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BIKE\ JouR\.\I,
Pr"Iiminarv R"rinii

Since the development of 11vc atLenuated riteasles vaccines (Enders at of. 1960 ;
Okuno at a/. 1960 ; Sinorodintsev at at. 1960) it I\as liecome necessary to estalilish
reliable procedtires foi. differentiatiito lietween epidemiolouical (wild) virus and
attenuated vaccine virus. it{arker tests to differentiate the attenuated EdmoiTston

strain from the it on-egg adapted strains \\, ere reported I)y Buynak ,/ rr1. (1962)
us111^ tissue cultui'e ntonolayers and these workers also I'ecognized that 111c \, iruleilI
strains produced severe lesions in the liraii\ of monkeys \\, hen injcctcd intrathala-
micall}. or Intra-CIStei'nally, wl\Ile the attenuate <1 vaccine virus <1id not cause s\ICl\
lesions.

It is well knowit that am o1\g Inc animals tested as It OSIs for expcriiiTcnts
measles virus, only the monkey suffers froiTT a disease closely reseml)ling human
measles in I>otlt its clinical and pathological features (Blake 81 a1. 1921 ; Sharia. at
a!. 1941 ; TaiTiguclii e/ (11.1954) and the nTonkey ITas lieen found to lie easily infected
nutu"^11y with human mon*re, vi"us or MINIA (Ru, kle, 1958). Thi^ 1.1gl" stun, -
piibility to the agent in akc comparative experimental studies o1\ the I)1010gical
effects of wild and vaccine viruses possil)Ie in 111e monkey. Studies on 11te jinmunol-
ogical and nathological responscs of monkeys 10 measles vaccines ale not nitly
11Tieresting, Iiui necessar\. fiom a practical point of view.

This report describes preliminary experiments o1, this I)TDI)leit\. 111 11tc
pi'eceding reports (Nil and 1< amahora, 1963 a ; Nii ,/ n1. , 1963 by 11 was showiT
that viral specimens on tamed from patients \\, ithiil 3 days after the onset of a rasli
as well as from 1110sc who showed Koplik's spots nut no rash, caused extensive
pathological changes in Ihc I)odies of monkeys or induced a <1efinite antil)od\,
response in 111eir sera, at appropriate times after virus Inoculation. Indeed, all
eighteen monkeys Inoculated \\, ere affected IJy this Inaterial. Measles virus
gro\\, Ih in the lymphatic tissues \\, as confiri. Ted I)y detection of intranuclear and
cytoplasmic inclusions, as well as antigen in the cells of the tissues in additioi\ to
so-called Warthin-Finkeld^, cells. However, it must I}c mentioned that the
infective virus liters in the Inoculum could not lie determined, liecause usual viro-
logical assa\, procedures for. epidemiological (wild) virus \\, ere very ITard 10 Inake
and 11Tis was a major problem in comparative experiments on \, accinc and wild

Studies on the Biological Effects of Live
Attenuated Measles Vaccines in Monkeys

viruses

Three series of experiments I\ave liecn performed us in a live alleit\lated measles
vaccines, \\, hich \\, ere egg-adapted and had lieen maintained I)y Dr. Okuno and
his colleagues (1960) through serial errg transfers. Titration of the virus is possilile
on F1, cell monolayers. The viral sample inoculated into monkeys was found to
contain approximately 104-10s TclDso pel inI. A half inI of this preparation
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was inoculated sunctitaneously into eaclT monkey. TIT the first expel'linent the vac-
cines were inoculated into the right femoral area, \\, hile in Ihc other two series
of experiments they were inoculated into the right arm. Cynomolgus Inon keys,
weighing I - 2.5 kg, and originally obtained from Java, \\, ere used. Since 11 was
possible that the monkeys had suffered naturally from Ineasles liefore the experi-
merits, vaccines were injected as soon as the animals arrived in this Institute (Nil
and Kamahora, 1963 a; Nii at a/., 19631)). Just liefore inoculation, 1,100d \\, as
taken to see \\, he ther animals were Immune to nTeasles or ITot IJy the ITeutralization
test or complement fixation test or IJy 1,0111. Just IJefore deatli, 1,100d \\, as also taken
to measure the level of the Immunological response. Monkeys \\, ere killed Iiy
chloroform inhalation

The general procedures used in these experiments are summarized in Tai, Ie I

Table I. Experimental Procedures Used to Study the Effect of
Live Attenuated Vaccines in Cynomolgus Monkeys

Days after I
inocu- I

no. of Iation I

expe ri-
mental series I

2

signifies day when monl<ey 1< illed
no specific pathological changes detectable
specific pathological changes fou rid
live attenuated measles vaccine (Okuno at o1. )

111 each series of experimeitis monkeys were killed at appropriate limes after 111-
jection of the vaccines.

11} this series of experiments ten ntonkeys \\, ere used and of 111ese two ITTonkeys
(Cases No. 46 and No. 47) showed pathological changes.

BotlT cases were in the third series of experiments and \\, ere 1</11ed 7 days after
In Case No. 4-7 the following pathological changes werevirus Inoculation

on served : Formation of syncytia was observed in the epithelium of the I, Tonchus
Nuclei in lite syncyiia \\, ere often found to IJe agglutinated and most of thcnT ITad a
central nomogcneous SUIJsiance with a nTarginal condensation of chromatin, sug-
gesting full inclusion IJodies. (Figs. I and 2) A model'ale numl)er of warthin-
Finkeldey cells were disseminated in the perlbronchial IymplT node and appeared
to have rather small features. Cells were also occasionalIv found in other IymplTatic
tissues
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In Case No. +6110 definite cliaracteiistic changes could lie seeiT in tile respira-
lory tract. In the I)eribi. on chial IvmplT node typical warthin-Finkeld^, cells
were rarelv detected (Fi0.3) nut there were a few scatteied agglutinated cells
with degenerated ITUclei. A In OSt peculiar patholoo'ical change in the Ivmpl\ node
in this case was a marked in hill'ation of macrophages into the lymph sinuses, es-

(Fig. 4) Some macrophages were foundpecially 111e medullary sinuses
phagocytosing a vanablc numl)ei' of cells resemliling small lymphocytes. The
cvioplasm of these cells was often ITyperplastic and enlarged or swollen. In these
macrophages, the ITUcleus could sometimes lie cliscriminated from the many small
nuclei derived from I, hagoc\, losed lymphocvtelike cells, while the nucleus of
macrophages was sometimes indistinct and so some polyiiLLClear cells looked as 11
they consisted only of lymphocytes. (Figs. 5 and 6)

The phenomenon of lymphocytophagia I)y reticulum cells Ilas lieen reported
dunn. ' 1,0110myelitis infectioil (Okan0, 1956) . As one of the geneses of Warthin-
Finkeld^, cells, the phagocytic actioiT of IT\acrophages was I GPorted IJy I)o1h
Bunting (1950) and Shi"man at "/. (1958). Hist. I. gi. al finding* on C"^, N. ,1-6
undoutedly support this genesis, \\, hile a I us1011 of relicular cells suc!\ as Is seei} in
tissue culture cells infected with measles vii. us shotild lie considered as another

genesis of giant cells in the lymphatic tissues
No specific pathological changes were observed in other tissues ancl organs

in either case. 11T the animals tested in the first and second series of experimeiTts
no definite specific pathological changes were found.

In the third series of experiments the irumunological response of the monkeys
was also tested and the monk^, that was 1</11ecl I I days after virus inoculation
showed a dinnite rise in jinmunitv. (Tanle 2)

Table 2. Correlation between Immunological Response of Cynomolgus
Monkeys and Pathological Changes

Number of days from Neutralizing antibody titer
virus inoculation to

before virus just beforesacrifice of monkeys deathinoculation

Case number

of monkey

45

46

47

49

Experimental series : No. 3
live attenuated measles vaccine (Okuno at o1. )

So far as tile above experiments are conceriied, a low proportioiT of monkeys
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(only two of ten monkeys) revealed pathological changes aftcr Inoculatioit of vaccine
This is in contrast \\, ith tlie severe affection of the animals IJ}, GPidemiological
As all 111e animals were sacrificed at aiT earlier period after 11TjectioiT with

the virus (betweeiT the 5tl, and 1111T day), Ihc mild effect of 11Te agent o11 thent could
not lie explained I^, a clisappearance of the pallTological changes d He to recovery,
of the animals from the disease. The size of the inoculation dose might lie another
cause of the small effect of 111e vaccine virus, nut a comparatively higlT close of
virus \\, as used for. the experimeiTts

Considerino' thesc facts, it nlay I, e said that 11, c \, accine \, irus, willch it ad liecn
maintained IJy serial transfer in Ilat chiiT^ eggs I)y Okuno e/ "I. ITas less biological
effect thaiT \vild virus and TITis indicates tliai it 11as attenuated pathogenicity.

EsscilIially, tissue tropism o1 the vaccine virus does 1101 seem to differ from
that of 111e epidemiological virus, as the forIT, er inducecl pail, o10gical clianges in
111e epithelial cclls of the respiratory tract as \-vell as in the Iympll Ilodes.

Hitherto, the existence of chai. acteristic giant cells in 11Te lymphatic tissues of
host animals was thought to lie a most relial)Ie SIgit of infection. However,
fluorescent antilJody studies revealed many single cells contaii, Ing viral aiTiigen
in the affected IymplT ITode regardless of 111e existence of wariliin-Finkcldey
cclls (Nil and KaiT\ahora; 1964). Tliercfoi. e, ajisencc of o1ant cells does not al\va\, s
jinjily that 111ere is ITo viral grow, tlT 11\ a giveiT area. Similar studics I^, the fluo-
I'escent antilJody techiTique in conjunction witlt 1'0utine ITistological observations
might demonstrate more painological feattircs inducecl I)y live attenuated measles
vaccine virLis In monkevs
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