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uMMARY Tmmunofiuorcscent studies \\, erc carried out on frozen sections of

various tissues of 2 cynomolgLis monkeys experimental Iy infected \\, ItI\ an at-
tenuate live vaccine straiiT of measles virus, and of 6 cynomolgus monkeys infected
\\'It IT wild \, irus materials from patients \\. ith incasles

Thc inguinal Iympl\ ITodes removed by operatioi\ 3 days after Inoculation of at-
tenuate \, irus sho\\'ed areas containing antigen. A10st of the lymph ITodes and the
spleeiT of the monkeys 1</11ed after 3 and 5 days and the pulmonary epithelium of the
monkey autopsied 7 da\, s after virus inoculation also sho\\. ed many antigenic areas.
Ho^. ever, no multinucleate giant cells \\, ere found in the preparations of any of these
tissues on staining \\, It11 Ilematoxylin-eosin
Findings \\'ere slitTila^ iiT monkeys Inoculated \\, it I\ \\. 11d \, irus from patients, but
fluorescence \\ as generally greater. Findings in preparations stained \\. Ith fluorescent
antibody, \\, CTe carefully compared \\, ith findings in the same preparations stained
with ITematoxylin-cosin. A1any multinucleated giant cells \\, ere found 11\ these
lymphatic tissues and in the pulmonary, epithelium. The giant cells of both tissues

cell formatioi\ could be used as ancontained ntuclT \, ITal TITus giantantigen.
indicator of \, ITlis intiltiplication in preparations stained \\'ith IlGinatoxylin-cosin.
Ho\^ever, the absence of giant cells does I, ot itecessarily imply that viral multiplica-
tion does not occLu' in tissues Infected \\'ItIT either attenuate \, irus or virulent virus.

INTRODUCTION

A \, ery characteristic pathological change in
monkeys infected \\. ith measles \, irus is the
formation of multiiTucleated cells ingiant

lymphatic tissues and in the bronchial GPithe-
11um of the lungs. ExperimentalIy Cordon
and 1<nighton (1941) first found \\;arthin-
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Finkeldey type multinudeated giant cells
(\\!arthin, 1931, Fink, Idey 1931) in th, man's
of inguinal lymph nodes excised from monkeys
inoculated \\, Ith material containing measles

Tanigu. hi at a1. (1954, , by repo"redvirus.

multinucleated gaint cells in the bronchial
epithelium of monkeys infected experimentalIy
witli measles virus, and noted that the charac-
teristics of these giant cells are identical with
those of the cells found at autopsy in the lungs
of human cases of measles by Masugi and
Mineini (1938). Taniguchi at ,I. (1954, , by
also confirmed the presence of warthin-Fin-
keldey giant cells in lymphatic tissues of various
organs of monkeys. They considered these
pathological findings as evidence of the sus-
ceptibility of monkeys to measles virus. Later
inorphological details of the multinucleated
giant cells found in the lymphatic tissues of

reported bymonkeys with measles
Sergi. v at a1. (1960) and >!Ii at a1. (1964).
Allultinucleated giant cells in cell cultures In-
fected with measles virus were reported by
Ead. rs and P. ,b1"^ (1954). T. yo^him^ at al.
(1960) found that botl} active and UV-mac-
tivated measles virus could produce giant cells
in FL cultures.

This work \\, as on the relation of giant cell
formation in monkeys inoculated with measles
to virus antigen.

which itad been passages 150 times in chicl< amnion
and several times in primafj, monkey kidney cells in
the Department of Virology of this Institute was
used. This infective titer was 1055 TclDso!in I in
Vero cells.

3. Piriis illoci, /atioii

Five in I samples of (a) \\. ere injected subcutaneously
into the left thigh of 4 monkeys, 2.5 in I samples of (b)
were injected subcutaneously into the left thigh of
2 monkeys and I in I samples of (c) were injected sub-
cutaneously into the right thigl\ of 2 monkeys

\\, ere

4. Hiltopsy und Initolog, cal exa, ,tiliatio, ,s

The inguinal lymph nodes were removed by ope-
ration front two moulteys 3 days after \, Irus In DCula-

These 2 monkeys were killed on the 5th andtion

7th days after inoculation and autopsied. The
other monkeys \\, ere 1< illed anestheticall}, with ether
or choloroform 7.11 and 12 days after inoculation
At autopsy, the lymph nodes, lung, spleen, liver
and 1<idney \\, ere cut in I\alf and one half \\. as Imme-
diately stored at - 70 C for examination by the
fluorescent antibody technique. The other half was
fixed with Bouin's fixative or 10% formalin. For
the fluorescent antibody technique organs or tissues

were treated with it-hexane in a dry-ice acetone bath
Histological preparations were stained witlT Itema-
toxylin and eosin.

iVIATERIALS AND IVIETHODS

I. 1,101ikej, s

Eight cynomolgus monkeys \\. eighing 1.5-251<g
and confirmed to be free from neutralizing antibody
against measles virus, \\. ere LISed

2. 1110ci, /a

a) As virulent samples, swabs of itasopharyngeal
secretions were collected from 6 patients SITowing
Koplik's spots in the oral nTucosa. The swabs \\, ere
suspended in 0.15 xi NaCl, containing 0.05% ge-
Iatin, 200 Ag of Kanamycin and 2 Ag of Amphotericin
B.

by Blood samples \\, ere also taken from 2 patients
when a rash began to appear

c) Attenuated measles virus (Toyoshima strain)

5. '11/1seri, ,11

Vero cells were infected \\, ith attenuated measles

virus of the Toyoshima strain and infected cells were
desrupted by sonication at 10 kc for 5 min and
centrifuged at low speed (3,000 rev!min) for 15 min.
The stipernatant was centrifuged at 77,000 xg
for 2 hr. The precipitate \\, as resuspended in PBS
and used as \, iral antigen. This Infecti\, e titer \\. as
IOC a TclD, ,!in I in Vero cells. Volumes of 5-
10 inI of viral antigen preparation \\, ere injected
intravenousl\, Into healtl^, cynomolgus monkeys
four times at \\, eekly inter\, als. One \\, eek after the
final immunization, the aninTais \\, ere bled. At this
time the CF antibody titer \\. as I : 256
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6. PI epai at 1011 o1/1/10, escei, ! co;u'Iwate of alitibody

The standard ammonium sulfate method \\. as used

for separation of the I-globulin fraction from these
Conjugation \\, itIt fluorescent dye

was performed by the method of Marshall at al.
(1958). Thus, 0.01 rug of BUDrescein ISOthiocya-

immune sera



nate (Baltimore Biological Laboratories) \\. as mixed
with I intr of I-globulin fraction adjusted to pH 9.5
\^ith 0.5 xi carbonate buffer. The mixture \\. as

allo^'ed to conjugate \\'ith stirring at room tempera-

ture for 3 itr. Uriconjugated dye \\, as removed by
passage through a Sephadex G-25 column. The
conjugated fraction \\. as collected and applied to a
columi, of DEAE-cellulose equilibrated wit1\ 0005 xi
phosphate buffer, pH 7.0, lit 0.1 A1 NaCl. This
staining titer was I : 8

7. Filloiesce, !I alit!'body leeh, 11q!, e alld 11,111a!0\yini-
eosi, , $1,111i, !g

Tissues (11, inph nodes, lung, liver, 1<idney, and
spleen)were treated with n-hexane at - 70 C for
15 milt and frozen scctions of 4-6 A thickness \\. ere

cut by cryostat. Sectioning \\, as done at -18 to
-20 C. Sections were immediately fixed by jin-
mersion in acetone at -20 C for 15 min and dried

Sections \\. CTe overlaid with labeled antibody,

placed in a moist chamber tind incubated at 37 C for
I Itr. Unrcacted labelcd antibody \\. as \\. ashcd off
pently \\. itit tltrec changes of PBS. Specimens
mounted with PBS were examined witl\ a Nikon

fitioresccnt nticroscope. itTicrophotogr:IPIts
made of \. anous fields of the sections stained with

fluorescent antibody and these areas were ntarl{cd
Then tlle samples were rinsed witl\ PBS. refixed \\. ith
ethanol and Testained with H-E. 'Lhe rillcro-

photographs of fluorescent aittibody wetc carefully
compared with thosc of tl\e same fields in the sections
after H-E staining

In air

Results are shown in Table I. Results on the
various tissues are described below.

I) Lymph nodes and spleens
Various flourescent areas \\, ere observed in

these lymphatic tissues, and on Testaining \\, ith
H-E, some fluorescent spots \\, ere found to
correspond to multinulcleated giant cells.
Generally Intensely fluorescent areas \\, ere
found in germinal centers. A1any fluorescent
spots were also found around germinal centers.
These spots seemed to be single Infected cells.
Comparative photographs are shown in Figs.
I, 2.3 and 4 for lymph nodes and in Figs.
5.6,7 and 8 for spleens.

2) Lungs
Specific fluorescent areas \\, ere found in the

epithelium lining some bronchi and bron-
chioli of the lungs. After Testaining \\ith
H-E, some fluorescent areas \\, ere found to
correspond to multinucleatcd giant cells, as
shown in Figs. 9-14. Fluorescent areas \\, ere
also seen in the area corresponding to the perl-
bronchial lymphatic tissues.

3) Livers and kidneys
\o fluorescence \\. as observed

tlSSUCS.

RESULTS

I. Reltiii'o1/31n:Ib beta, !eeli girliit cells find o11 a/
antigen

Various lymph nodes, and the lungs and
spleens \\, ere removed from 3 monkeys on the
7th day, from one monkey on the 11th day
and from 2 monkeys o11 the 12th day after
in octilation of \\, 11d \, irus material. Sections

of these tissues \\, ere examined both by the
fluorescent antibody, technique and after
Testaining \\, ith H-E. Specific fluorescence
was found in tissues from all the lymph nodes,
spleens and lungs examined. ALUltinucleated
giant cells \\, ere found in these lymphatic
tissues and in the pulmonary epithelium.

were

2. Defection of $pecjjicj7!, oresceiice I'M t!'$31, es of
monkeys 1111ected corni une"I!, Ited o11'Ms

The ing\11nal lymph ITodes \\, erc removed by
operation fronT 2 monkeys 3 days after Ino-
CUIation of attenuated virus. These monkeys
\\'ere killed on the 5th and 7tl\ day, respectively,
after inoculation. Lymph nodcs and other
tissues \\'CTe removed and subjected to FAT.
Specific fluorescence \\, as seen in the inguinal
lymph ITodes on the SIdc of In octilatioit o1T the
3rd day after inoculation and in all lymph
nodes examined, and the epithelium in the
bronchi of the lungs and in the \\, hite pulp of
the spleen on the 5th and 7th days after ino-
CUIation. But unlike the case after inoculation

of \\, lid \, irus, no multinucleated giant cells
were detected in these samples. Results are
shown in Table I.

In these
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TABLE I. Appeal'once of measles o1'1'a/ a, Itige" and gz'ant ceils I'm the tt'sones of cy"on201gtts monkej,
Infected 2021/2 attenuated and fund measles uruses

Virus materials

Number of monkeys

Days after
inoculation

Submandibular

lymph n, de (, Ight)

Submandibular

lymph n. de (left)

A"" ^ A \Vs" I \\iB" I \vs I \vs I \\, s : wBI I 2 I 5X-4 I 5X-10 I 5X-I I 5X-5 I 5X-8 15x-11

BTOnchopulmonary
IymplT node

Axillary lymph
+I+node (right)

Axillary lymph
none (1.10 '
Inguinal lymph +++ + +
node (right)

inguinal Iympli
n. de (left)

3513/77 ~ ~ 11 1212
I+

+ NTP NT +F \

^-.- - - - ^,^ ----- - - ---- - ^

+of

+

Nlesenteric lymph
node (root)

+}

++

Me senteric Iympll
Ilode (peripheral)

+

+F

+

Lung

Liver

+F

+

+

I +F

Spleen

,c

Kidney

+

+;}(G)/ +F

a : Attenuated measles virus

b : Swabs froitt patients \\. Ith measles
c : Blood from patients \\. ith measles

+

+H(G)

+

+

+!}

DISCUSSION

ImmunoHuorescent studies o1\ monkeys in-
fected experimentalIy \\, ith measles \, ITUs ha\, e
been reported by Nil and Kamahora (1964)
and Y"man, u. hi at a1. (1969). Tire f. "iner
authors demonstrated the existence of measles

viral antigen in affected lymph nodes. The
latter authors reported the widespread exis-

+

+

T

+H

+

\(G)

+

+H(G)

+

+

+H(G)

+

+

+H(G) \

+

+F

+H

+H(G)

+

+11

+

+r

+

+H(G)

\(G)

+11(G)

+F(G)

+
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+

d : Degree of viral antigen
e: No viral antigen
I: Giant cells detected

Not testedg

+H(G)

+!}(c)

+H(G)

+;}

L
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+IF

+

+;}

+;I(G)

+

+H

+H(G)

+

+H(G)

tence of measles \, ITal antigen in \, at IOUS Iym-
phatic tissues and in the bronchail epithelium
of monkeys infected either witlT virulent strains
or \\, it 11 attenuated \-accine strains of measles

On careful comparison of microphoto-
graphs of fluorescent areas of affected tissues
and microphotographs of the same areas of the
preparations after Testaining \\, ith hematoxylin-

\(G)

+;}(G)

+!}

+

+

VITUS.

\(G)



eosin, we found that the areas of multinucleated
giant cells in either lymphatic tissues or
bronchial epithelium showed specific fluo-

Therefore, the Warthin-Finkeldey
giant cells in the lymphatic tissues and giant
cells in the bronchial epithelium are closely
related with multiplication of measles virus.
However, the absence of the giant cells does not
necessarily indicate the absence of viral an-
tigens. The significance of giant cell formation
in monkeys infected with measles virus is
unknown. It may be related with the viru-
Ience or titer of the virus propagated in the

rescence.

tissues.

Sections fro, " Dono"s tissttes of a ino, they (No. 5X-
I) 7 days ofte, trioc"totio, I of coild virus materi@I.
Odd tit, ,"he's ore photographs by then"oresce, ,t anti-
body tech"iq"e, a, ,d coe" JIMmbe, @, e photographs of
sections rest@med with H-E.

FIGURE I. Section from @ left axing, y lymph node
Specific of, @I @71tige" is seen. 300

FIGURE 2. The s@me inic, OScopic field as Fio. I,
rest@inert 20ith H-E. Some IMO, esce, ,t ore@s toere
full"of to correspond to multi, ,amie@ted grant cells
( Wo, thin-Fi?, heldey type) x 300

FIGURE 3 . Section from a right sMbm@rid^^,, toy lymph
710de. Specific oil'@! antige, I a's seen 300

FIGURE 4. The same maicroscopic field CS Fig. 3,
rest@i, ,ed with H-E. ale@s of intense fluorescence are, e
low"d to cor, .espo"d to ,rilllti, ,"c!eated gi@,, t cells
(Worthi, I-Fifthe/dey type) x 300

FIGURES 5 and 7. Sectionsf, Qin the spleen. Specific
of, @! antigen is seen. x 300, 400

FIGURES 6 and 8. The sri, "e inic, .OScopic fields OS
Figs. 5 and 7 respecti"ely, rest@med with H-E. Some
fluorescent areas toere found to co, ., espo, zd to inari-
tinucle@led gi@,, t cells (Warthi"-Fiftheldey type).

x 300, 400

FIGURES 9.11 and 13. Sections 1707" a Jar"g. Spe-
c#ic viral antigen is see, , on the lining epithe!farm of
670"chi and inside the 6,072chi. x 400,7,000, 1,000

FIGURES 10,12 and 14. The same microscopic fields
CS Figs. 9 ond 77.73 respecti"ely, rest@jined goith H-E.

Some fluorescent ore@s coefe found to correspond to
711"Iti, IWC!eated gin, ,I cells. x 400,7,000,7,000
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