UNCLASSIFIED

AD NUMBER

AD836715

NEW LIMITATION CHANGE

TO

Approved for public release, distribution
unlimited

FROM

Distribution authorized to U.S. Gov't.
agencies and their contractors;
Administrative/Operational Use; Oct 1963.
Other requests shall be referred to
Department of the Army, Fort Detrick, MD.

AUTHORITY

SMUFD D/A 1ltr, 8 Feb 1972

THIS PAGE IS UNCLASSIFIED




TRANSIATION NO, .(./'JAJ'

A

AD836715

DDC AVAILABILITY NOTICE

Reproduction of this publication in whole or in part
is prohibited, However, DDC {s authorized to
reproduce tha publication for United States
Government purposes.

F1E
UNCLASS] or t
MENT H 1al OXP
STATE;; sV 3 ct to s\petco ign ale
nis documen pransmitt® o may be ©
T ntrols an orel g \0%: of A"B“w.:\ch/
co v
oye i th priof MR rochnicel oﬁ\,\e e
on \1
ek,
2§;t z:eder‘c ’ Mary!e

DEPARTMENT OF THE ARMY
Fort Detrick
Frederick, Maryland

)
)

-

o



THIS DOCUMENT IS

BEST :

-COPY

 QUALITY AVAILABLE. TE
FURNISHED TO DTIC CONTAINEL

‘A SIGNIFICANT NUME

ER OF

PAGES 'WICH DO
KEPRODUCE LEGIBLY.

NOT

~ REPRODUCED FROM
BESTAVAILABLE COPY




TYPHUS FEVER STUDIES
T. TOXIN IN RICKETTSIA~EOQ CULTURES (RICKETTSIA MOOSERI)

ollowing ia a translation of an artiole Ly E. (ildermo-
ster and E. Haagen of the Robert Koch Institute, Berlin,
whioch appeared in the German-language periodiocal Deutache
Medisiniache Wochensohrift (Geruan Medical Weekly), Vol

56, 1540, page B78-B80,

In the [ight againat typhva fever, elimination of lice ia and
will ocontinue to be the most important factor. Only where the populace
are infeated with lice can typhua fever occur either endemically or
epldamionlly. A8 a result, srradication of the louse is equal to su-
presaion of typhus fever., If typhus fever is introduced in a people
who are Irees of lice, the sicknesa generally is limited to a few cases
only if defensive moasures are taken promptly.

Even immunigsation againat typhus fever, which has made great
advinces during the past two years, cannot substitute for elimination
of the louse in the fight againat thia disease. Firat of ail, immuni-
gntion dooa not provide absolute protection and secondly the production
of vaccine for milliona of people is ot yet poasible. We must there-
fore limit immunizationa to those peraons who arm especially endangered
by virtue of their activity; these are doctors, medical assistant per-
gonnal, police personnel, etoc,

When we weres faced with the necessity of producing typhus fever
vacceing, it was olear to us that the method of Wedgl — from the intes-
tine of infected lice =~ could not come into the question because of
its complicated nature. The Weigl wvaccine is the best available at
this time, but numerous people vho are immune to typhus fever are re—
quired for feeding of the infected lice, and they are not availadble in
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Borline We therefore docidod upen a procesa which has been practiced
in Gormany for a long time by Otto and Wohlradb and has boen tested un=
dexr praotical oonditionsa., The causative agent of the classio typhus
fever, tho riokettsia prownseki, is not used in this method, but rather
that of murine typhus fever, tho riockettais mooseri. Due to the close
relationship of the two types of rickettaia, one can perhans oxpeot a

vacoine made with rickettsia mooseri to be effective againgst the clasaio
typhus feover., .

Such vacoinea can be obtained in three dif'ferent wayw:

2+ TFrom riokettsia which have multiplied in the peritonesunm
of mice,

2, From rickettsia which have bsen bred in vell cultures
acoording to the method of Nigg and Landatsainer, and

3. IFrom rickettsia obtained from incubated chicken egrs
vis the Dottersack method of Cox /Pottersack = vitel-

line membrane, the membrane surrounding the yolk of the
.

Otto and Wohlrab have used the later method, for the moat part,
for some time, It is relatively easy to carry out and generally ylelds
an ample sesult. We therefore declded to use this process ourselves.
Privy Counselor /Geheimrat/ Otto and Dr. Wohlrab donated a strain of

riokettsia mooseri which had been held in mioce to our efforts, for which
we are grateful.

The continuous broeding of rickettsia mooseri in white mice is
very easy. The brain of typiocally ill mice is well ground in a mortar
and mixed with 10 cc Ringer's solution. 0.25-0.5 cc of this brain sus~
pension are injected into new animals intraperitoneal. The infected an-
imals usually become aick on the 4th or 5th day and die about the 6th or

7th day. Rickettsia can then be found in more or less large amounus in
pexritoneal amear slides.

The brain of mice thus infected and made sick i1s then used to
breed rickettsis in eggs which have been incubated for 7 days. Oe2 cC
of the above described brain suspension is injected into the blunt pole
of tho egg by means of a syringes The shell of the egg is first steril-
igsed with iodine and a hole is made with a sterile needle. The hollow
needle of the syringe is then inserted horizontally through this hole
as far as possible and the contents c¢f the syringe injected.

The eggs infected in this way are then incubated 6 more days and
then opened by cutting off the biunt pole with a shears. The mmbryo is
thereupon removed and the remainder of the contents of the egg is poured
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into a sterile double dish. The vitelline membrane is then separated
from the yolk by twisting around two sterile needles and placed into a
sterile dishe Smear slides are then made from the vivelline membrane
for examination for rickettsia and aerobic and anaerobic sterilization
measuros taken, that is to say, it is checked for the presence of bac~
teria. Only those vitelline membranes which contain rickettsia and are
free of bacterisa are processed further,

The production of vaccine takes place in the following manner:
Each vitelline membrane is put into a sterile glass bottle with glass
balls, 25 cc Ringer's sclution added; shake the bottle for one hour on
the vibrator machine. After material for further egg passage is removed,
there follows an addition of 0,5% Formol. After this, shake for 2~3 days
with the vibrator, then filter through gauze in order to take out the
regmnants of the vitelline membrane, thicken to one half volume in the
exsicator with suction pump and then fill to make the original volume
with Ringer's solution. The vaccine is now filled into tubes and placed
in water bath at 60°C for one hour on two successive days. This completes
the pgoduction of the vaccine. It ie best stored under refrigeration at
+ 2—4 Ce

In the course of this work we made observations which seem to us
to be of basic importance and which will be reported belows (Notes In
our work with typhus fever we were helped by our technical assistants,
Miss Irmgard Ahlfelt and Miss Brigitte Crodel.)

As a means of determining whether the rickettsia-egg cultures
which we had started reizined their pathogenity for the white mice, a
vitelline membrane which had been shown to have rickettsia in the micro-
scopic examination of a smear slide was shaken with Ringer's solution
and amounts of 0.5 and 1 cc were injected into white mice i.p. (intra-
peritoneal). To our surprise, all of the animals diocd within 4-20 hours,
scme of them with cramps. Since the vitelline membranes were definitely
determined to be free of bacteria, a bacterial effect could be discount~
ed, Now one possibility was that the vite.line membrane of incubated
chicken eggs was poisonousg for mice. To clarify this point, chicken
eggs which were incubated for 7 days were injected with 0.2 cc Ringer's
solution instead of with rickettsia and incubated for six days more. ,
The vitelline membrane was removed in the usual way and shaken for one
hour with 25 cc Ringer's solution, then injected i.p. in amounts of O«5~
1.0 cc into white mice, but it showed itself to be completely free of
poison; the animals remained alive and showed no signs of gickness,

Further axperimentation siowcd that every rickettsia—positive
vitelline membranes suaspension from an incubated chicken egg killed mice
which had i.pe injections within 24, or at most 48, hours. Since it
was injected i.p. in amounts of up to .25 co or less, less often .1 co,
the poison contained in these vitelline membranes cannot be considered
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to be highly effective Ll—\lotex meaning unclear in original/. The suspen-
sion kills only in exceptional cases when injected sub-cutansously. The
intracerebral method is likewise not dependable.

Guinea pigs glven i.p. injections of 1 c¢c of the rickettsia-
vitelline membrane suspension show no ill effects,.

Vitelline membrane suspensions from eggs which have been infect=
ed with rickettsia and incubated, but which show no rickettsia under mi-
croscopic examination — 4in which, therefore, the infection did not take
-~ al80 do not contain poison.

- As regards the time when the poison develcped in infected eggs,
our experiments showed that after two days following the infection the
vitelline membrane of the incubated eggs did not contain the poison, but
from the 4th day on they regularly did contain poison. Rickettsia were
also not to be found after two days, but after four days they were al-
ways found in amounts equal to those found after six days.

It is emphasized once more that there is no possibility that
the poison came from any type ol bacteria which happened to be in the
eggs, since only those vitelline membranes which were free of bacteria
ware used in the tests for poison. Furthermore, the mice killed by the
poison were free of bacteria in their heart blood.

At this point, it was necessary to determine other characteris~
tics of this rickettsia poison. The experiments made in this connection
showed that it is exceptionally labile. The effeztiveness of the poison
was destroyed by nothing more than keeping the ricksttsia-vitelline mem-
brane suspension under refrigeration of + 2°C for seven days. The poi-
son is also rapidly made ineffective through addition of Formol or by
heating to 60°C. Thus the pcssibility of working with a poison which
contains no rickettsia is eliminated.

In order to clearly establish the specifity of the rickettsia
which we had demonstrated, neuuralization tests were conducted with
serums of varying extraction. Serums from persons who had been immun-
ized with Otto~Wohlrab vaccine and others immunized with Weiglt vaccine
were tried. In addition, serum from one of our colleagues who had be-
coma infected dur her work with egg cultures and suffered a mild ill-
ness was available (Weil-Fslix after immunization with Otto-Wohlxab
vaccine 1:50 +, after the illness 1:11600). Further, there were three
serums from persons who had recently survived the classic typhus fever
(rickettsia prowazekii), for which we have Dr. Kunert from the Hyglenic
Institute in litzmannstadt to thank, Serums from co~workers who had not
been immunized served as control serums, also normal rabbit serums. For
goneral interest we also used serum from retroplacental blood in the
form of Homoseran (Anhal Serum Institute), which has shown a'richness
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in protective material of various types (measels and poliomyelitis, for
instance).

The tests were designed as followsi

Te 1 cc of the rickettsia~vitelline membrane~Ringer's solution,
equal or lesser amounts of the serum were added. If a lesser amount of
serum was used, Ringer's solution was added in order to bring the volume
up to 2 cce The mixture was left at room temperature for 4-5 hours,
then refrigerated until the next day at + 2°C. Then 1 cc of the mixture,
which contained 0.5 cc of the rickettsla-vitelline membrane-Ringer's so-
iution, was injected i.p. into each of two mice.

The questions which these tests were intended to answer were the
following: 1. does immunity serum neutralize the rickettsia poison? 2. can
the rickettsia also be rendered harmless by the serum? The answers to these
two questions are given in the following two tables.

TABLE 1 -
Amount of
ri%kfttsia- Number whichistill
e 5 Nunber died Living
Type and hmount | Ringerts|mombrane= within] after
Ringer's | of mice
origin of of solution| golution 24~48 | later] 10
serum serum in cc hours days
Miss C, follow- _
ing laboratory 0.5 -_— 0.5 3 -_— 1l 2
infection with 0.2 0.3 0.5 3. - 3 —
rickettsia Moosers.
Miss A, immunized 0.5 — 005 3 1 2 -
with Otto~Wohlrab| 0.2 003 005 3 2 1 e
vaccine
Miss H, immunized| 0.5 —— 0.5 3 2 — 1
with Weigl vaccinel 0.2 0.3 0e5 3 1 2 —
Serum from retro=| 0.5 — 0.5 3 2 1 —
placental blood 0.2 0.3 0.5 3 3 — —
(Homoseran)
Normal human 0.5 — 0.5 3 2 1 —
serum 1 0.2 0.3 0.5 3 3 — —
Normal human 0s5 — 0.5 3 2 1 —
serum 2 0,2 0.3 0.5 3 3 | e —
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TABLE 2
Amount of
St pla Amount |Ringer's |rickettsia~ Munber which
serum of lsolution| vitelline |Mumber dieq  [SHLL
serun membrane= |0f MO | within Living
Ringer's ) after
24"48 later 10
solution hours
in ce days
Miss C, following .
laboratory infec— 0e5 — 0.5 2 e -~ 2
tion with ricbtf' 0.25 0025 005 2 — —— 2
tsia mooserl
'I‘ypuﬂ fever . 005 e 005 2 — —— 2
serum Sl. 0425 0.25 0.5 2 —_— — 2
Typhus fever Oe5 ——— 05 2 — - 2
serum Sk 0.25 0625 05 2 — — 2
G, immunized with
Qtto-Wohlrab 0.5 romes 0.5 2 —-— 2 |
vaccine 0.25 Ce25 0e5 2 — 2 |
Serum from retro~ '
pacental blood 0.5 o 065 - 2 — — 2
(Homoseran) Ce25 0.25 0.5 2 — — 2
Yormal rabbit 0e5 — 0e5 2 2 | = |
serum 1 0.25 0e25 Oe5 2 1 1 e
Normal rabbit 0.5 o 0e5 2 2 —— | —an
serum 2 0025 0025 005 2 2 L L
Normal human 0.5 - 0.5 2 1 1l e
gerum 3 0.25 0.25 005 2 1 1 oo
Typhus fever 0.5 — 0.5 2 1 |- |2
serum R 0,25 0el5 0e5 2 e 1 1
———— 005 005 2 2 —— ———
Control —_— 0.5 0e5 2 2 — |

From these tables we see the followings
Botl the typhus fever serum from

1, ERffect upon the poisons

Miss C. (infection with rickettsis mooseri) and the typhus fever serum
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(rickettsia prowazekii) Sl. and Sk. ncutralized, when in large enough
doses, the rickettsia poison very definitery, the typhus fever serum R
with only one exception. The scrum of the immunized persons makes the
poison ineffective for the wide majority of the animals, while normal
human serum and normal rabbit serum have the opposite effect for the
most part. The serum obtained from retroplacental blood showed itself
to be particularly effective; the poison was made ineffective in almost

all cases.

2., Effect upon the rickettsia: Here, tvo, the typhus fever
seruns proved to be effective. In a dose of 0.5 cc they most often pre-
vented the take of the infection., The serum of immunized humans was not
able to do this except in one case. Likewise, the few mice which wexre
not protected from the poison effect did not die. Especially noteworthy
is the fact that Homoseran protected the mice against typhus fever in
the same way =~ with sufficiently-large dosage — as did the typhus fe-
ver serumse

We do not want to fail to mention the fact that, for passage
breeding of rickettsia in incubated eggs, the vitelline membranes with
the greatest concentration of rickettsia are not best suited, for the
chicken embryos injected with such material almost all die prematurely;
therefore the continuation of the experiment succeeds best when the
medium rickettsia content membranes are usede This fact which we dis-
covered shortly after the start of cur tests found its explanation with
the demonstration of rickettsia poison. It was shown that the poisonous
effect was greater when the vitelline membrane was rich with rickettsia.
It can then be assumed that the chicken embryo can withstand a certain
dosage of rickettsia poison, but as soon as this is exceeded, the embryo
diese.

Our experiments clearly proved the existence of a rickettsia
poison. Here it is not to be further explained as to what type of poi-
son it is, whether it is an exotoxin or an endotoxin, Based upon our
determinations, we are of the opinion that it may well be an endotoxin,
Further tests are necessary to decide this question. In any event, it
can now be stated that the main symptoms of a clinical case of typhus
fever ~~ the exanthema of the skin and the disturbance of the circula-
tory organs and the central nervous system -~ are based upon the effect
of poison formed by the rickettsia.

Our studies are of cowrse not yet finished, but rather they will
be extended, especlally in an effort to determine whether that while we
learned about rickettsia mooseri also applies to rickettsia prowazeldi.
This appears to be very likely to us. Another area to be checked is
whether ricketisia poison can be found in tissue cultures in the same
way a8 in egg cultures. Such tests have already been started.

In that the poison of the rickettsia mooseri, as was shown, is
-7 -




very viable, any attempt to kill the rickettsia also makes the poison in-
effective, For this reason, it is not now possible to innoculate animals
with pure poison without the presence of live rickettsia. Nevertheless,
such immunizations should be conducted — with poison and living ricketts-
ia = in order to determine any difference between such immunity serums
and those produced from killed rickettsia.

Sumarys
! 1., Gonfirming the statements of Cox and of Otto and Wohlrab,
it was found that rickettsia .mcoseri, the causative agent of murine

fyrhus fever, could be bred without difficulty in incubated chicken
eggds -

" 2. A poison was demonstrated to be in the rickettsia-containing
vitelline membranes of such egg cultures, wnich, aeeording-te the above
authors,-are used in the production of typhus fever vaccines. This poi=-
son kills mice with 24, or at most 48 hours following intraperitcneal
injection, This is the first demonstration of a toxin in ricketisia
cultures.

!
34 The facility with which the ricketisia toxin in the vitelline
membranes: can be demonstrated increases in direct proportion to the in-
crease in the amount of rickettsia precent.

’ l.; Thie toxin is very easily destroyed; it becomes ineffective
through the addition of Formalin or by heating to 60°C, or after being
stored for seven days. The resistance of the toxin, therefore, is no
greater than that of the rickettsia.

5, Typhus fever serums of the murine as well as of the classic
typhus fever neutralize the poison. This can also sometimes be done
with serums from persons who have been immunized with vaccines made from
rickettsia mooseri or rickettsia prowazekii. Serum from normal humans
or rabbits does not neutralize the poison. It is noteworthy that serum
obtained from retroplacental blood (Homoseran) promptly neutralizes the
poison.

6o Typhus fever serums and Homoseran almost always protect mine
from sickpess following infection with rickettsia mooseri, Serums from
immunised persons does this only rarely.

7. The demonstrated rickettsia toxin is apparently an endotoxin.

8. The characteristic symptoms of a clinical case of typhus
fever — exanthema, disturlance of the circulatory organs and the central
nervous system ~— may be due to & toxin effect.
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