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BIKE\ IDLRNAL \'o1.11,41-+9,196S

uMMARY By the ITemagglutination-inhibition (Hl) test in the diagnosis of denoue
hemorrhagic fever, there is a strong correlation between the antibody titers

against Japanese encephalitis virus (IE\I) and dengue virus types I-4. In the
neutralization test (NT) using a 5070 PIaque reduction method, the reactivity of
the sera was more specific with respect to the causative agents, but there was still a
slight but certain increase in NT antibody against IE\' in about 907, of the sera of
patients \\, it 11 dengue ITemorrhagic fever whiclt showed a positive increase in Hl
titer against dengue viruses. when the IE\I antibody titers were plotted against
the time after onset of the disease, the NT antibody was found to increase from the
fourth day, reaching a plateau on the sixth d^, witli a mean logarithmic value of
1.06. Hl antibody continued to increase until the seventh day and had a maximum
titer of 1280-2560. Thus after the seventlT d^, of the disease, the logarithmic
value of Hlli*;T was in the order of 2.0 for IEY.

INTRODLCTIO\

NIOsquito-bornc hemorrhagic fever has been,
and still is a major viral disease of children in
Thailand since its explosive outbreak in 1958.
Dengue viruses of multiple types are considered
to be the principal etiological agents causing
severe disease symptoms, although Chikun-
gunya \, Irus is also counted among the etiol-
ogical agents causing a smaller number of the

I This won< was perfomed by cooperation bet^. een
Thailand tind Japan under the Colombo plan

cases (HALSTEAD at at. , 1963, HALSTEAD, 1966).
One of the characteristic responses in dengue
hemorrhagic fever revealed by serological tests
is that the antibody response is high and broad.
This phenomenon is referred to as a " second-
ary type " of antibody reaction to group B
arbovirus antigens (HAi. sTEAD and YAMARAT,
1965, HAi, sTEAD, 1966) including Japanese
encephalitis virus (IEV).

By chance in the \71rus Research Institute,
Bangkok, a paired sera of a case of dengue
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hemorrhagic fever were found to show a certain
rise of NT antibody to IE\: as tested by the
PIaque reduction test \\, hen treated in parallel
with several of sera of patientsspecimens

suspected of encephalitis. Thus it seemed
necessary to see whether patients \\, ith dengue
hemorrhagic fever always acquired some degree
of NT antibody to IEV, and, if so, the extent
of the heterologous NT antibody titer. The
result of this study are reported in this paper.

A, IATERIALS AND METHODS

I. 1/1/'13

Dengue viruses, by, pe I Hawaiian strain (Dl),
type 2 TR1751 strain (02), type 3 H87 st"am (03)
and type 4 H241 strain (04) and Japanese enceph-
alitis \, irus Nakayama strain (IE\!) \\, ere LISed. All
the virus strains were propagated in sucl<ling mouse
brain

technique. Virus samples \\, ere diluted serialIy 10
fold \\, itI} 0.75 q', bovine plasma albumin (BPA) frac-
tion V (Armour) in YLE, pH 7.6, at 4'C, and 0.2
inI of diluted specimen \\as inoculated onto cell nto-
nomyers using CEC for IEV and VERO for dengue

in DCulnted viruses \\. ere allowed to become

adsorbed at 37'C for 2 hours, spreading virus solu-
tions over the cell sheets every 30 min. Then they
were co\, ered with 5 inI of agar overlay, medium per
bottle. The composition of the overlay medium for
the IEV-CEC system *vas the same as that described

by HASHiMOTo and PRINCE (1963) except that the
settim was replaced by BPA at 0.2% final concent-

The first overlay medium for 04 was pre-ration

pared by mixing 296 melted agar (Difco Special
Noble) in distilled \\ater with an equal \, o1ume of
double strength YLE medium (in this case containing
0.2% glticose) SLIPplemented with 496 bovine serum
After solidification of the agar, bottles \\, ere inverted
and incubated at 37'C. The PIaques of IFV began
to appear on the third day, and they were counted
until the fifth dav after inoculation. In the case

of 04, after one \\, eek's incubation, bottles \\, ere

covered \\, ith one in I of the second overlay, medium,
which \\, as the same as the first but containing
0.02% neutral red. and the PIaques \\. ere counted
from the 8th until the 10th da\, after inoculation

Virus titers \\. ere calculated to gi\, e PIaque forming
units (FFU) per inI

2. He'llrigg!11t!'"titioi, and lieiiinggli, thintio, ,-nib!61-
110" (Hl)

These tests were carried out according to the
method of CLARKE and CASALs (1958), using
antigens extracted from infected suckling mouse
brains with acetone-ether and sucrose-acetone me-

thod. Two fold serial dilutions of the sera were

made on a plastic tra}, starting from 20 fold serum
dilution.

\. Irus

3. Ti'$311e c!,/1111'e

Primary cultures of chick embryo cells (CEC) were
prepared by the method of PORTERrirL!I (1960) and
grown in 2 ounce rubber-stoppered prescription
bottles with YLE medium (0.1 % yeast extract,
0.5% Iactalbumin hydrolIzate and 0.55% glucose
in Earle's balanced salt solution with antibiotics and

phenol red) supplemented with 10'6 bovine serum
Five in I of CEC suspension containing 1.5 xiO' cells
\^ere put into each culture bottle and incubated at
37'C for 24 hours to malte cell monolayers.

An established cell line of African green monl{e},

kidney (VERO) \\, as supplied by Dr. Oya's laborator\
in the National Institute of Health of Japan, Tokyo,
at the 184th passage Ie\, el and culti\, ated as de-
scribed elsewhere (ICARASHi and TucHiNDA, 1967)

4. ass, Iy of units jayfecrit!!'ty

Virus infectivities were assayed by the piaque

5. Are!, tm!Itntio, ! test (NT) of the sei, ,in

The 5096 piaque reductioiT method for measuring
the serum NT titer \\, as performed essentially ac-
cording to the method of HASHiMOTo and PRINCE
(1963), except that sera were serialIy diluted 5 fold
with 0.75 % BPA in Yl, E, starting from the undiluted
specimen, Serum NT titers were expressed as the
negative decimal logarithm of the dilution of the
serum which reduced the PIaque number to 50% of
that in the control specimen

42 BIKEX JOURNAL V01.11 No. I 1968

6. Seiji, " spec, ',,!e, ,

A number of specimens of human sera from
patients clinicalIy diagncsed or suspected of having
mosquito-borne hemorrhagic fever had been sent to
the Virus Research Institute in Bantrkok for labora-

tory diagnosis. These were tested b}, the Hl and
complement-fixation test \\. ith Dl, 02, 03, 04, and
Chikungunya antigens. Sera received from August
1965 until July 1966 \\, ere used, and they \\. ere also
tested by 111 with IE\' antigen. Of these specimens,



the paired sum tl, at sho\\cd n POSiti\. e rise of }11

titer for dengue \. iruses with little or no detectable
Hl titer in the acute specimens \\'CTe selected. Thev
\^CTC tellintivcl\. considered lis serai of dengue he~

nTorrh"gic fever. Paired sera \\ hich show ed negn-

tive Hl titers for dengue \. Iruses both in acute and
coltvalescent specinTens \\ ere also selected. These

sera were tcntativel\. considered as dengue hen\or-
Thatgic fever negative controls. Records were Innde-
quatc and the age, san, piing time and time of onset
of disease of the specimens had not always been
recorded. Ho\\ ever, patients \\, ere not more than 12
years old and the avcragc sampling time \\ ith the
standttrd dentition of sum of the acLitc stage was 3.2
,. 1.29 chi> s and thn t of sum of the convalesceitt stage
was 8.0=2.09 davs after the onSLt of the disease in

54 pairs of salnples from cases of dengue hemorr-
hagic fever. .\11 the sera \\. ere in activatcd at 56'C
for 30 ntiit before tested for \T tintibod\

7. SintJsricn/ 111et}10d

Regression lines were obtained by the least square
Inethod and the correlation coeflicient (1) was
calculated bv the conventional method. The

average titers of antibody were expressed as gcometri-
cal mean \. alues. Analvsis of \. ariance and Student's

I-test \\, ere performed by the method described b}
SNEDrcoit (1946)

fever, and the average titer of difference be-
t\^een the con\, alescent and the acute specimens
\^as calculated to be 0610 will, the standard

de\'Iation of 0455. But in the negative control
specimens only 7 out of 18 pairs showed an
increase of I*!T antibody, against IEY, Ilaving

of difference bet^, een thethe average titer
convalescent and the acute specimens of -
0,094 \\, it 11 the standard de\, Iation of 0.614.

Applying the Student's I-test, the difference
between these two groups of specimens \\. as
considered to be highly significant (d. I. -105,
I-5,499, P<0001). Thus the nullhypothesis
that these t\\. o groups of samples \\, ere selected
out of the same population \\, as rejected \\, ItIT
the reliability of more than 99.99'0

3. Rat, of "pp, ", un, , of ""I, 'b, dy "g",},, tIEP
Of the serum samples shown in Fig. 2,111

specimens with records of sampling timc
related to the time of onset of the disease

were selected. The geometrical mean values
of the Hl and NT titer for IE\; on each day
after the onset of the disease were calculated.

There were fe\\, specimens for the first, lotli,
11th and 12tlI days (5.4,4 and 2 specimens,
respectively), so the \, alues for these days
may not be very reliable. The result (Fig. 4)
shows the rate of appearance of Hl and NT
antibody against IEV in sera of cases of dengue
hemorrhagic fever. The NT titer increased
from the 4th until the 6th d^, of the disease,
reaching a plateau value. In 49 specimens
taken after the 6th day of the disease, the mean
value of the NT titer to IE\I \\, as 1.06t0.52.
But the Hl titer continued to increase until

the 7th day, of the illness attaining a titer of
1280-2560. Thus after the 711T day of the
disease, the ratio of Hl to NT for IEV was in
the order of 102.

RESULTS

I. Coli'e/all'o71 bet"eeli 1/1 111ei' for dellg"e
"11. "ses a?Id Ihftt for If P

As expected from the broad reactivity of the
sera of cases of dengtie hemorrhagic fever, a
higl\ correlation between the Hl titer for dengue
viruses and that for IE\; was found in 226
specimens of sera (Fig. I, No. 14). The
I'-value \\, as especially high for 04-IE\I and
02-IE\'.

2. R, \, of NT ant, 'b, dy "g",'", t Iru
Paired sera of dengue ITemorrhagic fever

and negative control specimens were tested for
NT antibod\, against IE\; by piaque reduction.
Results are shown in Figs. 2 and 3. There
was some rise of NT antibody against IE\; in
80 out of 89 pairs of sera of dengue hemorrhagic

4 folde"ce s"ggestz"g that the lire of IEP-
Air is 7101 the rest, /t of fret!lows IEP-nilmu"14,

The observed rise in the IE\'-NT titer in
sera of patients with dengue hemorrhagic fever
inIgl\t not be the result of dengue infection
itself but rather the result of a previous IEV-

ICARASHi, A. at al. IE Antibody 171 Hewoi'r/lagi'c Fe"e, 43
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the results in Fig. 4, the I*;T titer for IE\' is
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TABLE I N'T 12'te, ' agriz'"$1 IE, lit sei'a of con"n/esce"t cases of dengue Izemorrhnuz'c 180er aria"00d
," fire age gi'ONPS

<1

0.59

1.23

0.72

1.42

1.36

0.73

0.79

0.97

0.57

I. 54

0.85

X

I-4

1.55

I. 20

0.59

0.66

0.41

0.0+

1.29

1.44

0.66

1.19

0.58

1.58

Age group (years)

SX

k

5-6

0.99

O. 28

I. 75

1.31

0.46

1.74

. t1.09

0.63

I. 2+

073

I. 04

1.23

1.25

I. 71

0.40

X

SX2

(Sx)*!k

7-8

10.77

11

0979

11.762

10.545

There is a slight negative correlation bet\\. Gen
these two variables (,.- -0.40). There seems
to be a slight tendency for a larger difference
between the I. ;'T titer for IE\I in the convales-
cent and acute stages \\, hen the preexisting
NT titer for IE\I is lower.

Second, data on sera of convalescent cases
taken more than 6 days after the onset of the
disease which had records of the age of the
patient were selected. They were rearranged
in 5 age groups (Table I). The average 1<T
titer for IE\' in the convalescent stage \\'as
calculated for each group. Groups of older
childrel\ \\'ould have ITad a greater chance to
have had IE\' infection before suffering from
dengue infection than groups of younger
children. The result indicates that the \T

titers in older children tended to be a little

higher than those in younger childreiT but the
difference betweeil the groups \\. as ITot signif-

1.32

0.71

1.15

1.09

1.6+

2.41

2.69

0.80

0.46

0.71

I. 12

95

11.19

12

O. 923

13,218

10.435

1.21

O. 99

0.25

I. 21

0.73

I. 54

I. 53

1.28

0.03

1.49

I. 12

I. 53

1.18

Total

15.85

15

1056

19,973

16.748

14.10

11

1281

23,101

18.074

TABLE 2 Analysts of tail'ance of the I'esu/is
I'M Table I

14.09

13

1183

18.063

15.271

Source of variation

46

Betweei, age groups
\\'ithin age groups
Total

66.00

62

1065

86,117

BIKE\ JOURNAL V01.11 No. I 1968

F=1294 P>0.20

The ITUll itypothesis cannot be r'scted

ICant compared \\, it IT the difference between
individuals in a single group. A10reover, the
null hypotltesis that these 5 groups \\, ere
selected from the same population could not
be rejected by analysis of variance (Table 2).

d. f

+

57

61

Sum of

squares

0815

15.044

15.859

5. NT tile, agains/ delng"e o11'"s Iype 4

In the data in Fig. I, there is a higher cor-
relatioi\ bet\^Gen the Hl titer for IE\: and 04

Mean

square

02038

02639

02600



thaiT the Hl titer for IE\; and other dengue
Accordingly the NT titer for 04

\^as assayed. on a small number of paired sera
to see whether there \\, as some difference in the

\T titers for IE\; and 04, in contrast to the
results of the Hl test. Although the number
of test specimens was too small, mainly because
of the technical difficulty of PIaque titration of

\:Iruses.

TABLE 3

Code
\'o

("ge)

H/ and NT antt'60dJ, lit palled sein of cases of demone hemoi. charri'c fez^er

2042 A

(;) c

Den-I Dell-2 Den-3 Den-+

2064 A

(;) c

<40
80

04, the results in Table 3 suggest that the
reactivity of the sera \\, ere more specific in
respect to the causative agent when the NT
titer \\, as measured, but a conclusive etiological
diagnosis and the problem of the relation be-
t\\, een the i*;T titers of these \, iruses require
more extensive tests for NT antibodies to all

types of dengue viruses.

2067 A

(;) c

<40
80

802303 A <40<40 <40 40

(4) C >40960 >20480 >20480 >20480 >20480

<40 <40 <40
10240 80 160

Hl

40

40

320

10240

2352 A

(3m) C

80

2560

<40
40

ID

320 2560 320

10240 > 20480 > 20480

2382 A

(;) c

<40
80

<40
320

IEV

40 <065
160 1.35

2394 A

(Sin) C

' login NT

Den-+ IEV

<40

320

<80

<80

2592 A

(9) C

<40

<40

<40
80

268+ A 160 160 160 640

( 9 ) C >10240 >10240 >20+80 >20480

<80

<80

320

<20
2560

< 40 < 40

5120 > 20480

206

2.26

0.40

I. 17

<40
80

<80
320

Date taken

DISCUSSION

1.42

3.10

0.18

0.48

<80
80

Sera taken from cases of dengue ITemorrhagic
fever sho\\, ed a ITigh titer of Hl antibody,
against IE\. There \\, as ai\ especiall\, close
relationship bets. eelT IE\' and 04, and IE\'
and 02. This implies that \\, hen a patient
suffers from dengue hemorrhagic fever he also
acquires a high titer of Hl antibody, against
IE\', although a little lower than for dengue

This result is consistent \\, ith the\, Iruses.

<80
+O

40

160

100

2.05

1.09

1.75

>

<40 160

10240 >20+80

(days
aftei

onset)

<40
160

<80
640

0.65

1.00

0.0

1.19

:

Cample-
merit-fixa -
tioi. tets

<20

<20

0.65

2.05

00

O. 721

Aug. 25 '65
Aug. 29 '65

<20
5120

0.65

1.35

0.0

0.40

Dec. 31 '65

Jan. 4 '66

Jan. + '66

Jan. 10 '66

Jan. H '66

Jan. 15 '66

Apr. 19 '66
Apr. 24 '66

Iun. 14 '66

Iun. 20 '66

320

5120

1.76

3.46

00

1.42

(3)
(7)

(5)

(9)

(3)
(9)

(3)
(7)

(2)
(7)

0.65

1.35

0.09

I. 21

00

1.53

Dl, 03 : 512

descriptioi\ of the broad reactivity of sera of
cases of dengue ITemorrhagic fever with group
B arbovirus antigens (HAMMo>: and SATHER,
1964, HAi, sTEAD and YAMARAT, 1965, HAL-
sTEAD, 1966), and it is also expected from the
cross-reactivity of IE\' and dengue viruses
revealed by the Hl test in laboratory experi-
merits (CASALs and BR0\\,>;, 1954, CASALs,
1962), but the degree of cross-reaction is much

03 : 512

10ARASHi, A. at al. IE an!!'60dJ, In He, "Dryhttuic Feber 47



greater in cases of dengue hemorrhagic fever.
About 907, of the paired sera from cases of

dengue hemorrhagic fever were found to show
a slight but definite increase in NT titer for
IEV, in contrast to the negative controls.
Using the method of mouse brain titration,
HAMMON and SATHER (1964) report, d th, pre-
sence of NT antibody to IE\; in sera of some

of dengue hemorrhagic fever. They
found that the NT titer for IE\; is not detect-
able or not significant in the acute stage within
4 days in cases of primary group B arbovirus
infection. Their findings are consistent with
the results given in this report. The time
course of development of the Hl titer for IE\;
was found to parallel \\, it 11 the result with
dengue viruses reported by OKUN0 (1966).
it would be interesting that the NT titer for
IE\; begins to increase from the 4th day of
the disease, when the disease enters a new
stage of abrupt deterioration and shock, and
the largest number of deaths ITave been re-
corded on the 4th day (HALSTEAD, 1965,1966).
The NT antibody to IE\I Teaches a plateau
after the 6th day, of the disease, but at present
there is no evidence that this heterologous anti-
body persists for long. However, in a few
cases the NT titer for IE\I \\, as demonstrated
even 3 weeks after the onset of the disease.

Thus, when a patient suffers from dengue
hemorrhagic fever, he acquires a certain amount
of NT antibody against IE\; as well as a high
Hl titer, at least for a short period of time.

The relation between the extent of rise in

NT antibody, against IE\I and previous IEV
infection was studied. No evdience was found

that the rise of NT antibody against IE\I was
the result of an ariamnestic reaction to preexist-
ing memory of IE\I infection.

A10re extensive research, using every type of
dengue virus, Is necessary to obtain informa~
tion o1\ the prevalence of the \, iruses and the
pattern of response of sera to multiple infection

B arboviruses. However in awith group

study, witlT a few paired sera the NT seemed
to be the more specific reactioiT \\, ith respect to
the causative agent.

cases

WISSEMAN at at. , (1966) report, d that rub-
jeers with preexisting IE\I antibodies developed
a low level of type I dengue antibody following
vaccination with 170 yellow fever vaccine,
but that these subjects developed classical
type I dengue fever \\. hen exposed to un-
modified type I dengue virus. The protective
role of the heterologous NT antibody against
IEV found in sera of convalescent cases of
dengue hemorrhagic fever is uncertain, but
OYA (1965) report, d that IEV-NT antib, dy
at a level which was detectable by PIaque
reduction at I : 10 serum diltition calT inhibit

the development of the disease in mice which
are incculated peripheralIy with 10' LD. of
IEV. If this amount of peripheral antibody
is sufficient manifestationto protect against
of the disease in man, and if the NT antibody
against IEV observed in this study, persists
for a long time, it may, have some significance
in the prevalence and epidemiology of IE\;
in Thailand, where IE\I infectioiT is not con-
sidered so grave a problem as dengue hemor-
rhagic fever although there are many, vectors
and hosts and some reports of isolation of IEV.
it may be that the \\, Idespred occuri. ence of
one virus in a certain area in^, modify tile
spread and decrease in severity of diseases
caused by other related viruses due to serol-
ogical cross-reactivity (CLARKE and CASAi. S,
1964)
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