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The protective e f'. uui, l V1 Vr.Lout; typhus fever vaccines in ran ind the
course of the disease following immunization.

by i)r. irwinuA Ding

"Zeitschrift f. iygic.ic u. InfeksLiouskCr. 124: 670-682 (1943).

During the course of the three wiL;trs okl940-1943, e.ensive observa-
tions were rt..de of typhus fever among groups of ,ale persons. Physicians,
nurses, soldiers and civiliuns were aa.ong the patients. The coniditment of
itbmnunized personnel occurred with their consent in areas and activities in
which the contact with typhus fever and the infecting lice was particularly
close, and with a hi•i degree of probability conducive to the cisease.

In the treathient of the material, the patients were grouped into non-
i..m•,unizcd anc. ixmmunized persons, according to the various vaccines. Only
those persons were chosen, whose date of infection could be clearly established.
The size of the groups was almost identical, permitting a coparrison with each
other. 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 mad space, in
part revealed extensive differences, a phenomenon which had been pointed out
by i-rugowsky (1) and others with considerable emphasis.

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

The observed persons, with an average age of 33.2 years for group I and,
31.2 years for group II, were committed 6-8 weeks after the last immuhizatio
Prior contact with typhus exanthemicus was out of the question. They were
well nourished and rested, and free of intercurrent diseases.

T'ype and -olerance of the utilized vaccines.

.:ithin the two groups of typhus fever patients mentioned above, weused
Snu.iber of different vaccines for the purpose of active human immunization,
produced from killed strains of Uickettsia prowazeki and R. mooseri. A
dauaicca presentation of the production mnethods may be omitted in view of the

oublished literature.

Vaccine IA was produced from the intestines of lice with strains of A.
prowazeki, according to ".'eigl's method, as modified by Eyer (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 Aober', ..o0;
it1titute, ierlin, based on the method, of Cox and Otto-Wohlrab. In thiis
viccine, pure strains of RL. prowazeki from Eastern Burope were utilize,
whereby one yolk sac yielded 25 ccm vaccine per'chicken egg.



Vaccine IC "Ifeak," produted by the .3ehring eorks *arbur- (.c:hn), ,
on the method of Otto ani ..ohlr.ib (4). In cultures on eaabryon.te, L c oltc
s,.cs, strains of .. mooseri and prowazedo were mixed. Onc C(2 vzaa cna±.Luck.
into 450 ccm, vaccine. This vaccine is no longer being producoQ.

Vaccine IC "strong" i-.as produced in the same ixinner as IC '"weak," 'ut
expanded to only 250 ccm. T-his vaccine therefore has ilrnost t44ce - Iany
rickettsia as IC "weak." (io longer being manufactured).

Vaccine IIA was (ovvloped and iroduced by Giroud (5) in the P.Lsteur in-
stitute, ?aris, from -,Lbbit l1n=s *Ath strains of 4. )rowrzeki from .astern
Europe and iCorth africa (*). ,ppro;dmatcly 1 liter typhus fe-rer vaccine was
obtaLined from one rabbit lung weighing 35-50 g.

Vaccine IIB was produced in waumnia according to data furnishea by
Combi,=sc, Zotta, :j.nilescu, Pop and Tascau (6). Canine lurns were used as
rickettsial cirriers in this vaccine.

"(*) Footnote: ,ersoral communication from Prof. Giroud (strain ,1\i-dis-.i'tza
and -.arsaw 13").

Tolerance of the vaccines.

SThe tolerance of the vaccines was generally favorable and did not exceed
the level heretofore krown about immunization With typhus vaccines. The
strongest relative manifestations were caused by the vaccine after v.eigl
(Fig. 1).

I anifestations, especially after the second injection, included local
erythema, tumescence and slight infiltrations, occasionally increased tempera-
tures up to 37.6 0 C. These signs disappeared after about 6-10 hours, except
for the infiltrations which reiained palpable for several days. The best.
tolerance was observed in connection with pulmonary vaccines, which left about
3/4 of the immunized persons without symptoms. The remainder again revealed
local erythema, light swellinos and low-grade elevations in temperature.
Vaccines IB, IC "weak" and IC "strong" left about • without change in the

general condition and without local symptoms. The remaining 5(%, in addition
to redness, swellings and slight elevations in temperature to 37.60C, in
isolated cases had headache, vomiting and inflan.riation of the conjunctiva, as
well as light diarrhea. The ability to work was not hindered in any case.

In all observed cases, one complete protective immunization 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-
im-tunized and protected personnel.

The clinical picture of typhus fever among immunized .6nd non-i..unizod
persons was very carefUlly observed in connection with the two diseasec zroup;
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ic tir.s of t nYhus fever is -ot at 11-14 U.,_z% '; jucr _ois (7).
in connuction wich his own illness, c,•lcul.;e00 ý,•%riod of

13 days for thc eruption of the oisease.

,ccordin- to oiur oen obsurvations, considerably shoerbet 'Lo~ s of iucu-
bxtion were also not.ed by the practising physicians. In the w., o a labora-
tory accicet, 3 persoas fell ill with typhus caused by strain ":,telska" (*)
(.c. prowazeki from the .11obort ACoch Insti ý.ute Berlin), known for ita exCre:;:ely
high virulence in guinea pig exleriiflnts. .ll three hý.d not bcen irLaiiized
and werc miost certainly free of lice. The fourth person •aosu :.na~uiesis will
be retold in abbreviated form (see below), infecl.eed hirxself -rlthi a lancet
covered w-.th a strain of It. prowazeki in chlicken egg culture. This p.tient
had received an inocul.tion vith ileigl's vaccine from the typaus research
institute of the ,rmy in Krakow three months previously.

()ootnote: Personal communication from Prof. Gildemeister.

1. H.A., 41 years old. 48 hours agp infection with typhus fever virus.Ini-iedi.te admission to the infectious ward. Prot. OX 19 agg1utination neg.

Ainoings: 4'ell nourished and strong. Skin and visible m.ucous membranes
moderately suffused. Temp. 37.7 0 C. Pulse 132, conjunctivitis, sensitivity
to light, puffy face, spleen not palpable. Blood pressure z.fter .1i 120/0.

SCourse. On the 9th day after infection, eruption of :ic cý•anthei;a,
becoming hemorrhasic on the 12th day. ;?rcau also to the pal:as. On the 21st
dcly, disappearance of the e-anthema. Prot. OA 19, ag lutin:.tion on Lhe 12th
day 1:400 A ,on the 19th day 1:12,0800 . DJepression of the blood ;ressure
from the 10th day to 85/50. 2.lood picture: leukocytosis, in tihe second week,
values around 20,000. Un the 4th day increase in staff cells to 12j. On the
19th day, abatement of fever, Pulse -10; during the fever, delirloas conai-
tions lasting for days, wdth strong motor unrest. Aoutine convalescence.
Diagnosis: ITyphus fever.

2. L.A., 29. Frequently recurring gallstones. `achitis in chiluhood.
Pneumonia 10 years ago. -- 3 days ago, infection with typhus fever virus.
Prot. OX 19 agglutination negative.

Findings: -[ell nourished and strong. Temp. 38.8 0 C; pulse 104/. lood
pressure after I'L 140/100. Strong sensitivity to light., coiij'nctivit-is.,

stabbing headache, especially in the orbital cavities, leading to the occipub.
Feeling of lassitude, calf pressure-sensitive, indicated stiffness of the neck.

Course: On the 7th day, eruption of a spotty, light red ,etechial e=Cui-

theuu on the thijis and trunk. Isolated, sniall, pale red spots on the hands.
Blood pressure di:iinished to 95/55, systolic sounds over the coroixrI apcx.
The patient appears seriously ill. During stronger motor unrest 'as if
counting money), eseci&Llly towrarc evening -- tt+.acks of ma.tnia. eavcr ri sz;
to 400%0. on Lhe 16th day critical abatement of fever to 35.9 0 C. Dc:ath at 20:315.
Blood pressure since the 8th day down to 95/55. On the 16th ay L;O/5C "
beats ii•ti,.lly elevatea up to 110, since the 14th day severo boraqc-i '".
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QO pulse aru•6.L •Pic Zurea in t'le Ist weeký, sligh'n Icul oc,,,ý;o sijro:, 7
0to S,000, ixcr(.ýe in sk,-1i cells, from the 5th day to 20,. '&a the llhh -izy

":rot. UA 19 a'-lutixk" ion 1:20j. -- 4iaiLnosis: Failure of coroun-ry circuia-
Lion With typhus fever.

3. P."., 27. -Las never been seriously, ill. 48 hours .,o infection
with typhus fever virus. ,rot. 0X 19 agglutination negative.

F .-.in:,s. jevure x ad;,che tow..rd evening, tonye coatel, puffy face
(face of , red kiio n.irr, severe sensitivity of the calves Lo pressure,
knee jerk anu p,•t.;lldr rcfleex pronounced. Temp. 38.2°C; pulse 98. Spleen
palpable.

Course. Vollov•riz the to..per.iture elevation on the 2d uay, non.ral tehip.
of 366.•C tot.rard the .;ornin oal the 3rd Cay; steep incre.Lse to 40.6 0 C during
the afternoon, continuing until the 16th day. On the 17th dy critical abate-
merit, followed by norniLl tartneratures. On the 8th dz~y after infection,
eruntion of bluish-red roseoli. on the thighs and the abdomen, some also on the
trunk. Jn the 10th day the roseola become heuiorrha6c. The skin betueen the
individual roseola is reddish. i'rom the 20th day on, disappearance of the
exanthema. Severe involvement of the coitral nervous sysLem, stu)e Lction,
some loss oZ hearing, diplopia. This disappears only 10 days after t;Le -bate-
jient of fever. A slight impediment to he4ring is still demnrastrable 3 months
after defervescence. ... n the llth day Prot OX 19 agglutination 1:400 j, on the
18th day 1:600, 14 days after aefernvescence still 1:6800. Since the 6th day,
lowered blood oressure around 80/60, elevation to 100/70 since abate:•mnt of
fever, attaining values of 120/90 3 weeks after defervescence. Initial pulse
acceler.tion to 110; the pulse has returned to nomtal values of 70-80 beats
per minute since defervescence. Stubborn catarrh of the bladder during conva-
lescence.-- Diagnosis. Typhus fever.

4. .z.., Dr. med., 30. No previous serious illnesses. On the 3ra day
after infection with typhus fever virus, malaise, light head.tche, especially
above the eyes. Tearmarature 38.2 0 C; on the 4th day nearly spyaptonile ss. On
the 5th day, temp. elevation to 38.9 0 C, severe headache, especially behind the
eyes, conjunctivitis and sensitivity to light, puffy lids; calves and thighs
sensitive to pressure, also the musculature of the shoulder zone. Skin of the
trunk es ecially sensitive to touch. Quite isolated roseola on both flanks.
.drnission to the hospital toward evening.

Cou: i odderately severe typhus fever with temp. elevation to 39.5°C.
Very sljý,.. involvement of the central nervous system (no stupor other than
extraordinarily severe headaches). Uirculation 111 90/50 lasting 3 weeks. On
the 12th day, critical alxatewert of fever. Pulse elevated to 100 for some
time. Duiiqg convalescence, tendency to fainting spells, otherwise syipt:.aless.
?rot. OX 19 agglutination in the 2d week 1:800 /. Diagnosis: 5•phus £o~
with preceding iammunization.

It., the observed group infections, the incubation tiraes of jrou.. I ý,'61C-
vaccinated) ranged between 2 ,id 5 dAys, of group II (non-vaccirnAted' LetIecen
2 and 10 days. 'Thle greatest frequency of the disease's con.encezent w.Ls secn
on the 2u and 3rd day in the non-ii:aziized groups (table 2).
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SThe .ýv.Wdibe z:iau-.erijj . er a clear picture to the offect 'Cohit a

'ItrticuiiLr], sývere course couiL. bu expected following a very short i-ucub.tion
Gl.ie. Al cases ,ith i•icub.tio:., tix.•-3 u- to 5 dcys are to bo coasid.:red as
ULocr~ite.y v;creec to severe, :¢..zre •Uron- involveifvent of the cantral nervous

sys Lenm (Leiirium, .• .r.lysis, cerebral voiLt*[ing) ancl the circul.tion occupied
Lhe fore -round. uutsnoi:enly lijht disease forms were not observed in corinec-
tion with suc;. short icbujatio,, tiI•. It is possible th-t a very .:issive
i.ife ction witni ty:)hus fkvc o p choes may leaci to a plrticuLu'ly ru.pid breaching
of the piysic.ti defenses and th--n causos an e;.traordin:trilr suvere clinical
course. ..ccoraiu. to our vaterial, this assur:ktion seemsl to be supported,
since -l1 fatal cases in z.ie noti-vaccinAted groups had shortened iiiculation
'imes of 2-5 days.

dith xrevious i:!,•unization, the incubation ti~mes, while ]en teniried in

comparison with non-vuccinabed groups (cf. table 2), are still cunsiaerably
shorter tha.n &cn-!r.ally assumed. 2.ith the exception of -roups IIB .-ith 4 a
5 days, the eruption of the disease in the other immunized rtoups is concentra-

ted on the 6th-7th d y after infection.

The comr.ance::e:at of the illness in the non-iiLzlurzed Groups I and II was
marked by temp. elevation to 39-400 C, severe frontal headache, es-pecially
above the eyos; limb ana rmuscle pains (calf), slight conjunctivitis with
sunsitivity to light, puffiness of the lids and low-grade catarrh of the res-
!iiratory tract. The s ptonmatoloLr of these two groups coincided largely
with the descriptions listed by Sonnex;schein (9) and -'•alther (10) for the
initiall stages of typhus favcr. On the other hand, the course of the initial
stage was Atypical in the imrmunized persons of the several groups. Temperature
elevation to 37.80C, light headache, as well as a certain malaise were also
present, but could not be evaluated as characteristic typhus f&ever symptoms
due to their insignificance. de agree with the experiences gained by 2yer ea
al. (11), in that a minimum of symaptoms are evident in the morning hours,
which reappear, however, within 2 hours after getting up. The aildest tani-
festations - just as later in the clinical course - were evoked by vaccines
IA, IB and IIA. iomewhat stronger initial symptoms were observed in connection
with vaccines IC "weak" and IC "strong." These, too, showed a distinct aLtenu-
ation of initial manifestations vis-a-vis the control groups.

The auration of the temperature elevations in the non-vaccirlated groups
I a•u II at 17 and 18 day-s (table 3) agrees in principle with that 6iven for
typhus fever by Schittenhelm (8) and other authors.

On the other hand, considerable deviations appeared in connection -irth
i"..unized persons, in the duration as well as in the degree of fever. .ll
impiunized persons, with an average duration of 10-12 days, showed a curtal-
ment by i-7 days in comp-4rison with the control groups. Here, the patients of
vaccine group 1B and IIA with 10 days, and IA with 11 days, showed an insig-
nificant curtailment when compared to the Behring vaccines IC "weak" and IC
"strong" and the canine lung vaccine IIB with 12 days; ,;specially distinct is
the remission shown by the mean curve of vaccine IIB after iaittiza fever,
pointed out first by Nicolle (12) and later by M.rugowsky. Lffler "na .'ouser
(13) observed the same phenomenon in murine typhus. The degree of fever
revealca the most f..vorable course in the mean curves (Fig. 2) of vaccine
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I lroups A,1 1, arid IA, in which the 390 C Uiark wnas not
"weak", IC "s~ronn', ana IIB also showed a very uistinct 4tten.io.• of ýho

fever co;iiared to the control Lroups. It is found, therefore, , zactor-.'i.
to the observed i,"terial, an irmiunization against typhus feve, £,Lvo1r-.ly il-
fluences the duration and degree of fever.

The value of iminuiization is shown less clearly with respuct to the
circul.,tion. ko significant differences are found between the coiap-4rcd jroups,
with an average depression of the blood pressure to %5/55 wma Htg after .L
(table 4).

Concerning tho pulse, it may be said that it regains its normal values
soniewhat earlier after irmaunization than without this nmesure ('ig. 2). In
screening the entire imaterial, it was determined that no imkport:ant effect of
vaccination on the pulse was observed at the apex of the discase, in eonivraot
to convalescence.

On the other hand, the effect of vaccination seems to be of particular
value in regard to the central nervous system. .4hile the central nervous
system was very strongly involved in the non-iimmnized groups I and II, co,:,,-
rable to the descriptions of Juergens (7), our material showed time and again
that the vacciruted typhus patients made a far healthier irworession in compari-
son with non-vaccimnted persons. The involvement of the CNS manifested itself
by headache, p.,rtly slowed speech, frequent muscular twitching of the face,
insomnia at night, pronounced sleepiness during the day, partly with Liotor
unrest --- here, too, with a distinct attenuation vis-a-vis unvaccinated
patients.

Stron- disturbances of the sensorium were noted only in connection with
vaccine Groups IC "weak" and IC "strong." In one case difficulty of hearing
ard deliriua developed. Here these symptoms perdsted for only 2-4 d"ys,
w:ilc their duration in non-vaccinated groups amounted in part to up to 2 wecks.

The effect of vaccination on the duration and degree of exanthema seems
notewortny. It became visible in full strength on 106' of the obsarved tpphus
patients belonging to the control groups. In the first Yroup the cutaneous
alterations persisted for 13 days on the average, in tho second for 16 dys.

Li contrust, the exanthema was visible for only 6.8-3.4 days on the
average in all 6roups of i,,munized i•atients. (table 5). The quality of tI e
exanthem .as also different. The roseola generally did not hehiorrhal e. in
no case -,as the skin between the iidividual roseola diffusely reddened. hero,
too, we can agree in principle with the e@periences geined by ;yer et al.
T'e action of the exantheiza was changeable, however, in respect to its anopar-
ance. In most cases it erupts all at once, but in about 1/3 of the cases it
appeared in several w&khll waves. The individual vaccines show the Zollowio.m,
reaction concerning the severity and appearance of exanthemna:

Vaccine IA. 50," of the patients showed a distinct exantheina, laosLinE £'o
an average of 7.2 days. It wal indistinct, rapidly disappearing, in 13`.

(20 remained free of visible cutaneous alterations.
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Vaccine IB. 54.5% had exanthema persisting for an average of 7 days;.
11% showicd indistinct, rapidly disappearing cutaneous alterations. 34. 5%
remained Lunaffected.

Vaccine IC "weak." In 91% of the patients distincb ex:Lnthemxa persisted. ,
for 8.3 days. 6$ ahowed rapidly vaninh.ns, indistinct =Uifsoiationa on 01ho
skin. 3ý'• reiruined unaffected.

Vaccine IC "strong." The exanthemaL was visible in 70.4, of the patients
for an average of 8.4 days. 17.6,," remained, free of dxantheeiiL 12i had a .

quickly vunishing, washed-out eruption.

Vaccine IIA. In 55% of the typhus fever patients, exantjeuka lasting for -:
an average of 6.8 days was obzerved. 30% had rapidly vanishinsi indistinct
cutaneous symptoms; 15% remained free.

Vaccine IIB. In 60% of the pytients, distinctly visible exanthema was
present, l-.sting for 7.5 days on the average. 25% revealed ephemeral ani-
festations on the skin; 15$ remained without a visible eruption.

The red blood picture showed no noteworthy deviations fr6m'the norm;

On the other hand, the action of the white blood cells wis variable inr
all inoculated and non-inoculated groups. Especially during ihe 2d week of
illness, the total leukocyte count slowly rose to values between 10,000 and

, J, 20,000. , ximal leukocytes were seen about 3-5 days after the highest temp.
(table 6). Within the individual classes of the wiite blood count, a shift
took place among the nieutrophils toward the staff cells, which -usually are
strongly increased in the first week of illness. -Lccording to Schilling (,14),
normal blood contains 4, staff cells. Ue saw up t6 15% in our waterial.
Similar and higher values were found by Lampert (15) and Dawidowskie (16) ini
his extensive -Iussian materia-. Leukopenia, as described by Loeffler- and
Ilooser for typhus exanthemicus with a Mexican murine straid, was not seerj by-
us in connection with strains of Rickettsia prowazeki.

t difference in the blood picture between immunized and Aoh-immunized
typhus patients cannot be determined.

Complications occurred, other than in the control groups I and I-I, only
in vaccine groups IC "weak," IC "strong" and IIB. Of these, 70% werie bronicho-
pneumonia; among the other 30%, diphtheria, urticaria and parotitis were
diagnosed.

The average weight loss in the individual groups did not show significant
variations (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 inoculated groups. it
ought to be dependent in part on the degree and duration of fever.

The serologic reaction of the observed cases of typhus fever iwras according
to the ianual in 84% of the control groups in respect to the Frot. 0 19Q aglutination. The failure of this method has been discussed elsewhere (17).
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,'oree lreauol, the ?rot. %X 19 ",:;lutira:tion aws coitlnuu-.; . ,dically con-tr~ol2.r.d ojLLy in the control groups I and II and U.0 v,,CC-*1' -,r,)uis
II, and IiB, while the other Lroups were subjected to bloo IL testi o0.-. for th:
purpose of securing L diaLosio. In vaccine -roun IIA, the 'oL. IL 19
az-lutin-ition re!-,air~ed ie6ative or "below the threshold' (17) up Lo t.L c 'Vi h
day, i.e. it only attýinea values of 1:100 /. In the Co11o.ii• d'.ys tio tLcr
rose to 1:1600 in the j:jajority of patients, pýrsisting to the •nd oZ th,: 3rd
week, to decrease slowly f.r into convalescence.

Siniilbr action is seen in the .group inocu]ated with va-ccin 11!3. Tiere,
in 3 cases, a "cross floccul-,tion of the saline control in form of snow flaked"
was observed (17), w.d4c could not be explained satisfactorily.

The convalesccnce of tno observcai typhus fever p.Ltients in all v.Lcclfllte(L
groups was distinctly shortene#' iL co -parison to the non-vaccinated control
groups. The circulation recoverec 1ore rapidly, the pulse returned to Lhel
norm sooner, the sZnyptoms on the p-irt of the CKS disappeared couuletcly in 4'.1
first tuv weeks.

Miortality in control groud I a•iounted to about one third, in *roup ii to
one fifth. Thu grcatest 'cause of death by far was to be fouria in the failure
of the circulation.

r*;o deaths uccurred in vaccinated groups IA, !B, IIA and IIB. •ne pu-on
each died in groups IC "weak" and IC "strong". ..fter a survey of our L,"'phu-
fever .- ,Lrial, it my be said that an immunization against t°rpLus ;ver
confers far-reaching protection azainst a fatal course of the Liize.c. In
this connection, even strongly diluted vaccines such as IC "weak" and IC
",,strong", consisting of mixtures of murine strains and prowazeli, lc to f.tvor-
able conditions of immunity.

almnuary.

The tolerance arn effect of various vaccines v•s, tested amolog two laroc
groups infected with typhus fever, the inaterial being obtaincd from louse
intestines, egg yolk cultures, rabbit and ccanine lungs. The follo.Lring resultswere obtained:

I. The incubation time of typhus -ever may be considerably shorter than
heretofore assumed. By inoculation, fever was depressed, the duration of the
fever was shortened, and the entire course 1as considerably alLeviAted withres A. - Lo the central nervous system "nd the circulation.

~i. rho i:a,,.unization protects against death in the overoI.hneLugn *:Ia$.i'y
of cisess it does not seem to decrease morbidity.

III.2 Thu newer vaccirnes from e-g yolk s8c cu.i-ures, r:abbit hnd cziinc
lunng aro suitable in typhus fever. kccordin- to ou.- e.ýperixicc, ;hcp -
effective as those from louse intestines, if obtAdnea from pure sLrai i..
prowazeki.)

8



-777 -- V

)hvenf vaccines with jra.c~ures of strains of R~. mooseri 'and Dr 5w-Zek
-considerably attenuate -the course o1f typhus fever.

V.The vthitr; blood picture w~as ca-refully observed in all-groups. It
sHows a strong in--.ease in staff cells.* A difference between imraunized and

non-imiuunized byphus fever pationts cannot be de)duced froma the ,blodd picur.,V1'

Tables.*V

'Zýble 1. imverage age (I 1: sto1ffl.'unoe -vaccine group.,
Vergl. G-ruppe -control 2,roup).

able 2. incubation times of the various groups (patients in %; days of [
iaIira~~uri frsquency are framed). ?Hrkrankunigstag -day of falling ill.

'able 3.- iverage Jtever. In Ta~ren kI~rzeste und la1ngste Fieberdauer-
sh'ýrte;to aind longest duration in days. Durclfschnitt in Tagen -average i as

Table 4. i~verage decrease in blood pressure.
Table 5. iverage duration of exanthema.

Table 6. Yl~ovezaant of leukocytes and staff cells in typhus fever., averacle.
Tfable 7. Complications in I~ of patients.
Table 8. iiverage weighit loss.

Graohs.

Fig. 1. Vaccine tolerance.

total. number of iimnnized persons

with symptoms

LIwithout symptoms

(l1, 2., 3 =1, 2 or 3. shots)

Fig. 2. ,Nverage pulse and temperature.
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