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Gentlemen:

During the past six months no noteworthy changes in stafif or in
the organization of the hospital have occurred. Mention was rx de in the
last report or the diseases being studied and the study of no other iiseasss
has been undertaken. The following is a report oI the work in progress in
the several departments and a statement of the resulss obtained.

Studies on Chicken-pox.
Dr. Rivers and Dr. Tillett.

The study of chicken-pox has been continued and extended. The
results are given under the following four headings:

4.~ Clinical study of cases of chicken~pox in the hospital.

B.~ Further study in rabbits and in vitro of a virus recovered in at-
tempting to transmit varicella to rabbits.

C.- Identification of tae virus recovered in attempting to transmit .
varicella to rabbits.

D.« Study of waccinia in rabbits and vaccine virus in vitro.

A.- Clinical Study of Cases of Varicella in the Hospital.

Since the ward was opened in October, 47 patients suffering from
chicken~-pox have been admitted for study and treatment.

The effects of chemical and mechanical irritation upon the locali-




78

tion of the virus of varicella %s evidenced by the appearance oi an umisual
-ver of vesicles at the site of irritation have been discussed in previous
. rorts. Several striking instances of the eifect of irritation upen the 1lo-
iization of the virus have been encountered tais year. V'e have also had the
jertunity of observing the effect which & coexisting disease may have upon
localization of the virus in varicella. There was admitted to the hospitai
.i11d showing various manifestations of congenital sypailis. In addition &n
.ption was present, the individual lesions of which were typical of chicken-
llost of the lusions, however, were over the face and cxtremities, the
ions wost involved in syphilis eruptioas, and not over the trunk as is usual.y
- zuse in chicker~pox. This unusual occurrence of the varicalla lesions
r parts of the body usually involved by congenital syphilis suggests strorng-
taat the syphilitic injury had caused sufficient irritation of the skin tc
.:iluence the lecalization of the varicella virus.

B.- Further Studv in Rabbits and in Vitro of a Virus Recovered
in Attemptine to Transmit Varicella to Rabbits.

Brief history of the virus uncer investigation. In most of the ex-

periments the virus which we have called Virus III was used. The lqsions pro-
duced by this virus were first recognized in the fourth testicular transfer
followihg a primary iroculation of blood from a varicella patient into the
testicles of a rabbit. The virus has been transferred 75 times from rabbit to
;abbit. It now acts like a fixed virus in that the injection of a small amount
of the virus into the testicles of rabbits is followed in 3 %o 4 days by &
;harp rise of temperature to 104-106°F. Moreover, intradermal injections of
ine virus in dilutions of 1-1000 are regularly followed by visible skin react-
ions. The injection of the virus never causes death of the animal even when

the injections are made into the brain. The virus, however, has been dermon-
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strated to be present in the dlood during the height of the reaction follow-
ing intratesticular and intradermal injection. This presence of the virus

in the blood has been demonstrated by intratesticular injection, the presence

©t the virus in these tusticles being determined by a positive result follew-

ing the intradernal injection of the testicular material. Portions cf the
testicular emulsions containing *he virus have been shcan repeatedly to be
free from ordinary anaerobic end aerobic bacieria oy means of cultures on
vlood agar, in broth and in Smith-Noguchi tubes. Furthermore, crdinary bac-
teria have not been seen in stained films and dark-field preparations ef the
emalsions containing the virus, in stained sections of inoculated testicles

cr in sections of inoculated testicles impregnated with silver nitrate.

From the study of the virus in rabbits the follewing data have becn
cbtained:

1.  The intradermal method of ipoculating Virus III gives more rzliadle re-
sults than those obtained by smearing the virus on the scarified skin.
The development of this method has mnde rapid progress possible.

2. Virus III, heated 10 minutes at 55°C., will not produce visible reactions
in the skin of rabbits. |

3. Virus IIl passes through Berkefeld N and V filters. Titrations of the
virus before and after filtration, however, showed that most of the virus
was held back by the filters.

4. The data obtained so far indicates that the best method of preserving the
virus in an active state is to filter the testicular emulsions containing
the virus, add glycerol to the filtrate wp to 40 per cent of the total
volwe, seal with vaseline and store on ice.

5. Viable Virus IIT produces a definite immunity in rabbits which persists

for at least 6 months. The immunity follows intradermal, fntratesticular,
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intravenous, intracerebral or intranasal inoculations of the virus.
A single intradermal injection of Virus III which has been killed by
heat does not produce a demonstrable immunity in rabbits.
llo passive immunity to Virus III could be demonstrated in rabbite which
had received intravenous injections of 5 to 10 cc. serum of an immune
rabblt 24 hours previously.
Immune rabbit serum neutralizes Virus III either when thoy are mixed
before injection or when the immne cerum and the virus are injected into
the same part of tha skin at or abcut the same time.
Virus III and vaccine virus are immunologically distinct.
Virus III and the virus of symptamatic herpes are immunologically distiact.

Three strains of the virus under investigation are immunologically identi-

cal.

Identification of Virus ITI.

Virus IIT was recovered following the injection of blood frou a

.ricella patient into the testicles of a rabbit and then raking repcated
.rensfers at four-day intervals from rabbit to rabbit by means of testicular
inoculations. The method employed in recovering the virus, the fact that more
than half the experimsnts which were performed in attempting to recover the
virus resulted negatively, the macroscopic and microscopic lesions produced in
rabbits by the virus, led us to infer that we were not improbably working with
the etiological agent of chicken-pox. We realized that the final proof that
the virus is the etidlogical agent of varicella was lacking and in our October
coport stated that "while the virus produces lesions in rabbits very much 1 e
thos& of chicken-pox, we have not shown experimentally tﬁat the wirus is the
stiological agent of chicken-pox." A better understanding of the behavior of

the virus in animals and better methods of working with the virus were neces-
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sary before we could rely on the results of experiments performed to ideatifly
the virus. The necessary methods were developed and the krowledge concerning
the behavior of the virus in normal and imrmune animals was obtained as has
teen described above. Vith this information it was possible to undertalwe
the identification of Virus ITI. The results of this werk follow:

(1) The first step has consisted in determining whether or not
the intravenous injection of serum and whole blood from convalescent chicken-
pox patients will protect nomal rabltits against the viris. It has been founi
that 10 cec. of serum or whols blood of patients convalescent from chicken-pox
~hen injected intravencusly will not Protect normal rabbits against virus in-
csulated intradermally 24 hours after the administration of the serum or blood

This might have been expected, however, since, as we have stated,
the serum of lirmune rabbits injected intravenously into normal rabbits will
not protect the latter against intraderral incculation.

(2)  Since immune rabbit serum neutralizes Virus III in vitro
and since a reliable technique has been devised by which this neutralization
can be demonstrated, it seemed whse to determine if the serur: of patients con-
valescent from varicella possesses any demonstrable wirucidal properties for
Virus III, or if the serum collected during convalescence nesutralizes more
virus than does that collected during the first two days of the diseass. The
sera from two normal adults and from fourteen patients convalescent from vari-
cella were studied and were found to have no demonstrable neutralizing effect
upon Virus III in yitre. Furthermore, in four instances no differences could
be detected between the serum collected durineg the disease ard the serum col.-
lected from the same patients during convalescence. The serum from patients
convalescent from varicella, therefore, does not meutralize Virus II1I in vitro.
The possibility however remains that the virus in the tubes employed may be

too concentrated or too active to be affected by the small amount of immmne
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bodies that may be present in the so.-m of cenvalescents.

(3) It is known {hat the virus is bresert ia small amounts of
blood taken from a raodbit 4 days after intratesticuier inoculation with Virus
ITI and an active Jmmni ty prouptly appears in rabbits inoculcted with snmill
azounts of this blood. Furthermore, thore is evidence that the blood of
varicella paticnts containg the etiologicai agent of chicken-pox. It was
therefore decided to determine if animals cculd be actively inmunized against
Virus I1I by previously inoculating them with frash blood obtained from pa-
tients early in the course of the disease. In a few animals instead of ir-
eculating with patients! bhiood wvesicle fluil and nasal washings were inJect?
el. After the inoculations the anirals were kept 21 to 67 days, aid then
intradermal inoculations of various dilutions of active Virus II! wera made
in order to determine whether or not the animads were irmune. In each ex-
reriment the activity of the virus was tested Oy inoculating at the saue
tize kmown noermal and irpune animals. Eleven experiments were perforred in
waich 39 test and 23 control animals were employed. The percentage of im-
wune rabbits was found to be the saze in the control as in the test animals,
26 per cent. Three of the experiments taken alone might be interpreted as
evidence that the injection of blood from chicken-pox patients into animals
Produces immunity against Virus I1I, but when all eleven of the experiments

are considered together, the evidence does not support such an idea.

The high bercentage of immune animals (267) found in our control
séries in these experiments, while we had previoucly found only 157 of stock
rabbits refractory, may possibly be explained by the occurrence of crocs in-
fection in the cages.

The control animals in experiments 2, 3, 5, §. 9 and 10, all yo-

ceived blood from the same normal man. All four control animals in experiment
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9 were immune and only uio of the twelve rubbits controlling the other ex~
periments was immune. Now the four control animals in experiment 9 were
kept in the same cage 5% days before testing. An cnalogous observation

was made with the test animals in experiment 5. Tnree animals in this
experiment which were kept in the same cage for 25 days were all found to be
imrune on testing. It is obvious, thercfore, thut in making experiments
with this virus to determine the development of immnity care must be taken
to avoid cross infection. This is of special importance where positive
conclusions are reached. This possibility has been carefully considered in
all of our later experiments.

It bas been thought advisable to ascertain before each experiment
waé undertaken whether or not the animals to be tested werse susceptible to
infection or were res{atant since, as we have stated, 157 of all stock rab-
bits are immne. It is impossible to do this directly since it iﬁ obvious
that the test for immnity by skin inoculation itself confers fmmunity.
Testing the power of the normal blood obtained before the experiment to
neutralize the virus in yitro and comparing this with the neutralizing powsr
of the blood of the same animal obtained later is of considerable significance
and this method was employed in the later experiments. This method does not
always give absolutely conclusive results, however, since inability of the

blood to neutralize the virus does not always indicate a lack of immmnity.

Inoculation of Active Virus IIT into Animals other
Than Rabbits.

Guinea pigs. Two guinea pigs received intradéﬁmal inoculations of
active Virus III. No visible reaction appeared in either pig during three
weeks of obsservation.

White mice. Six white mice received intraperitoneal injections of

0.25 to 1.25 cc. of active Virus III. During 10 days of observation all the




~-ice remained well and active.

Monkevs. Each of two mounkeys (Macacus rhesus) received an intra-
“inous injection of I cec. of active Virus IIT *n 8 cc. of physiological salt
viutien, and an intradermul inocvlation of the sase virus. No visidle skin

cticus, no significant changes in the teoperature or in the blood currents
scarred in either monkey during 3 weels o observation.

Mupaps . Two wen, physicians, volunteered for intradermal inocula-
icrs of active Virus III. One of th2 ;en had varicella in childhecd, the
t.or had never suffered from varicella. Fach volunteer received C.2 cc. of
“tive virus intraderrally on the left upper ar:. The voluntesr who had not
~wifored from: wvaricella experienced no general reaction and only a nild local
<t consisting of redness and tenderness in the irmediute vicinity of ths in-
~<ulation which disappeared entirely in 3 dars. The :man who had had vari-
2112 in childhood experienced a rmore severe reaction. Eight hours after
‘w2 inoculation a chilly sensation, headache, backache and general ralaise
were noticed. The arm at the site or the inoculation becane red, swollen,
tender and painful. The gemeral reaction disappeared after 43 hours. The
local reaction increased in intensity for 36 hours; the redness, swelling and
tenderness extendsd half way down the forearm. The axillary glands were swol-
len and tender. The local reaction gradually subsided and disappeared in 5,
days. In neither of the subjects did a vesicle or an open lesion appear at
the site of the inoculation. No generalized eruption appeared in either man.
Both individuals were still well a month after the injections. The blood
serun of neither man neutralized Virus III in vitro before the inoculations
and is now being studied at weekly intervals for the occurrence of virucidal
properties.

e 0 ) R f W wi Virus III.

From the work reported previously and that presented in this report
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it is evident that an active, transmissibie agent is being studjed which
partakes of the characiers of the so-called filteratle viruses. By airruno-
legizal tests jn hwaans and rabbits it has been dizTossible to oLiain any
evidanse that varicella Eatients oro sufferias or have suffered from infec? .
ien with this virus. Opn the other hani, ths studijes do bring evidence chat -
We are dealing Qith a specific previously wucmown filterable virus which is
quite distanct rrom vaccine virus and the viiis of syuptoratic herpes. Theye
15 15 evidance that Virus III is the otiolozical agent of snuffles. Ths
virus of infoctinug nyxomatosis is the only filterable virug indisenous to
rtliis Cenietid ug which we have been atle to find veports in the literatu-e.
Tode viicus v Figcs foported by So=avelli and foetler deceribed by Zplen~
lere and liesss, 3¢ produces fata” :yxwatous tl.ors wn rabbits, 1s filter-
able and can be transmitteq indefinitely fro: rabbit to rabbit. Whether
the virus stuiiegd by us is an unknowm virus of irvaun origin, is a virus
indigenous to rabbits, or possibly an agent of a reculiar character.nct

hitherto studied must be left undecided for the present.

Study of Vacciniag in Rabbits and Vaccine Virug
T e
in Vitre.

Filtration of Vaceine Yirus Throush Berkefelg Filters. There has

always'been 80me doubt as to whether vaccine virus ig really filterable.lNegri
and a few other workers apparently found it to pass through a filter. Many
investigators, however, have been unsuccessful, Our erperiments seen to show
conclusively that vaccine virus Passes through Berkefeld filters V, Nand 7.
Although some of the virus passes the filters, the greater portica of it is
held back by then. If the filtrates are inoculafed on the scarified skin or
cornea na evidence of the presencé of the virus will be obtained. If la.re
toounts of the filtrates are injected into the testicles of normal rabbiws,

havever, the virus rultiplies ang when ths testicles are removed, erulsified







































































































































































































