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IN this section, we shall deal with t he effect of the va1·ious typhus 
strains on the guinea-pig, rabbit, r at, mouse, dog, sh eep , and ox, 
and with cross-immunity tests carri ed out in t he guinea-pig ancl in 
the sheep. 

RAT 'l'YPHUS . 

I n the G u,inea-pig. 

No difficulty has been experienced in maintaining t h is rat 
typhus strain in guinea-pigs by brain to peritoneum passage every 
9th or lOth day. 

'l'he type o£ reaction produced in the guinea-pig did not differ 
from that described by most workers in the typhus field. 'l'he first 
rise in temperature took pl ace usually on the t hird , fourth or fifth 
day after infection and, generally, the diseuse (as manifested by 
the temperature reaction) was o£ a more protraded nature than that 
caused by " Robertson ", " Hare " or fi e·vre bovtonne11se. In 
common with our experience with the other four virus strains 
employed, a " saddle-back " type of curve ,,·as common ; the 
initial rise was maintained for one or two days and was followed by 
a lower temperature during the next day or two and then by a 
secondary rise which return ed to normal by lysis. Chart 1 shows 
a composite temperature curve of eight infected guinea-pigs, a 
typical curve of one anim al and the reaction produced by an egg
membrane culture. The composite ehart , although reproducing the 
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CHART 1. 

R at t yphu s in g uinea-pigs. 
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general trend of the reaction 1s not typical; each animal does not 
react to the same degree at the same time, so that a flattening of 
t h e curve it> produced. This point must be kept in mind when 
composite char ts are read. No tleatbs directly attributable to rat 
typ hus occurred am ong t he hundreds of guinea-pigs that received 
the virus (brain, tunica or egg-membrane) and, ex cept for the 
temperature and scrotal reactions, the animals looked healthy. 

ln sexuall y m ature, male guinea-pigs, i.e. in t h ose with 
descende-.:1, palpable testes, a tumefaction of the scrotum was an 
almost constant phenomenon. Of 89 males, 84 (94·4 per r-ent. ) 
showed this r eaction au d if ndults only had been inoculated, this 
percentage would h ave been almost one hunclred. After 50 sub
inoculations (brain to p eritoneum) t his reaction OCl:UITed as regularly 
and as strongly as in the first passage carried out by us. The day 
of t he appearance of the swelling in 38 guinea-pigs was ns follows : -

Day Oll which swelling 
was firc;t noticed 4 G G 7 8 ~) 10 

~umber of gu1nea-p1gs 
involved 5 10 7 -± [) 1 

The majority of t h e reactions were definite by th e fifth day after 
i nfection; t hose appearing for th e first t ime on or nfter the seventh 
clay were atypical a nd were associated with a l engthened (temperature) 
incubation period. The rapidity with which a scrotum could swell 
was remarkahl e; often only a few h ours elapsed between a doubtful 
and a " + + + " r eaction . 'l'he maximum enlargement , once r eached, 
was maintained for from t wo to four days ; t herenfter reduction 
occurred , the Teturn to apparent normality ocC'upy ing from three 
to seven clay~. 

In c-haraeter , t he scrotal reaction in rat-typhus-infected g n lll en
pigs differed somewhat from tha t produced by the oth er stn:tins. 
At the heigl1t of t h e r e:o ction, t h e scrotum " ·as t ense, h ard , and firm 
nnd lacked th at fluctuating, oedematOllS feeling of the swelling 
produced by " Hare " or " Robertson ". As a n1le , i t was not 
possible to for ce tbe testicles into the abdominal cnvity and, even 
at post-mortem examinntion, it was freque!l tly impossible to draw 
them out of th e scrotum. Actually, on many occasions, it was 
necessary to dissect them out in order to make :;;crapings from the 
tunica. 'l'he testicle,; th emselves sho,Yecl distension and rmuif.orm 
injection of t he blood .-essels, petechi ae, even ecchym oses up to 3 
mm. in diameter , :mel , not uncommonly, small haemorrhagf'fl in 
the polar fa t. A ll exudate, which was fairly copious and fluid in 
the early stage:,; of the reaetion, later thif'kened to form fibrinous 
sh eets that covf' red nearly the whole testicle . These sheets, g reyish
white in colour, could be scraped off nnd floaterl intact in saline . 
'l'he final onteome wns usually 1'estitutio-ad-integT'll111 hut , on seYeral 
occasions, some thickening of th e scrotum persisted t hat left th e 
testide h ard and attached to the sac. 
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Post-mortem exmnination.- Apart from the scrotal lesion, the 
only other constant macroscopiCal change was a swelling of the 
spleen, often to two or three times its normal size. Not infrequently, 
a tenacious greyish-white deposit or even a pseudo-membrane covered 
the surface of the spleen and liver. 

In the White Rat. 

No difficulty was experienced in maintaining this strain m the 
rat; 50 animals were used, 12 subinoculations were made and the 
experiment was terminated at this point . 'l'he brain of a r eacting 
guinea-pig was the first inoculum and thereafter the brain of a rat, 
taken on the 8th to the lOth day after infection. At each passage, 
a portion of the rat brain was also inoculated into two indicating 
guinea-pigs. Unless a definite, easily recognizable reaction was 
noted, the guinea-pigs " ·ere retained for one month to undergo au 
immunity test. 

:M:ost rats shmved a definite thermal rise that began on the 4th 
or 5th day (102° F. to 103° F.) and that was maintained for from 
two to four days, but at no time was a scrotal swelling observed. 
Chart 2 is a composite temperature curve of 10 infected rats. 

CHART 2. 
Rat typhus in rats. Composite chart of lO r ats . 
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Apart from the temperature reaction, ;11any rats were visibly 
affected by the virus; some were poor, thin or even emaciated, an<.! 
8 died. 'l'his debilitating effect was most marked in those animals 
which received benzol and oliYe oil subcutaneously in addition to the 
virus inoculation (see Zinsser and Castaneda, 1930). In all rats, the 
ehief post-mortem lesion was an enlargement of the spleen which was 
sometimes three to five times the size of that of the normal animal. 
In smears taken from the surface of such an enlarged spleen, 
rickettsias were plentiful and in one preparation there were dozens 
of infected cell.s per microscopic field. 

In the Jvlouse. 

'l'he disease was passed (brain to peritoneum at 8 to 9 day inter
vals) through 3 lots of mice only, the 4th and subsequent passages 
being negative. The mice showed no symptoms or macroscopic post
mortem lesions and, as the temperature of normal mice can rise or 
fall several degrees in a few hours, infection could be judged only 
by the use of indicating guinea-pigs. 

In th() Dog. 

Durand (1933) showed that murine typhus caused an inapparent 
disease in dogs, that the virus, in some instances, could be recovered 
in guinea-pigs from the blood, brain or spleen, and that the Weil
Felix reaction became positive (chiefly OX19). However, the disease 
could not be passaged from dog to dog. Combiesco and AngeJ.esco 
(193;~) also set up a " maladie inapparente " and 14 days later 
recovered the virus frc.m the brain. However, to our knowledge, no 
indication has been given that the dog plays a role in the spread 
of typhus. Our results confirm this; in fact, we could do no more 
than demonstrate a survival and translocation of the virus. 

Eight young dogs, obtained from a pound, were used. Dog 1 
(1972) inoculated intraperitoneally with the brain of an infected 
guinea-pig, did not react. Guinea-pigs which received an intraperi
toneal injection of the blood (3 c.c. to 4 c.c.) of this dog on the 4th, 
7th, and 15th day after the attempted infection did 11ot react and, 
tested later, were not immune. 

Dog 2 (2089) was infected in the some way as dog .1, and, 9 
days later, its brain was removed and a porticn injected, intraperi
toneaUy, into dog 3 (2093) and into g·uinea-pigs. None reacted. 
After 8 days, the brain of dog 3 was injected into dog 4 (2097) and 
into guinea-pigs without a reaction being produced. Finally no 
reaction occurred when the brain of dog 4 was inoculated into 
guinea-pigs. 

In the 3rcl experiment, 4 dogs (1967, 1969, 1970 and 2030) were 
infected with guinea-pig brain by the intraperitoneal route. No 
apparent reaction occurred. Table 1 summarizes the results of 
injecting the blood and the brain of these dogs into guinea-pigs. 
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'l'ABLE 1. 

J'hle Infecti,vity jM Guinea-z1igs of the Blood and Brain of Rat
typhus-infected Dogs . 

Inoculum. 

r 
Blood: 3-4 c.c. i.p .......... . ·1 

r 
Brftin: i.p ....... . . . . ........ . . ~ 

l 

Days after 
Infection. 

4th 
6th 

lOth 
14th 
19th 

7th 
14th 
19th 

From Dogs. 

:). 6, 7, R 
n, 6, 7, s 
5, 6, 8 
5, 6, 8 

ii, 6 
7 
8 
6 

Result in 
Guinea·]Jigs. 

Positive. 
Negative. 
Negative. 
Negative. 
Negative. 
Positive. 
Negativ('. 
Negative. 

The foregoing results shmv that the dog wa13 not easily infeeted 
with typhus and that the Llisease could be carried on in it. Viru~ 
was demonstrable in the blood on the 4th but not on the 6th day 
after infection and in th e brain ·on the 7th but not on the 14th day. 

In the S heep. 

About half of the sh eep u sed reacted with an elevation of 
temperature (see Chart 3) when infective guinea-pig brain was 
injected intravenously, and the disease could be carried on in sh eep 
for one passage only, when b'l.ood, taken at the height of th e thermal 
reaction, was th e inoculum. 'l'he reaction of the recipient sheep was 
much milder than that of the dono!'. No symptom, other than the 
temperature, was noticed and in no instance did death occur. 
Attempts to infect guinea-pigs with the blood or brain of sheep taken 
at. the height of the thermal reaction were unsuccessful. 

In the R,abbit. 

'l'he effect of the rat typhus and the other virus strains on this 
animal will be discussed under " 'rhe \Veil-Felix rea ction ". 

" H .\RE." 

In th e G11inea-pig. 

Once established, no difficulty was experienced in maintaining
the " Hare " strain in guinea-pigs (71 brain to peritoneum passages 
in 20 months at 8 to 10 clay intervals) . A composite temperature 
curve and a typical thermal reaction are reproduced in Chart 4. 
Usually the first rise was noted between the 4th and Gth days after 
inocu'l.ation, was maintained for from 4 to 7 days and slowly, with 
small fluctuations, returned to nonnal. It 'vas unusual for a 
temperature of 106° F. to be recorded for more than 24 hours; 
generally the fluctuations were between 104° F. and 105° F. No 
symptoms, other than the elevated temperature and a scrotal S\\·elling 
were observed. 
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CHART 3. 
Hat typhus in sheep . 
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T he scrotal lesion .- lu t he early par;··ages, a scrotal swelling 
occurred Yer~r !"ommonly in g uin ea-pigs; of 244 mal es , 211 (86 · 5 
per cent. ) showed t his tlesion and probably the percentage would 
h ave been high er if fully mat ure animals only h ad been u sed. In 
more recen t pas,;ag-es, thi.s n'action h as been seen in only abou t ;~o 
per cent. of cases, although the tempPrature curve has not varied 
in the s lightest deg-ree . The day of the appearan <:e of t he swelling 
Jn ;)4 guinea-pigs was as follows:-

Day on ''"hich s '>l·elling 
was first noted 4 5 G 7 10 

~umber of g uinea-pigs 
involved 12 7 ] (late reactor). 

Th e enlarged scrotum felt soft and oeclenwtous, anrl was 
no t hard :mel firm as in raJ-typhus-infected a nimals. Usually the 
testicle could be fo1·ce11 into th e abdomina l cavity and no thickening 
or h ardness remain ed after t he swelling ha d subsided . At post
mortem examination, in t h e early stag·e of the di sease, the testes 
were h yperaem ic and suJTound e-d by a Slll all quantity of gTeyish 
tra nslucent exuda te. Later, this hy permaemia became more m arked , 
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but distinct haemorrhages in the testicle or polar fat were very 
rare. The exudate increased in amount, became viscid in consistency 
and whitish in colour and although flakes about 1 mm. in diameter 
could be scraped from the testicle, fibrinous sheets were not formed. 

Post-mortem ea:mninahon.-The remarks made under " rat 
typhus " apply to " Hare " with the reservation t hat th e spleen 
was not usually so greatly enlarged (and occasionally was not 
apparently enlarged at all) and that a deposit on th e spleen and 
liver was uncommon. 

CHART 4. 
" Hare " in guinea pigs. Composite chart of 8 g uinea p igs (top) . Chart of 

one animal (bottom). 
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In the White Rat. 

Two attempts were made to adapt the " H are " vuus to rats, 
one involving 7 and the other 5 passages. As with the rat typhus 
rat passages, indicating guinea-pigs were inoculated at each sub
inoculation. Neither th e rats nor the guinea-pigs reacted; the latter 
were later shown to be susceptible to a test inoculation of virulent 
brain. 

In t he Mouse. 

No success attended two attempts to infect t his animal. The 
brains of the mice of even the first generation (removed 9 days after 
the intraperitoneal inoculation of virulent guinea-pig brain) failed 
to cause a reaction in indicating guinea-pigs. Subsequent passages 
were also negative. 

l n the Dog. 

One experiment only was carried out in this a nimal and although 
infection was not produced, we do not feel that the result is of great 
valu e. The pups, reared in tick-free surroundings, r eceived infective 
guinea-pig brain in traperitoneally and showed no thermal or other 
reaction. Their pooled blood , taken at differen t times between the 
2 nd and 14th J ay after the injection did not infect guinea-pigs and 
these animals were not immune at a subsequent immunity test. 
However, a considerable number of the guinea-pigs died within on e 
to four clays after the blood inj ection and most of the remain·.:ler 
hacl severe temperature reactions beginning- within 24 hours of the 
fest. It has been our experience that a guinea-pig which has a non
specific temperature rise of t his type does not develop typhus ancl , 
when tt>sted later, is not immune. 'l'he lack of clogs, r eared in 
tick-free surroundings, (and in work of this kind , it is essential to be 
certain of this point) has prevented our repeating the experiment. 

i n the Sheep. 

\Vhat h as been s:~ id about rat typhus m sheep applies also to 
'' Hare '' . 

l n the 0.?:. 

A bovine t hat received the tunica scrapings of a " Hare " 
in fected guinea-pig intravenously did not react. 

I n the Rabbit. 

See " R at typhus " . 

'' APPLETON ' '. 

I n the Guinea-pig. 

From th e star t difficulty was encountered in carrying this strain 
in guinea-pigs. A sustained rise in temperature (104° F. and above) 
occulTed in about 30 per cent. of animals and a scrotal swelling 
was infrequent (about 10 per cent.). In an attempt to" acclimatize " 
the virus to guinea-pigs, we feel them on a vitamin-deficient diet 
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(autoclaved oats). 'rhis procedure proved to be disadvantageous 
because not only was the reaction no better but the guinea-pigs became 
thin and some die·d. 

The Scrotal Les·ion. 

Although a scrotal swelling was uncommon, it occurred more 
frequently in the guinea-pigs of the earlier than of the later passages. 
'l'he day of its appearance in 29 males was as follows: -

Day on which swelling 
was first noticed 2 'J 

() 4 5 6 7 8 9 
Number of guinea-pigs 

involved G 8 1 7 4 1 1 

In character, the scrotal swelling produeed by the Appleton 
strain was similar to that caused by " Hare " . 

'rhe post-mortem lesions 11·ere the same as those noted under 
'' liare ' '. 

At the time when we discontinued the passage of this strain 
(65th guinea-pig passage) we had no experience in the use of the 
chick chorio-allantoic-membrane-method of cultivating typhus 
rickettsias. The use of this technique with a tick-bite fever 
(" Robertson ") and a fievre boutonneuse strain indicates that an 
egg-membrane culture of " Appleton " rickettsias woulfl probably 
have pro·duced satisfactory reaetions in guinea-pigs. 

In the Wh·ite Rat. 
This strain was passed through eleven generations of rats (29 

in all), at which stage the experiment was terminated. A period of 
8 to 9 days was allowed to elapse beh1·een each passage. A rise in 
temperature to 102° F. or 102· 5° F . (from normal of 990 F. to 100° 
F.) occurred on about the 3rcl or the 4th day, was maintained for 
from 1t to 3 clays and thereafter fell fairly rapidly to normal. 
Indicating guinea-pigs inoculated with rat brain at each passage also 
reacted and were immune at a subsequent immunity test. Hats 
living on a deficient diet (autoclaved oats) anrl / or into which benzol 
and olive <>il were injected suhcutaneouslly, had no better reactions 
than those receiving a normal diet. The only apparent post-mortem 
lesion was an enlargement of the spleen. In Chart 5, a composite 
curve of the temperatures of 14 rats is g1ven. 

In the Dog. 

One clog (1935) inoculated intraperitoneally and another (1936) 
maculated intravenously with the brain mush of two infected 
guinea-pigs showed no thermal or other reaction. As the clogs 
originated fr<>m a pound, we have no knowledge of their history; 
they may have been inunune and, as no suhinoculations were made 
from them into guinea-pigs, we do not know if they underwent an 
inapparent infection. However, it shauld be borne in mind that this 
strain originated from a dog, which was suffering, at l east, from an 
iuapparent infection. 

I n the Sheep. 
See ' ' Hare ''. 
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CHART 5. 
" Ap pleton " m r ats. Composite chart of 4 rats. 
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" RoBERTSOK . " 

I n the Guinea-pig. 

This, the only tick-bite fever str ain of human origin with which 
we worked produced reactions ( Lhermal and scrotal) only slightly 
better than those of " Appleton " when bruin to peritou eum (8 t o 
10 day intervals) was the method of passage. As a routine measure 
we used t hree guinea-pigs per p assage and as a ru"l.e one of these 
reacted fairly well, one poorly and one very slightly or not at all. 
The brain of such an apparen t ly non-reacting an imal taken on the 
9th day after infection proved , on inoculation, to be just as virulen t 
as that of a guinea-pig which had a good J·eact.ion. Tn gener al, the 
first thermal rise was l ate, very often not before the Gth or 7th day 
after infection . A temperature much exceeding 105° F . was seldom 
maintained for more t h an a day or two and g-enerally the febrile 
period l asted for not more than 2 to 5 clays an d usually 3 to 4 dayR. 
Even in sexu ally mature male guinea-pigs, a scrotal S\Yelling was 
uncommon , and oceurred in not more t han 10 per cent. of the 
animals . However, in spi te of t h e poor rea c:tions we succeeded in 
m aintaining this tic:k-bite feYer strain in g uin ea-pigs for more tbrtn 
a year (46 brain to peritoneum passages) . 

vVith t he use of egg-membrane cul tures we obtained much more 
definite reactions, both t hermal and scrotal. In Chart 6 we reproduce 
a good temperature readion produced by this means and inelude 
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a curve caused by th e inoculation of brain. 'rhis chart, typical of 
many, shows that the infected egg-membrane caused an eady 
temperature rise and an earlier-appearing scrotal lesion due, most 
probably, to the large number of rickettsias inoculated. This 
reaction was got in about 70 per cent. of sexually mature animals 
and folllowed much the same oourse as that of " Hare "; perhaps 
the only difference was that the ::;crotum seldom attained the same 
large dimensions. The lesions at post-mortem examination were the 
same as those given for " Hare ". 

in the Wh1te Rat,. 

1'he first rats were infected with egg-membrane culture and 
thereafter 10 successful subinoculations (at 8 to 10 day interva'l.s) 
were made by brain to peritoneum passage. The reactions were 
almost superimposable on those obtained with the " Appleton " 
strain. 

In the Rabbit.- See " Rat 'typhus " 

FrkvrtE BouTONNEUSE. 

In tlm Guinea-pi.r;. 

vV e soon realised that it would be difficult to maintain this 
Hlrain in guinea-pigs by brain to peritoneum passage. Even after 
10 sub-inoculations (at 8 to 10 day intervals), there was no indication 
that the virus was adapting itself; reactions of the " Appleton " 
type were the rule. When a rise in temperatm·e did occur, it was 
late in appearance (7th to 9th day), seldom rose much above 104·5° 
F. and was not maintained for more than 2 or 3 days. Of 31 
inoculated animals, 15 had a thermal rise high enough to be 
considered significant and on'l.y one deYeloped a scrotal swelling 
(small, appearing on the 7th day). Because we had two main objects 
in view-the study of the causative rickettsias and cross-immunity 
work- we decided to abandon brain to peritoneum passage and io 
resort to egg-membrane culture which had given such good results 
with another " weak " virus, that of " Robertson ". 

With egg-membrane cultures, no difficulty was experienced in 
producing good thermal and scrotal lesions. In Chart 7 two typical 
reactions are given. It will be noticed that the temperature rise 
occurred early and although it ·was not maintained for long, it was 
definite. The scrotal swelling, which occurred in about 60 per cent. 
of the mai.e animals, usually appeared early and could not be 
distinguished from that of '' Hare ''. 1'he post-mortem picture was 
similar to that recorded for '' Hare '' . 

SuMMARY oF REACTIONS IN ANIMALS . 

The results just presented show that rat typhus could be main
tained, without any difficulty, in the guinea-pig and rat, and that in 
the former animal it nearly always caused a scrotal swelling. It 
could be passaged three times only in the mouse and not at all in 
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the dug. The sheep proved susceptible when inoculum was virulent 
guinea-pig brain, bu t t he virus could not be passed serially through 
this animal. The single ox used proved to be insusceptible. 

" H are ", alone of the oth er four viruses, was easily passaged 
in guinea-pigs ; it caused readable temperature r eactions and a scrotal 
swelling in a l arge p er centage of cases. It did not infect t he r at 
and the reactions in sheep were the same as those produced by rat 
typhus. 
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" Appleton " and " Robertson " and fi evre boutonneuse 
occasioned great difficulty when attempts were made to maintain 
them in guinea-pigs by the brain to peritoneum method of passage. 
However, when infected egg-membrane (in the case of " Robertson " 
and jiev1'e boutonneuse) was the inoculum , good temperature and 
scrotal reactions were obtained. Both " Appleton " and " Robert
son ", although, as will be shown later , belong ing to the sam e group 
as " Hare ", were able to infect the rat. 

THE WElL-FELIX REACTION . 

I n the Rabbit. 

Rabbits were inoculated int raperitoneally with virulent guinea
pig brain (rat typhus and " Hare " ) or with egg-membrane culture 
(" Robertson ") in an attempt to produce agglutinins to a proteus X 
strain. None reacted as the direct resu"l.t of the inoculation and the 
serum of none, taken prior to the infection, agglutinated proteus 
OX2, OX19 or OXK at a dilution of 1:20 or high er . In carrying 
out the tests, living saline suspensions of non-motile OX2, OX19 an d 
OXK were used. The cultures were grown according to tJu" 
instructions sent out by Dr. Felix and every endeavour was made 
to prevent motile " I-I " variants appearing . This was n ever 
necessary with OX2, only very occasionally with OX19 and quite 
frequently with OXK. The tubes were incubated a t ~no C. for fou r 
hours and left overnight at room temperature before being r eacl. 

1'able 2 summarises the r esults of agglutina tion tests with serum 
ta ken at differ en t times after infection. 

A Weil-Felix reaction was obtained with t h e sera of 10 rabbits 
infected with rat typhus; in no ins tance was proteus OX2 
agglutinated ; OX19 was agglutinated by all and one case (rabbit G) 
both OX19 and OXK were agglut inated. The sera of two of nin e 
rabbits, inoculated with " Hare ", became positive; that of rabbit 
14 agglutinated OX2, did not affect OXK and produced a cloubtfnl 
re(lction with OX19 and that of rabbit 15 agghtinatecl OXHl only. 

1'he serum of one of seven rabbits inoculated with " Robertson ' · 
caused a doubtful agglutination of OX19, at a dilu tion of 1: 20; the 
sera of the remaining six animals wer e u egative. 

In the Wh-ite Rat. 

'l'he sera of 7 rats infected with rat t yphus, aud taken 8 to 36 
clays after t h e inoculation were tested with the 3 proteus X strains. 
:rwo ~'ere positive, . both for OX19. That of on e rat (27 days after 
mfeehon) was postlve at a (lilution of 1:160 and tha t of the other 
(16 days after infection) at 1:40. 

In the (J.vinea-pi.9 . 

. In an . attempt to isolate a specific proteus hom guinea-pigs 
mfe:ted ~v1th rat typhus, " Hare " or " Appl eton ", we cultured 
the m testmal contents of 26 of them and from G obtained a swarmino· 
p roteus, the " 0 " antigens ·of which \Yere not serologicallv relateJ 
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STUDIES OF THE lUCimTTSIAS Ill. 

to those of OX2, OX19 or OXK. It would appear that a protem; 
infection of th e gut of guinea-pigs is not uncommon, beca.use, even 
with the use of only a small number of animals, we obtamed a 25 
per cent. infection rate. 

Giraud and Tannenbaum (1907, ' & " ) state that guinea-pigs do 
not develop agglutinins for proteus X during or a fter a typhus 
infection because they do not harbour banal proteus in their 
intestines; if this microbe is implanted in their alimentary canal 
by the oral and rectal routes and a typhus infection then set up, th<~ 
vVeil-Felix r eaction develops. 

To ascertain if pro teus X agglutinins ,,·ould de,·elop if a banal 
proteus was implanted in the gut of gu inea-pigs, we repeated 
G~raud and Tannenbaum' s work. A heavy suspension of a swarming 
proteus [(R 5H6), isolated from t he small intestine of a rat and not 
serologica!lly related to the " 0 " antigen of OX2, OX19 or OXK)] 
was administered to G guinea-pigs (1 · 0 c.c. fed through stomach 
tube and 1·0 c.c . per rectum) on 30.10.37 and thereafter, for 15 
days, 10 c.c. was added to the food and 1· 0 c .c. given per rectum . 
On the 16th day each animal received 10 · 0 e.c. per os and 1 · 0 c .<·. 
per r ectum. Three of these animals and three fresh untreated 
controls were infected, intraperi toneally, with typhus and three 
proteus-infected guinea-pigs left uninfected with typhus to see thr 
effect of the proteus alone on agglutinin proCiuction. A W eil-Felix 
test, using living suspensions of OX2, OX19, OXK and R 5H6, was 
put 1.1p with th e serum of each animal on the day before the first 
proteus feeding, on the day of the infertiYe inoculation and there
after weekly for 5 weeks. 

The results did not confirm those of Giraud and Tannenbaum . 
The serum of no animal , taken prior to the infection by proteus 
and / or rat typhus, agglutinated any of the four proteus str ains 
used; those which \vere infected with rat typhus only remained 
negative throughout the ex_periment. The sera of the remaining 
G guinea-pigs (proteus alone and proteus plus typhus) at no time 
agglutinated OX2, OX19 or OXK, but all were positive for R 5HG 
(" H " agglutination) 17 clays after the first proteus feeding and 
remained so for a further 4 to 5 weeks. The high est serum titre 
was 1: 320. 

Attempts to I solate a P1·oteus j1'o?n Guinea-pigs . 

The brain , heart-blood , ur·ine, tunica Yagiualis, liver, and spleen 
of 238 guinea-pigs, infected with "Hare", " Appleton" or rat 
typhus were inoculated into broth and on to nutrient agar and 
?bsetTed .for 14 days at 37° C. About 1· 0 c.c . ~Jf blood was deposited 
111 a stenle tube and the serum, after separa t ing, was removed and 
r epl.aced with about 15 c.c . of broth. Small portions of brain , liver, 
tume;a, and spleen '"ere placed in broth , and about 1 ·0 c.c. of urine 
was Cl.lltured in the same medium. The agar rnltures \Yere made by 
smearing slopes heavily with the blood or urine or the orO'an mush. 
An y Gram-negative bacilli which gr\'JW were isolated in p;re culture 
and. tested against sera prepared against OX2, OX19, OXK and 
agamst th e sera of sh eep recoyered from " Hare ", " Appleton ., 
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or rat typhus. Eighteen such organisms were isolated-2 h om 
the brain aud 1 from the urine of " Hare " guinea-pigs, 1 from 
the brain, 1 from the urine and 1 from the liver of " Appleton " 
O'Uinea-pio·s and 6 from the brain , 3 from the blood and 1 each 
from the "::t1:ine, liver, and tunica of rat typhus animals. None were 
agglutinated by any of the sera u sed. 

These results are in agreement with those of most workers who 
have tried to isolate a specific proteus X from guinea-pigs infected 
with one or other of the typhus strains. 

THE Dun.>~-TION OF Il\FECTIVI'lT OF THE BRAIN, BLOOD , AND T u XICA 

V AGIN ALIS OF I NFECTED GUINEA-l'IGS. 

Guinea-pigs were infected by the intraperitoneal inoculation of 
virulent brain. At intervals after infection, the infectivity of th e 
pooled citrated blood (3 c.c. to 4 c.c. intraperitoneally) of 4 to G 
of them was tested , and the infectivity of the bra in and tunic:1 
scraping-s of one animal was determined. Two guinea-pigs were 
inoculated intrape1·itoneally with the brain emulsion (half-a-brain 
per animal) and two with the tunica scraping suspension. If the 
indicating animal did not 1·eact typically, it was held for on e month 
a fter the temperature had returned to normal and tested for 
immunity. The results of the experiments are collected in tables 3, 
4 and 5 . 

Systematic ,,·ork h as not bee n can ied out on t he infectivity of 
the tunica or blood of " Hobertson " or button fever infected 
guinea-pigs or of the tunica of " H are " animals. However, on 
many occasions, we have ·demonstrated th e infectivity of th e tunica 
taken at the h eight of t he scrotal reaction. In addit ion, the liYer 
and spleen of rat-typhus animals have been proved capable of 
transmitting the di sease, but. in these experiments, no attempt was 
made to remove the blood from the organs. 

Rat Typhus : 

B ra1n.- Virulent from the 2nd to the 22nd day after 
inoculat iou but not on the 1st day or on t he 26th day 
or later. 

Blood.- Virulent from the 3rd to the 21st ·day inclusive, 
but not before or after. 

1'un£ca.- Virulent from the 2nd to the 12th day inclusiYe, 
but not before or after. 

' ' lia1·e ' ': 

llrain.- Virule11t from the 5th to the 15th day indusiYe, 
but not before or after. 

BZood.- Clear-cut results were not obtained , but it was 
infective on the 4th, 5th , 8th, lOth, and 13th days after 
infection. 
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The results obtained with the brains of rat-typhus-infected 
guinea-pigs do not differ greatly from those obtained by Nicolle and 
Laigret (1933). vVith a Toulon murine strain, the virus survived 
for 41 but not for 44 days and with a .Mexican strain for 34 but 
not for 44 ..:lays. However, Philip and Parker (1938) were able to 
recover virus from the brains of infected guinea-pigs 120 days, but 
not 150 days, after inoculation of virulent material. 

It is interesting to note that 4 examples of an inapparent 
infection were got in these experiments (rat typhus table 3, tunica, 
2nd day; rat typhus, table 5, blood, 21st day; " Hare ", table 4, 
brain, 15th day; " Hare ", table 4, blood, 4th day) . These results, 
and a few others that will not be discussed, support Nicolle's (1934) 
eontention that an immunity test is essential in work of this kind . 

THE .MINIMAL INFECTIVE DosE OF THE BRAIN OF RAT-TYPI-Ius

lNJ<'J<: cTED GuiNEA-PIGS. 

Technique. 

The brain was thoroughly emulsified in a measured volume of 
saline and the emulsion treated in the following way: -

1. Dilutions made m saline ancl injected intraperitoneally 
into guinea-pigs. 

2. Emulsion spun at 4,000 r.p.m. (Ecco-Superior-H) and 
the supernatant :fluid or dilutions of this :fluid injected intra
peritoneally or intracerebrally into guinea-pigs. 

3. The supernatant :fluid of (2) centrifuged q,t 14,000 r .p.m. 
(Ecco Ultimo) and the supernatant fluid or dilutions of this 
:fluid injected intracerebrally into guinea-pigs. 

Tahle G summarizes the results . 

The resuilts given in Table 6 show that as little as 1 j2000 of a 
brain contained sufficient virus to infect a guinea-pig, whereas the 
virus had been diluted below an infecting close in 1 / 4000 of a brain. 
The supernatant fluid of brain mush, spun at 4,000 and 14,000 
r.p.m., whilst greatly reduced in titre as compared with whole brain , 
was still infective (the equivalent of 1 J 200 of a brain, in terms of 
supernatant :fluid, for the 4,000 r.p.m. material and the equivalent 
of 1/50 of a brain for the 14,000 r.p.m. sample). 

IMMUNITY ExrEmMEJSTS. 

1. In Vitro N eutra l·iza tion. 

Parker and Davis (1933) were able to neutralize the virus of 
Rocky Mountain spotted fever, contained in the serum of infected 
guinea-pigs, with convalescent serum from guinea-pigs and rabbits. 
The virus and serum were mixed, left for half-an-hour at room 
temperature, and injected intraperitoneally into guinea-pigs. By a 
similar technique, Monteiro (1934 1 & 2) was not able to neutralize 
Sao Paulo typhus virus ·with epidemic typhus convalescent serum. 
Zia and Wu (1936) found that the serum o£ a horse hyperimmunized 
against typhus by Dr. Zinsser passively protected guinea-pigs against 
typhus. 
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TABLE 6. 

The M.l.D. of But·ins of Bat-typhus-inf ected Guinearpigs. 

Material Injected. .Route. 

I. Saline emulsion of brain .... , i.p. 

2. Superna tant peepared by spin · i.p. 
ning (l) a t 4,000 r.p.m. for· 
~· hour 

i.e. 

:1. Supernatant prepared by spin· i.r. 
ning (2) a t li,OOO r.p.m. lor· 

1 

} hour· j 

I Fractions of I 
1 Brain Injected. 

1/ 100 (see note) 
l / 1000 
1/ 1600 
l / 2000 
1/ 4000 

1/ 4 (see note) 
1/ 20 
1/ 200 
l / 2000 
I 1100 
1f 150 
l / 300 
l/ 400 
1/ 600 
1/800 
l / 1600 
.l / 2400 

1/ 50 (see note) 

Result . 

+ 
+ 
+ 
+ 
-

+ 
+ 
+ 
-
-

+ 
+ -(a ) 
-
-

-
-

-

+ ----(h) 

(i.p. = intrapeeitoneally; i.e. ~ intracercbrally; + = positive reaction; - = no 
reaction a nd not inu:nune at subsequent test; (a) = 2 experiments with 2 different brains; 
(b) = J experiments with 5 dill erent bra ins. 

Note. - 'l'he fractions given for (1) represent the actu al fraction~ 
of one whole brain injected. For (2) and (~~) the equivalents of 
1 (20, 1 / 50, etc. of a \rh ole brain in terms of supernatant fluid are 
g1ven. 

Tests canieil out by us with infective guin ea-pig brain ail Yirus 
and the sera o£ recover ed g uinea-pigs, rabbits or sheep as antibody 
" ·ere very unsatisfactory . On som e occasions, 5 ·0 c .c . of serum was 
given intraperitoneall.y to guinea-pigs, followed in 24 hours hy a 
small dose of brain. Little if any protection was afforded even 
'vith the use of homologous serum. 'l'he same type of result 11·as got 
when brain mush and serum were mixed ,:n 1:itro and then injected 
intraperitoneally. Further , no definite n eutralizat ion of the vi ru:> 
contained in the supernatant· fluid of a. brain emulsion (spun at 4,000 
r .p.m. for half-an-hour) could be demonstrated when this \\·as mixed 
11·ith serum In uitm and the mixture inj ected intraperitoneally. 

At one time, we though t that egg-membrane cultures woulcl 
prove very satisfactory us sources of virus, bu t l ate1· work did not 
justify t·his view. The membranes were thoroughl.y emulsified in 
0 ·85 per cent. salt solution and the emulsion .~pun at 1,500 r.p .m . 
for 4 minutes to deposit large particles . The supernatant fluid was 
then mixed with serum (ec1ual parts for the ill tracer ebral test, 0·:1 
c .c. injeded ; ] ·0 c.c . Yinis and 1 ·0 c .c. or 5· 0 c.e. serum for t he 
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mtraperitoneal test, the whole injected) nud, after standing for 
half-an-hour at room temperature, the mixt ure was inoculated into 
guinea-pigs. Thirteen such tests were conducted with rat typhus, 
" Hobertson ", and " liare " egg-membrane cultures and the sera 
of recovered guinea-pigs. The results were not consistent; in one 
test, for example, rat typhus serum neutralized rat typhus virus 
and " Hare " serum failed to do so, whilst at the following test 
(using the same hatch of serum and the succeeding generation of 
egg-culture virus) partial protection was produced by both sera. This 
method appeared to have possibilities that are, perhaps, worth 
exploring, but in our hands h ad no advantage over the standard 
technique of directly testing the r esistance of recovered guinea
pigs. 

vV e realize that the sera with whi<·h we worked were probably 
of very low titre and that repeatable results would doubtless be 
obtained with the use of high value sera such as that produced in 
n horse by Zinsser and Castaneda (1903). 

2. Cross-immun·ity Experiments ·in G1tinea-pigs. 

'l'he method of conducting the cross-immunity tests was that 
used by most workers in the typhus field . Guinea-pigs, three to six 
weeks after recovery from one typhus strain, received, intra
peritoneaUy, another strain (brain or egg-membrane) and were then 
observed for a further two or three weeks. We wish to stress the 
importance of using more than one or two animals and the necessity 
for many tests in work of this kind. The result of six tests on two 
animals per test is, in our opinion, of much greater significance 
than the result of one test on twelve animals. A virus, slightly 
" weaker " than usual , may fail to produce sufficiently good reactions 
to justify the separation of two str ains immunologically, but it is 
unlikely that a " weak " virus wiU be used on three to six occasions. 
Further, it is essential that an adequate number of controls be 
in<.lculated at each test and that each react typically. As a rule, 
we tested three or four immunized and bYo or three normal guinea
pigs at one time. vVe have not included the controls in the tables 
because no experiment is recorded unless they r eacted satisfactorily. 
Our interpretation ot the results was as fol'l.(HYS , I£ t he temperature 
anrl scrotal reaction of the guinea-pig under test were the same or 
nearly the same as those of the controls, the animal was taken to 
be non-immune to the test-virus; if a slight rise in temperature (no 
scrotal swelling) took place and the rise was not maintained for 
more than 24 or 36 hours, the result was recorded as doubtful, and 
if no reaction of any kind occurred the guinea-pig was considereo to 
be immune. 

3. C1·oss-·immunity Experiments in Sheep. 

A comparatively small number ot tests was carried out in sheep, 
but, as will be seen from the results given in Table 8, they con
firmed those obtained in the guinea-pig. Virulent guinea-pig brain 
inoculated intravenously was the inoculum both at the time of the 
infection an·d test. A period of from three to six weeks after the 
return of the temperature to normal was allowed to elapse before 
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the immunity test was carried out. The result was judged on the 
temperature reaction only; by the method of test, scrotal swellings 
did not occur and no " doubtful " thermal rises were recorded. 

TABLE 7. 

Summary of Cross-immunity t ests 1n Gu'inea-pigs. 

lMMUN.E '1'0. 

Tested with. Rat Hare. Robertson. Appleton. Fievre 
Typhus. bouton neuse. 

-----
R.. ? NR. R.. ? NR. R. ? NR. R.. ? NR. R. ? NR. 

Rat typhus .. . .... 10 1 0 10 0 0 16 0 2 16 2 2 

I : ~-:: - ------
Hare . ............ 0 0 12 0 0 10 0 0 8 0 0 12 

··- - -- ·-- - ---
Robertson ...... . . 3 0 13 0 l !) 0 0 10 N.D. 1 0 26 

· -
Appleton ......... 6 ;) I~ 0 1 3 N.D. 0 0 !l N.D. 

--
Fievre houtonneuse 1 1 10 0 0 10 3 0 20 N .D. 1 0 22 

R = reaction ; doubtful rea.ction ; NR. = no reaction; N.D. not done. 

TABI.E 8. 

Cross-immunity tests tn Sheep . 

IMMUN E TO. 

Tested with. Hare. Appleton. Rat Typhus. 

R. NR. R. NR. R. NI~. 

Hare.................. . . ... .. . N .D. 0 2 N .D. 

Appleton .... . .. . ......... . . . . . 0 2 N.D. N.D. 

Rat Typhus....... . . . . . . . . . . . . . N.D. N.D. 0 2 

R = reaction ; NR. no reaction ; N.D. = not done. 

The results summarized in tables 7 and 8 permit the Immuno
logical grouping of the diseases in the following manner : -

GToup 1 : Rat Ty7Jhus. 

(a) Immunizes solidly against itself. 
(b) Immunizes to a great extent against " Hare " , " Robert

son ", " Appleton " and fi evre boutonn eu se . 
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Group 2 : '' ll are '' , '' Robertson '', ' ' Appleton '' and fievre 
boutonneuse. 

(a) " Hare " and " Appleton " cross-immunize. 
(b) '.' Hare." , " Robertson " an·d fi evre boutonneuse cross

nnmumze. 
(c) Kone of the four strains immunizes against rat typhus. 

SuMMARY. 

1. 'l'he effect of the rickettsias of rat typhus, tick-bite fever , 
fi evre boutonneuse, and of two other tick-bite-fever-like diseases 
(" Hare " and "Appleton ") on t he guinea-pig, r at, mouse, rabbit, 
dog, sheep, and ox is r ecorded . Rat typhus could be maintained in 
the guinea-pig and rat but not in th e sheep, dog or mouse . " Hare ", 
alone of the other four strains, could be easily passaged in guinea
pigs. Only by the use of cultures from the chorio-allantoic 
membrane of the developing chick could consistently readable 
reactions be got in guinea-pigs with the tick-bite fever and jiev1·e 
boutonneu se strains. 

2. A W eil-Felix reaction was obtained with th e sera of r abbits 
inoculated with rat typhus, " Hare " and tick-bite fever. With 
rat typhus, OX19 was agglutinated by the sera of ten infected 
animals, OX2 by none and OXK by one serum only ; with " Hare " 
one of nine sera agg•lutinated OX2, doubtfully OX19 and not OXK; 
one other serum agglutinated OX19 only . The serum of one of seven 
tick-bite-fever rabbits agglutinated, in a doubtful fashion, OX19 
only. The serum of rats, infected vvith rat typhus, agglutinated 
OX19 only and that of guinea-pigs, infected with rat typhus and 
carrying a banal proteus in their intestin e did not agglutinate any 
on e of the three proteus OX straim. 

3. D etails are given of the duration of infectivity of the brain , 
blood, and tunica vaginalis of guinea-pigs infected with rat typhus 
and " Hare ". The brain of rat-typhus-infected guinea-pigs was 
virulent after 22 days, the blood after 21 days, and the tunica after 
12 days. The brain of " H are " -infected guinea-pigs was virulent 
after 15 days and the blood after 13 days . 

4 . One two-thousandth hut not 1 / 4000 of the brain of a rat
typhus-infected guinea-pig was virulent. Much of the virus could 
be deposited from brain by cen trifugation at 4,000 r.p .m . for half
an-hour, an·d all but a trace was removed at 14,000 r.p .m . for half
an-hour. 

5 . Attempts to neutralize t he various rickettsias in vitro gave 
unsatisfactory r esults. 

6. Cross-immunity experiments in guinea-pigs permitted th e 
grouping of the 5 typhus strains in the following manner:-

(a) Rat-tyzJhus.- Immunized against i tself and to a great 
extent against the oth er four typhus-like diseases. 

(b) " Hare ", tick-bite fever, " Appleton " and fievre 
boutonneuse.-Gave almost complete reciprocal croRs
immunity, but did not immunize against rat-typhus. 
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