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CULTIVATION O F  RICKETTSIAE O F  T H E  ROCKY MOUN- 
TAIN SPOTTED FEVER, TYPHUS AND Q FEVER 

GROUPS IN T H E  EMBRYONIC TISSUES 
O F  DEVELOPING CHICKS1 

By Dr. HERALD R. COX 

THE ROCKY NOUNTlIN LABORATORY, THE NATIONAL INSTITUTE O F  HEALTH, HAIIILTON, XONT. 


deeply conscious of the honor which the Amer- 
ican Bssociation for  the Sdvancement of Science has 
conferred in  selecting me as the recipient of the Theo- 
bald Smith award. 

I take this opportunity to express my appreciation 

1 Contribution from the Rocky Mountain Laboratory 
(Hamilton, Montana) of the Division of Infectious Dis- 
eases of the Institute of Health, Address de- 
livered on September 22, 1941, to the Section on Medical 
Sciences upon receipt of the Theobald Smith Amard of the 
American Associatioil for the Advancement of Science. 

to my former chief, Dr.  Peter K. Olitsky, of the 
Rockefeller Institute, fo r  his continued and neverfail- 
ing interest in lay vork, to Drs. R.  R. Parker, director 
of the Rocky Ilountain Laboratory, and R. E. Dyer, 
chief of the Division of Infectious Diseases, The Na- 
tional Institute of Health, fo r  their sympathetic un- 
derstanding and cooperation in making these studies 
possible, and to my assistants, E. John Bell and Lyn- 
dahl E. Hughes, fo r  their loyal and invaluable aid. 

I n  1938 the author reported: First, a simple tech- 

I 
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nique by TI-liich the rickettsiae of the Rocky 3rountain 
spotted fever and typhus groups can be cultivated 
abundantly in  the yolk sac of the clevelopiizg chick 
embryo; and secondly, that suspensions of yolk sacs 
infected with spotted fever or typhus rickettsiae are 
from 100 to 1,000 tinles more infective than other tis- 
sues of the clcveloping chi& embryo or mnlnmalian 
t i e s ~ e s . ~Latcr i t  IT-as shown that yolk sac cultures 
were highly suitable fo r  the production of consistently 
good immunizing vaccines fo r  Rocky Xountain spotted 
fever, European and endemic typhus and S~ner ican  
"Q" fever.3~ B, 7 I n  the follox-ing pages the present 5 7  

method for  initiating and maintaining passage strains 
i n  eggs x~-ill be described and the 'esults of the use of 
the yolk sac technique for  cultivating rickettsiae and 
preparing rickettsia1 vaccines brought u p  to date. 

~IETHOI) EGGSAND &IAIN'PAIXIS~GOF ISI~CUZA~FING 
STRAIXS 

Briefly, this is as folloms: Fertile eggs incubated 
for  6 to 7 days a t  39' C. are injected in  the yolk with 
infectious niaterial by means of a hypodern~ic syringe 
and a 20-gauge needle, I to 1 4  inches long. The in- 
oculun~, consisting of 0.5 to 1.0 cc of infected, defibri- 
nated guinea pig blood, testicle washings, spleen or 
brain is introduced through a needle-sized opening in 
the air-sac end of tlie egg. After sealing the hole x i t h  
paraffin, the inoculated egg is incubated a t  32' C. in  
the case of spotted ferer, or a t  37O C. fo r  typhus or 
the other rickettaial infections discussed in this paper. 
Upon death of the embryo, vhich usually occurs in  3 
to  5 clays, depending upon the species of ricliet,tsia 
used, transfer to  other fertile eggs is made by means 
of 0.5 cc of a 5 to 10 per cent. suspel~sioli of yolk sac 
in a 50-50 mixture of sterile beef infusion broth and 
saline or by using a like quantity of undiluted yolk 
fluid. Passage strains can be maintained b y  either 
method. Polk fluid is satisfactory for  maintaining 
strains, but when the tissues are  to be used for  vaccine 
production, yolk sac snspension is the preferred in- 
oculum because of its markedly greater infectiveness. 

Rickettsiae of the following diseases have thus f a r  
been cultimted and stndied by means of tlie above- 
described technique : Rocky Mountain spotted fever 
(a  -nresterii Xonlana, Der~nncentor a)zdersoni strain 
and a n  Iowa, Dermace+ztor anriubilis strain),  endemic 
typhus (Wilmington strain),  epide~iiic or European 
typhus (Breinl strain),  boutonneuse £eyer (a BIoroc-

2 Herald 8.Cox, Pub. Health Rep., 83: 2241, 1938. 
3 Ibid., Plib. Health Rcp., 54: 1070, 1939. 
4 Herald R. Cox an6 E. John Bell, Pub.Health Rep., 55: 

110, 1940. 
5 Herald R. Cox, "Cnltit-ation of Rickettsiae in the Em-

bryonic Tissuc,s of Developing Chicks. " Presented before 
tlie Sixth Pacific Scicnce Congress, July 29, 1939. 

can strain),  Brazilian spottecl fever ( S i o  Paulo and 
Ninas Geraes strains), Tobia petechial fever of Co- 
lombia, ?naculntzo?zinfection (from An~blgonzmn wac- 
~ t lu t z in~collected in Texas arid Georgia), Australian 
and American "0" fever, and South African ticzk-bite 
fever. 

This nlethod has also been used hy others f o r  culti- 
vating rickettsia1 agents, viruses, bacteria ancl spiro- 
chetes. 

K h e n  establishing strains in  eggs theve is a period 
of adaptation before optillla1 growth occurs. I n  the 
first few passages the enlbryo does not die f o r  a rela- 
tively long period, and ~naximuin multiplication of 
rickettsiae is usually not achiered before 4 to 6 pas-
sages. Strains once established can apparently be 
maintained indefinitely. -4s a matter of fact, n7e havc 
had to rely upon the egg nletliod for  the uninterrupted 
tiiaintenance of certain ~~ickettsialstrains snch as  
boutonneuse fever, "maculatutri" infection and cori-
crbilis strains of spotted fever. S t  I-Ianlilton these 
can be rllaintaiiied I n  guinea pigs either not a t  all or 
only -\ritll the greatest clifficulty. 

Guinea pigs inoculated with recently established 
yolk sac strains of the various rickettsioses studied 
exhibit the follo~ving differences when conlpared ~ ~ i t h  
aninlals receiving gainea pig passage strains: The in- 
cubation is usually shortened to 24 to 49 hours; the 
ferer is higher and the febrile period more prolonged; 
endemic typhus, European typhus, "maculatnm" in-
fection and D. vnriccbilis spotted fever infections are 
sometimes fatal ;  erythema and swelling of the scrotum 
is frequent in aninials infected with European typhus 
nnd variabilis spottecl fever and is intensified in  those 
ill with boutonneuse fever, endemic typhus, "macula- 
tum7' infection and the highly fatal type of spotted 
ferei* and its South American relatives; scrota1 necro- 
sis and sloughing is often rliore extensive in those in- 
fections in  which it conlnionly occurs and may occa-
sionally be seen in diseases in  which otherwise it  never 
appears; and finally, in  titrations of highly rirulent 
strains of spotted fever even the end-point infeetiye 
dilution caubes fatal infection and death. EIon-ever, 
this quality of increased virulence for  guinea pigs doe3 
not persist -n,ith further guinea pig passage. Instead. 
the usual strain c~haracteristics are  generally regained 
within 3 or 4 transfers. 

After  strains are carried through ;h number of yolk 
SNC passages a rather constant kilIing time f o r  the em- 
bryo is established. Guinea pigs inoculated with con- 
centrated yolk sac suspensions of the later egg pas- 
sages may still show a shortened incubation period, 
yet the severity of the course of infection is noticeably 
lessened. as  a rule, and in cjuantitative tests animals 

6 Herald R. Cox and E. Jolln Bell, Pub. EleaZt7~R P ~ . ,  that receive the Higher dilutions often suffer only in- 
54: 2170, December 8, 1939. 

7Herald R. Cox, i t ~ ~ z .  apparent, irnnzunizing infections. This has been fonnd JOUT. Trop. Xed., 20: 463, 1940. 
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true for  all the rickettsia1 strains studied, but particu- 
larly so f o r  those of American and Australian "Q" 
fever and the Dermacentor variabilis strain of spotted 
fever. 

T h e  features t ha t  make  t he  yolk sac teclbnique of 
pazticzclar value ore i t s  eztrerne simplici ty nnd the 
ense w i th  tohic7~ cultures m a y  be maintnilzed toit72 a 
minimal risk of contamination. During the past year 
we have used approxiinately 30 dozen eggs daily and 
have found contaminants i n  less than 1egg in 2,500. 

Experience has suggested that i t  is best to use only 
organisms of maximum virulence i n  the preparation 
of killed vaccines. Therefore, our pfesent practice is 
to use fo r  this purpose only strains that have been car- 
ried through a limited number of egg passages. 
Rocky Xountain spotted fever and typhus strains em- 
ployed for  vaccine manufacture are  alternated be-
tween a series of 40 to 50 yolk sac passages and sev- 
eral transfers through guinea pigs. Nevertheless, we 
have produced good vaccines against spotted fever and 
European typhus with materials from eggs of the 
246th ancl 90th passages, respectively. 

Vaccines have been prepared by a variety of meth- 
ods, too numerous to mention. Several have given 
good results consistently. W e  will describe only the 
one that has been employed in making the bulk of the 
Rocky &fountain spotted fever and epidemic typhus 
vaccines used for  field trials. While the pooled ern-
bryonio tissues were used (yolk sac, chorio-allantois 
and embryo) fo r  these vaccines, we have ample evi- 
dence that much richer vaccines in proportion to 
residual protein may be prepared from only the yolk 
sac and chorio-allantois or from yolk sac alone. 
Agaim I wish t o  emphasixe that  good vacches  cam mot 
be obtained consistently w i thoz~ t  z~sing the  yolk sac. 

Upon death of the embryos (in spotted fever this 
occurs 2 to 3 days, in  typhus 4 to 5 days, after inocula- 
tion) the pooled embryonic tissues are harvested from 
all eggs of the same transfer. These are  weighed and 
homogenized to a 12& per  cent. suspension in saline 
containing 0.5 per  cent. phenol and 0.3 pep cent. 
f o r n ~ a l i n . ~This suspension is centrifuged a t  5,000 
r.p.m. f o r  50 to 60 minutes and the supernatant fluid, 
which contains the great bulk of lipoids and some 
soluble proteins, is poured off. The sediment is re- 
suspended with aid of the homogenizer in  a volume of 
saline equal to the original weight of the pooled tis- 
sues. Phenol and formalin are  added to give a final 
concentration of 2.0 per cent. and 0.3 per cent., re-
spectively. The resuspended material is placed a t  

8We have found the Waring-Blendor unit (manufac-
tured by the Waring Corporation, New York City) to be 
an invaluable aid for homogenizing large amounts of tis- 
sue in minimum time. A 51" angle centrifuge was used in 
all experiments. 

room temperature fo r  6 to 7 days and shaken vigor- 
ously daily. During this interval the great bulk of 
protein is precipitated by the phenol. The suspension 
is then diluted with 5 volumes of sterile saline and 
stored a t  36'-F. f o r  7 or more days. I t  is finally 
centrifuged a t  2,500 to 3,000 r.p.m. f o r  20 minutes, 
and the resulting supernatant fluid constitutes the 
vaccine. 

The method of preparation described does not give 
as  great a yield as  the one previously reported, but 
does produce a more potent vaccine with less residual 
extraneous protein. I t  is highly practical from the 
standpoint of cost, ease of manipulation and quantity 
production. Approxinlately one liter of vaccine can 
be prepared from 20 eggs. A bacteriologist and two 
assistants, provided with proper facilities, can readily 
prepare from 40 to 50 liters of vaccine per week. A t  
Hamilton we have found i t  feasible to prepare these 
vaccines in lots of 25 to 35 liters each. 

Seven guinea pigs are  used for  testing the potency 
of each lot of spotted fever vaccine. Each animal re- 
ceives two & cc injections of vaccine subcutaneously 5 
to 7 days apart.  Fourteen days later each is tested 
for  immunity by injecting intraperitoneally 1 cc of 
citrated blood taken from infected guinea pigs on the 
third or fourth day of fever. A suitable number of 
control guinea pigs receive the same inoculum. Highly 
virulent strains that kill SO per cent. or more of the 
control animals are  always used, and repeated tests 
have shown that 1cc of such infected blood contains 
from 100 to 1,000 infectious doses fo r  guinea pigs. 
Temperatures are taken daily fo r  1 0  days, and animals 
that show temperatures of 39.8' C. or higher fo r  2 or 
more consecutive days are considered as  having spotted 
fever unless it  is quite obvious that some intercurrent 
infection is present. Five of the 7 test guinea pigs 
must show complete protection before the lot of vac-
cine is considered usable. 

Typhus vaccine is tested in  much the same manner. 
Twelve guinea pigs are used f o r  the potency test, and 
each receives two 1cc injections of vackne. The test 
dose for  immunity consists of 1co of a lightly centri- 
fuged (1,500 r.p.m. fo r  10 minutes in  a n  International 
Siee 2, horizontal head centrifuge) 5 per  cent. suspen- 
sion of infected brain tissue taken from guinea pigs 
on the fourth or fifth day of fever. Repeated tests 
have shown that this inoculum contains 100 to 1,000 
infectious doses. Temperatures a re  taken for  18  days, 
and 9 of the 1 2  vaccinated guinea pigs must show com- 
plete protection before the vaccine lot is issued. 

Quantitative tests carried out recently with vaccines 
prepared as described above revealed that guinea pigs 
can be completely protected against the standard test 
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dose of spotted fever blood virus by giving them as 
little as  1/16 cc of vaccine on t v o  occasions. I n  other 
experiments it \?as found that the standard dose of 
vaccine used in the spotted Sever and typhus tests pro- 
tected guinea pigs in each instance against 100,000 to 
1,000,000 infectious units of yolk sac virus. These re- 
sults certainly indicate a high degree of protection. 
Ho-~vever,as previously stated, still more potent vac-
cines can readily be prepared by simply increasing the 
relative concentration of yolk sac tissue in  the final 
product. 

I \vish to emphasize that we early recognized the> 
serious problems involving sensitization that might 
arise through the use of such a vaccine. Animal ex- 
periments along these lines can he sun l~na~izedby 
stating that guinea pigs injected \rith amounts of vac- 
cine varying from 0.1 to 1.0 cc proved to be entirely 
unaffected by a shocking dose of 1 cc of the same 
material given intracarclially 20 to 40 d a j s  later. 
Thece results suggest that any serious sensitization 
problein is unlikely. 

Data collectecl in vaccinating Ihc persollnel of the 
Rocky Nountain Laboratory and the results of rather 
extensire field trials carried out this past year appear 
to support this premise. The laboratory group re-
ceiving chick vaccine consisted of 170 persons, includ- 
ing families of the workers. The number of vaccina- 
tions and amounts g i ~ e n  ranged from a single injec- 
tion of 4 cc to 1 4  doses of 1 cc each. I n  these tests 
monoralent spotted fever and tgphns vaccines, as  well 
as  a bivalent raccine (spotted fever and epideniic 
typhus) and a trivalent vaccine (spotted f e ~ e r ,  epi- 
demic typhus and Anlerican "Q" ferer)  mere usecl. 
None of the vaccinated individnals reported nny re- 
action other than a slight local tenderness a t  the site 
of inoculation, which always disappeared within a clay 
or SO. 

I n  addition, more than 226 liters of typhus vaccine, 
enough for  approsilllately 75,000 people, ancl more 
than 200 liters of spotted f e ~ e r  vaccine, enongh for  
approxinlatelg 50,000 people, were used in field trials 
this past gear. 

The typhus vaccine mas sent to  IIungarp, Rnnlania, 
Spain and China; the greatest aillounts to the last tn-o 
countries. Vnfortunately, because of the upset con-
ditions due to the war, the resnlts of these trials have 
either been inconclusive or have failed to reach us. 
-2t the present time a n  attempt is being made to obtain 
.a thorough test of the typhus vaccine in  Bolivia. Drs. 
R. E. Dyer and N. H. Topping, of the National Insti- 
tute of Health, are  now in Bolivia fo r  this purpose. 

Physicians to ~ v h o ~ n  the spotted fever vaccine was 
sent mere re~ues ted  to make careful observations of 

all people vaccinated and to immediately notify us  of 
any consequential reaction or the occurrence of a 
spotted fever infection. No serions reaction has been 
reported. I n  fact, the evidence suggests that this vac- 
cine is more readily tolerated than the tick type, and 
that it  can be used for  patients who have had to dis- 
continue taking the latter. One report to the contrary 
mas received. Noteworthy is the fact that there were 
no reactions in a number of persons known to be 
allergic to egg protein. 

One case of spotted ferer  mas reported in a vacci- 
nated individual. The attending physician informed 
us that the patient, a man 33 years old, showed n 
typicill rash. However, he was only rnildly ill for  less 
than 2 weeks; was not hospitalized, and continued to 
work some each day. 

I t  is too early to attempt to draxv any conclusions 
concerning the iini~lunizing value of these vaccines in 
nian, but the resnlts to date are encouraging. 

T\'e hare usecl essentially the same method to pre- 
pare vaccines against endemic typhus, American &'Q" 
f e ~ e r ,  houtonneu.;e fel-er and Tohia fever. This last- 
nnlized diseaqe apparently is a highly virulent Corm of 
spotted fever that occurs in  limited areas in Colombia, 
South America. Spotted fever vaccine prepayed from 
highly ~ i r u l e n t  western Montana strains confers com- 
plete protection against Tobia fever, and Tobia fever 
vaccine sii~iilarly confers complete protection against 
western Jiontana strains. W e  recently sent Tobia 
f e ~ e rvaccine to Dr. Lnis Patiiio-Canlargo, director of 
the Federico Lleras Institute, BogotL, Colombia, ~ v h o  
reported that it  afforded coillplete protection to guinea 
pigs against his strains of Tobia fever. TCe are now 
supplying Dr.  Patiiio with sufficient quantities of vac- 
cine to take care of the needs in  the sereral endemic 
foci. 

The. abnndant growth of the rarious strains of 
rickettsiae in  the yolk sac has made it possible to pre- 
pare, by fractional centrifugation methods, practically 
pure suspensions of rickettsiae snitable fo r  agglutina- 
tion tests. Forinalinized suspensions of Americnn and 
Australian "Q" fever and Enropean typhus rickettsiae 
have been prepared and are quite stable in storage 
and qnite agglutinable by specific antisera. F o r  over 
a year we hare routinely r u n  agglutination tests fo r  
Al~lerican"Q" fever on all sera sent in  fo r  JJTeil-Felix, 
B. tzilnre~zscor B. abortlts tests. 

Xore recently we have prepared partially purified 
snspensions of Rocky JIountain spotted fever rick- 
ettsiae, and studies are  now i n  progress to determine if 
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these, as well as  similar suspensions of European and 
endemic typhus and American "Q" fever rickettsiae, 
can be used for  diagnostic skin tests. 

The method of thus preparing practically pure sus- 
pensions of rickettsiae by relatively simple procedures 
opens u p  many additional possibilities of stndy along 
in~munological, serological and chemical lines. 

OBSERTTATIONS TO Derrilctcew,fov variabilis RELATIVE A 

STRAINOF ROCKY MOUNTAIN SPOTTEDFEVER 
JIODIBIED YOLKSSC P-~SSAGEDURIXG 

I n  conclusion I moulcl like to report observations 
relative to a Del rnnccntor vaiinbi7is strain of spotted 
fever that has been maintained in eggs for  240 serial 
transfers since April, 1938. This strain was originally 
isolated in guinea pigs by inoculating them mith a sus- 
pension of tissnes from Devmncenfor vnrinbilis ticks 
collected in Iowa. Several transfers with spleen tissue 
were successfully made in guinea pigs, hut the infec- 
tion \i7as Tery mild and a number of aiiimals sho~ved 
only inapparent infections or failed to react. The 
strain in guinea pigs mas finally lost, but fortunately 
had already been established in eggs. Tests carried 
out mith yolk sac suspensions of the eleventh and fif- 
teenth egg passages revealed that a marked change, 
characterized by n~ucll greater virulence for  guinea 
pigs, had talien place. Thirty-six guinea pigs were 
inoculated intraperitoneallg with 1 cc each of a 10 
per cent. yolk sac suspension. A11 had high fevers, 
prolonged temperature curves, erythema ancl swelling 
of the scrotum. Of 19 that showed scrota1 necrosis 
and sloughing, 10 died. Titration tests of this same 
suspension resulted in  frank infections, typical of 
spotted fever in dilutions up  to and including one to a 
million. No inapparent immunizing infections oc-
curred in those animals inoculated with higher dilu- 
tions. This enhanced virulence Tvas maintained 
through about 50 passages. Tests macle a t  random be- 
tween the fiftieth and one hundred and t~venty-fifth 

egg passages revealed tlle yolk sac suspensions were 
becoming markedly less virulent and that a great num- 
ber of inapparent, immunizing infections mere being 
induced in inoculated guinea pigs. For  tlle subsequent 
100 and more passages this strain has regularly killed 
chick elnbryos on the third day after inoculation ancl 
stained yolk sac preparations hare shown just as many 
rickettsiae as any of our highly virulent strains, yet 
guinea pigs inoc~~lated intraperitoneally with as niuch 
as 1 cc of a 10 per cent. yolk sac suspension have 
either failed to sholir any febrile reaction or at  most 
exhibit a slight temperature rise lasting not more than 
1 or 2 days. Animals injected subcutaneously with 
similar suspensions seldom show any reaction. I n  
fact, we have titrated yolk sac suspensions of this 
avirulent, varinbilis strain on numerous occasions and 
found that inapparent, immunizing infections re-
sulted in guinea pigs receiving dilutions as high as 1 
to 100,000. However, the ivzportnnt finding is that 
these animals, even ~ r h e n  completely afebrile, are later 
solidly immune to massive closes of highly virulent 
strains. Furthennore, identical results have been ob- 
tained in rllesus monkeys. Attempts to reestablish 
this strain in guinea pig passage by transfers of blood, 
testicnlar washings and spleen suspensions have thus 
f a r  failed. 

Long-term tests are now under way to determine if 
the degree of protection afforded by this avirulent 
strain is as solid and lasting as that produced by 
killed ~accines.  Theoretically, me beliere it should be 
even more so. I f  this proves true, rve may eventually 
be able to in~n~unize Inan mith modified, living strains 
of spotted fever virus in much the same may as we 
now inlmunize against yellow fever. We already have 
evidence that European typhus, endemic typhus and 
American and Australian (*Q"fever as well as certain 
other rickettsia1 strains may silnilarly be modified in 
rirulence for  mammalian hosts by prolonged main-
tenance in eggs. 

RAFINESQUE'S INTERESTS-A CENTURY LATER: 

MEDICINAL PLANTS' 


By Dr. H. B.HAAG 

DEPARTRIENT OF PRBRIiIBCOLOGP,XEDICBL COLLEGE O F  VIRGINIA, RICHMOND 


TO have been selected to participate in this Cen- 
tennial Memorial to Constantine Rafinesque brings 
to me feelings of profound liumility, on the one hantl, 
those of great satisfaction on the other; humility 
because the mental stature and achieve~uents of 
Rafinesque so dwarf those of ordinary men as to make 

I P a r t  of a symposium during the Rafinesque Centen- 
nial hIen~orial, Transylvania College, Wednesday, October 
30, 1940, Lexington, Ky. 

him almost legendary; satisfaction because of the 
honor so deeply felt in being allowed to become affili- 
ated with this magnificent occasion and because, sec- 
ondly, it  gives me an opportunity of expressing 
thoughts concerning plant drugs which I have enter- 

. tained for  some time silently. I was indeed happy 
when Dr. Brown assigned me the subject dealing with 
solne of the problelns the field of llledicinal 
plants. 


