the degrae af
resistanca to toxic ehallen&e which followad the iht‘a~w§§7:
peritonaal injection of dilutions of rickettsial suspenaions.

The host which ahowad the greater resistance to toxie

challenge following tha intraperitcneal 1njeotion afﬁtha

smallest number of riakettsiaa was aonsidered to be'_ore

auscephible. .

' The miee that survived toxla deaﬁh follawing the‘
1ntravenous injeation of dilutiona of the 1nfeutiva yalk aac
suspenaions used in the tox:lcity titx'ationa were shown to |

.exhibit different degrees of resistance to a tcxic challenga




'adminiatered twentynona &ays later. The resulté‘areagivéﬁr
in Table 11. o "f, ST e 7‘“g\ } g

|  The survival of the dba m;ce that were treated
'witn the Breinl strain varied from a valua of 83 to 100 par
'ger eent to the taxie challenge. Tha auvvival af the dba
miea that were traated with tha Wilmington sbrain haa a value
af 106 per cent, cempare& to no aurvivals of the albina mice
that received 1&entical tveatment. The untraated control
mias shewed no resistanae to the toxia ahallenge.v The f:f
results cf hhe intraperitaneal injeetion af the dbg and
albino miea with one hundred~fola dilutians of infeetive
yalk eae suSpansions af the Breinl and‘w1lmington atraina
is given 1n Table 1a‘v\ | | . - N } 

ff_ The susceptibility cf‘the dba and albincfm%ca to the

Breinl strain (TTB #1A), as datermined by tha IDSO, was ahown <
ta be the same. With ths Breinl TTS #2&, the ID;O i sonis
siderably 1ea3 fcr ﬁhe dba than far the albino mie

eomparison of the auseeptibility of dba and albinoJmiaa ta the
Wilmington strain, ‘as determined by the ID;O, indicated that
the dba miee were more susceptible. Tha In;o was t':"” |

thousand times less for tha dba than for the albina mice.;:
The infactivity stuﬁies indieated that the dba miae ,

‘were mora suseeptihle to “A_nxpﬁitthan ﬁhe alblno mica, and

at 1east aa susaeptibla to R. Qrowazaki.' Bacauae bhe &ba mioe

ware conaidered to be more suitable for studies 1nvolving hothx"




TABLE 3;1 o
The develo;ment ui‘ a“a ;mmunizing infection in Bm'vivws “

nf to:cxc death 'bi'bramans o

| Expariment Ricket‘bsiae Fraction of Toxic Dose angew» Survivors
f Griginally Received - Ibgp Rumber Per Cent

- TIS No. 2A : 0,93t b 3_/5‘% 480“0 |

B - TISNo. 24 . 075 L Y6 833
l-control " noneyeceived L Wh o 0.0

2-albino  Breinl - e TP
. TISNo. 3A 0,75 L 0/6  100.0

gwcontrol  Breinl | Bk | o
TTS No. 34 .~ none received - i Ly 0.0

3ealbinoe  Wilmington SR - i
~ TISNe. 28 0564 - 2 1212 0.0

3-dba  Wilmington | | B
- TISNo. 2B 0.39%0 2 o/l 100.0

Jecontrol ; o ‘ noxieir receivéd"_ 2 b/h 0.0 |

x% IDg, value received by mice as determined by a control toxicity
~ titration at the time of challenge.

* _Nmerator i‘epzjesents number dead.

Denpminator; represents mumber tested.



TABIE!E

Xni‘activa.w ae%minatims :i.n dba and albirm mice

\ ' Challenge '
;m d, ‘after infective dose
Rielaattalae I’revious Tma‘bmen‘b* Toxic Dose™* I)aad/'reated Igg
KR - 1,335@ ‘dba albino dba  albino

a/hf‘]i/u 016

Sterile broth ' h/h W e
w02 ozsm b o/ WA 2063 1030

24 105 02m - o WA

f~:~<]10"1‘;“ 025m - 3/h b/

o 1079 0,25 m R 7/ TR ¥/
R _"”Sterﬁ.le broth 1t ,, ﬁf/& ?t//h

Wilmington 103  025m 2 0/k  0/3 10780 307hO
w-_?, 025w o/ by

S 1079 oswmx - o s

" Sterile tyoth ™ R Y/ 1/

a.oh omm
jm-ﬁ:r‘f 0.25 ml

% Tha varicms ﬂilutiona cf yalk sac ma.terial were :.njected
intraperitcmauy : . ,

e m;o value received by mice as determmad by a coni;rol 'bo:d.city
titratﬁ.an at the 'tima of chanenga. , :



‘ f?ﬁ;  .

R. _xg_~ and R‘ rowazekl, bhey were selected for use 1n the
infectivity determinatio&s.‘. S | .“ _ 
- Where the LDgg . and ID;g for ‘the Breinl strain R

wera compared 1n dba mice, the Iﬁgg wasg. founa to be appraxi~ '
mately ten theusand times less. A similar comparison of the

| LB;O and IB;Q for the Wilmingtcn strain 1n dba mice indieated
that. the IDSQ was approximatalv one million ‘times leas. This
finding inéieatad that with the Brainl strain, the smallest ‘
numbar of rickettsiae capabla of causing the toxie daath or
the mice was approxim&tely ten ﬁhousand times the smallest ,
number capabla of 1nitiating an immnnizing 1nfection, With
the Wilmingﬂcn sbrain, tha smallest number af rieketbsiae
aapabla of causing tha toxic death of tha mice was approxi-

mately one million times the smallest number capableivf o
1n1tiating an immunizing 1nfection.v_ ' |
3 ‘, The differenca betwaen the LD;O and tha ID50
Suggasted at firat that the use of the LD50 could be raplaced
by the IDSQ beeauae the 1atter made 1b pasaible to detarmina
the presenee af Smaller numbers of riekettsiae in ﬁhe test |
suSpensions usea in the reapiraﬁion studies, an& thus i
affcrded the investigatar a more delieate msasurement of the

D5 a1d

rickettsial eonaentratimn. Althaugh the uss of the
'make 1% possible to measure smallar numbers of rickebtsiae
1n a. test suspension, this proeedure did not ensure tha

; maaauremant of viable ziakattsiae alone.ﬁ The IDgo was con»

sidered to be the result of the total effeat of bathAviable



anﬁ ncn&viaﬁla rickettsiae, While the LD;@ represeuﬁed the

exelusive msasurement of viable rickettsiae. Because,theff

results of the raspiramon atudies iadic.ahad thet & wimc’s_ |
‘relatian existed between the uptake of oxygen ané\th P
number of viable rickattsiae present, the final prdé dure
which was selecﬁed for tha biclogie measurement Qf'the
rickettsial conﬁentratian included thﬁ determinaticnwaf the
Lﬂbo in addition ta the IBbO*



7.

mscns‘smﬁv

B ;,g The stuﬁy of tha aultivatien of typhua fever
rickettsiae 1n aeveral hosts was undertaken to determine |
the mo&t suitable aouroe of rickettaiae for tha reqpivation
kstudias, Tha developing yolk 880 af the chick embryc was
selaeted for ita aonvenienae and pvedictable yields af large,
numbars af rickettsiae. The axamtnation of tha tissuas from
'infected guinea pigs, cctton rata, white rats and miae '
ravealed the presenea of rickettsiae in cancentrations. jff.

% | Thé preparaticn of the rickettsial susnansianagéf
umed in the raspiration studies depandeﬁ upon the separation

of large numbers or viable rickettsiae from the yolkwfac

tisaues.. The rasyectiva efficienciee af differential
1¢entr1fugaticn and oil—water emulsions for tha aeparaﬁion
of the rickettsiae wava compared The use of turpentine,
pine and paraffin 0113 whieh was reparteﬁ by Giroud and __f
Meunier (76) for the separation of rickettsiae from animal -
tissues did ot prove appliaable to the aeparation af 5

rickettsiae frcm yolk sac tissuesg- The diffeventialf’entri~
,fugation method which was reparted by Bavarnick and Snyder
;(71) was found to be tha most aatisfactory for the reutina

preparation of the rickettsial suspensions.§JAg:§g
5 %he need for 1arge numbers of viable riekettsiae
1n the reSpiration studies waa made elear in the early stages

of the,invastigatioqs.;,In,orderth.P?QPare‘gquqttgigl,!
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-suspansinns which cantained 8 sufficient ecneentration of
;viable riekettsiae, it waa neoessary to use at bhe cutaet
8t least nina yalk saes containing numarous riskettsiae and
te use a clarifying agent in the prooess of differential
cantrifugation.} Several agents wera selactad for a.
.comparative 3tudy of ﬁhair ability te inareasa the efficiency
Of the agenta studied, magneaium oxide and eelite~ana1ytieal
filter aia were founa ta giva the moa% sahisfactory rssulbs‘
The magneaium oxide-rasulted 1n pﬁ valuas cnnsideraagtphbeA
incompatible with viability of the riokettsiae. 

, , :- Because the alkalinity of the magnesium oxide
preparations was 9»6 or higher, tha eelitsnanalytic :

aid was selected for routine use. Bovarniek and Snyxer have L
also reporte& the use of celite in. tha preparation of |

frickettsial suspensions employed far reapiration atudies

(71)._ These authars prepared their rickettsial suspfnsions
with 'hhe aid of a phOSphate bufi’er o whieh g:.utamaté was.
added. The glutamate was presenﬁ in all of the centrifugations ’
except the last waahing. Beaause the use af glutamate 1n ‘the |
diluent waa oensidered to represent a poasible source of -
error in the intarpretatiun of the respirabion sbudies, the
.diluent employed in the preaent atudies Was Kreba-Ringer
phasphate bufrer whieh,did not cantain glutamate,

e The rasults of the respiration studiaa demonatrated

7an uptake of oxygen with L—glutamio acid and L~cysteine



__74;

hyarochloride in the prﬁsence af H. nrowazeki. Bavarnickk
‘and snyder and Bovarniek and Millar repertedAsimilar ' ' 1
results for nglutamic ac;d but failed ta nhbain an uptake,
of oxygan with any of the other naturally oecurring amino
aeids (71, 72) | :

In the present studies tha raSpiratien wa ‘&hown

te ba affected by pﬁ, as there was no uptake of cxy n at
,6 7. The uptake of oxygen.in ﬁhe presence of glutamata and

cysteine was prnpartional tc the number ef viable |

'rickettaiaa in the test suspension, as evidenced by bhe
‘respeative biologia aotivity nf theae auspensions when tested
for their texiaity and 1nfectiv1ty in animals. The use of

'suapensions wihh relatively small numbers of viable

'rickettaiae, as detarmined bv their biolagio activity,""‘

ifailed to shcw an uptaka of cxygen in tha presanme ofuff.i’
~g1utamate or oyateine.f/ | ', | = e
R The glutamic aoié used in the respiration u&iéé

was measured by meaas cf paper chromatcgraphy.} Tha maasure~

ment of cysteine by paper uhromatography resulted 1 ;recevery-

valuea of 1988 than fifty per cent._ Gther investigatars 5

have heen unable to obtamn quantitativa recoveries cysteine \

by paper chromatography mathods (80), Beeause cy&beine ceuld

not be msasured with accuracy, the evaluation of th_ sub~;‘M

strates used 1n the respiration studias was restricted to..

glutamic acid, The QIUtamie aoid concentratian af  et

and oontrol systems was ahown to decreasa during respiration.
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”The graatest diminubion of the glutamia acid aonﬂent
oocurred with the test suspansion of viable rickettsiae.,g\.
Tha deerease 1n the glutamic aeid coneentration was :
accompanied by a correapcnﬂing uptake of oxygen in tha tast:
system‘ The eontrnl systam gave no . significant uptake of
‘oxygen. Bovarnick and Miller reported similar results for
their studies on the transaminasa activity cf R growazeki“

“(72) In ﬁhese stuﬂies the authors remQVed 2 transaminase,

,'which was found in narmal yolk sae prepavations, b

agglutinabion 1n 6 per cent Serum albumin. w1th rickettsial

 quparat1ons tbaﬁ wers traated with 6 pav cent sernmﬂalbumin,
"tha yolk Sao transaminaae was removed and it was possible to
‘“show tha exiatanae of a rickettaial transaminaae that |
remained aﬁtive aftar the 1aas af axidative enzymes and
"viabilmy. L | L

I The pathogenesis atudies in animals showed the

.guinea pig, catton raﬁs anﬁ dba miee to be. the most s
suaceptibla hoata for R. Erowazeki and R. txp i.,'Tha pro-v

dnction of exnerimental typhus in the Whita rab waa follawe& -

by . an inanparent form of infection which could be deﬂected
only by the appearanee of aomplement fixing antibodizs. 'L
Infectinn in the guinea pig, cctton rat and dba mice wasv;s«
i accomyanied by symptoma of illness.r Inreetion in tha cottonw |

rata ana mica terminated in some 1nstan¢es 1n death.

deaﬁha occurred in tha infected guinea pigs.¢ The microscopic
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aexamination of the brain; sPIaen and liver tiasues of these ;
animais revealed the presence cf rickettsiaa in small

*numbers. ‘The serial passage of rickettsiae was accompliahed,
in thﬁ guinea pigs and dba mice, bub serial passaga of ‘i
 rickeﬁtsiae in cotton rats was not suceessful. The aotton

‘rats were taken from a;stoak Which was aeveral mnnths old

ias indicated by the larga siza of the animals ana th%ir

average weight~of uo to 50 grams. The rasults of Snyier and o

vanderson mho renorhed the suecessful adaptation of the "f‘\
uBrainl and wilmingtcn strains to the eastarn eottcn r&t,
 indi0ated that rats of ‘more than two montha of age &id not
exhibit the ‘same degree of susceptibil&ty as younge rats

(82).' In a 1ater reporﬁ Anderscn stated that rats of:two
‘months of age did nat diffev signifieantly in auaceptibility
from younger rats (3&). The results of the presenﬁ studias
'1ndicateﬁ thab eotton rats of appraximately three months of
‘age cannot be subatituted.for cotton rats of 1ess than twe
months aga,. The findlngs also 1ndicatad ﬁhat the cotton

rats should not be mmra than six weeks of age for ths”mcst

aatisfactary use of thia host in rickettsial research.f_ §
| The use of &ba mice as an experimental ho‘ for§¥‘;

the evaluation of the biologie activity manifested‘by*the

rickettsiae followed the demonstration of ﬁheir grsater 53 

susceptibiliﬁy when comparad to guinea pigs, aotton rats ‘
ran§5glb;no,mice.‘ The 1ntraperitonea1 injectien ef dilutians‘




{cf infectiva yalk sac suspansions was fallcwed by in-.,ﬁuﬁ
ffapparent 1nfecﬁions 1n tha albino and dba strains of: mice.

iThe occurrence of these inreetions was determined b:ithe

'fresisbance of the miea te an 1ntravenous challenge:con~'m£
: aisting of &LESO which rasulted in the toxio daath mf tha .
énntreated anntrol mice. The dha miee wera found to ba .
’suseeptibla to smaller numbers of rickettsiae than the  3§
’albino miaa, and as they represented a hoab in which small

”wnnmbers af rickettsiae could.be measurad. they Were usea for

' the &etarminatians of the 1nfewtivihy of riekettsia‘ﬁ
auspansions. These rasults eenfirm the findings of Moragues
 and Pinkerton who showed that 8 greatar numbar of dba mice
»‘died from infection. with. R. *gggg than albinc mice (hh)
,These authors used death as their ariterion of suaseptibility,

, while the present studias made use of'the immunizinf;
:infection. The prinaiple of the immunizing infectian was
,based upon the resistanae to toxie challenga which was dis~ .
‘played by mice following the insaction of riokettaiaa. The

| miae exhibited no evidenee of an infectian at any time.ramha
1nanparent 1nfections in tha present studies followed the
‘injection of small numbers of rickettsiae.- mhe recognition
 0£ thase infections enabled the 1nvestigatar to detect bha
‘ presene9 af rickattsiae in the 1neculum..v; | ; £

e 'I'he intravanous injeetion of dba and albino mice |
' with infeotive yolk sac suSpensionﬁ waa followed by the death'
'jof both straina of mice. The deaths occurrad Withinieight
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ﬁbﬁis éftef thé'ihjectibné.; Upen dilution of the iﬂfﬁﬁtive ‘
iyolk aae susPansiona a paint was eventually raaahed where
 the mice survive& toxia death,, The presence of an 1napparent
infectian in tha survivors was shown by their ability to
‘resist/a toxio ahallenge containing hLDgg. No signifieant
‘dirference in ‘the. susceptibility to toxic death was ahnwn

~ for tha dba and elbino mice. ‘Because tha intravanaus |

injecticn of the albino miae could be accomylished with

';graater aase in a shorter time interval, this strai"fwns used 
_;fer tha determinations ‘of the toxicity af rick&ttsial

auepensicns.‘

CEL The eomparison of the LD50 and ZD;Q valuesafor the_ 
sama yolk sac suspension indiaated that 1n the casa cf the
Brainl strain, the ID5Q was apprcximately ten thouaand times
1353 than the LBSO. The ID;G value for the Wilmington strain

‘vwas one million times less than the LDsg. The LD;oggys con-
sidered to result frcm,the actlon of viable rickettsiae:_é’_
alone, while it was poasible for the 1950 to represent the :
‘aation of both viable and nonpviable rickettaiaa. Thus the
ID5Q may have represented tha effeet of small aumbars of

‘riekettsiae, an indeterminant nnmber of which.may have been

non viable., ,'

an The evaluation of the biologic aotivity&e 5the gn
riakettsial suSpensions was based upon the aetarmination of '
’both the ngg and 1350._ Thrnugh the use of these msasure«

ments two points of rafarence were establidhed for eaeh
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7suspansion, and 1t was possible not anly to nompare their
"aativity 1n tha reSpiration studies, but to relate this A

'"aativity to’ the approximata number cf riokettsiae 1n the

ftast auspensions.  f

L The diffarencea in the ratie& of the Lﬁsg to the
 1950 which wera observed for ths Breinl and Wilmington ?‘"

‘:sbrains wera not attributed to a greatar tcxiaity on 1
f‘paﬁ: bf.‘ bha Brain}. strain. . Whil& this 'pogss.binty;{

: be eliminate&, consideration waa alsa given ho the‘gﬂ ater

fnumbars Qf riakettsiaa whieh wera fcund in tha Breinl prepa-

j"ratibna, ané the appaaranca of a atata of reaistaneav'ov

Ttexic challange in dba.miae fallowing the 1njaation of smell
These

“numbers of rickattsiaa of the Wilmington sbrain.i
,;findings 1ndiaatad ﬁhat tha obserVed differenee 1n the ratia
,of the: Lﬁsg to the ID59 for the Breinl and Wilmington atrainﬁ'

could be aseribed to one ar mare Gf tha follnwing faetors':'

"a graater tnxieitv of the Breinl strain for mica, a,!réahar

'eoneentration af rickettsiae in the Breinl preparations'_a

greater suscepﬁibility cf dba.mice for the Wilmingtan strain.'



Sﬁmﬁm’

The cultivation af typhus fever rickettsiae in hha
"fdevelaping yclk sac of the ohick embryo resulted in a
laatisfaatory yield of viable rickettsiaa for the

*}.resgiration studies."

wﬁbifrarential aentrifugation was used.ta separata tha :

’»Qrickettsiae from. yolk sac tissue.‘,,

_fof differential centrifugation was studied.v

~§~Gelite-analytica1 filter‘aid was seleeted’as'théf“

The use of olarifying agents to increase the efficieney

f,{elarifying agenh to increasa ‘the yield of viabla g
,Lkrickettsiae ebtained by dirferential osntrifugation., _

'ﬁfThe Breinl strain of 1@uaa—borne typhua demonstrated,an

’;;uptake of oxygen in ‘the presenoe ef L—cysteine hydr0~‘;

- acid ocourred during resniration.,“‘

7.

‘\';and L-glutamic goid was proportional to the concentration'

5fﬂThe use of paper ehromatography indieated hhat

‘ﬁf ehloride and L-glutamic acid.

ﬂwquantitative reduction in. the concentration of glutamic i

'The uptake of oxygen in,the presence of L~oysteina HGl

of viable rickettsiae present. S
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H_The biclogie activity af the rickettsial susyensions
; fwas maasured by their toxieity for albino mica and

g:jinfectivity for dba mice‘~

‘ﬁlﬂo signifioanh differenae 1n suaceptibility to toxic

f ff@daath waa demonstrated for the dba and albinc miee.w

10,

iﬁﬁa:mide were noT6 susdeptible té tha‘Wiimingtaﬁ~St§éin

mx»ﬁ.of murine typhug then albino mics._ With the Breinl

£ strain of louse-borne typhus the dba strain Was at least

11,

“’aa suseeptible as albino mice.

Gotton rats, three manths olé, exhibited 'y high oraer

~_7 of resishanne to experimental typhus. Gotton rats _{

osix weeks old were shown to be very susceptible?to

'experimental typhus.

12,

13.°

White rats were shown to possess. a high level of

2 resistance for the rickattsiae of murine typhus.»
‘Thé ﬁrodﬂctidn of éxpérimental typhus in male~gﬁineaA
,piga was aocompanied by & scrotal swelling whieh was__.‘

' observed for both the.louse-borne and warine Strains. -
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