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uMMARY During 1965-1967,194 cases who died \\, ith clinical manifestation f
Japanese encephalitis (IE) were studied virologically by various laboratory tests,

such as the direct fluorescent antibody test (FAT), virus isolation test and serolo to
tests. Of the cases 160 were confirmed by these tests and 122 of the latter 160 cas s
by the FAT alone.

The FAT is nTore sensitive and quicker for diagnosis of IE than other virolo ical
tests and could be used within 28 days from the onset of the disease, and ' n
in the early stage in all but one case. The FAT pro\, Ided a OSItive dia nosis in
82 cases that were not confirmed by virus isolation and in 88 cases not roved b
serologic tests. The FAT also demonstrated the IE virus antigen in the nerve cells
of the pons area only of an extremely protracted case (151 days after the onset) in
which the antibody titer was ITigh from the 7tli to 126th da after the onset. Ho ,-
ever, no virus could be Isolated from the brain tissues of this atient.

A brain puncture was tested of obtaining brain specimens with an instrument after
biopsy and these specimens were used for tests by the FAT and virus isolation. Th'
method proved convenient and was easier than autopsy for rapid diagnosis of IE.

In 1967, Do viremia was detected bv virus isolation in 64 atients within 10 da
from the onset of the disease, while their neutral12in antibod titers had alr d
reached I : 100-I : 10,000.

INTRODUCTION

Since 1924, epidemics of IE have occurred
annually in Japan. Recently, the main dis-
tribution of the epidemics has shifted to western

districts of Japan including Osaka prefecture
(OYA, 1967). In O^, k^ f"om 1965, coid, iniolo-
gical and ecological studies on IE have been
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organized and there has also been good progress
in the diagnosis of patients with this disease.

Some cases could not be confirmed virolo-

gically due to rapid death from IE before there
was a significant antibody response (To TANi,
1967). Brain specimens were seldom obtained
from them for the FAT. This has resulted in

somewhat uncertain results in the GPidemiolo-
gical survey of IE in Osaka. In Osaka, 344
cases who died with clinical manifestations of

IE were reported in epidemics of IE in 1965
1967. Among 194- brain specimens from
these cases, 28 were taken by autopsy and 166
by b"ain puristu"e (ISHii, 1963). Attempts to
clarify the undetermined cases by serologic
tests were made by the FAT (KGSANo at at. ,
1966) for a full understanding of the epidemic
in Osaka.

This paper presents results obtained by the
FAT' as compared with those by virus isolation
and serologic tests in these 194 cases including
an extremely protracted case. The importance

of the FAT in the epidemiological survey of IE
is also reported.

MATERIALS AND METHODS

I . Sol, rces of speci, "8113

Specimens for the FAT and virus isolation were
brain tissues from 194 cases who were suspected to
have died of IE by clinical diagnosis in 1965 1967
(Table 2). Serologic tests were carried out on these
cases every other week after admission. in 1967
blood specimens were also obtained from 64 in-
patients suspected to have IE by clinical diagnosis,
every other day within 10 days after the onset of the
disease. Virus isolation studies were done on all

specimens and the neutrJlization test (NT) on the
first specimens taken (Table 8).

2. Fluorescent antibody technique

I) Method of o6t@i, ting brai, z specimens
The specimens were taken as soon after death as

possible.

o
FIGURE I Instrument Used for Obtaining Brain Specimens.

158 BIKEN TOURNAL Vol. U No. 3 1968

23,56789iOi234 5678q



a. A1, topsj,
In all 25 cases (Table 5), the cornu aminonis,

substantia nigra, thalamus and cortex corebri which
show. ed typical ITistopathological lesions of IE
(SHIRAKi, 1967) were collected

b. Branipi, 11,111ie
The instrument (Fig. I) for. brain punctL. re \\. as

Inserted toward the thalnmus about 3 cm front the
base of the cranium at an angle of 45' by tite nasal
route.

2) F1 epmnt, 'oil o1/1 OSeii sectio11s of bini'11 spe, lineiis
Tlle specimens obt"iiTed \\ CTe immediate Iv frozen

by dipping them into n-hexnne at -70'C. TITe
specimens were sliced into + 11 titicl< sections in a
cryostat (SLEE Co. ), and were immediately treated
\^itI\ acetone for. 5 n, in. at Toont temperature (in
1965) or \\itit carbon tetr:ICltloride for 201nin. at

room temperature (iiT 1966-1967) (AOYANA, 1967).
Other specimens tall<en \\. ere immediately stored at
-70'C untilthe\, \\ore examined

3) Piepai"t, 'o11 of 1110rescei'11-/o6e/ed all!160dj,
soh, !1011

a. PI con, 'allow of a, illse, 'I, ,,,
Sera of pigs \\. hicll \\. erc iruturally infcctcd \\, itit

IE (in 1965-1966) and serum from a patient \\. ith
IE (in 1967) \\. ere used. Tllesc showed ITigltltemag-
glutination-inhibition (Hl) antibody titers of I : =
2560 and I : 10,000, respecti\. cly, against tl\c
Nak, Iyam, I strain of IE \. irus

b. Co, u'Jigttti'o11
The serunT I-globulii, fraction was conjugated by

the method of IVIAi{sriAi. I. at a/. (1958) and Gol, DSTri\
at o1. (1961). TITe conjugates in 1965 and 1966-
1967 were purified by the ritethod of 1<AWA xiui{,\
(1966) "rid A1cDE\, ITT eru/. (1963), re, pectively. All
procedtires \\ere pel fom\ed at 4'C. The fluorescein

isothiocyanatc 'protein ratio of th" conjtigates \\'as
2.54.5 x 10~'.

c. absorptJ'o11 of coiu'!, gales
Labeled sera \\. CTe absorbed \\. itit normal ITUman

brain nitd 11\ er acetone po\\. der by Coo\s' method
(1955)

+) React, 011 of Co, u'JigQ!eS 2,111i mill'dell 111 61,111
sect!'oils of slick/!, 14 I'll'ce 1'11ec/ed tci'1/1 ei'!heI IE,
Dellgi!e lipe 2, Andj'"1'0, 8111dhis o1 Seiji/17ti
.f, ,,, j "1' '"

The absorbed conjugates did not sho\^ illTy cross-
reactioiT witli group A arhovirus, but reacted stroi\gly
willT Dengue type 2 of group B. Tlle rutixinTuitT
titer of conjugatcs gi\'ing good staining were I : 128
against IE \. irus

5) SinJ'Jin, g
Sections were overlayed \\. ith drops of tite con-

jugates aiTd 1<ept at 4'C overnight in a moist clltimber
and then washed 3 times witlT phosphate buffered
saline (PBS)

6) 063eJtall'o11
Stained specimens \\. ere obser\'cd by fluorescent

microscopy (Nikoil Optical Co. ). Specimens \\. ere
regarded as " POSiti\'e " \vl, eit titey contained a nerve
cell which fluorcsced due to the specific antigen-
antibody reaction (Fig. 2n and 2b)

3. ISO/till'o11 o11E trillsfi0, ,I 61,111 alit/ blood

11,1965 and 1966, a dose of 0.02 inI of 20 per cent
brain suspension init1!100 PBS (pH : 7.2) containing
2 per cent clTicken serum was inoculated intracereb-
rally into a litter of ddO n, ice witltin 5 days after
birth. 11T 1967, " dose of 0.2 inI of the saline brain
suspeilSIon or iteparinized blood \\. as injected intra-
perltoneally into onc litter of ICR mice witl, in 3 days
after birtlt. \\'heit abnormal signs were obser\. cd in

TABLE I C, 'lie, 'in for Sei. ochag"OSzs onE

Certainly positive (+F)

Criterion

Almost certainly positive (+)

Probably positive (t)

Cases that were still negative 13 days after the onset of the disease were designated as " undetermined "

Test

CF

Hl

Paired specimens

RISC 11T titer I\laximuin litei

CF

Hl

CF

Hl

4x

4x

4x

4x

KIMOTo, T. et al. Labornt0, .3, D, 'agriosi's of Japanese E"ceph@fit, \

I: <4

4x

I: 216

I : 2320

Single specimen

Maximum titer

1:8

I : 160

-^ 1:4

I : 80

I : 232

I : 2640

I : 16

I : 320

1:8

I : 160
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FIGURE 2a

FIGURE 2b

Specific Fluorescence in Nerve Cell Stained by the FAT

Specific Fluorescence in Nerve Cell Stained by the FAT
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any mice within 10 days after inoculation, bran\ sus-
pensions \\, ere made from them and passaged, and
tllen isolated specimens \\. ere identified by the FAT.

4. Sei'o10g, c tests

The Hl and complement fixation (CF) tests were
conducted by the ritethod of CLARKr and CASALs
(1958). NT was carried outin chicl< embryo culture
by the 50 per cent PIaque reduction method (PORTER-
FIELD, 1960 : 0v, \ at at. , 1967). Serodingnosis \\, itit
Hl and CF \\, as carried cut as described by UCHi-
YAMA at n/. (1962) (Table I)

RESULTS

I. 1:1ffectit!cliess of 1/3/11g the frlT. /o1' didgnosis
ill the epide"11010gi'cn/ strivey of IE

During 1965-1967, 194 cases whosc death
was suspected to bc due to IE by clinical diag-
nosis were tested ITy the FAT, virus isolation
and setologic tests in OSal<a, and 160 of them
were confirmed to ITave IE. Table 2 shows the
numbcr of cases who were IE positive by the
three tests, virus is o1atioil and serologic tests or
serologic tests alone. The differences of 92
and 52 in the total numbers of cases detected by
the different methods indicate the neccssity of
obtaining braiiT specimens and application of
FAT to them in the GPidemiological survey of
IE.

2. Detectt'o71 of IE 61, the f, T a"d o11'113 130-
jailO"

The relationship between the results by the
FA'T and those by virus ISOlatioi\ are shown in
Table 3. Of 194 cases 127 were confirmed by
the FAT and virtis isolation. Of 127 cases

122 were detected by the FAT but only 45 cases
by virus isolation. Forty of 45 cases which
were confirmed by virus isolation \\, ere also
detected by the FAT. Moreover, 78 negative
and 4 undetermined cases by virus isolation
were positive by the FAT. This table in-
dicates tl, .at the FAT was far more sensitive

TABLE 3 Detect, '0" of IE 61, Ih, FA T and by
Plyus Isolation

TABLE 2 Effecttbe"ess of Usang the FAT in DJ'ag"OSI's of/E

Number of patients tested

Number giving
positive for IE

FAT Negative

Not done

Total

I 'ositive

Virus Isolation

POSi- Ncga- Undc-
termincdlive live

4

3

o

7rr

a These cascs werc undctcrmincd bccausc of acci-

dents and bacterial contamination of brain SPCci-

Difference in number
of dctcctcd cases

40

4

45

FAT+virus
isolation+
serologic tests

virus isolation
+

seralogic tests

serologic tests

(1)-(11)

(1)-(111)

ritens

78

64

o

142

162

Total

BIKE\ JOURNAL V01.11 No. 31968

1965

25

(1)

122

71

194

(11)

1966

118

17

(111)

10

106

1967

51

4

7

13

68

Total

194

37

42

38

64

30

160

22

7

15

108

68

52

92



than virus isolation and almost all positive cases
could be detected by the FAT alone.

Even when a brain specimen was obtained by
puncture 19.5 hours after death, both the FAT
and virus isolation demonstrated IE virus an-
tigen In It.

3 . DJhgnost\ by the FA T a"d by sei. o10g!'c tests
The relationship between results of the FAT

and those of serologic tests are shown in Table
4. The agonal stage when the last serum speci-
mens were taken was on the average 4 days after
the onset of the disease in the 65 cases which

were undetermined serologically but were POSi-
tive by the FAT. The data show that it is still
possible to make diagnosis by the FAT even in
cases which die relatively early after the onset
of the disease and so are undetermined serologi-
cally.

4. 1'17010gi'cal tests o71 autopsy cases 171 1966 and
1967

Twenty five autopsy specimens \\, ere investi-
gated virologically in 1966 and 1967. The
results of the FAT indicate that IE virus an-
tigen was more frequently present in the
thalamus than in other brain tissues (Table 5).

5. Pittcti'cal nodal"63nO, of the 61. @171 PM"ct"re
The puncture method for obtaining brain

specimens in place of autopsy Is convenient.
To estimate the value of brain punctures, the
effectiveness of the two methods in detection

of IE is shown in Table 6. Detection by
autopsy is better than by the puncture each
year, but in the total over all three years there is
no significant difference bet\\, een detections of
IE by the two methods.

6. C/?}12'cal cowrie and ,. es"lis of tiara'o1, s tests o"
an extremely protrncied case

One case died151th day after the onset of the
disease. The clinical course and results of
various tests on this case are shown in Table 7.

Three points are of particular interest. I) The
FAT demonstrated that IE virus antigen was
present in the pons only, while no virus was
isolated from the lesion. 11) The rise of serum
antibody titer was typical for infection with IE
and the titer continued at a higl\ level from the
7th to 126th day after the onset of tlTe disease.
111) Histopathological examination of brain
tissues showed the chronic progressive features
of re (SHIRAKi at at. , 1968).

7. COM1barz'son of of tag, ,OSes by the th, 'ee tests
of",'ing the CO2, ,'Se of the dzsease

The detection of IE in the 194 cases who died
are shown in Fig. 3 in relation to two factors,
namely the three different virological tests and
the days after the onset of the disease. Three
stages of disease could be differentiated by the
FAT. The frequency of positive reactions was
low for the first 2 days (Stage I, Positive in I
of 6 cases), then it was high until the 19th day
(Sthg, 11,115 of 162 cost^), and ther, ^fter d. -

TABLE 4 Diog"OSI's 63! the FAT a"d by Serology'c Tests

FAT

Positive

Negative

a Specimens were not obtained

Not done

Positive

Total

34

Probably
positive

33

Serologic tests

7

68

Negative

2

o

9

Unde-
termined

4

KIMOTo, T. at al. Laborato, 'y DJ'agrios, 's of Japanese E"cephafit, ^

o

65

5

Note done

24

o

15

89

8

Total

o

23tt

122

71

194

163



TABLE 5

Case

Pt'7010gz'cal Tests on Autopsy Cases tit 7966 and 1967

6-110

6-111

6-112

6-113

6-114

6-115

6-116

6-117

6-118

7- 36

7- 37

7- 38

7- 39

7- 40

7- 41

7- 42

7- 43

7- 44

7- 45

7- 46

7- 47

7- 48

7- 49

7- 50

7- 51

Age Days after
onset

51

72

69

74

69

44

84

68

66

24

56

55

75

82

85

26

57

68

81

33

71

58

64

54

52

2

6

6

7

3

8

25

23

151

7

5

7

5

10

29

6

9

7

11

5

5

9

5

5

Th

-I-

+I+

+I-"

+I-
-I-

+I-

-I-

+I-

-I-

-I-

-I-

+I-

Nig

-I-

+I-

-I-

+I-

-I-

-I-

-I-

+I-

Pons Am in

-I-

+I+

-I-

+I+

+I+

+I-

-I-

+I-

-I-

Cort

-I-

a +I- FAT was positive and virus isolation was negative on the same specimen
Th : thalamus, Nig : substantia nigra, Am in : cornu aminonis, Cort : cortex CGrebri, Others : other portions
of brain tissues, Sero : serologic tests, ND : could not be determined

Others

-I-

+I-

-I-

-I-

+I-

+I-

-I-

+I+

+I-

+I-

-I-

+I-

+I+

-I-

Seto

+I-

-I-

-I-

-I-

-I-

TABLE 6 Detection of/E by the FAT on Specz'mens 06toz'"ed at Autopsy and by Puncture

ND

ND

ND

ND

ND

ND

+

ND

+

ND

ND

ND

ND

ND

ND

+I-

-I-

-I-

-I-

-I-

-I-

+I-

-I-

+I-

\'ear

+I+

-I-

-I-

-I-

-I+

Autopsy

-I-

Puncture

+I+

-I-

-I-

-I-

-I-

-I-

-I-

Numerator : Number of positive cases. Denominator : Number of cases tested.
a I of 35 cases was not tested because of an accident.

Total

-I-

+I-

-I-

-I-

1965

+I+

+I-

-I-

-I-

-I-

213
(667)

164

12/22
(545)

BIKEN JOURNAL V01.11 No. 31968

14125
(560)

+

ND

ND

ND

ND

+

+

ND

ND

1966

719
(778)

8/1/09
(743)

8811/8
(746)

1967

8116
(500)

12134"
(353)

20150
(40. 0)

Total

17128
(607)

1051/65
(636)

1221/93
(632)



TABLE 7

Case No. 6-118, female, 66 ycars old, \Iaccination (?)
Onset 8-13,1966

I) Clinical features and treatments

Days from
onset

fever (42'C), incontinence of urine and feccs, coma
3 admission, nutrition through nasal tube until death

10-148 SIigl, t f"ve, (37-38'C)
149 fever (40.5'C)
151 death

2) Autopsy (10 I, rs after death)

brain atrophy (1190 g including cerebellum)
hemorrhagic spots in the thalamus, pulmonary congestion

3) Llistopathological examinatioi, of brain tissues

chronic progressive features of IE (SHIRAi<I at a!., 1968)
4) I?AT

positive In pons

5) Virus isolation

negative

by Scrologic tests

Days from
onset

5

7

21

28

35-56

65-70

84

91

95-112

119

126

Cfi"a'cal Course and Results of milous Tests on Extremely Protrncied Case

Hl

I: <10

I : 22560

I : >2560

I : >2560

I : 22560

I : 1280

I : 1280

I : 1280

I : 640

I : 640

I : 640

TABLE 8 Results of Tests for ,tiemio and NT on IE pane"ts

Days from onset

No. of the first specimen taken

Detection of viremia

NICan of NT antibody titer

CF

I: <4

I: <4

I : 16

I : 32

I : 64

I : 32

I : 16

1:8

1:8

1:4

1:8

Numerator : Number of specimens from which IE virus was isolated
Denominator : Number of specimens tested

a Figure represents Log, c NT antibody titer of the first specimen taken

NT

(Log, o antibody titer)
1.8

3.7

3.8

3.7

3.4-37

3.4-3.1

2.9

2.8

30-2.5

3.1

Not done

2

12

011 0113

2.70" 2.46

3

18

0120

2.65

4

11

0114

2.87

5

7

0115

3.27

KIMOTo, T. er al. Laboratory Diagnosis of Japanese E"ceph@fit, ^

6

6

0112

3.58

7-

9

0126

Total

64

01/01

2.60 I
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No. of
patients

35

30

25

20

15

..

. .

10

5

11

I. . negative I:^ undetermined^ positive

FIGURE 3 Comparison of Diagnoses by the Three Techniques during the Course of the isease. ows
results of the FAT (left column), virus isolation (central) and serologic tests (right) on 190,184 and 171
patients, respectively.
Determinations by the FAT and virus isolation were made on specimens obtained after death at various
periods after onset of the disease.
In serologic tests, " positive " and " negative " represent patients confirmed on the various ays a ter onset
and " undetermined " means that a positive result was still not obtained with the last specimen to {en.

due to the high neutralizing antibody titers increased gradually (Stage 111, 5 of 23 cases).
the sera (Table 8).Consequently, the FAT seems to be the best

method when applied within 28 days, and es-
pecially in the early stage of the disease. The
virus isolation test was valid for detection of IE
within 8 days from the onset while the propor-
tion of positive reactions In serologic tests was
less than 50 per cent in the first week of the
disease.

8. Resints of tests for oil. e"!14 and NT o71 IE
patte?its

In 1967, as a preliminary test in detection of
viremia by the FAT, viremia in IE patients was
studied by the routine virus Isolation test but
Do IE virus could be detected in all64 patients
tested within 10 days after the onset of the
disease. This failure may partly have been

I 2

. .

. .

3

.

4 5 6 7 8 9 10

19

=20

111

Days
f rom

onset

166

DISCUSSION

The mortality from IE is higher than from other
viral infections in Japan and the death usually
occurs in the early stage of the disease (To TANi,
1967). The serological tests were not so effec-
tive for diagnosis of these cases and left a high
proportion of undetermined cases. These
difficulties have been an important problem in
the epidemiological survey of IE in Osaka. In
the present work, they were overcome to some
extent by the combination of two tests, use of
an instrument for brain puncture and applica-
ti. n of th. FAT (T^b1,2). For Ichorato"y
diagnosis of IE the FAT gave a better result

BIKEN JOURNAL Vol. U No. 3 1968



than other \, Irological tests and it \\. as partic-
ularly \-aluable because of its ITigll sensitivity,
and rapidity. AToreover, it could be used in
an early stage of the disease \\'hen botlt \, irus
ISOlatioil and serologic tests frequently ga\, e
negative results. Diagnosis could frequently
be made by the FA'T and \, irus isolation \\ith
branT specimens obtained quite a long time after
death, suggesting that the jinmunological
reacti\, Its, and Infectivity of IE virus in brain
tissues sur\. Ives for a considerable time.

Results of \, arious tests on a patient \\, ho died
151th day, after the onset of the desease ('I'able
7) \\, erc of great interest in three respects, as
previotisly describcd, and led to \, arious specLi-
Iations. I) It seems from the FAT and I}1sto-
pathological examination, that IE virus antigen
\^as prcscr\, ed in the pons area until death, and
tnnt reacti\, at101\ of tl\c \, ITLis in remission n. av

cause tl\c chronic progressive features of IE
hist. path, I. gladly (SHIRAKi, 1966). 11) F". in
the contintied presence of a higlT antibody, titer,
the results of the FA'T and \, irus isolation sho\\.

tlTat it on-infectious IE \, irus particles which
have heelt neutralized by the antibody, may, be
preserved in the pons and react \\, itIl fluorescent
antibod\,.

Puncture \\, as in orc convenicnt than autopsy
and could be Liscd for obtaining specimens
without initiry of the skii\ of the ITead. How-

e\, er. the specimens obtained \\'ere very small
and their anatomical locations were difficult to
identify, .

Although the conTbined use of the FAT and
brain puncture greatly Improved the diagnostic
efficiency, it is still dimcult to diatrnose cases of
IE soon after the onset of the disease. One
reason for this is the difficulty, in detectioi\ of
viremia in patients (AmTA\IURA, at a/., 1937 :
ISIiii, 1963). TIT the present study no \, iremia
could bc detected in 64 patients suspccted of
IF by clinical diagnosis \\, ithin 10 days after the
onset of the disease by the rolltine virus ISO-
Iation technique, but in everv case the neatra-
11zing antibody titer \\'as higlt. This does not
exclude the possibility of direct detection of
viremia by the FAT, because the FAT pro\, ed
far more sensitive thai} virus Isolation or

setologic tests in the present \\, ork
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