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/ Quantitative studies of typhus fevor rdcksttuiai pathogenic for mice.
by Johs. Ipsen. i

From the National Serum Institute, Kopenhag'n, Biologic Standrdization

Division. Schweizeriache Z. f. Path. u. Bakt. Vol. 7, No. 3(19")$rp.1 2 9-151.

First report.

Mothod of measurement of viral-quantities in infected organs.

Tho production of typhus fever vaccines in countries where the disease
does not occur is hindered by t~he difficulty of obtaining fresh strains of
classic European typhus fever. Importation from abroad is very tedious, es-
pecially under wartime conditions, and the virus is not durable and degenerates
easily after a succession of animal and egg pissages. On the other handp,
certain murine strains of typhus fever are considerably more stable and can be
stored for a long time in a frozen state, contrary to the classic, strains.

Since immunization with murine virus (Rickettsia inooseri), according to
the data contained in the literature (Mooser, Otto and Wohlrab et'a l.), also
bestows a relative immunity to European typhus fever, and since work with
murine virus is iost convenient in the nordic countries, we have, at the Na-
tional Institute, directed our attention specifically to the production ofvaccine -with this virus as starting material.."

" In a tentative publication (Ipse6n, 1943)I have reported on our method forproduction of inactivated vaccine frok the livers -of mice infectea with outiiine
typhus and have mentioned the considerations which led us t•this, ehd
detailed description of this method of oAtaining typhus fever vaccines w&Ui-S
published in a subsequent p.aper.

tpresentation is made of a method for the quotitativeevaluation of virulent rickettsiae--contained in organs. It is to; be assumed
that the higher the content oi- ic~ketisiai in the starting material' the more

effective will be the vaccine. it sure and economical method for the computa-
tion of the degree of virulence is necessary in order to choose those condi-
tions under which the greatest rickettsial concentration is obtaine'd. <

The seeding of plates cannot be utilized for the counting of kckettsiae,
which do not grow on artificial media, and microscopic observation of smear
preparations only allows us to judge whether the number has exceeded a certain
limit, without offering a sure quantitative estimate.

As in the case of ultra-visible viral types, here too, one is limited to
the titration of suspensions of the infectious material and to the determina-
tion of the smallest effective dosis by way of suitable test animals; the
degree of virulence can thie be expressed as the number of smallest reaction-
causing doses per volume unit. CitAtin strains of A. mooseri cause a lethal
infejction in mice and. are' therefore particularly suited for quantitative. •
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""4 . examinationi of t, s fever virus, since one is enabled to titrate the number
of smallest lethal ses contained in an organ emulsion by. way of intraperi-
toneal injection of mice. !

Strains and methods.

We used two strains pathogenic for mice. One (Virus murin laigret Nr.88)
"coes from the Pasteur.Institute, Tunis, where it had been used by Laigret for
the production of live vaccine. This strain was sent to us by the National
Bacteriological laboratory, Stockholm. We received the other one from the
National Institute for Experimental Therapy, Frankfort/lin. This strain is
called "Mexican virus" because it was isolated by Mooser in Mexico in 1927.
It is this strain that is called R. mooseri in the papers of Otto and lolhirab.

Concerning the effect on mice, we did not notice any difference between
the two strains. After receiving them we maintained them through numerous
passages. The brains of infected mice were injected intraperitoneally, and
after the death of the mice the brain was removed at once and either inmiedia-
tely continued intraperitoneally or stored at -16oC. At this temperature the
virulence remains unchanged for months.

The organs whose degree of virulence is -to be measured (the yolk sac,
mouse brain, mouse liver) are removed under sterile conditions, and shaken in
a bottle with glass beards until they are divided. Thin a suitable volume of
saline, solution is added, and from this emulsion the dedired dilutions are
prepared with saline in the usual manner.

The principle of'the method of measurement. 9

*A0 Lccording to the commonly used method for the deterniiintibn of the smallest
lethal dosis the agent is injected in diminishing doses, and thus the dosis is
found which kills the animals with a known factor-of certainty. Detailed bio-
metric investigations of the last decade (TreGn, -Gaddum, van der Waerden et
al.) have clarified the rules of this method and have shown that the uost
feasible determination of the dosis would be by logarithmic intervals; thus

D the dosis which causes 50% mortality (LD 50) could be ascertained with the
greatest positiveness. The principle is the same, regardless of whether one
is dealing with pharmacological preparations, bacterial toxins or living
bacterial cultures. The certainty with which LD 50 can be determined varies
considerably- with the different agents. This depends on the relationship

j between the resistance' variability of the mice and the nature of the agent.
Expressed as the deviation of the logarithm of the smallest lethal dosis for
individual animals, we found the following variations in resistance, applica-
ble to our mice: with neosalvarsan about 0.08, with tetanus toxin about 0.15,
and with live Coli culture about 0.25 - to name a few examples.

It was found that the error in the determination of LD 50 is very large
for R. mooserL. In the proximity of LD 50 it is necessary to increase the
dosis at least tenfold in order to attain an appreciable elevation of the pcr-
centage of mortality. -As will be shown later, the variation of resistance,

I r;- expressed as abovee, is 1.5-3.0. This huge variability requires that a fairly
o -_ •large number of mici be injected Ath doses around ID 50 in order to attain

9 2
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a fair degree of certainty, and if one ia not oriented beforehand as to the
degree of virulence, one may use up test animals without results, or one is
forced to repeat the medsurasaint at a time when the virulerice of the material
may have abated, *

The death time of mice injected with virulent material containing R.

mooseri varies from 1 to 13 days.. ,llthough the variation i1 fairly extensive,

a certain interdependency between death time and dosis can still be noted.
For the purpose of measuring bacterial toxins, where a definite interdependency
between death time and dosis was observed, I have worked out theoretic rules
for the utilization of death time as a measure of toxidity (Ipsen, 1943)!
By the use of this principle a much more economical exploitation of the test
results was attained than was possible with the determination -of LD 50. W'Ie
therefore tried to apply the same method to the measurement of the virulence
of R. mooseri.

The principle is as follows: It is assumed that a constant relation
exists between average death time and log dosis, so that all curves drawn at
the same scale for average deAth time and log dosis have the same form for
the same agent. Such curves, resulting from tests wth preparations of diverse
concentrations, may be merged by parallel displacement along the axis of dosis.
From several tests covering a large dosis area, a standard curve may then be
formed of the average death time and log dosis, which is characteristic for "
the agent in question. Accordingly, a dosis letalis media (mil.d.) -is defined
as the dosis Which causes a certain average death 'time. On- the -standard curve
the logarithm of the number m.l.d., corresponding to a desired average death
time, could thein be 'read. If this logarithmic factor is called.f(T),.-where .T
is the average death Atime' caused by a dosis D, and d is writtin instead of
m.l.d., we 0ý1, according to the definition of f(T)

S= l o ( 1 )
or f(T) = log D/d (2)

14

.ccordingly, m.l.d.. is found thus: dosis' D is injected; dead,:time T is
observed, the corresponding f(T) is found by means of the cure :or a table,
and f(T) is subtracted from log D.. ' " - "

The dosis-death time curve for R. mooseri,

If this principle is to be applied to the measurement of the virulence of
material containing Re moosed, one must first ascertain that :the following
requirements are met:

1. The establishment of a constant relation between average death time

and the logarithm of the dosts of the infectious material nmst be possible.

2. The logarithmic time equivalence f(T) must be normally distributed
among a group of mice, all of which have received the same dosis, and the
deviation from this normal distribution must. be constant and independent of
the dosis. -

3H This deviation must be the same as thi deviation of the resistance

(logarithm of the smallest lethal dose). - "

Si
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*d .Data' 'fr 'the 4st~bliGshii~ Of a standard curve were derived from23 titrations Of ai:ý1rs6 organs of infected hice.. A few organs were effect,-ive -dOMe to 'diluitions of 1:10-12- %ji U~sed the titration scale Io-1 1-2,10-3etc an deignti the dosis by the logarithm of the degree of dilution,
iv~hich we dal PD) (Wnloous to the designation pHi).

pD a-log D

PD) 10 threr-fo-r-e m-ean'sthat the ddiii is 10-10 bbm.

The death time is given in days. The animals were inject~ed in theImorning, between 10 and 12 otcJlock. Death time 5 signifies that the dnimaj.died on the mornn ofte5hday; - death time 5 1/3, that the animal was
dead on the eniftdg ot -the 5th day. Each test was efitered in' a point diagram,,PD as abscissas Mrd the death time as ordinates. For each mouse the death
time was indicated by a- point. Death time 15 was entered for burviving mice.

Subsequently the diagrams were placed on a-~glass -pane illuminated from.ýbelow, one on top of the other; in sutch A way that the abscissas covered eachother; the curvet werb then moved. along this axis until the points showed thesaiaflest possible 'deviation. The diqpac'ement was made up to tho next wholepD._.unit., and' th$bcsa 4auso ahidvidual, diagram were thben corrected.1-wt reifoeruen to a common.-zer'o pon.Nwa--consolidated di.agram could be
the oorinaes f wicharegiven in table 1

0 Table I

Death timeis of' mice- after. adrdnistration 'of different dos'es. The results0 * of 23' tirte~ions 'ii' compiled withrifermsnce to'-a comm~on zero point of the'd~islodrthls(pD). 'Me "'figures rep Iresent th ~ne f mce tat succum,
bed intheiýindiiiiidtime.

-Beobachtungatag - day of observation I
tiberlebend - suviving
Totalanzahi totalvnumber.

The diagram is not very clear, because there are numerous points with
ideintical coordinates. Off hand., it would-be difficult to draw a 'curve

short~~ ~ aspsil;teeoe a number-of a'ier-age- values should first be ob-tiAined. It would Vbe easiest to calculate an average death time for each dosis.,but since it is not permissible to assume a priori that the death times re-present a no 'Mal 'distributionj, another method was chosen which also led to the
desire~d result. On the basis of test data a mortality/pD curv'e was established
for eac day of observations and- from this, Li) 50 was calculated for each day.,
i.e. the pD value which gives 5%~ mortali-ty on the corresponding day(*)
Thes;e values- (p1) 50) are listed at the. bottom" of tabli I.

(*)Footnotes The 'deztailed calculation of p1) 50' in addition to other ULo-
mathematical descriptionsb of this pap,.ri are collected in a "bioznatheinatical
appendix,,"--to 'which the inter~ested reiader is referred. In. the following# the
results. are suizined up in order to facilitate 'the preaentition. J

I-
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..I •-.

Ui
If the day of observation is contrasted, with pD 50, points &re Obt•aiidwhich are situated on a curve that suddenly rises from the tth day on; it isstraight betiepen the 3rd and 7th day; prior re the 3r'4 day tha progression is

steeper.

Fig. 1. (self-explanatory).
Fig. 2. hiexican strain. Tunesian strain.

It can be demonstrated that these points deviate loss than the error in'measurement from a curve with an equation of -

which can be derived fr)mj•hlormula of bacterial reproduction. - is foundto equal 84234 and K = 10 (see below). g

'We now doterwnine the death time equivalence f(T), which i's found in (i)
and (3): -

, ' ,4.
from which f(T) can be calculated for T.over 3 days. In Fig. l the extendedline shows values of f(T), calculated according to (4). It is apparent thatf(T) = 0 corresponds to the vertical asymptote (T m'). The doise letalii -media therefore is defned as that dosis which reveals 50% mortality after an
"infinite" period of observation. The dotted part of the-dirve (Fig.l). has* been drawn only approximately and may serve for the reading of f(T) forT < 3 days.

0 The first requirement - the establishment of a regoular relation betweeinaverage death time and log dosis - therefore has been met with an equation.

Ad 2 and 3. Next it is demonstrated statistically thit f(T) is distributednormally and reveals the same constant deviation as log d. Hence it follows"that log d = log D - f(T) also is distributed normally. This'formula there-fore can be used for the calculation of m.l.d. for each mouse; and the averagevalue of these individual observations is the most closely approaching valuefor virulence. Assuming-pV -log d, where pV is the power of 10 .which corres-ponds to the number m.l.d. per ccm of material, then we get from (2)

pV pD f(T).
If, for example, pV 1 is found for the suspension of A lent mouse

"brain, then it contains 00= 1 million m.l.d, per cc.

The practical method
for the computation of the degree of

virulence
of animal organs infected with Rickettsia mooseri.

Equation (5) shows that the. degree of virulence pV of an organ emulsionmay be measured by the addition of the dosis exponent pD to J ich

5I
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(•' I c • €ortesponds to the time which expired between injection and ct he exaon o--••!"• • .. .•--2 - •-•- d a~h 5 Wce it is practical ly impossible to observe the e xac t m.o mant of.

"death, one is limited to obserVing the animals at set intervals and to assiune
an instant of death that .lies medially between the two observations at which
the animals were found io be alive or dead' respectively. This approximation.
is connected with coincidental errors only, which are insignificant in com-
'pa:rison'to the variation in the animals' resistance.

Wle found it sufficient to observe the animals daily at 9 a'.m. and 3 p.m.,
and to interpolate the f(T) values accordingly. It is not reconuitended to
omit the observation at 5 p.m. It must be stressed that table; II, below,
solely requires, readings at the two times specified, and that the animals
were injected at about ll a.m. If f(T) is desired for precise: death times,
formula (4)-or- tablc IX may be used.

Table II.

The logarithmic dods equivalence
f(T)

for R. mooseri and mice.

Readings at 9 a.m. and 5 p.m0  Injection at 11.a.m.

Tags - days
.11berlebend - surviving

Examples of the virulence measurement of infectious material.

_ When the described method is used, it is unimportant h-wethir the material

is titrated in different doses, or whether all mice receive-the same dosis.

The main thing is that the doses are sufficiently large to kill all mice.

First examole: Titration in diminishing~ doseii The yolk sac of an egg
infected with R. mooseri serves-as material. The yolk sac was !removed 6 days

after injection and emulsified in 25 ccm, saline solution.

Table III.

Measurement Of the virulence degree of a yolk sac.
, 2 mice per dosis. Dosis in 0.5 cca.

Verdtinnung .- dilution
unverd. - undiluted'
Sterbezeit in

Tagen -death time in.days
tiberlebend - surviving I
su-ie total

Streuui " - deviation
•A pV - error of pV 0.41.

I7 F , 
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The death time of each mouse is transfrmed Anto f(T)'and pi)-is added
thereto, according to the dosis received by the animal. The ,toVtkl, bf all
values, divided by the number of dead mice, is the average value pV; The
variation is computed in the usual manner on the basis of the deviation of
the individual values f(T) / pD from pV. The error in the. ..detGTmidnitiof. df
pV is the deviation, divided by the square root of the number of mice'.

Second example: Measurement with a single dosis and ten mice'. The
material consisted of live virus in a dry vaccine, produced 4y Lagi'retl- S
method. 20 brains of infected ndce were mixed with ten sterile egg yolks
and 125 g of a phosphate mi.xture. The mixture was dried in the, exSiccator
and reduced to a powder. Of the powder thus obtained (210 g), 25 mg in 0.5
ccm were injected intraperitoneally into each of ten mice. 1.he measurement
was conducted after the powder had been in cold storage for 10 months.

Table IV.

Measurement of the virulence of a "Laigret vaccine.6 "

Sterbetag - day of death.

iverage value of f(T) = pV = 3.67.
25 mg contain 103. 7 =4700 dml.
1mg = about 200 dml

deviation = 1.74
error in pV = • 0.54.

One can use one or several doses for measuring; but the utilization of"
different dilutions does not yield a greater precision, since this is de-
pendent only on the number of killed mice. If it is expected that the
material may be only a little virulent, it is best to use only one dosis of
undiluted material. Otherwise, when utilising more virulent isuspensions for
the evaluation of the specificity of death cases, it may be of a certain
value to produce a number of dilutions. It can be determined thereby, whether
an elevation in death time, characteristic of typhus fever pathogenic for rice,
occurs in c 'fornance with decreasing doses. a -mixed infcction, which in
most caseb vajours only in connection with the strongest concentrations, will
then betray itself by an irregular dosis-death time curve.,

Table V.

Lung emulsion with mixed infections.
0.5 ccm of each dilution interperitoneally into 2 mice.

* infected with Corynebacteria

The test of table V shows that the first two doses, in comparison with
later ones, caused death times that are too low; f(T) ý pD namely deviate
by more than the twofold value of deviation of pV obtained fror the following
doses. Section yielded numberous Corynebacteaia in the lungs and liver of

Sthose 4 mice which had been injected with the first two dosesi., For virdlence
determination, only the last values ar, used for computation !in such cases.

a 4 ~7I.



1, ; ) ,Comparison of two strains of R. mptrmsru n

The establisnalnt of a standard curve and the computation of the functionS• f(T) derived therefrom is based on tests with "virus murin Laigrot No. 88",
from Tunis. When we subsequently received another strain, "i;exican virus,"

from Frankfort/Haint it suggested iteelf to examine whothur or not the dosim-
death time curve of this strain would be identical to the first*

The brains of mice infected with one of these two strains wero injected
into 25 mice each, whose death time was transformed into f(T). It was noted
that the deviation of f(T) was the same for both strains, oven if a certain
difference in virulence of the utilized material was demonstratEd.

Table VI.

Comparison of the variation in death time
of two strains of R. mooseri.

Dosis 1/200 brain intraperitoneal3y.
25 mice per strain.

SSterbetag - day of death
Anzahl toter M.duse - number of dead mice
Mittelwert Yon f(T) - average value of f(T)
Streuung von f(T) - deviation of f(T).

0The two distributions of f(T) are both normal, which was graphically
represented with the aid of a pro1it or rankit diagram (see Ipsen a-id Jerne,
1944). f(T) therefore shows the same distribution upon infection with the
two strains.

In addition, it was investigated whether the average death time and dosis
of the two strains follow the same curve. Different doses of -the strains
were injected into 5 mice, whose death time was transformed into f(T) according
to the discovered formula. The average values of f(T), contrasted with pD,
must then follow a straight line with a slope of -1 (450), as revealed by the

equation (5).

Table VII.

Comparison between the dosis-death time curves
of two strains of Rickettsia mooseri.

.Dosis 0.5 ccm of the dilution
intraperitoneally into 5 mice each.

Verdinnung - dilution
Sterbetag - day of death
Yittelwert von - average value of
Streuung von - deviation ofQ tberle,6nd -surviving

r•
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U Table VII and Fig. 2 reveal that the two strains have the sane dosis-
death time curve. At any rate, the points averago-f(T)/pD deviate approai-
mately the same amount from a straight line with a slope of 1. A measure
of the deviation from this line is obtained by computing the variation of the
values f(T) / pD from pV. as depicted in table VII, the variations of both
strains belong in the same quantitative category. The vatiation of the
Tunisian strain used in the presentation of the f(T) table coincidentally is
even greater than that of the Mexican.

It is shoun in this connection that the principle of measurement pre-
sented here is completely valid for two mouse-pathogenic typhus fever strains
of wholly different origin, although they had been maintained for years by
animal passages at different institutes.

Biomath ematical appendix.

1. Computation of pD 50.

For each of the test days 1-13 we were able to measure, irith the aid of
table I, what percentage of rice, in receipt of a certain dosis, had died up
to a given day. We assumed that the logarithm of the smallest dosis lethal
to a mouse on a given day is distributed normally. kccording to this assump-

, tion, which we shall test later, a symmetrical S-curve of the same form as
the integrated curve of normal distribution mould be formed, when the per-
centages of mortality are contrasted with pD. If the percentages of mortality

A are then transformed into probits (y), y and pD will be rectilinearly connected
by the equation

Sy-5 b (p) -pD 50);

y, of course, is the abscissa of a normal distribution with deviation 1
and average value 5, b is the slope of the reaction line, and pD is the
dosis exponent listed in table I. pD 50 therefore is the average number of
a normal distribution with deviation 1

According to each y-value, a weight is formed, depending on the magnitude
of the mortality percentage and the number of mice used in the computation
of the mortality percentage. These weights are found in Fischer and Yates'
Table XI.

pD 50 is then computed thus:

Sd•G = ~'.•--.------

In addition, the magnitudes -

! - 9
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are computed and the 1 found therefrom, since
b

2. Proof of the hypothesis of the normal distribution of pp.

If the death time is to be used according to the present principle of
measurement, it becomes necessary to prove -whether it is proba'le that the
dosis-death time curve corresponds to a normal. distribution for all days of
observation, and whether this distribution shows the same deviation on each
day. For this purpose a common slope (beta) is fomund for all curves (y/pD),
and a determination is made of the probability with which the points of the
daily mortality curve deviate from a straight line with the slope beta.

Table VIII.

Computation of the common slope beta for all curves y-/pD.

V Sterbetag - day of death
blame - total

Different values are listed in table VIII for the determination of beta
for each day. From these* the average slope beta ig found,

A I+

and now one can find the magnitude of probability in favor of the hypothesis
that each one of the curves y/pD has the slope beta, by determining

-, • ii- " i" - •" -.-
.-. ,I- ;'b~

for each day. This >'is distribAted like Pearson's Y, dnd a table of this
distribution will reveal the probability of correctness of the hypothesis,
"when the number of the degrees of freedom (f), corresponding to the curve,
are sought. The degrees of freedom in this case are the number of points
on the curve minus 1.

In the next to the last column of table VIII the probabilities P are
listed in per cent. Only in one case are they smaller than 5% (bAt bigger
than 2%) and one is therefore justified in assuming that the logarithm of the

10
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11smallest lethal dosis is -diistributed -noiia.fly4, with the eAr6 deviation, r j
gard~less of the time of obitriftidii -bhosefl

3. *Adjuastment of T and pD 50 to- & theoritieal. curve.,

From among the many curves which could be adapted with a jasdabJl&
approximation to points whose coordinates are T-and pD 50,i it'viould be most
feasible to choose one in the equation of which a plausible biologic~iJ hypo-
thesis is expressed.

The death time in connection--with bacterial infections -- I~ aart f~rom
individual variations - depends on the time in which the injectod doas;, of
bacteria is enabled to multiply into a quantity lethal for- the animal. 'Thi
multiplication of bacteria can be expressed by the-ex-ponential equation

0 is the starting d6sisý and x, is the number of bacteria after time T.
g is the time in which the respective bacterium peproduces bV binary fission.
Cavalli and tHagni conclude therofrom that a rectilinear correldtioii 'exists
between the death ti.me and log starting dosis of the' bacteria., since'(6) may
be expressed in logarithmic form:

L ssuming the animal dies when x, has reached, a certain Valiue, (K), and

This equation expresses the average relation between dosis and deathj
time, and we can therefore anticipate that pD and T are connected rectilinearly.-
Such a rectilinear correlation has been demonstrated by Ca-Valli and 1fa~i
within a limited dosis range for somei bacterial types (B. tuberculosis'$ B.I
anthracis., Pneumo colccus type 1). An inspection of our data on' T and pD 50
wifll reveial that the rectilinearity is -Valid only for the- range from the 2d
to the 3rd and the 7th day. Subsequently the death time is steeply elevated,

* I ending asymptoticallyv -(see Fig. 1)'. 'We can include these 'asytiptotes in -
equation (7) by substitutiiis log (D/d-1) for log xO, where'd 6xpresses -the
snullest dosis capable of reproduction in a mouse.

(8) reveals that T becomes infinitely large when D) approaches d. ~ihcn
D is larger than l0dj, then log (D/d-I) will approach log D/d;.T and log D)
will then be connected rectilinearly. The equation is not valid for T<2.
In that sector we are limited to the values expressed by the curve connlecting
the empirically determined points.

By the transcription of equation (8) we find the formula mentioned pro-
viously for the comiputation of f(T)

3.1~



Ftomilthe present dAta the' pikarAoters of evation .(8), hmejy,%', it and d,
. i-_r. "o •b. dete, ned.

" c be _albuiatid with the aid of -the 5 points between the 3rd and 7th
day:, ih which sector. the curve reveals a rectilinear relation between T and
pD .50., .

,T pDO 5*
00o,19

4 1.76
5' 4.73
6 7.64
7 9.92.

According to the method 'of snil~st squares,

andtherefrom,

oT
is found.

- and a-' be Siy -A fdurid -:y md-i- -of irphici, ,stip-ýy-Atep adJbstment; an
arithnietic- adAptitioni badisdoh Rik'. Tisher'sa "YlIethod -of Maxdimik Likelihood!'
is betteri,. Iwever,-

Fromi (9) we8 get

where pD = -log d.

W'Te must therefore ascertain the amnimuim for

That is, the differentiation occurs after pD and the differential quotient
is expressed as ,ero: •

- "~'. a- -,.7 - • .
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Then (10). is differentiated after K'.I

ie t (12) and=" ~K", JT/9
obtain

From (U1) we get

!,•".•;" "- N t) L/. ,•.. •o <•.,-) ._.. ,

In equation (13) only the observed magnitudes pD 50 and T occur, as well
as the computed constant g and the unknown K. :, value of K must now be found
which leads tothe identity of both sides of equation (13).

It was found by relatively few approximate calculations that this re-
quirement is met by _ _•_a

0 in which the exponent was determined with a precsion of up to two decimal
points.

(U1) then yields 1
-hen the determined constants are included in equation. (9) the time'

equivalence f(T) can th•n be computed for T>3. The curve in Vig. 1 is drat'm
throughi these determined points; for T<3 it has been exteiided,; tcczrciing to -
the best estimates. Table IX contains a few coordinates for the coot•mction
of a standard curve. i

Table IX. .

f(T) table with the, provision of exact
observation of death times.

::I"•The W£fer nee between table IX and table II - as evidenced by Vnat h~s

been said provously - is solely a result of different modes of observation.
Table IX presupposes a precise observation of the instant of death, wthile
table II is based ony c4 t~wo daily observations,, at 9 a.m. and 5 p.m.
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In the second chapter it was found that log D or pD is duitributcd
normally around pD 50 with a constant deviation of 1/btta, therefore the

I d istribution may be transformed to probit/bog dosis lines of ithe formula

Since pD) 50 apd Mb one can see that I(T), for a ceritain dosis pD-,-is distributed normally with the deviation 1/beta. because these two equations
Stogether ýiejd

This may be proved graphically for the data of table I by, entering f(T)
for each pD in a probit or rankit diagram, This results in a number of straight
lines all of which may be approximately adjusted- to the slope beta - 0.336.

For the purpose of arithmetical computation of the degree of safety in.
this approximation we have chosen another method, utilizing the y-proof of

- Pearson:

With the aid df equation (14) we were able to detennine-y for a certain
day and a given dosisp and a probit table will show how large the percentage
of mortality. is which can be expected on the respective day of observation..O From the number 6f idce in this roup the expected number kof dead up to this
day or the expected number of dead between two moments of observation are
determined. Care must be taken to choose time intervals large enough to

la-low for an expected number of dead nice of at least 5, as otherwise the t
proocnnot- be used. Whe expectdn~bro dead is conitrsted with the

nufmber of dead vice observed in the 'ame pori-d: . ]
"(observed nurbeir -, expected nu-mbe) 2  j

exp~eted- number

The sum of these 46 values is 46. (see table X). .The. number of de-
grees of freedom is f = 42, since 4 bonds are placed on the observations at
the start, i.e. -one at the deteriination of deviation (1/beta), one at the
computation of the curve's elevation (g), one at the determination of the
curvature (K) and one at the. co utation of the curveIs position (d).

V2 4 ~Id' I is normaliy distributed with devialion 1.I-I

V.> •&. •7 •'~* 42 ~the test data deviate less than once the
deviation from expected values. We may therefore validate the hypothesis
that f(T) and pD 50 are connefted rectilinearly, and that f(T) is normally
distributed for an identical dosis, wLth constant deviation which is equal to
the deviation of pD for the same observation time. Naturally it can be ex-
pected that this deviation varies for different mouse populations.

1



Table X.

The observed rimiber of dead mice within the period
indicated by vertical lines (whole numbers)

The expected number, computed according to equation (13),
is indicatod below with a decimal point.

Erwart. iittelw. von f(T) - expected average value of f(T)
Totale 1nnzahl ýýAuse - total number of mice
Tag - day

5. The error in the determination of pV.

Tha error of pV Is determined directly from the test, since pD ' f(T)
is distributed normally around pV. The deviation, which is computed in the
usual manner from the sams of the deviations squared, as a rule is somewhat
s•raller thin the deviation obtaincd from the compiled data of table I, since
this must be considered as a maximal value.

The deviation applicable to tables III and IV is computed directly from
the test at 1.30 and 1.74, respectively. The error of pV is then found by
division by the square root of the number of dead mice (in both cases 10).

Upon utilization of the death time method presented here a final result
is obtained ith the first measurement, without having to resort to an
orientating test of the material. In addition, the error is smaller than0 that connected with the determination of LD 50. This, for instaice, is re-
vealed by table 11, the data of which may also be used for the computation
of LD 50. According to them, LD 50 lies approximately between -8 and -10.
The error in this approximation, according to van der Waerden, is

S. .. . . .. .

(s is the deviation and • the logarithmic dosis interval; n is the number
of animals per dosis).

6ince the error in determining pV in the same test is only 0.41, the
precision of measurement has been doubled by rational exploitation of dis-
closures offered by the death time of the animals.
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