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O . 0 . b . . : ‘
fhe protective eficci ui various typhus fever vaccinés in mun and the

course of the disease following immunization.

by wr. srwin Ding

Zeitschrift f. Lyesicac u. Infektionskr. 124: 670-682 (1943).

-

vuring the course of the three wi.tors of"é.9l;0—l9b,3 , extensive observa-
tions were m.de of typhus fever among groups of nale persons. Physicians,
nurses, soldiers and civiliins were among the patients. The comidtment of
immnized personnel occurred with their consent in areas and activities in
which the contact with typhus fever and the infecting lice wus particularly
close, and with a high degree of probability conducive to the diseuse.

In the treatuent of the material, the patients were grouped into non-
imnized und immunized persons, according to the various vacceines. Cnly
those p.rsons were chosen, whose date of infection could be clearly established.
The size of the groups wus almost identical, permitting a comparison with each
otier. Those cases that had appeared among non-vaccinated persons in the same
locality, at the same time and under identical external conditions, were de-
signated as "normal typhus fever" (control groups I and II). It is significant
that the clinical course of the two groups, separated by time and space, in
part revealed extensive differences, a phenomenon which had been pointed out
oy rirugowsky (1) and others with considerable emphasis. L

-

The average age of all observed persons is shown in table 1.

The observed persons, with an average age of 33.2 years for group I and
31.2 years for group 1I, were committed 6-8 weeiks after the last immuhizatio
Prior conmtact with typhus exanthemicus was out of the question.' They were
well nourished and rested, and free of intercurrent diseises. O

Type and tolerance of the utilized vaccines.

Jithin the two groups of typhus fever patients mentioned above, we .used
o nuwiber of different vaccines for the purpose of active human immunization,
oroduced from xilled strains of dickettsia prowazeld and R. mooseri. A
dcbailed presentation of the production methods may be omitted in view of the

published literature.

Vaccine IA was produced from the intestines of lice with strains of R
provazeld, according to Weigl's method, as modified by Byer (2). It was used
in concentrations of 17, 33 and 50 intestines per 1 ccm.

Vaccine IB, produced by Gildemeister and Haagen (3) of the iobery .oua
Institute, Derlin, based on the method of Cox und Otto-iohlrub. In tais
viccine, pure strains of R. prowazeki from iastern lurope were utilizeu,
whereby one yolk sac yielded 25 cem vaccine per chicken egg.



Vaccine ", " uted by jehrd Wb
on the o ‘IC weak, pro‘c‘ut:ed‘ by the ..xchn.fxg, works Larburg (Labn), based
n mevhod of Otto aud .Johlrav (4). In cuitures on cibryon.tea ¢ ¢ voliu
Car W

§u.cs,_ strains of . mouseri uand prowized were mixed. Une cig was cxpanded
into 450 cem vaccine. This vaccine is no longer being produced. )

Vaceine IC “"strong" was produced in the same manner as IC weak,™ at
expanded to only 250 ccm. This vaccine therefore has alrost twice us aany
3 Al 2 . - Ly > .
rickettsia us IC "weuk." (io longer being manufuctured).

Vaceine IIA was ceveloped and produced by Giroud (5) in the Fustewr In-
stitute, Paris, from rubbit lungs with straius of . prowazeki from zastern
Europe and orta .frica (¥*). .pproximately 1 liter typhus ferer vaccine was
obtdned from onec ravvit lung weighing 35-50 g.

Vaceine IIB was produced in .lownania according to data furnished by
Combicscv, Zotta, inilescu, Pop and Tascau (6). Canine lungs were used as
rickettsial cvrriers in this vaccine. : -

(*) Footnote: Personal communication from Prof. Giroud (strain "iunis-.atza
and .;arsaw 13").

Tolerance of the vaccines.

The tolerance of the vaccines was generally favorable and did not excced
the level heretofore krown about immunization with typhus vaccines. The
strongzest relative manifestations were cuused by the vaccine aftcer Weigl
(Fig. 1).

vanifestations, especially after the second injection, included local
erythema, tumescence and slignt infiltrations, occasionally increased teumpera-
tures up to 37.6°C. These signs disappeared after about &-10 hours, excent
for the infiltrations which remained palpable for several days. Tihe best.
tolerance was observed in connection with pulmonary vaccines; which left about
3/L of the immunized persons without symptoms. The remainder again revealed
local erythema, light swellings and low-zrade clevations in temperature.
Vaccines IB, IC "weak" and IC "strong" left about & without change in the
general condition and without local symptoms. The remaining 50%, in addition
to redness, swellings and slight elevations in temperature to 37.6°C, in
isolated cases had headache, vomiting and inflammation of the conjunctiva, as
well as light diarrhea. The ability to work was not hindered in any cuse.

In all observed cases, one complete protective iimunization had been carr-
ied out at three different times. Persons who had received repeated inocula-
tions were not admitted to comparison.

Clinical course of typhus fever among non-
immunized and protected personnel.

The clinical picture of typhus fever among immunized .nd non=ini.unized
persons was very carefully observed in connection with the two diseasea groups.
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{;;e_.l.izcu‘o_;m O t‘;im of tyvaus tever is sct at 1114 dayrs by Juer-ons (7). i
scaltéennieln (8), in conneetion with 5is own illness, culeul.ced « aoriod of
13 days for the eruption of the uisease. ' : )

o wceording to ol:xr ovin 9})5u;'vati?n.s, considerably shorbter neriows of iucu-
:)(;Llon ng:e 1lso noted by the ?mct}smnz p}wsicians. In the w.ie of a lavora-
wory accldent, 3 persoas fell ill with typnus cuused by strain ".atelskal (%)

(.. prowazeki from the obert wsoch Instilute Jerlin), xnowm for its extremely

nign virulence in guinea pig exoeriments. .1l three hid not been imaawiized

4id were nost certainly free of lice. The fourth verson whose nammesis will

be rctold in abbreviuated form (see below), infecied himself witii a lancet

covercd with a strain of it. prowazeli in chicken ezg culture. ‘This putient

had received an inoculition vith ieigl's vaccine from the typius research ;
institute of the .rmy in Krakow three months previously.

(*) rootnote: Personal communication from Prof. Gildemeister.

1. H.A., 41 yeurs old. 405 hours ago infection with typhus fever virus.
Imnediite uadndission to the infectious wurd. Prot. 0 19 azzlutinution neg.

Finaings: Well nourished and strong. Skin and visible nucous meinbranes
moderately suffused. Temp. 37.7°C. Pulse 132, conjunctivitis, sensitivity
to light, puffy face, spleen not palpable. Blood pressure «fter i 120/30.

Course. On the 9th duy after infection, eruption of thwe crantheua,
becoming hemorriusic on the 12th day. Jpread also to the paliss. Un the 21st
day, disuppearance of the exanthnema., FProt. 0L 19.az lutinution on tie lZ2th
day 1:400 £, on the. 1$th day 1:12,800 #. Depression of tile dloud nressure
from the 10th day to 85/50. Zlood picture: leukocytosis, in the sccond weck,
values around 20,000. OUn the 4th day increase in staff cells to 12.. On the
19th day, abatement of fever, ~Pulse 110; during the fever, delirious condi-
tions lasting for days, with strong motor unrest. .toutine convalescence.
biazgnosis: Typhus fever.

2. L.A., 29. Frequently recurring gullstones. Iachitis in chilcliood.
Pneumonia 10 years ago. -- 3 days ago, infection with typhus fever virus.
Prot. 0L 19 agzlutination negative.

#indings: ./ell nourished and strong. Temp. 33.8°C; pulse 104. Zlood
pressure after Q3 140/100. Strong sensitivity to light, conjunciiviiis,
stabbing headache, especlally in the oroital cavities, leading to the occivub.
Feelin; of lassitude, calf pressure-sensitive, indicated stiffness of the neck.

Course: On the 7th day, eruption of a spotty, light red .ctechial exui-
thema on the thighs auind trunk. Isolated, small, vale red spots on the hanas,
Blood pressure diminished to 95/55, systolic sounds over the coron:ry apex.
Tie patient appears seriously ill. Juring stronger notor unrest (us if
countine roney), especiully toward evening -- zitacks of :awnia. iFever rises
to 40°C. un the 1léth doy critical abatement of fever to 35.99C. Dcath at 20:15,
Blood nressure since the 8th day down to 95/55. On the létia asy LG/5C. Julue
beats iudtiully elevated up to 110, since the 1lith day severd bradycarui.a it
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pulse urow: $0. Llovu piciure in t week, slist Letlkoe reosi o &

b o1 oma ‘u”u wu:l.?o\.. ‘L)l\:‘ud.:e 11: tae lsf. .veel\‘, Salgat leuioc,wosis frow 7

v »VU; lrere.se in svelf cells, from the 5th day to 208. va the lith auy
mt t..:/;. 19 agplutinntion 1:200. -—- uviognosis: Failure of coronury circula-
tion with typhus fover.

o~
4
)
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3. P.a., 27. Has never ceen ceriously ill. 43 hours «.0 infection’
with typhus fever virus. crot. 0% 19 ag,lutination negative.

®i .ings. Jevere headache toward evening, tonjue coatecu, puify face
(face of 4 red wiae dringer), severe sensitivity of the calves Lo vressure,
knee jerk anu putcllar roflex pronounced. Temp. 38.2°C; pulse 98. Spnleen
palpable.

Course. iollovdung the teunerature elevation on the 2d w2y, normal temp.
of 36.89C toward the nomming of the 3rd day; steep incre.se to 40.69C during
the afternoon, continuing until the 16th day. On the 17th duy eritical abate-
ment, followed by normil temneratures. On the 8th diy after infection,
eruntion of biuish-red roseol.i on thne thighs and the abdomen, some also on the
trunk. <n the 10th day the roseola become heworrhagic. The sliin betwcen the
individual roseola is reddish. i‘rom the 20th day on, disanpearance of the
exantnemna. Severe involvement of the ceutral nervous sysicm, stupefiction,
some loss of hearing, diplovia. This disappears only 10 duys after tue bate-
nment of fever. « slisht impediment to hearing is still demounstrable 3 months
after defervescence.--dn the 1llth day Prot 0X 19 agglutination 1:400 #, on the
18th duy 1:600, 14 days after aefervescence still 1:6800. sSince the 6th duy,
lowered blood uressure:around 80,60, elevation to 100/70 since abatement of
fever, attaining values of 120/90 3 weeks after defervescence. Initial pulse
acceler.tion to 110; the pulse has returned to normal values of 70-80 bLeats
per minute since defervescence. Stubborn catarrh of the bladder during conva-
lescence.-- Diugnosis. Typhus fever.

L. s.0., Ur. med., 30. No previous serious illnesses. On the 3rd day
after infeclion with typhus fever virus, malaise, light headuche, especially
above the cyes. Temperature 38.2°C; on tne 4th day nearly symptomless. On
the 5th uay, temp. elevation to 38.9°C, severe headache, especially behind the
eyes, conjunctivitis and sensitivity to light, puffy lids; calves ana thighs
sensitive to pressure, also the nusculature of the shoulder zone. Siin of the
trunk esoeciully sensitive to touch. Q(Quite isolated roseola on both Iflunks.
«dnission to the nospital toward evening.

Cou: . loderately severe typhus fever with temp. elevition to 39.5%C.
Very sliz,.. involvement of the central nervous system (no stupor other than
extraordinarily severe headaciies). Circulation RR 90/50 lasting 3 weeks. On
the 12th day, critical abutement of fever. Pulse clevated to 100 for sone
time. Juring convalescence, tendency to fuinting spells, otherwise syuntuialess.
Prot. 0X 19 agzlutination in the 2d week 1:800 #. usiagnosis: Typhus fcver
with preceding imnmunization.

I the observed group infections, the incubation tines of jrous I (aon-
vaceinated) ranged between 2 and 5 days, of group II (non-vaccinaited) Let.een
2 and 10 duys. The greatest frequeincy of the dlscase'!s com.ence:ent wis seen
on the 2u and 3rd day in the non-immnized groups (table 2).

L
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The ivuiliuble materid resencea o clear picture to the ofrect that a
nurticularly severe course coul< be ckpected followiag a very shori incubation
tine. .11 cases with lLicubation tiues up to 5 days are to be considured as
swteravely sovere to sovere, wacre sirong involvemesnt of the centrul nervous
sysbem (deliriwa, ..r.lysis, cerebral vomiting) anu the cireul.tion occupied
the fore;iround. Outsvoxkenly iight disease forms were not obsarved in connec-
tion witn suci, short in@buation tinns. It is vossible th.t a very lussive

i.fection witn tyonus Iever nabitorens may leaa to o virticularly ranid breaching
J. K b N 3 i O

ol the niysical defenses and then causes an extreordinarily severe clinical
course, ..ccorain; to our meterial, this assumption seeis to be supported,
since 11 ratal cases in tuie non-vaccinated grouns had shortened inculation
times of 2-5 days.

dith grevious iL:nvanization, the incubation times, while lengthened in
compurison with non-vaccimated groups (cf. table 2), are still consiuerubly
shorter than _en:rully usswned. .ith the exception of sroucs IIB with 4 und
5 days, bhe eruption of the diseuse in the other immunized grouns is concentra-
ted on the 6th-7th d.- after infection.

e

The commencenent of the illness in the non-immnized groups I and II was
marked by teap. elevation to 39-40°C, severe frontal headache, esnecially
above the eyes; limb and ruscle pains (calf), slight conjunctivitis with
sensitivity to lizht, puffiness of tine lids and low-grade catarrh of the res-
siratory tract. The symptomatology of these two groups coiacided largely
with the descriptions listed by Sonnen:schein (9) and .alther (10) for the
initial stages of typhus fever. On the other hand, the course of the initial
stage was stypical in the immunized persons of the several groups. Temperature
elevation to 37.83°C, light headache, as well as a certain maluise were also

oresent, ut could not be evaluated as characteristic typhus fever symptoms

due to their insignificance. .ie agree with the experiences guined by Lyer et
al. (11), in that a minimum of symptoms are evident in the morning hours,

which reappeur, however, within 2 hours after getting up. The mildest mani-
festations —— just as later in the clinical course — were evoked by vaccines
IA, IB and IIA. Jomewhat stronger initial symptoms were observed in connection
with vaccines IC "weuak" and IC “strong." These, too, showed a distinect aitenu-
ation of initi.l wmanifestations vis-a-vis the control groups.

The duration of the temperature elevations in the non-vaccinated groups
I anu II at 17 and 18 days (table 3) agrees in principle with that given for
tyohus fover by Schittenhelm (8) and other authors.

on the other hand, considerable deviations appeared in connection wita
im.unized persons, in the duration as well as in the degrec of fever. all
immunized persons, with an average duration of 10-12 days, showed a curtuil-
ment by 5=7 days in comp.rison with the control groups. Here, the patients of
vaccine group IB and IIA with 10 days, and IA with 11 duys, showed an insig-
nificant curtuilment when compared to the Behring vaccines IC ™weak" and IC
"strong" and the canine lung vaccine IIB with 12 days; especiully distinet is
the remission shown by the mean curve of vaccine IIB after initial fever,
pointed out first by Nicolle (12) and later by Mrugowsky. LBLfler und iovser
(13) observed the same phenomenon in murine typhus. The degree of tfever
reveaiea the st f.vorable course in the meun curves (Fig. 2) of vuccine

5
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groups I\, IS and ITA, in which the 39°C mark was not excecded. drouns 1o
"weak", IC "strong" ani IIB also showed a very distinct attenu:tion of Lhe
fever compared to the control groups. It is found, therefore, uwl, wccoraing
to the observed iuterial, an immunization against typhus fever fuwvortbly iie-
fluences the durition and degree of fever.

The value of immmization is shown less clearly with respuct to ithe
circulition. o significant differences are found between the coumpured sroups,
with an averuge depression of the blood pressure to £€5/55 um Hy witer .t
(table 4).

Concerning the pulse, it may be said that it regains its noriul values
somewhat earlier after immunizution than without this measure (¥igz. 2. In
screening the entire material, it was determined that no important efilect of
vaccination on the pulse wus observed at the apex of the discase, in contract
to convalescence. S

un the other hund, the effect of vaccination seems to be of particulac
value in regard to the central nervous system. while the certrul nervous
system was very strongly involved in the non-immunized jsroups I and II, compu-
rable to the descriptions of Juergens (7), our material showed tiise and aguin
that the vaccimrted typhus patients made a fur healthier imnpression in compari-
son with non-vaccinited persons. The involvement of the CNS manifested itself
by headache, p.rtly slowed speech, frequent muscular twitching of the fuce,
insomnia at nicht, pronounced sleepiness during the duy, partly with wnotor
unrest --- here, too, with a distinct attemuation vis-a-vis unvaccinated
natients.

" 3trong disturbances of the sensorium were noted only in connsction with
vaccine groups IC "weak" and IC "strong." In one case difficulity of hearing
ard delirium developed. Here these symptoms peruisted for only 2-4 duys,
wille their duration in non-vaccinmated groups amounted in part to up to 2 wecks.

The effect of vaccination on the duration and degree of exanthema secms
notewortny. It became visible in full strength on 1003 of the obszrved tynius
patients belonging to the comtrol groups. In the first jsroup the cutaneous
alterations persisted for 13 days on the average, in the second for 16 duys.

In contrust, the exanthema was visible for only 6.8-3.4 duys on the
average in all groups of immunized patients (table 5). The gquality of tie
exanthema was also different. The roseola generally did not heworrhagze. In
no case was the skin vetween the individual roseola diffusely reddened. ticre,
too, we can agree in principle with the experiences gained by .iyer et al.

Tie action of the exanthema was changeable, however, in resnecl to its anpcur-
ance. In most cases it erupts all at once, but in about 1/3 of the cases it
appeured in several sum.ll waves. The individual vaccines show the following
reaction concerning the severity and appearance of exanthema:

Vaccine IA. 585 of the patlents showed a distinet exanthema, lasting for

an average of 7.2 days. It was indistinect, rapidly disappearing, in 13..
200 remained freq“qf visible cutaneous alterations.-

6
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Vaccine IB. 54.5% had e::anthem nersi sting for an a.verd.;e of 7 aa.yo.

remained unaffected, ) SRS

Vaccine IC Yweak." In 91% of the patients disiinct ex mtheuu persisted. -
for 8.3 duys. & sihowed rapidly v.xm.nhing, indistinet wmiiustut&ona ot Lho
skin. 3% remiined unafiected. -

Vaccine IC “strong." ‘The exanthema was visibvle in 70.45 of the patients
for an average of 8.4 days. 17.6/ remained irce of éxantheiir; 12 had 4 - .
quickly vanishing, washed-out eruption. : )

Vaccine IIA. In 55% of the typhus fever patients, exanthema lasting for
an average of 6.8 duys was observed., 30% had rapidly vanishing; indistinct
cutaneous symptoms; 15% remained free.
i .

Vaceine IIB, In 60% of the p:tients, distinctly visible-exanthema was
present, listing for 7.5 duys on the average. 25% revealed ephemeral nuni-
festations on the skin; 157 remined without a visible eruption. :

The red blood picture showed no noteworthy deviations from the norm:

On the other nand, the action of the white blood cells wis variable in
all inoculated and non-inoculated groups. Especially during the 2d week of
iliness, the total leukocyte count slowly rose to values between 10,000 and
20,000, iaximal leukocytes were seen about 3-5 da.ys after the ’nghest temp.
(mble 6). viithin the individual classes of the white blood count, a shift
took pluce among the reutrophils toward the staff cells, which -usually are
stroncrlf increased in the i‘n.rst week of illness. .;ccorda.ng, to Sehilling (14),
normal blood contains 4¥ staff cells, e saw up £6 15% in our material..

Similar and higher valuss were found by Lampert (I5) and Dawidowskie (16) in
his extensive Russian material., Leukopenia, as described by loeffler and
Mooser for typhus exanthemicus with a Mexican murine strair, was not seen by
us in connection with strains of Rickettsia prowazeki. : :

A difference in the blood picture between immunized and non-immunized
typhus patients cannot be Getermined. ,

Coxnpl:.catlons occurred, other than in the control groups I and II only
in vaccine groups IC Mweal," IC “strong" and IIB. Of thesse, 70,o were broncho—
pnewonia; among the other 30%, diphtheria, urticaria and paro ulta.s were

diagnosed.

The average weight loss in the individual groups did not show significant
vaeriations (table 8) It amounted to an average of 7.4 and 8.1 kg in the
non~vaccinated control goups, 5.2 and 6.4 kg in the inoculuted groups. It
ought to be dependent in part on the degree and duration of fever.

The .;erologi.c reaction of the observed cases of typhus fever was according

to the manual in 84% of the control groups in respect to the 2rot. 0X 19
azglutination. The failure of this met.hod has been cu.scus.;ed elsevhere (17).

115 showed indistinet, rapidly di sapued.ring cutaneous altcmt:.on..». 34.5% L
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&zggizfeg:fé ritfeﬂss the Pf?t- Oa 19 oslutination was couldmueucsy . etho-
. v ontrol.cd only in the control groups I and II and tic vacclne jroups
IIi and IIB, while the other ,Toups were suvjected to blood tests o;l; Tor i:u

nurpose ol securing o diugnosis. In vaceine group IIA, the .'vol. O 19 -
ag:lutinution remaired negzative or "oelow the threshold! 17) up o toe 10th
day, i.e. it only attuinea values of 1:1C0 £+ In the followinu: d.ys tie Liter
rose to 1:1600 in the majority of patients, pzrsisting to the enad of the 3rd
week, to decrease slowly fur into convalescence. |

] Similir action wis seen in the sroup inoculuted with viccine IIS. liere,
in 3 cases, a "gross flocculation of the saline control in forw of snow flalos™
was observed (17), widcii could nol be expluained satisfactorily.

The convalesccnce of tic cbserved typhus fever patients in all vaccinutea
Zroups was distinetly shortenec in co parison to the non-vaccinated control
groups. The circulation recovered nore rupidly, the pulse returied to tie
norm sooner, the syuptoms on the part of the CN3 disappeared counletely in Lhe
first two weexs.

rortality in control group I asounted to ubout one third, in zroup 1II to
one fifth. The greatest ‘cause of death by fur was to be founa in the failure
of the circulation.

10 deaths vccurred in vacecinated groups IA, IB, IIA and IIB. wune person
each died in groups IC "wcuk" and IC “"strong". ..fter a survey ol our Lyphus
fever ...terial, it my be suid that an immunization against tyohus fever
confers fur-reaching protection cguinst a fatal course of tiae (ise.use. In
this connection, even stronzly diluted vaccines such as IC "weak" and IC
"gtrong", consisting of mixtures of murine strains and prowazeki, icua to fuvor-
able conditions of immunity.'

" The tolerance and effect of various vacecines wasftestéd among two large
sroups infected with typhus fever, the material being obtained from louse
intestines, egg yolk cultures, rabbit and canine lungs. The following results
were oblained:

I. The incubation time of typhus fever may be considerably siorter tihun
heretofore assumed. By inoculation, fever was depressed, the duration oi' the
fever was shortened, and the entire course wus considerably allevi.ited with
resocel to the central nervous system und the circulation.

3L. The imaunization protects against death in the overwhelming .aujoricy
of cuscus. 1t does not seem to decreiase morbidity.

III.’ Tiic newer vaccines from egg yolik suc cultures, rabbit and canine
lunzs uro suituble in typhus fever. .ccording to our cumericuce, wicy wre "o
eflective us those from louse intestines, if obtained from pure strali:c «J .
vrowazeki. :
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. ) IV; / kven vaccines with mixtures of strains of R. mooser: and 2YOWAZEKL
- E -considerably attenuate the course of typhus fever. : )
3 H ! :
| (’ ¥ ’;f Tre white blood picture was carefully observed in all ‘grovps. It
g ) shows’ 2 strong inscease in staff cells. A difference between immunized and
> non-immaized typhus fever paticnts cannot be deduced from the blood picture. . / ks
; Tables. ' ' !
L ,
£ . Yy 'y .
1 Table 1. average age {(Impfstoifpruppe ~ vacceine group,
Vergl. Gruppe - control group).
; Table 2. Incubation times of the various groups (patients in %5 days of
; maximun frequency are framed). irkrankungstag - day of falling ill.
Table 3. average fever. In Tagen kiirzeste und 1dngste Fieberdauer -
3 sasriest and longest duration in days. Durch'schnitt in Tagen - average in days.
] Table 4. average decrease in blood pressure.
Table 5. average duration of exanthema.
fable 6. lMovement of leukocytes and staff cells in typhus fever, average.
Table 7. Complications in % of patients. '
Table 8. average weignht loss.
Graphs.
Fig. 1. Vaccine tolerance.
14
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