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uMMARY One of the authors (Y. 0. ) of this paper was accidentally infected in the
laboratory witlT dengue type 4 virus, isolated in Thailand in 1978 using the C6136

clone of Singh's Aede$ a/hopi'cttis cells (SA). Two strains of the virus were isolated
from Y. 0. 's serum on the first d^, of illness using SA and sucklin mouse brain
(SATB). The SA-isolate and the infecting virus \\, ere neutralized \\, itIT ITiglt efficiency
by. Y. 0. 's convalescent sera, but the SATB-isolate \\, as netitralized inucll less ef}I-
ciently by the same sera. \VheiT the IlOSts of the isolates \\, ere exchanged (SA to
SATB, and o1'ce aei. in), the neutralization eHiciencies were reversed.

For analysis of this phenomenon, prototype dengue type 4 virus exclusively passed
in SI\IB and the same type of virus passaged 10 times in SA were compared \\, ith the
initial SA- and SMB-isolates in neutralization tests with sera from patients with
dengue hemorrhagic fever (DHF) obtained in Thailand. The two strains of the
prototype virus and the SA-isolate had similar biglt reactivities, but the Sit, IB-iso-
late ITad low reactivity with sera of the DHF patients.

INTRODUCTION

In 1978, four strains of dengue (DEN) viruses
were isolated from DHF patients in Thailand
by us, of th. C6j36 .I. ne (Igar^^hi, 1978) of
Singh'^ A, der nth, p, ', in, colts (Singh, 1967).
All the strains isolated and passaged in C6j36
cells (SA) gave ambiguous reactions in neu-
tralization (N) tests with anti-DEN 14 proto-

I Part of tlTis \\. orl< \\. as reported at the first ICMR
Seminar held in Kobe in November 1980

type rabbit sera, but after several passages in
ruining in. us. hmm (SMB), thre, of th, in
showed DEN-2 specific reaction patterns in
the N tests. The fourtll strain (No. 124),
which did not sho\\, a clear type-specific pat-
tern eveiT after SlylB passages, was identified
as DEN type 4 virtis by complement fixation
(CF) rest^ with anti-DEN I-4 prot. typ.
mouse sera and antigens prepared from in-
fected Sit, IB and infected SA culture fluids
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(Fukin, g^ at a1. , 1980). B, ., us. of this dif-
ference in neutralization of strain No. 124,
this strain was studied further.

During these studies, Y. 0. was acciden-
In thistally infected with one of the clones.

infection, the clone of infecting virus was
dearly knowi\ and the virus was re-isolated
from Y. 0. in two kinds of hosts, SA and SMB.
\\Ie compared the neutralization characteris-
tics of these SA- and SMB-isolates from the
same original source, because we ITave had
problems in serotype-identifications of SA-
isolates by N tests, as mentioned above.

As described in this paper, we found differ-
ences in the neutralization characteristics of
the virus infecting Y. 0. and SA- and SMB-
isolates from Y. 0. .

Adult mice were injected \\, itit 0.5 inI of the super-
natants of 10% hornogenates of infected SMB
Injections were given intraperitoneally 5 times at
weekly intervals.

3. Nei, tin/^^atfoil (N) test

Neutralizing antibody titers \\, CTC determined by
5096 focus reduction tests with the peroxidase-anti-
peroxidnse (PAP) staining method (Okuno at al. ,
1977; Okuno er a1. , 1978).

4. Coinp/ennuitji:calm, , (CF) test
CF tests were performed by the microtiter method

(Sever, 1962) with antigens prepared from infected
SMB by sucrose-acetone extraction, and anti-DEN
14 mouse sera as antibodies, with two units of coin-
PIement of frcslt guinea pig sera

ATATERIALS AND METHODS

I. Cells

I) For \, irus isolation
The C6136 clone of aedes nibopict, ,s cells (SA) \\, as

cultured in 2 ounce bottles or in tubes at 30 C in cell
growth medium consisting of 10% fetal calf serum
in Eagle's medium (Eagle, 1959) supplemented \\. ith
02 inM of non-essential amino acids.

2) For virus infectivity assay and neutralization
(N) tests

BHK-21 cells were grown in growth medium con-
sisting of 10% fetal calf setunt in Eagle's medium at
37 C in Lab-Tek 8-chamber slides (Miles, 111. ,
USA. ) in a CO2-incubator for one day before use.

2. Hilti-dellgi, e an^ lis (DEN) sera

I) Reference anti-DEN rabbit sera
Prototype \, iruses of DEN I (Hawaii), DEN 2

(New Guinea B), DEN 3 (H-87) and DEN 4 (H-
241) passaged in Skin in this laboratory were used
as jinmunogens. Rabbits \\, ere given two intra-
muscular injections of the virus in Freund s coin-
PIete adjuvant witlT an interval of one month be-

TITe materials injectedtween Injections.

partially purified \, irus samples prepared from in-
fected SMB by protamine sulfate clarification and
ultracentrifugation (Sinitl\ at a1. , 1970). Rabbits
were bled 10 days after the last injection.
2) Anti-DEN mouse sera

Prototype \, iruses were used for jininuitizations.

RESULTS

I. Ldbo, fitoiy Infection and oilws 1'301ntt'0" 11'07"
the cuse

The original strain of the infecting virus in
the laboratory infection was isolated from a
Thai DHF pad. nt in tire C6136 .I. ne (SA) in
1978. A* ^hawnin Fig. I, th, st""in (N, . 124)
had been passaged 9 times in SA and then 18
clones had been obtained.

I) Laboratory infection
\\Ihen Y. 0. was distributing the CIS clone

(CTSj124: SA-9), \\, ith an infectivity titer of
1.9 x 106 FFUjml on BHK-21 cells, into am-
poules, he happened to prick his finger witlT a

Thesyringe-needle containing the virus.

prick was so slight that no one thought of his
having been infected at that time (May 2,1980).
In the evening of INlay 8, he developed malaise
and fore" (38.0 C), and .ther typi. al sympt, in^
of dengue fever followed. Samples of blood
were taken from Y. 0. daily after the onset of
the disease starting from A1ay 9, whiclT is de-
signated as day I of illness in this paper, until
day 14 and the series of serum samples ob-
tained were used for studies.

2) \Iirus isolation
Virus isolation from Y. 0. serum was at-

tempted using SA cells and SMB inoculations.
a) Isolation in SA cells: Ten fold diluted
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FIGURE I. }listory of the infecting \. irus and tite
Isolates
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serum from Y. 0. on day I of illness \\, as ino-
CUIated onto SA grown in 2 ounce bottles.
The cells started to show cytopathic changes
(syncytium formation) after 3 days and about
5011 of the cells showed cytopathic cllanges
after 4 days. Then the culttire fluids were
harvested and stored in ampoules at -70 C
(SI-Ya SA-I in Fig. I).

b) Isolation in SATB : Six litters of suck-
ling mice were injected intracerebrally with

1234567S9

Y O 's sera : Days ajie!' onset o1 Ihe illness

FIGURE 2. Neutralizatioit of the infecting \, irus,
the SA-isolate and tite SirlB-isolate witlt Y. 0. 's

Symbols: x, the infecting \, irus (CISj124:
SA-9); 0, tl"e SA-iso1"I. (SI-YO: SA-I); ., tire
SMB-isolate (SI-YO : SMB-I).

10

v. ,ith SMB

sera.

SI-YO : SNB-I

-^
,

0025 n\I of diluted Y. 0. seruin obtained on

d^, I of illness. Some of the suckling mice in
three litters developed slight neurological
symptoms 12 days after the injection but none
in the other three litters showed any symptoms.
The brains of the suckling mice with symp-
toms \\, ere harvested and stored at -70 C (SI-
YO: SI\IB-I in Fig. I).

Tire SA-1001at, (SL-Ya SA-I) and th,
SMB-wikit, (SI-Ya SMB-I) ^h. wad infoc-
tivity titers of 1.2xlO' and 5.5 XIO' FFUlml,
respectively, o1T BHK 21 cells.

.._I, _,

2. A'ewild/12rr/1011 of tile Drillses by Y. 0. 's
sei'a

The infecting \, irus, the SA- isolate and the
SMB-isolate \\, ere neutralized \\, ith Y. 0. 's

sera obtained on d^, I to 14 of the illness.
The results are shown in Fig. 2. The N titer
curve of the SA-isolate coincided \\, ell with
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the curve for the infecting virus and both cur-
re^ rearh. d " pintoan a : 3000-I ^ 4000) on day
7 of the illness. The SI\"B-isolate gave a dif-
ferent curve and the plateau of the curve was
much lower (<I: 100) than those of the in-
fecting virus and the SA-isolate

As these two types of curves appeared so
different, the serotype of the three virus
strains were confirmed by N tests using ref-
erence anit-DEN 14 rabbit sera. Judging
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FIGURE 3. Complement fixation tests on
the SMB. isolate (SI-YO: SMB. 7) with
dengue type 14 antisera

from the N titers shown in Table I, all three
strains seemed to react most \\, ith anti-DEN 4

serum, though the titers observed were low for
serotype determination when compared with
the N titers of the reference anti-sera to horno-

logous prototype viruses.
For confirmation of the serotype, further

typing was carried out by CF tests using an
antigen prepared from the SMB-isolate pas-
^, gad in SMB (SI-Ya SMB-7) and anti-



TABLE I. Neut? ribsotio?I tests on the infect-
intr of TMs and the Isolates refth leie, 'e?Ice anti-
dengue I o6hit sera

Strain

CISj124
SA-9

SI-Y. O
SA. I

SI-Y. O
SMB-I

Homologous
virus

Anti-dengue reference sera

DEN-I DEN-2 DEN-3 DEN-4

5830<20<20

<20<20

<20<20

TABLE 2. Co?"parison of the first and the
seco, Id isolates by Me14t, 'afisotio, I tests

780

TABLE 3. COM1poriso?I of mitth! isolates toilh
the^r low descendants 61, 71eutra/^^ajion tests

20

1600

Strain

<20

SI-YO
SA-I

SI-Y0-(2)
SA-I

SI-YO
SMB-I

SI-Y0-(2)
SMB-I

54

1500

Strain

23

-..

Z
;z:
.

<20

<20

Anti-DEN sera

880

SI-YO
SA-I

SI-YO :
SA-5

SI-YO :
SMB-I

SI-YO
SMB-7

N

Z
Iz:
.

<20

,-

Z
;=:
.

<20

<20

Anti-DEN sera

"I

61

Z
t,
.

<20

62

Z
;z:
.

20

DEN 14 mouse sera. The checker board
CF titration patterns shown in Fig. 3 indicate
that the isolate was a DEN 4 virus. Further-
more, DEN 4 virus-specific IgM antibody was
detected b\, both Hl and N tests in a fraction
obtained by sucrose gradient centrifugation
of Y. 0. 's serum obtained on day 9.

3. Reprooft!cibi'/ity of the diffei. errce o6seroed in
A1 tests

As the SA- and SMB-isolates gave such
different N antibody titers against Y. 0. s
sera, the reproducibility of the phenomenon
was confirmed by repeated virus isolation.
Two virus strains were also Isolated in the
second isolation experiment from the same

* YO-

Z serum
;,: (9 th
Q day)

54 3700

<20

<20

60

r,

Z
:=:
Q

20

<20

<20

SA and SitlB. Table 2 showssource using

a comparison of results with the first and
second isolates by N tests on reference anti-
DEN 14 sera and on Y. 0. 's scrum on day
9 of illness. The second SA-isolate (SI-
Y0-(2) : SA-I) and th, s. .ond SMB-ianlat.
(SI-Y0-(2) ^ SMB-I) gay. ^Imjin, re^ults to
those in tlie first experiment; namely, they
showed high reactivity of the SA-isolate and
10\\, reactivity of the Slv'IB-isolate.

4. Depe?!dence of the diffe, 'e"ce observed 171 N
tests o71 the host

As the difference observed in N tests seemed

to depend on the host from whiclT the isolate
was obtained, we carried out the following ex-
periments on the effect of the host.
I) Successive passages of the isolates in their
initial hosts

Th. SA-wikit, (SI-Ya SA-I) w^^ pus-
saged 5 times in SA cells and the SATB-isolate
(SI-YO, SMB-I) w, ^ pus^"gad 7 tim. ^ in
S^!IB. The resulting viruses, SL-YO : SA-5
and SI-YO : SL, IB-7, were ITeutralized with
reference anti-DEN I-4 sera and Y. 0. 's
serum obtained on day 9. These N titers

<20

<20

52

*

Z
:z:
Q

<20

<20

YO-
serum

(9 th
day)

3700

84 4000

<20

<20

58

54

23

<20

110

30

140

2500

21

23

51

42

140

130

were compared with those of the same sera
against the viruses from the first passages of
the isolates (SI-YO : SA-I and SI-YO : SATB-
I). Table 3 shows that there were no signifi-
cant differences bet\\, een the neutralization
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TABLE 4. Reactzb^fy of Isolated stint, is POS-
saged lit etchn, Iged hosts tit Mettt?. antzotz'o72 tests
EUith Y. 0. 's se, 'MMI of day 14 of illness

SA-strain :

Passage
level

SI-YO :
SA-I

SMB~O

SMB-I

SMB-2

SMB-3

SMB-4

SMB-5

SMB-6

SMB-7

SMB-8

SMB-9

SMB-10

Neutrali-
zation

titer

SMB-strain :

Neutrali-
zation

titer

Passage
Ie\, el

2800

150

130

100

88

32

94

60

88

82

94

SI-YO :
SMB~I :

SA. O

SA-I

SA-2

SA-3

SA. 4

SA. 5

SA-6

SA-7

SA-8

SA-9

SA-10

50

characteristics of the virus after one and sev-

eral passages. NIOreovcr, tlie difference in
results of N tests o1\ the SA-isolate and SkilB-

isolate was still seen after these passages
2) Effect of it OSt eXchange

The SA-isolate was passaged in SA, IB and
the SL, IB-isolate in SA cells tip to 10th passage
level. \\!hen the SA-isolate was first trans-

ferred to SkiB, its infectivity titer decreased to
less than 11100 of the titer in preceding pas-
sage. Conversely when the SlylB-isolate was
passaged in SA cells its titer increased In ore
than 10 times. As shown in Fig. 4, the infoc-
tivity level of the former remained rather low
in following passages, while that of the latter
fluctuated in following passages, but after 9
to 10 passages the titers of both strains reached
similar levels.

Viruses of the first to 10th passage of botlT
strains were neutralized witlt Y. 0. 's serum

obtained on day 14 of illness. The results of
the neutralization in Table 4experiments

sho\\, that tlTere were marked clTanges in tlte N
titer when one isolate was transferred to an~

other host : that is, when SI-YO : SA-I (pas-

, 10

100

2600

2600

2900

4300

4600

5000

4100

5600

4000

5100

.
^
.
LL
L

o

X

8

-.,

>.

>

U
co

6

-4

?

0123 45678910
Passage generation in exchanged host

FIGURE 4. Infectivity titers of isolates passaged in
exchanged ItOSts. Symbols: 0, SA-isolate in SMB;
., Sit{B-isolate in SA.

TABLE 5. Neitti'ringntion 11'ters of reference
n, 111'-dengue i. abhit sei. a rigor'Mst S, 4 cell pas-
ruged de, Ig!18 pi'o10type an litres rind thei, ' orig-
172U/ Sty","S

o

Viruses

144

DEN-I (SMB)

DEN-I (SA-10)

DEN-2 (SMB)

DEN-2 (SA-9)

DEN-3 (SMB)

DEN-3 (SA-10)

DEN-4 (SMB)

DEN-4 (SA-10)
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anti-DEN(SMB) "abbit sera

^,

Z
:,:
Q

N

Z
:z;
.

1300

1900

~;

Z
:=:
Q

150

15

sage level: SkiB-0) was transferred to SMB,
the N titer of the virus in the next generation,
SI-Ya SA-I ^ SMB-I (pus^"g, I, rel^ SMB-I)

<-

Z
;z;
Q

950

790

160

38 100

13

12

10

960

1600

16

24

33

12 400

750



was dccreascd to that of SI-YO: SATB-I (pas-
sage level : SA-0) ; similarly, \\, he IT SI-YO :
SkiB-I was transferred to SA, the N titer of
the virus in tlTc ncxt generation, SI-\'0 : SAIB-
I: SA-I (passage level: SA-I), \\, as increased
to the same order as that of SL-YO : SA-I (pas-
sage level: SATB-0). it is note^, orthy that
the N titers of these serialIy passaged strains
in each series remained steady after these
marked changes, regardless of changes in in-
fectivity, or changes in growth capacity caused
by exclTange of ITosts.

Thc results suggest tltat the difference be-
twecn SA- and SL, IB-isolate observeLl in neu-

tralization tests is a reflection of the host in

wliiclT the viruses multiplied, and not related to
genetically stable characteristics of the isolates

5. Coinp"r'soii of new!full;gallon chai'dcte, is tics
of SMB-p"$3age, / find S, {-ttdftp!ed plutobipe
DJ'r!Ifes, the 8.4-1'301rrte, aird SMB-nomte

Prototype DEN I-+ viruses ITave lieen main-
tained by SkiB-passage in this laboratory
(DEN I-4 (SMB)). inch of thus, SMB-pay
saged prototype viruses was passaged 10 times
in SA cells to obtain SA-adapte(I prototypc
strum^ (DEN I-4 (SA-10)). Th, neutron""-
tion titers of thesc 4 pairs of prototype viruses
\\, ere dctermincd witl\ reference anti-DEN I-

4 rabbit sera, \\, ITicli 11nd been prepared I^, iru-
inunization \\, itIT tlle SlylB-passagetl prototype

As shown in Table 5, there \\, as no
significant difference between titers of SitlB-
passaged virus and its SA-adapted strains with
any of the prototype viruses.

The neutralization characteristics of tlie

SATB-passaged and SA-adapted protot} pe
DEN 4 viruses were compared \\, itIl those of
Sit'IB- and SA-isolates witll DHF patient sera
obtained in Thailand. The results arc shown

in Table 6. The sera gave similar N titers
against thc SI\TB~passaged and SA-adapted
strains of the prototype virus. However, the
N titers against SATB- and SA-isolates with
convalescent sera from the patients were \, ery
different: the N titers with the SA-isolate were

very higher, as iil the case witli Y. 0. 's sera

TABLE 6. Nei, 17nfisa!ion of SMB-passaued
PI'o101jipe dellgt, e type I an, 'MS. Its S, 4-adapted
slyni", a, ,d Jim S, -ISO/o1e (SI- YO : SH-I)
and Ih, SA{B-iru/"I, (SI- YO , S, \{B-I) I, ',,,,
Y. 0. 's serifJJi, rel'th DHF punent se, a

Patient sera

No. 118 A"

C'

No. 124 A

C

Prototype
DEN-4 \. irus

Sit, IB- SA-

passaged adapted

viruses.

" A : acute phase serum

" C : convalescence phase serum

130

2300

<20

5900

Isolates
from Y. O

shown in Fig. 2.

220

2400

<20

+200

SI-YO : SI-YO :
SMB-I SA-I

DISCUSSION

<20

<100

<20

<100

Two isolates in SA cells and SL, IB, respective-
Iy, \\, ere obtained from one of the authors
(Y. 0. ) \\, he IT Ilc was infected witl\ a kno\\, IT
clone of DEN 4 virus in the laboratory.
These isolates showed marked differences in

neutralizatioiT characteristics : thc SA-isolate

was I\eutralized as emciciTtky, as the infecting
but tlte SitlB-isolate wars ITot iteutral-virus

ized emciently by coltvalesccnt sera from
Y. 0. , from \\, hoin the virus 11ad been isolated.
Possible explanations for this phenomenon are
as follows :

I) The virus population that can grow in
one host is salectcd by the host and the ob-
served difference reflects the antigenic dif-
ference between tlle selected virus popula-
tions.

2) Botli SA and SirlB permit growth of
the same virus population, but in Sit, IB,
dengue virus that Is less neurotropic than
for instance Japanese encephalitis virus pro-
duces a considerable amount of defective

iiTterfering (Dl) particle-like antigen(s) that
consumes N antibodies, resulting in lower
expressioit of IlGutralization antibody titers.

80

1800

<20

2700

EUKUNACA, T. at al. Net, tm/,*ation characterist!'CS of dellut, e isolates 145



3) The virus population grown in SMB is
readily modified by so-called host-controled
variation, which makes the virus less reac-
tive with neutralizing antibodies induced
by other kinds of host-controled variants.

In the host-eXchange experiments, marked
cllanges in the N titers were observed, as
shown in Table 4. These results suggest
that the difference in the neutralization char-
acteristics of the isolates from different hosts

does not reflect genetic characteristics. Thus
the first explanation seems unlikely. In pre-
Iiminary experiments, we found that the
SA, IB-isolate became more reactive in N tests

with Y. 0. 's serum when it had been partially
purified by sucrose density gradient centrifu-
gation. This finding seems to support tlie
second explanation. From the data obtained
so far, the second and!or third explana-
tion seems most likely. However, the POS-
sibility that the characteristics of the isolates
were changed by mutations occurring jinme-
diately after the host-exchanges cannot be ex-
cluded, as it has been shown that the effects
of host passage of plant viruses are due to inu-
tation^ (Yam^^., d, 1979).

In the N tests on the patient's sera the
SkilB-passaged prototype virus showed similar
behavior to the SA-adapted prototype virus
and the SA-isolates, whereas the SkiB-isolate
behaved differently. Though this finding
seems to be rather contradictory to the ex-
planation in the preceding paragraph, it could
be explained as follows. The prototype
virus has been passaged in SlylB many times,
and this may have resulted in its complete
adaptation with regard to growth characteris-

tics. On the other hand, a newly isolated
virus had not yet become fully adapted to
growth in SLIB. Actually, suppressed
growth, which might he caused by auto-inter-
ference, is frequently observed when a DEN
virus strain newly isolated in SIVIB is passaged
in SMB at higher concentration. Therefore,
the difference observed in N tests between the

SIVIB-passaged prototype virus and the SMB-
isolate may due to the differeiTt contents of
viral products, such as Dl partiales, related to
differences in degrees of adaptation of the
virus to SMB.

Some workers have discussed the disadvan-

tages of use of SMB for DEN virus isolation as
compared with use of laboratory-reared in OSqu-
itoes or mosquito cell cultures (Rosen and Cub-
Ier, 1974; Race at a1. , 1978; Tesh, 1978). Their
interests, however, were mostly focused on the
efficiency and technical convenience of is o1a-
tion of virus from natural sources. The re-
markable difference between results with SA-

and SMB-isolates in N tests demonstrated in

this paper indicates another advantage of use
of mosquito cells for DEN virus isolation:
more information on the neutralizing anti-
bodies in dengue infections may be obtained
by, use of mosquito cell isolates (SA-isolates)
than by use of SMB~isolates.
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