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The study of the epidemiology of yellow fever would be greatly 
facilitated by some simple immunity test which could bc applied to 
human beings on a large scale. W ith such a test it would be possible 
to determine whcthcr yellow fcvcr has been prcscnt in a region within 
the lift of the present generation and to estimate the time and extent 
of the infection. By testing nn xlcquate number of persons in sclcctcd 
places, it should bc possible to map large areas with regard to the 
endemicity, epidcmicity, or absence of yellow fever, and to decide 
where control measures arc necessary. The test -would be especially 
valunblc where the disease is prcscnt but is seldom or never rccognizcd, 
and also where there is confusion of yellow fever with other diseases, 
particularly lcptospiral jaundice. Such a test is needed also for cleter- 
mining whether persons vnccinatccl against yellow fever by any of the 
proposed n~etl~ods have in fact been immunized. Just at present 
there is a pressing demand for immunity tests in connection with 
yellow fcvcr surveys of West Africa, whence aviation and other im- 
proved means of travel threaten to carry yellow fever past the little 
understood natural barriers to large susceptible populations in East 
Africa and the Orient. Numerous immunity tests will be needed 
also for delimiting the endemic areas of I3razil. 

A very simple method of ascertaining whether a person is immune 
to yellow fever would be by a skin test, if a suitable antigen could be 

* The studies and obwvations on which this paper is Ixwd were conducted 
with the suppqrt and under the auspices of the International Health Division of 
the Rockcfellcr Foundation. Laboratory facilities were made available in New 
York through the courtesy of The Rockefeller Institute for Medical Research. 
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found, but Frobisher (1) was unable to produce significant skin reac- 
tions in immune monkeys by the intradermal injection of any of 
several antigens. The methods of testing sera for their power to fix 
complement in the presence of yellow fever antigens, as developed by 
Frobisher (2) and Gordon Davis (3), seem to give specific results, but 
fixation does not take place as a rule in the tests of the sera of animals 
which have been immunized by vaccinatinrl without the production 
of fever, or in the sera of some of the highly immune persons who have 
recently had yellow fever (Hudson (4)). While the method gives 
promise, it will not be ready for wide application, except as a su d le- 
mentary test, until its limitations and meth& of interpretation have 
been more exactly detcrminccl. The protecf ion test in Macaws rhesus 
monkeys, on the other hand, has provctl r!ilinble and highly useful, 
but it cannot be applied on a scale large enough for present needs 
because too great a number of monkeys woulrl be required. By testing 
human scra for their power to protect monkeys against yellow fever 
virus, Beeuwkes, Baucr, and Mahaffy (5) xs’crc able to determine the 
endemicity of yellow fcvcr in parts of Wcs;t Africa where cases were 
seldom recognized, ancl to show that certain other regions were free of 
the infection. By this same test the identity of the recent isolated 
outbreak of yellow fever in the interior of’ Colombia, described by 
Perin Chavarria, %-pa, and Bcvicr (6)) was confirmed in the laboratory 
in New York by Hudson and Kitchen (7). 

I’he protection test has many advantages and would meet the needs 
of the investigators in the field if a larger number of sera could be 
examined than is possible when monkeys arc used. Any one of the 
potent African strains of yellow fever virus could be used in testing 
sera from any part of the world, for the serological identity of the 
African and American strains has been amply demonstrated by cross- 
immunity tests (Sawyer, Kitchen, Frobisher, and Lloyd (8)) and by 
the growing cspericncc with protection tests in which sera from many 
parts of the Americas have protected against African strains of virus. 
The protection test can, as a rule, be dcpcntIcd upon to reveal immu- 
nity resulting from attacks of yellow fever no matter how long past. 
For ~‘xmnpl~, specimens of serum from six persons who were ill during 
the cpitlcmic in Norfolk, Virginia, in 155.5 wcrc obtained 75 years later, 
and live of the six sera protected ~no~ilxys against African yellow fever 
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virus (Sawyer (9)). Protection tests of the sera of a sufficient number 
of persons classified by location and age group would permit the recon- 
struction of at least the recent yellow fever Xstory of a region and 
would thus help in solving the present problem of control. 

Tlzc Susceptibility of tJx Mouse to Yellow Ijcc~r 

When the susceptibility of the white mouse to the virus of yellow 
fever was announced in 1930 by Theiler (10, 1 l), it seemed that the 
laboratory animal needed for replacing the monkey in the protection 
test had been found. Working with the French strain of yell 
virus from Africa, hc discovered that adult mice could be inf 
intracercbral inoculation but not: ordinarily by subcutaneous or intra- 
peritoneal injections. 

Theiler found that the virus was highly neurotropic in mice and was abundant 
in the brain tissue after the discnsc had devclopcd, although nbscnt from the blood 
or liver. There was a heightening of the virulence for mice with successive pas- 
sages in these animals, until a fised strain for mice was produced which caused the 
death of all the animals inoculated intracerebrally in approximately 5 days after 
injection. Theilcr showed that csperimentnl yellow fever in mice took the form 
of an encephalitis with characteristic changes in the nuclei of the ganglion cells. 
Outside the nervous system the only lesion found which might’be characteristic 
of yellow fever was hemorrhage into the stomach and intestines, but this occurred 
only in sonic of the infected animals. IIe shon~:d also that the sera of immune 
monkeys or persons had the power to prevent or defer the disease if mixed with the 
virus before the intracercbral injection. Variation of the length of time that the 
virus and serum were in contact before injection seemed to make no difference in 
the degree of protection. Injections of large amounts of immune serum intraperi- 
toneally seldom pro tccted against virus inoculated intracerebrally. 

In a later publication Theiler (12) has presented experiments with a method for 
testing sera for their protective power against the fised virus for mice. He added 
each immune serum to an equal volume of a suspension of the virus, and inoculated 
mice intracerebrallywith the mixture, using sis or more mice in each test. Control 
groups of mice received normal serum in the place of the immune serum. Nearly 
all the control animals died from 5 to 9 days after inoculation. Of the mice which 
had rcccivetl immune strum, usually a few dictl like the control animals, a few 
more diet1 from the 10th to the 16th day, and several survived. Even when the 
virus suspension contained only 1 per cent of virus and had been centrifuged to 
remove all particles, a consitlcrnble proportion of the animals which received 
immune serum and virus died \vitllin the period of ohscrvation. The test obviously 
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permitted differentiation between immune and non-immune sera, but the irregu- 
larity of the results wouId make it necessary to use an excessive number of animals 
to reach valid conclusions in testing large numbers of specimens. If this test can 
be made more highly reliable by quantitative adjustments, it will have the advan- 
tage over the modified test which we shall describe of requiring only very small 
quantities of serum and virus. 

Establishrtcnl of New Slruim of Ydow Fever Irims in Mice 

In our study, the susceptibility of the white mouse to yellow fever 
virus when inoculated intracerebrally wczs confirmed. 

The Asibi strain of yellow fever virus of African source was established in mice 
by our associate in the laboratory, S. I:. Kitchen, and WC l ikewise established the 
S. Ji. strain from J1razil and the 1’. n. I,. strain. ‘I‘hcilcr kindly let us have the 
French strain in its 95th passage in mice, and most of our work was done with this 
strain, which has now reached its l-list passage. The Asibi strain has been carried 
through 51 passages, the S.R. through 21, and the I‘.A.TJ. through IS. These new 
strains in mice hnvc graduall~~ become more like the f&cl French strain, but 
only the Rsibi strain has reached a point at which it may be considered as fixed. 
In Table I arc shown the intervals in dn!.s between the intrncerebral inoculation 
of mice with each of thcsc strains and the time when the animals were found dead 
or were killed when definitcl!~ ill, ‘I’he periods shown give a close approximation 
to the incubation periods, as the time interval between the observance of definite 
symptoms of weakness or partial pnral>Fsis and the death of-the animal is usually 
short, ofteli only a few hours Ijut not infrequently 1 day. Many of the mice 
inoculated with the l~rench strain in the latest series in the table were killed so 
that their brains could bc usctl for inoculation. If they had not been kiIIed, a 
few of them would doubtless have died during the following night and their deaths 
would have been recorded as occurring 1 day Iater. The differences shown in the 
table between the results with the earlier and the later passages of the French and 
.4sibi strains of virus are of doubtful significance. The virus was already fixed in 
the earliest passages n~~ailx~le for the comparison. It is obvious, however, that 
both these fined strains produce death in 3 shorter time than do the two strains 
which have been passed through mice only a small number of times. The mor- 
tality is not shown in the table, as nearly all the mice died that were used in the 
experiments on which the table is based. 

Observations mndc before Nov., 1930, arc excluded from Table I, as many of 
our cnrlicr csperimcnts were made with a strain of mice of low susceptibility to 
yellow fever virus, anal the results wcrc thercforc not comparable with those in 
the table. 

With Kitchen WC hnvc fully confirmed Thciler’s observations (10) 
that yellow fever virus, nftcr a number of passages in mice, will still 
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produce experimental yellow fever with typical lesions in rhesus 
monkeys, but that the virus finally loses its power to produce fatal 
attacks in monkeys after many passages in mice. We shall reserve 
details of these observations for a later paper by Kitchen and ourselves 
dealing with vaccination against yellow fever. The pathology of 
experimental yellow fever in mice is being studied by Kitchen and 
will be described by him in a later publication. 

Protectioz Test by htrapcrifomd Inoctdatio~t of Mice 

In applying the protection test by intracerebral inoculation, we 
obtained results similar to those of Thciler, and came to the conclusion 

_l_l_ 

Strain of 
yellow fever 

virus 

French 

Asibi 

S. R. 

r. A. L. 

- 

lC:~ilicrr 105, 106, 107 
Latest: 13$, 139, l-10 

Knrlier: 32, 3.3, 34 

IAtest: 43, 50, 51 

Early: 3, 4, 
L,2test: 19, 20, 21 

Early: 5, 6, 7 
Latest: 13, 14, 15 

- 

-____-- 
So. of animals dving, or killed when ill, after each of the 

followins Jntervak in clays after maculation 

4 i I 5 6 

3 35 21 
133 276 7 

5 17 4 
3 8 1-i 

4 11 

1 4 13 
3 7 

- 

7 

2 

4 
4 

G 
G 

12 
7 

- 

__ 
8 

5 
2 

10 
5 

- 

- 

- 

12 to 14 

that we could not espect the small amount of immune serum injected 
intracerebrally to protect completely and regularly against fixed yellow 
fever virus placed in direct contact with injured brain cells. We there- 
fore sought some method by which more serum could be injected and 
the virus could be brought less directly and more slowly to the brain. 

It seemed probable that massive intraperitoneal injections of the 
virus in brain tissue would cause the introduced virus to circulate in 
the blood for several clays, for Sawyer and Frobisher (13) had shown 
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that yellow fever virus could be recovered for 2 or more’days from the 
heart blood of several resistant animals inocuIated in this way (guinea 
pig, ferret, bullfrog). This circulation of virus was evidently not 
necessarily related to any infection either inapparent or obvious which 
might develop Inter, bccausc it occurred in the entirely insusceptible 
bullfrog. To enable the circulating virus to attack the brain of the 
nclult mouse it might be ncccssary to cause some mild injury of the 
brain tissues, because simple intraperitoncal inoculation alone does 
not produce encephalitis in the adult animals. If infection could be 
brought about in this way, it should be possible to test scra for protec- 
tive power by injectin:, r them intrnpcritoncnlly in adequate amounts 
togcthcr with the virus and at the S;~IIIC time producing a mild injury 
to the brain. 

There were precedents for the application of the principles involved in the 
method proposed. IClesner and Amoss (1-I) report4 in 1917 that “normal monkey 
or horse serum, isotonic snlt solution, and Ringer’s and Locke’s solutions, when 
injcctcd into the mcninges, promote infection Ivith the virus of poliomyelitis 
introduced into the blood, the nose, or the subcutaneous tissues.” Zwick, Seifried, 
and \Vitte (1.5) found out that the cutaneous inoculation of rabbits with Borna 
virus succeeds only in esccptionnl instances, but thxt infection is easily brought 
about by such inoculation if nt the snme time an injury is produced in the central 
nervous s!-stem II>- the injection of non-specific fluids (nornial’rabbit serum, normal 
horse serum, or isotonic sodium chloride solution). 

7’llc Agclrt for Locillisili,g the Virlis in tlzc Brctitz 

In preliminary trials many fluids were injected intracerebrally into 
mice and compared for their effect in localizing yellow fever virus in 
the brain. 

The virus 1~3s injected intrnperitoneally, 3s 0.2 cc. of a 10 per cent suspension 
of infected mouse brain, immediately after the anesthetized mouse had been given 
the intracerebral injection. The substances tested as the intracerebral inoculum 
were distilled water, 0.9 per cent and 3 per cent sodium chloride solutions, normal 
human and normal horse scm, solutions of magnesium chloride, magnesium sulfate, 
potassium alum, and mnng:nncse chloride, 10 per cent extract of mouse testicle in 
0.9 per cent sodium chloride solution, and solutions of corn-starch, tapioca, and 
wheat flour. Simple needling of one or both sides of the brain was tried also. 
Some of the salts were too toxic in the strengths of the solutions used and were 
abandoned. Others of the solutions seemed to hnve uncertnin or inndequnte 
effects. 



W. A. SAW.YER AND WRAY LLOYD 539 

Satisfactory results were obtained with each of the three solutions 
of starch in either distilled water or 0.9 per cent sodium chIoride solu- 
tion. The 0.5 per cent magnesium chloride solution seemed almost 
qualIy effective and was used in a considerable number of the earlier . . 
tests. 4 Our final choice of the fluid for injection in routine tests was a 
2 per cent solution of starch in 0.9 per cent sodium chloride solution 
injected intracercbrally in the anlount of 0.03 cc., and this solution has 
been used in all the more recent tests. 

At the time of these early comparative tests WC were using strains 
of mice of low and varying susceptibility and, as 3 result, an accurate 
comparison was impossible. \~‘OJkiJl~ more rcccntly with highly 
susccptiblc mice, wc rcpc;ltcd many of thcsc csperimcnts and fount t 
that most of the mice succu~~~bctl to J-cllow fcvcr encephalitis rcgartllcss 
of which sulstmcc was injcctecl, nnd cvcn when the conditions wcr’: 
made less fnvorablc by a reduction in the amount of virus inoculatcc5 
intrapcritoncaliy. Simply inserting the l~yl~oclcrniic nccdlC into tlifh 
brain often proved sufficicrlt to establish the infection. Tl’hc rcsul?~* 
of thcsc recent tests arc given in ‘I’ablc TT. 1Vhilc these tests n~oul~ 
seem to allow consiclcrrtl~le lntit udc in the choice of the intrnccrcl)rr~* 
inoculum, we have dccidecl to continue using the 2 per cent. starch i.3 
isotonic sodium chloride solution. It sccmcd to us probnblc that t17- 
slower nhsorption of the starch antI the presumal)ly more delinit :/I 
injuq. to the tissues ~voulcl mal;c it more rcliablc than simple nedin;; 
or the injection of isotonic salt solution done. Tn any event th!* 
starch solution is pro”in g eifective in our experience with-the protectio:* 
tests in mice. 

In the production of expcrimcntal yellow fever in mice by the sirnul- 
tancous injection of virus into the peritoneal cavity and a mildl:, 
injurious substance into the brain, we found that a considerable propor 
tion of the xninials cscapc~l infection unless the amount of virus in 
jcctc(l was large. 

Tn one COll~p~l3tivc test the brain injury was protlucctl 1,s Ct:c’ fiijd f,,ii 1 i 

solution arid the intmpcriloncnl injection of virus consisted of a 10 per cent SiI-., 
pension of the brain of an infected mouse in isotonic salt solution. An equal 
volume of normal human serum was injected with the virus. \Vlwn the amount 



540 USE OF MICE, IN YELLOW FEVER IMMIJNTTY TESTS 

TABLE II 

Comparative Tests of Mechanical ??ljzlry a?ld the Injulion of Various Fhids for 
Their Power to Localize Yellow Fever Virus in the Brain of the Mouse 

Fluid injected into brain to localize 
the virus (0.03 cc.) 

No fluid (only insertion of 
needle) 

0.9 per cent sodium chloride 

,3 per cent s 

0.5 per 
chloride t 

odium chloride 

cent mqpcsium 

Norm3 .1 horse serum 

20 per cent extract of mouse 
testicle? 

2 per ccn t s tnrch solution 1 

Combined results with 211 of 
above injurious agents 

Percentage of 
infected mouse 
brain in intrn- 

Kritonenl inocu. 
lum (0.2 cc.)’ 

20 
5 
1 

20 
5 

1 

20 
5 
1 

20 
5 
1 

20 
5 

1 

20 
5 
1 

20 
5 
1 

20 
5 
1 

No. of mice 
inoculated and 

alive 4 days 
later 

12 
12 
11 

12 
12 
12 

6 
11 
11 

12 
11 
10 

12 
11 

9 

12 
11 
10 

12 
12 
12 

78 
80 
75 

0 

_ 

- 

No. dying from Per cent dying 
5 to lo days within this 

.fter inoculation period 

10 83 
7 58 
8 73 

10 83 
11 92 

6 50 

3 50 
8 73 
4 36 

10 83 
11 100 

6 60 

10 83 
6 55 
6 67 

10 83 
10 91 

5 50 

10 83 
9 75 
7 - 58 

. -. 
63 
62 
42 

81 
78 
56 

* Virus: French strain 139th and 140th pnssagcs in mice. Tests with the 20 
per cent suspension wcrc made together as one experiment, and the other tests 
comprised a second experiment. Each mouse received 0.4 cc. of normal human 
serum in the first esperiment and 0.4 cc. of a 10 per cent solution of normal human 
serum in 0.9 per cent sodium chloride solution in the second. 

t Dissolved or suspended in 0.9 per cent sodium chloride solution. 
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of the brain suspension injected was 0.5 cc., all of ten mice inoculated died, but 
when the amount was 0.1 cc., only three of five mice died. In another experiment 
the concentration of the virus suspension was varied while the volume was kept 
constant at 0.2 cc. Normal human serum (0.4 cc.) was injected with the virus 
into each animal. The intracerebral injection consisted of 0.03 cc. of 2 per cent 
starch. 

As is sholvn in Table III, the animals receiving virus in brain sus- 
pensions of a concentration of 10 per cent, or over, all succumbed, 
while a considerable proportion of those receiving suspensions of 1 
per cent or less survived. LikemGse, in the experiments reported in 

TABLE III 

Variation of lirc MorLality Raft of Mice wills the Antotott of Virus in the Idra)eri- 
tortcal Ittocrtltrm 

I 
hiouse brain in virus 

suspension* 
No. of mice inoculnted So. of these mice dying 
and alive 4 days later 5 to 10 days after Mice dying 

inoculation 

prr cenl 

40 
20 
10 

1 
0.1 
0.01 

4 4 
5 5 

11 11 
5 3 
s 1 
8 1 

per cent 

100 
100 
100 

60 
13 
13 

* Virus: French strain, 111 th passage in mice. Volume of the virus suspension 
injected intraperitoneally, 0,2 cc. With it was mixed 0.4 cc. of normal human 
serum. Simultaneous intraccrebral inoculum: 0.03 cc. of 2 per cent starch 
solution. 

Table II the number of fatal infections was much smaller when the 
intrapcritoncal inoculum was a 1 per cent suspension of virus than 
when it was a 5 per cent suspension of the same virus. 

Evidently the chance of producing cnccphalitis in all the mice of 
a group inocuIatc(I by the rncthod used is greater when the larger 
quantities of virus arc injcctccl. Thcrc arc pr”c~;ll-difficulties, how- 
ever, without compensatory advantages in using very large amounts. 

The ohscrvations in Table II show that the USC of even as much as 0.2 cc. of 
a 20 per cent suspension of brain virus may allow some of the animals to survive, 
and the experience of the laboratory, in testing scvcrnl hundrscl scrn, wns that 
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this amount of virus would often permit one mouse to survive, and sometimes two, 
in a group of six control animals receiving the virus with normal human serum. 

To secure the necessary amount of 20 per cent virus suspension for the tests, 
approximately as many mouse brains were required as there were specimens to be 
tested, and this made necessary the inoculation of many animals as a source of 
virus. As the substitution of 10 per cent virus for 20 per cent made only a small 
difference in the accuracy of the test, when highly susceptible animals were used, 
and resulted in a great saving of animals, we have recent111 adopted 0.2 cc. of 10 
per cent mouse brain virus as the virus component of the intraperitoneal inoculum, 
and have paid special attention to the securing of suitable mice. 

Isotonic sodium chloride is the fluid in which the brain was at first suspended 
in the preparation of the virus for inoculation, and it is satisfactory if the virus 
is freshly prepared just before it is mixed with the undiluted sera to be tested. 
In the light of the espcriencc of 13nucr and hlahnffy (16), who found that the ad- 
dition of 10 pel cent of normal monkey serum to diluted virus suspensions helped 
prcscrve the virus, WC prefer to add this amount of a normal serum (human or 
monkey) to the salt solution usctl as a dilucnt in the test. 

\\‘c have found that 0.4 cc. of the serum is a satisfactory nmounl for the test. 
\Vhen this quantity is miscd with the virus suspension and injected, the test is 
so sensitive that scra from yellow fever convalescents diluted to 1 per cent usually 
protect a considerable proportion of the mice. 

.C/wimc)zs trj LC I~.\trl)zi)zctl.---;~t least 6 cc. of the serum to be tested is needed. 
Tlic test rcquircs 3 cc. The rcmninder is used in case the results of the first test 
arc’ doubtful or the control tests prove unsatisfactor!.. 

Tlrc nlirc~.~--rIc~Lltl~!. >voung adult lvhite mice of about 20 gm. weight are pre- 
ferred, but moderate differences in age do not seem to affect the results of the tests. 
A pure strain of mice, tested and founcl highly susceptiI~le and bred on the premises, 
\vould give the best results. Satisfactory work may be done with susceptibie mice 
purchased from dealers, but each supply from a new source should be tested for 
susceptibility and there should bc an underst:mding with the dealer that he will 
not change the source of his mice without notifying the laboratory. During the 
test mice may be fed csclusively on bread soaked in milk, given once each day, 
and the, will then require no water. During the esperiments the mice are kept 
in glass battery jars with wire mesh covers, sis mice in each jar. Wood shavings 
arc placed in the jars, and the mice are mow1 to fresh jars 1 week after inoculation. 

I'ucjurmlinu of I~IC l’iulrs:-An approximate time is set in advance for the tests, 
prrfembly 2 or 3 consccuti\.e days in Ihc midtllc of the week. 5 days before each 
testing date, a sufticicnt number of healthy mice arc inoculated intracerebrally 
with yellow fever virus in mouse brain tissue. The mice arc inspected each morn- 
ing. The definitely sick animals are killed with chloroform and are pinned out, 
back down. A rapid and simple necropsy is performed to fin‘d-out if there are gross 
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lesions of any disease other than yellow fever and to drain the blood from the 
brain. The only gross lesion prqbably due to yellow fever, which has been ob- . e,.. 
served, is hemorrhage into the stomach and intestines, and this is absent in most 
cases. The mouse is, then turned over and pinned out. The skin is slit with 
scissors from the nose to the middle of the back and the flaps are laid back. An 
assistant scars the top of the skull with a red-hot soldering iron. The operator 
removes the bony covering over the brain with sterile sharp-pointed scissors and 
then spoons out the brain with a rigid, narrow spatula of nickel. The brain is placed 
in a small, weighed petri dish. The other brains secured are placed in the same 
dish and the total weight is ascertained. The !,rains arc then finely ground up in 
a porcelain ‘mortar with enough isotonic salt solution, or preferably salt solution 
containing 10 per cent of normal serum, to.makc a 10 per cent suspension. 

Prcparafion of i/w .Tcrlou-Virils ~l~i.~~urcs.--I~~ advance of the tests, 3 cc. of 
each specimen of serum or diluted serum and of each of sevcrnl w-a for the controls 
is placcti in a small test-tulw. If less t.han 3 CC*. of serum is availnblc for a test, a 
50 per cent solution of the serum rnn~r be tested if the dilution is stated in the 
report. If less than 1.5 cc. is rcccivcd, wc tliscartl the specimen unless its unusual 
importance justilies testing it in higher dilutions. To cnch tube is added 1.5 cc. 
of the virus suspension. The contents of each tube arc mised and drawn up into 
a 5 cc. graduated glass syringe with the numlzr of the specimen or that of the 
mouse group t 0 be inoculatctl written on it \yith :1 J~S pencil. 

T/cc .Slnrr/~ Sl,lJrlio~r.-~--‘l’lle st;lrch solution for in trxccrcbrxl injection is prepared 
in advance by adding 2 per cent of corn-starch, such as is sold for food, to the 0.9 
per cent sodium chioriclc solution and heating in a flask in a bath of’boiling water. 
The solution is then placed in small U~iclc mouthed I<rlcnmq~cr flasks, autoclaved, 
and stored read!7 for use. In the morning of the da~v of tiic tests the starch solution 
is drawn up into tuhcrculin s\vringcs of 0.25 cc. capncit_\T, fitted with hypodermic 
needles 0.42 mm. in dinmcter (Stubsgauge No. 27) and 10 mm. long. The number 
of syringes filled is the same as the number of mouse groups to be inoculated. 

ColllroZs.-\Vith each set of tests there should be five controI groups of six mice 
each. Two groups should receive 0.4 cc. of normal serum (human or monkey) 
in place of the unknown serum of the test, and two should receive a known immune 
serum (human or monkey). To conserve the immune serum, it may be diluted to 
10 per cent if of suflicicntly high titer. ‘I’hc fifth control should be given the 
virus mixture intracerebrally. It shows whether the mice are susceptible and the 
virus potent. Intracercbral inoculation brings the animals down 1 day sooner 
than intraperitoncal inoculation with simultaneous cerebral injury. 

:In important object of the immune serum control is to show that the deaths 
caused by the virus suspension injected are in reality due to yellow fever anal not 
to some contaminating organisms in the virus mixture. In our recent experience 
the most frequent cause of an unsatisfactory result requiring repetition of the tests 
is contamination of the virus as revealed by deaths of mice in the immune serum 
control groups. TIX organism of mouse typhoid, Strain 1, was isolated from the 
brain of one of the animals tf4ng in an unsatisfactory test of this kind. I\‘e are 
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attempting to diminish this difficulty by using healthy mice of our pure strain bred 
on the premises for source of virus and inoculating them from mixtures containing 
the smallest possible number of brains. When it seems advisable as an additional 
precaution, we filter the brain suspension used in inoculating..the source animals 
through Berkcfeld N filters. It would be possible also to go back to stored, dried 
specimens of the virus which were obtained when it was apparently free from con- 
tamination. Before filtering the virus, the brain suspension should be centri- 
fuged and the sediment discarded. The mouse brain virus may be easily preserved 
by preparing a suspension of the brain tissue in normal human or monkey serum, 
placing it in 1 cc. amounts in test-tubes, drying it in the frozen state, and then seal- 
ing the tubes and storing in the refrigerator. We have already preserved the virus 
in this way for several months. The essentinIs of the method have been published 
by Sawyer, Lloyd, and Kitchen (17). 

I?~ocltlaLiou oj 11~ Mice.-An assistant anesthetizes the mice by placing several 
in a battery jar, on the bottom of which is a layer of cotton moistened with ether. 
The mice arc taken from the jar when they become unconscious and arc laid on 
the table near the operator. The operator, wearing rubber gloves, takes a mouse, 
lays it: back up on a towel on the table, parts the hair of the head with a swab wet 
with 70 per cent alcohol and thrusts the fine needle of the tuberculin syringe 
through the thin skull and into the center of the brain. Ire injects 0.03 cc. of 
the starch solution. The mouse is then picked up by the skin of the neck, and its 
tail is held by the third finger ol the sam(3 liancl. With one of the larger syringes 
an intrapcritoncnl injection of 0.6 cc. of the virus-serum miseure is given. The 
mouse is then ilropped into a numbered jar. One operator with an assistant can 
test up to 25 scra on each of 3 days of the week if he has an abundance of equip- 
ment rcndy in ad~xncc. The actual injections require approximately 3 minutes 
for each mouse group. : 

Ixspccfion nr~d RccortEi~zg.-TIC mice arc inspected every morning for 14 days, 
and a record is made of those that are sick or dead. Our printed record form on 
cards measuring 77 by 128 mm. is shown in Fig. 1. The first mouse t,o become 
sick or die becomes hIousc 1 of the group, and the second, No. 2, and so forth. 

ItlLcrprcfatinn of the X~srrl/s.----The result of the protection test is recorded as 
the ratio of the number of mice surviving on the 10th day after inoculation to those 
that were alive and well on the 4th day, and this is followed in parenthesis by the 
corresponding ratio for the contro1 groups receiving normal serum with virus, thus: 
“S/6 (O/12),” meaning that 5 out of 6 mice survived in the test group and none of 
12 in the normal serum control groups. Deaths before the 5th day are in all 
prolxLhility not clue to the yellow lever virus. Unless :I note is made to the cfiect 
that the control groups rccciving immune serum and viru‘s -gave unsntisfnctor> 
results, it is to lx assumed that the mice in these groups were protected. From 
the record cards the rciults arc then classified as “protection,” “no protection,” 
“inconclusive,” or “unsatisfactory,” in accordance with the requirements of the 
guide given in ‘I’nblc l\-. Unless a very few deaths in the “protection” groups 
and ,‘t similar number of survivals in the “no protection” groups were allowed, the 
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Key to symbols 
usad in records 

+ = Died 
$ = Killed when 

sick 
$i = Killed when 

Wd 

Codrol for 
LO’-528 

S = Sick 
M = Moribund . . . 
F-142=French 

3tmi.n of viruq 
14Znd passge 
in mice 

f76(1/11)= 6of 6 
mice were pm- 
tected intest; 
1 of 11 survived 
in normal se- 
rum controls 

+ = Serum pro: 
tected 

f = Result jncon- 
clu3ive 

- = Swum did 
not protect 

U = Tez% unsat- 
isfactory 

Heavy vertical 
lines bound 
time zone within 
which deaths 
are considered 
significant 

FIG. 1. Part of record of test of a serum 1)~ the intrapcritoneal protection test 
in mice, to determine protcctivc poiver against yellow fever. Upper cd contains 
record of test; other two show that of half the immune and normal serum controls. 
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“inconclusive” and “unsatisfactory” results would be excessively numerous and 
many tests would have to be repeated. ‘Our experience leads us to consider the 
requirements in the table to be conservative. Very rarely there may be a number I. 
of deaths on the 11 tb or 12th days after inoculation, in which case it may sometimes 
be justified to classify the result as “inconclusive” when it would otherwise be 
“protection.” Ordinarily the deferring of death beyond the 10th day shows a 
considernblc protcctivc action of the serum and would have almost the’ same sig- 
nificance as fl survival. II the amount of swum will permit, the tests of the speci- 
mens in the “inconclusive” and “unsatkkctory” groups are repeated, and if 

.dcfinitely positive or negative results are-then obtained they are accepted, but 

I’rotection (-t) 
I 

No protection or negative (-) 
I I 

No. or tlcnths :Illowctl 
I 

No. of survivals nllowed 
_____ 

1, 2, 3 Result “urwltisfactory” (U) in any cnse 
4 0 0 

5, 6 I 1 
T,S,<) . 2 2 

10, 11, 12 3 3 

* If there is neither “protection” nor “no protection” but the~controls are 
&tisfactory, the result is classed as “inconclusive” (+). If the results with the 
normal serum and known immune serum controls are not “no protection” and 
“protection,” respectively, in conformity with the standards of the table, all the’ 
tests to which the controls relate arc classed as “unsatisfactory” (U). If possible, 
all “inconclusive” and Liunsatisfactory” tests are repeated. 

the protection ratios for both tests are shown in the tabular reports to the senders 
of the scIra. The “unsntisfactory” resylts include those in which the controls are 
unsntisfactor>~ and those in which fewer than four mice are alive and well 4 days 
after inoculntion. 

BrzclcYiolngic-crl 01ld Z’clthnlogii-cl1 ~?‘sanrirlcrliolrs.-Or(linarily the identification 
of the prolxlblc c:1usc of tIcat. of the mice in the routine tests rests on the known 
source of virus anal the fact that in the controls the known immune ~~cllow fever 
serum protects the mice ant1 the normal strum does not. If there are circum- 
stances suggesting that tlcnths may lx tluc to contamination of the individual 
specimen of serum, cultures may be taken of the serum and histological cxamina- 
tions ma>- be made of the l)rains of the mice. Such difticulties are rarel!r encount- 
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ered if the sera are collected with great care and in sufficient quantity. The test 
is hardly worth while if a shipment of sera contains many specimens that are 
contaminated or below 3 cc. in amount. 

Demonstration of the Prcscncc of ViruS ifz the Blood of the Mouse 

The intrapcritoneal protection test in mice was devised on the 
supposition that yellow fever virus injected into the peritoneal cavity 
quickly found its w,zy into tllc bloocl strcnrn ,zncl wns cnrricd through 
the blood vessels of the brain. Theiler..had shown that the blood 
contained little or no virus during the course of the disease, and we 
wcw unable to find virus in the blood after symptoms had appeared. 

To demonstrate the virus in the circulating blood after inoculation 
and its abscncc during the course of the yclIow fever encephalitis, we 
carried out the cspcrimcnts rccorclotl in ‘I’ablc V. 

In the principal cspcrimcnt, mice iverc each gikrcn jntrnperitoncal injections of 
0.2 cc. of a 20 per cent suspension of brain virus, I;rench strain, 124th p’assagc in 
mice, together with 0.4 cc. of nor&l human serum. The a~nounts of virus and 
serum were the same as wcrc then hcing used in our routine protection tests. 
The mice were divided into two scrics, r\ and H. One group of mice of Series A 
was I~.lccl from the heart untlcr eihcr :1ncs!l1csix 2.1 hours after the injection. Other 
groups \vc’i-c’ sirnil:crl~~ blctl -4S, 72, 90, ant1 120 hours nftcr inoculation. The blood 
of each group was hcpnrinizcd and mixed and then injected intracerebrally in 
amounts of O.O,1 cc. into groups of normal mice as a test for the presence of vikus 
in the injected l~lood. ‘I’hc risults arc slio~vn in Tal)le V. A considerable but 
irregular proportion of the mice inoculntctl tliccl within the usual time period for 
deaths from cspcrimental yellolv fever after intraccrebral inoculation of fixed virus 
(4 to 9 clays after inoculation). 

The mice of Series 13 were bled in the same way, but the fresh untreated blood 
of each individual mouse was injected immediately into a group of normal mice. 
As before, the injections were intrxcrcbral and consisted of 0.03 cc. of blood. The 
times of bleeding were the smne cxccpt that the bleedings after 120 hours were 
omitted. The results were similar to those of Se&s A. 

In the first supplementary test recorded in Table V, mice were inoculated as in 
the principal test. ‘L’hc virus was of the French strain, 108th pnssage in mice, 
and 0.2 cc. of a 20 per cent suspension \vas injected intrapcritoncally into each 
mouse. The mice were I)Icd 2-1 hours Iater ant1 tiw blood was pooled and allowed 
to clot. The serum was injected into normal mice intraccrebrally in amounts of 
0.03 cc. The result was almost identical with that obtained in Series A of the 
principal experiment with tlic inoculation of pooled whole blood after the same 
time interval. Of eleven mice inoculated with the serum and surviving on the 
third day, nine succumbed. 
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In the second supplementary test, the mice were inoculated intraperitoneally. 
with the same amount of virus, French strain, 109th and 110th passages in mice, . 
mixed with normal human serum, but they were given also an intracerebral 

TABLE V 

Recovery of Yellow Fcwr Virus from the Circddi)lg Blood of Mice at Vary&g Inter- 
vals u..fcr Massiw Intrafwrito~~cal Iuoculatiort 

So. of mice inoculated with the 
mixed strum and alive 3 clays 
later 

So. of tlicsc mice (lying or moril~uncl 
-I to 9 days after inocul:ltion 

5 

11 

8 

5 

25 

8 

6’ 

11 

9 

* First supplcmcn tar!* cspcrimcn t. 
t Second supj~lcn~c~~ tnrv cspcrimcnt. 

48 
(2 d3ys) 

5 

10 

3 

5 

22 

9 

(3 3:ys, 

-__- -_-.__- -- -~--. .---_.----------- 
liours between inoculation and bleeding of source animal 

(4 Eys, 120 144 
15 days) (6 days) 

4 

10 

1 

5 

23 

13 

4 

10 - 

6 

4 

19 

8 

- 

2 

10 

7 

4t 

16 

0 

injection of 0.03 cc. of 3 per cent starch solution to localize the virus and permit 
infection to take place. In this way it was hoped to find out whether the virus 
would disappear by the 6th day after injection, and, if it did, to ascertain whether 
it would reappear with the appearance of symptoms. Four of the mice which were 
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moribund or definitely ill 6 days after inoculation were anesthetized and bled from 
the heart. The mixed serqn was injected intracerebrally, in the amount used in 
the previous experiments, into sixteen normal mice. All of these mice remained well 
throughout the observation period of 14 days. The four mice whose blood had 
been taken for injection were killed and their brains were ground up together to 
make a 20 per cent suspension. Twelve mice were inoculated intraperitoncally 
each with 0.2 cc. of this suspension mixed with 0.4 cc. of normal human serum. 
TweIve other mice wcrc similarly inoculated, l)ut a Icnown human immune serum 
was substituted for the normal serum. All the mice were given also 0.03 cc. of 
3 per cent starch solution intracercbrally. Of the mice receiving normal serum, 
one died earl+, and the remaining eleven died from 5 to 8 days after inoculation. 
Of the twelve receiving immune serum, a11 but one remained well for the entire 
observation period of 14 days. Thus was shown the presence of the virus in the 
brain and its identity as yellow fever virus. Evidently the virus had disappeared 
from the blood before the 6th day nftcr inoculation and had not renppeare;d with 
the onset of the cnccphnlilis anal tlic pro(Iuction of much yellow fever virus in the 
brain tissues. 

While the evidcncc from these scvcrnl experiments strongly suggests 
that yellow fever virus WRS prcscnt in the circulnting bloo~l of mice 
every day from the 1st to t hc 5th after intrxpcritoneal inoculation 
and c;~usccl 211, c)r nnost of? tllcl (Ic~lt.11~ in the lnicc inoculntctl with the 
blood spccimcns, the prcscncc of t hc virus has been con[irmect by histo- 
logical examinations and subinoculntions only for specimens of blood 
taken 24 hours, 45 hours, and 96 hours after inoculation. The cvi- 
dencc follows. 

Serum Tukcn aficr ZJ Ilozrrs.---(ITirst supplementary experiment, Table V.) One 
of the mice \vhich had been inocukitcd Gth the serum was killed when moribund, 
and part of its brain was csamined histologically. There were definite lesions of 
encephalitis, typical of those seen in yeHow fever in the mouse. Half of the same 
brain was ground up with half the brain of. another mouse in the same group, and 
normal mice were inoculated intracerebrally with the suspension. Of twelve mice 
alive on the 3rd clay after inoculation, clcvcn died from 4 to 9 days after inocula- 
tion, and the brain of one was examined and found to show pronounced and typical 
lesions of yeIIow fever encephalitis. Further subinoculations were made similarly 
from this group, and of scvcntccn mice alive on the 3rd day, fifteen died from -1 to 
9 (lays after inoculation. The brains of two other mice of the group receiving the 
2-1 hour serum were ground up together and used in inoculating eighteen mice 
intracerebrally. All of them died 4 to 6 days later. The brains of two were 
examined and found to show lesions of cnccphalitis. 

Blood Takctz aficr 3S Hollrs.-(Principal experiment, Series B, Table V.) Brain 
tissue of one of the mice which had received -1s hour blood was injected intracere- 
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brally into normal mice. Of ten alive on the 3rd day, all died or were moribund 
5 twys after inoculation. The brains of two were examined histologically and. ,, 
found to present lesions of encephalitis consistent with those of yellow fever. 

Blood Taken U./W 96 IJOzlYS.-(Principal experiment, Series I3, Table V.) One 
of the mice which had been inoculated with 96 hour blood was killed when mori- 
bund, and part of its bmin.was csamincd histologically. The lesions of encephali- 
tis were present and considered to be those of yellow fever. The remainder of 
this Jjrnin was grountl up witI the Jjrain of another mouse in the same group, and 
twelve mice were inoculated intracerebrally with the suspension. All died or 
were moribund 5 days later. The brain of one was csamined and found to present 
the picture of yelIo?v fever encephalitis. 

From these observations it seems that the mouse is unique, among 
the animals so far investigated, with regard to the circulation of yellow 
fever virus in its blood, inasmuch as the virus in the blood disappears 
lxforc symptoms begin and does not reappear with the onset of obvious 
discasc. After massive intrapcritoncal inoculation the virus appears 
promptly in the bloocl rlntl remains for scvcral days. If the virus in 
the circulatin g blood is given an opportunity to- attack the brain 
through cz 1ocA injury and products tliscasc on the 6th day after 
inoculation, the virus is absent from ihc bloocl ,zt the time tile symp- 
toms begin, although it is al~un~lant in the brain tissue. It would 
seem that the mouse, like many other ,znim,zls! permits the injected 
virus to circulate for a time regardless of whether a manifest infection 
is to lake place, and that the virus disappears from the blood after a 
few days. If the encephalitis of yellow fever occlirs Irtter, the virus 
dots not reappear in the blood. We (lo not yet know whether protec- 
tive substances against yellow fever are produced in the mouse by 

intrapcritmcal inoculntion in lhc absence of the production of yellow 
fever encephalitis, but protective substances have been shown to 
appear in several other resistant warm blooded animals after such 
inoculation (13). There is a possibility that the rise of antibodies in 
the t~loocl frees the blood of virus while permitting virus to continue 
its development or to persist in the central nervous system, just as 
yellow fever virus might rcmnin for n time in the liver of an infected 
monkey after it had disappeared from the circulation with the rise 
of antibodies. WC (10 not know whether the virus in the circulating 
blood increases in amount or is simply the virus introduced by massive 
inoculation. {IVhntcvcr the process is that permits virus to be recov- 
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ered from the blood, it seems evident that it does not depend on the 
production of the encephalitis which characterizes experimental yellow’ 
fever in the mouse. 

Di~crcnces in f?le,Sll.sccptihility of Strcrins of Mice lo YellOW FeVCr Vi?%S 

In the first months of our study, while using the strain of white 
117ousc bred at ‘I’hc Rock~fcllc~r Tnst i tutc for gcncrnl purposes, we wcrc 
disappointed in the seeming low virulence of the virus strains used. 
Even the fixed French strain, which had become so highly virulent in 
the hands of Thciler (11)) ,zllowccl many of the mice to survive after 
intracerebral inoculation. WC found the mortality too low at that 
time to permit the dcvclopment of a satisfactory protection test in 
rnicc. In Octol~l-, 1930, t hcrc w:~s :III abrupt rise in the rnk-tality to 
npprosimntcly 100 per cent , ant1 \VC observed that. this coincided with 
the purchnse of mice from I)cnlcr I< at n time of shortage of the Insti- 
tutc stock. 1Vc later sccurcd strains from other sources and tested 
their susccpt ibility. ‘l‘hrough the kindness of Dr. Carrel we received 
mice of the IDilute Iirown strain ant1 of the albino Swiss strain. The 
lnltcr StraiII hxl I)ccn l)t-ought to tlic Irlstitutc I,y’I%. Clara Lynch in 
1926 from the lnbor;Ltor_\~ of I>I-. clc ~‘oulon of Lausnnnc, Switzcrlnnd. 
Nice wcrc sccurctl ;&w from three dcnlcrs, I<, nf, and ID. 

The results of compnrativc tests for susceptibility are shown in 
‘I‘nblc VI, ;~ntl rnn_\r bc bricily sumrnr~rizccl. Of the three pure strains, 
the Swiss and the I)ilute 13roivn were found to be highly susceptible 
and suitable for use in the protection test. The mortality was nearly 
100 per cent for both strains, but the incubation period was slightly 
shorter in the Dilute Brown mice than in the Swiss. 

The Institute stock strain was remnrkabIy resistant. This resis- 
tance was manifest even in suckling mice. Unlike adult mice, very 
young mice will ordinarily contract yellow fever encephalitis when 
inoculated by intrapcritoneal injection in the absence of cerebral 
injury, as has been shown by Thcilcr (11). Suckling mice of the 
Institute stock, howcvcr, wc’rc found to be highly resistant to intrn- 
peritoneal inoculation, while similar mice from Dealer K were very 
susceptible. 

This experience brings out the importance of using a pure strain of 
m!ase of known susceptibility in yellow fever studies and protection 
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TABLE VI 

Comparative Tests of Strains of Mice for Susceptibility to Yellow Fever Virus of t?le 
French Strain after 109 lo 138 Passages in Mice 

Compnrntivc tests 

Intracerebrnl Inoctrlatio~z of Y02ing 

Test 1 

Test 2 

Test 3 

Test 4 

Test 5 

No.ofmice . . . . . . . . . . . . . . . . . . 
I’crcentnge dad or moribund 4 

to 9 days xftcr inoculntion. . . 

No. of mice. . . . . . . . . . . . . 
Percentage tlcnd or tnorihtnd. . . . 

No. of mice. . . . . . . . . . . . . . . . . . . 
Percentage dent1 or moril~und. . . . 

No, of rnicc. . . . . . . . . . . . . . . 
I’crccntagc dead or moribund. . . . 

No. of mice. . . . . . . . . . . . . . . 
1’crccnt:p dead or morit~untl . . . 
No. (lead or moribund on 4th day 

after inoculntion. . . . . . . . _ . . 
No. dead or moribund on 5th day 

after inoculation. . . . . . _ . . . . 

= 
I 

XI= 
Pure strains 

I I- 

?ntrnpcritot~fc~l Inorrllntio?z of Such- 
ling Mice 13 to 16 Dclys Old t 

Test 6 No. of mice. . . . . . . . . . . . . . . . . 
Percentage dead or moribund 5 to 

10 days after inoculation. . . . . . 
No. dying 11 to 15 days after 

inoculation. . . . . . . . . . . . . . . . . . 

Swiss 

30 

loo% 

23 
100% 

3 

19 

30 
1WS 

24 
100% 

17 

7 

Insti- 
tute 
stock 

30 
839 

23 
1007 

7 

13 18 

0% 83’: 

4 1 

Mixed strains 

Denlel Dcnler 
M 1) 

52 

967 

54 

81% 

- 

* Inoculum : 10 per cent suspension of brain of moribuntl mouse in isotonic 
sodium chloride solution. Amount injected intraccrcbrally: 0.03 cc. 

i Same inoculum as used intmccrebrally. Amount injected intrqwritoneally 
into suckling mice: 0.1 cc. 
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tests. Unfortunately, this is not always possible, and we are still 
compelled to buy reasonably susceptible mice of unknown and mixed ’ 
heredity from dealers, while an insufficient but increasing supply of 
mice of the Swiss strain is being bred for us. 

Titrulioir, of SCY~I for I’rolcctioc Poxw 

The technic of the intrapcritoncal protection test in mice is WC11 
adapted to the titration of sera for their protective power against 
yellow fever. It is merely necessary to substitute serial dilutions of 
the serum for t-hi full strength serum in the test. The, methods of 
recording and interpreting remain the same. 

\Vc may take as an csamplc the rcsulls of ;1. tilration in n study of ihc persistence 
of ~dlow fcvcr immunity (9). ‘l’hc scruni was from ;L womxn who had had yellow 
fcvcr 78 ycus bcforc. The upper card in Fig. 1 shows tlic record of the full 
strength strum in this titration. ‘l’hc controls were satisfactory; the normal 
serum controls permitted only one of eleven mice to survive. The protection 
ratios and results for the several dilutions were: dilution 1: 1, G/G (+) meaning 
that six mice out of sis survived; 1: 2, 6/G (+) ; 1 :-I, G/G (+) ; 1: 8, 4/S (+) ; 1: 16, 
4/G (AX); 1:32, 4/6 (A); 1:&I, l/6 (-); 1: t2S, l/6 (-). Dir the rigid standard 
of Table IV, the spccimcn of serum protcctccl in dilutions up to 1 :X, and gave 
inconclusive results at 1 : 16 and 1:32, and gave no protection in higher dilutions. 
The titer would Ix 1 :S. 

Sclrsilhily of the Tl‘csl - 
The intrapcritoncnl protection test in mice is much more sensitive 

than the protection test as made in monkeys. Scra which protect 
monkeys also protect mice, but many which protect mice do not 
protect monkeys. 

The serum which was mentioned abovc as protecting mice in a dilution of 1:8 
was teslcd also in two nionkcys. One was given 3 cc. of the serum per kilo of body 
weight and the other 1.5 cc. per kilo by intraperitoneal injection, and each received 
a subcutaneous injection of 0.4 cc. of Asibi yellow fever virus in monkey blood 6 
hours later. All of three control animals died of yellow fever. The test animals 
both dcvcloped fever and rccovcrcd, showing that they had received delinite 
protection but of a low degree. The scra of several persons who have recovered 
in recent ‘cars from laboratory infections usually protect monkeys completely 
when as much as 1 cc. per kilo is injected and protect mice when the dilution of the 
serum is 1: SO or 1: 100. The intrapcritoncal test in micehas been found sufficiently 
sensitive to reveal active immunit), in persons and monkeys successfully protected 
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against yellow fever by means of inoculation with mistures of immune serum and 
mouse brain virus. 

Da.ngcr lo Pcrso~zd 

Unusual precautions are necessary to prevent the infection of 
laboratory personnel with yellow fcvcr virus from infected mice. 
Three such infections arc known to have occurred. We have con- 
sidered it ncccssnry to limit the pcrsonncl working in the rooms in 
which the mice arc inoculated and the brains removed, to persons 
known to have become immune to yellow fever as the result of an 
attack of the disease or through vaccination. 

1. A mcthotI of testing s(‘I-;I for protcc-tivc ~)o~vcr qpinst yellow fcvcr 
is dcscrilxd and designntetl 3s the intrapcritoncal protection test 
in mice. 

3. ‘I’hc test is highlJr sensitive. C‘onsequcntly it is qflul in cpi- 
den~iolo~ic;d stu(licBs to (let ckrrninc whether intlivicluals hnvc ever had 
yellow fcvcr ;Ln~l in t csts to lincl \\~liulhcr vxcinafcx1 Ixrsons or animals 
hnvc in reality l)ecn immunized. 

A-. When mice were given large intrapcritonenl injections of yellow 
fcvcr virus Iise(l for mice, the virus could be rccovcrctl from the I)lootl 
for 4 days although cnccplialitis did not occur. II the brain was mildly 
injured at the tirnc of the intraperitoneal injection, the symptoms of 
yellow fcvcr cnccy,h;llitis nppc:~rcd 6 clays later, but the virus was then 
absent from the ~~100~1. 

5. Strains of white mice vary greatly in their susceptibility to 

yellow fever. 
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