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RAPID TITRATION OF DENGUE VIRUS TYPE 4 INFECTIVITY BY

COUNTING FLUORESCENT FOCI

AKIRA TCARASHl' and MASANOBU MANTANl

Department of Preventive Aledicine and Department of Pathology, Research Instittite for
Microbial Diseases, Osaka University, Yamada-kami, Suita, Osaka

(R. ceived April 15,1974)

uMMARY The infectivity of dengue \, irus type 4 was assayed by counting the
number of fluorescent foci produced on infected BHK21 cell monolayers by the

Indirect fluorescent antibody technique. The foci, consisting of clumps of 10-20
cells with viral antigen in the cytoplasm, were clearly distinguished from the back-
ground of tinstained cells. Basic conditions using this method for the rapid assay
of the virus infectivity are described. The sensitivity of the method was almost
the same as those of the conventional methods of PIaque formation or mouse I'D-
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INTRODUCTION

Dengue hemorrhagic fever is an important
viral infection in South East Asian Countries

(Halst. ad at ^I. , 1963 ; Halst*ad, 1966). Fund, -
mental studies on the etiological agents, dengue
viruses, are a prerequisite for the practical con-
trol of the disease. However, it is not always
easy to assay the infectivity of viruses by piaque
formation. Even in the well-studied case of

dengue virus, type 2, it takes 6 days to form
PIaques (Schulze and Schlesinger, 1963 ; Rus-
sell at a1. , 1967). \\Ie tried to overcome this
difficulty by counting the fluorescent foci ob-
tained by the indirect fluorescent antibody
technique.

titration

I Present address : Department of Microbiology,
College of IVledicine and Dentistry, of New Jersey,
Rutgers Aledical School, New Jersey 08854,
U. S. A

A, IATERIALS AND METHODS

I. Frillses

Dengue viruses, type I, Hawaiian strain, (Dl), at
the 15th passage level, type 2, TR1751 strain, (02),
at the 10th p"ssage level, type 3, H87, (03), at the
26th passage Iev"I, "rid type 4, H241, (04), at tite
43rd passage level in suckling mouse brains (SMB)
\. ETe 1<indly supplied by Dr. S. Ahandrik, \Jirus Re-
search Institute, Bangkok, Thailand. The viruses
were gro\\n one to three times in Sit, IB. Ten per-
cent ITomogenates of infected SMB in 0.05 M borete
buffer, 0.12 A1 NaCl, pH 9, \\, ere centrifuged at
1,500 xg for 15 min. The supernatants \\, ere stored
at -70 C as stocl< viruses

2. antisern

Hyper immune mouse antisera \\. ere prepared in
adult mice by 5 intraperitoneal Injections of 0.1-02
inI of 10~', 10~", 10~' and 10~' dilutions and un-
diluted stock \, irus at one weekintervals. Mice \\. ere

bled one \\, eek after the last injection. Sera \\. ere
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separated from the pooled blood of each type-specific
The titers of the antisera assay, ed by, theantiserum

hemagglutination-inhibition test (Clarke and Casals,
1958) were 1280,1280,640 and 2560 for "nti-Dl,
anti-02, anti-03, and anti-04 sera, respectively

3 . Cells

Established lines of baby-hamster 1<1dney-cells,

BHK21 clone 13, and African green monke}, kidney
cells (VERO) \\, ere gro\\, n \\, ith 1070 calf serum in
Eagle's minimum essential medium (MEM) (Eagle,
1959). The BHK21 cellline **as fu, the, cloned by
colony formation in petri dishes in a huntidified CO2
incubator. The continuous line of rhesus monkey
kidney, cells, LLC-MK, , \\, as originally obtained
11.0m Dr. R. N. Hull, Lilly ResearclT Laboratories
(Hull at a1. , 1962). The cells \\. ere cultivated with
10V. calf serum in MEM

4. F1nqi, e tit, 'attoi, o1 dellgi, e trills type 4

The method described before (Igarashi et al. ,
1968) \\, as slightly modified. The \, irus specimen
was diluted serialIy 10-fold with 5% calf serum in
A{EM, and 0.2 in I of diluted specimen \\, as inoculated
onto monolayer cultures in 2 0z bottles. After
adsorption for 2 hr at 37 C, spreading \, irus every
30 min, cell sheets \\. ere covered \\, ith the first over.

lay. medium (5 inlibottle) prepared by mixing equal
volumes of 2y, molten agar' and double-strength
iVIEM. Calf serum was added to the overlay me-

dium at 2% final concentration. After incubation

for 7 days at 37 C, 2 inI of overlay \\, ith 0.001%
neutral red were added. PIaques were counted the
next day and titers were recorded as PIaqtie forming
units (PFU) per in I

oculated with 0.1 ntl of diluted virus specin, en.

After an appropriate Incubation time at 37 C, spread-
Ing virus even, 30 min, cells \\, ere rinsed \\. ith 0.5 inl
of Hanks' balanced salt solution (HBSS) and then
covered with 0.4 inI of 2y, calf serum in IVIEiVl, and
ii. cubated at 37 C. After incubation for 2-4 days,
fluids \\, ere reino\, ed and cells were washed \\, ith

HBSS and fixed in acetone at 4 C for 10 min. Fixed

cells were stained with the first serum (anti-04
serum diluted 10-fold having a staining titer of 10~",
unless other\\ise specified) by incubation at 37 C
for 30 min. The slides \\. ith cells \\, ere rinsed in

HBSS and then stained with the second serum couo-

rescent ISOthiocyanate-conjugated rabbit anti-mouse
IgG serum, Pentex, IVliles, Kentucl<ey, diluted
10-fold to a staining titer of 10~'). After incuba-
tion at 37 C for 30 min, slides \\, ere thoroughly
washed and then scanned \\, ith a Tiyoda ultra\, iolet
microscope, FA, I-200, equipped with an OSrum
250 \\. higl. -pressure ritei'cur}, arc lamp and UV-
filter

Staining titers of the sera were determined by
applying sera serialIy diluted 3 fold to the infected
cells. Titers were expressed as the highest dilution
of the serum \\, hich showed definite positive fluores-
cence in the infected cells

5. 1,101, se titrntJo, , of deng, re '11/1s

Volumes of 0.02 in I of serialIy 10-fold diluted \, itLis
specimens \\. ere in DCulated Into suckling mouse
brain. The Soy, lethal dose (LD*,) was calculated

by Reed and Munch's method from the mortality in

3 weeks. All the mice used for mouse titration, viral

growth and preparation of antisera \\, ere an In bred
strain of C3H, 1<indly supplied by Dr. S. Tanabe,
Department of Bacteriology, IVledical School, Osaka
University

6. Filloiesce, it antibody techii, '911e

Cells \\, ere grown in Lab-Tek 8 chamber tissue
culture slides (;\Iiles, Illinois, U. S. A ) in a Co,
incubator at 37 C. About I x 10' cellslwell were in-

RESULTS

I. Glowt/I of deng"e o11'1, s type 41713 estab-
fished kites of 711a, Jini@I^^, I celh

To assay viral infectivity by counting fluores-
cent foci, it seemed desirable to use a cell-
virus system in which the virus or \, ITal anti-
gens were confined to infected cells, which
could be stained brightly by the fluorescent
antibody technique, and the fluid virus titer
was much lower than the intracellular \, irus

In such a system cell-to-cell spread oftiter

the virus predominates over formation of sec-
ondary foci by release of progeny virus Into
the fluid medium.

Cultures of BHK21, \IERO and LLC-A, IK,
cells in 2 0z bottles were inoculated with 0.2 inI

of 10-fold diluted stock of dengue virus type 4
at an input multiplicity of about 0.1 PFUlcell.
After adsorption for 2 hr at 37 C, cells \\, ere
washed with PBS and overlayed with 3 in I of
2'1, calf serunT in !VIEi\I. Every day during
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incubation at 37 C, duplicate cultures were
taken. The fluid was pooled and the cell sheets
\\, ere scraped into a volume of virus diluent
equal to that of the fluid and homogenized in
a Teflon homogenizer. Virus titers in the
fluid medium and cell hornogenate were assayed
by PIaque titration on BHK21 and \IERO
cells.

Fig. I shows that the virus titers in the in-
rected fluids of VERO and Ml< cells were
almost the same as the titers associated with

infected cells. However, in infected cultures
of BHK21 cells, almost all the virus was as-
SOCiated with the cells, and less than Toy, of
the titer was released into the fluid for 5 days
after infection. Thus, for the present purpose
BHK21 cells were better than VERO or MK

cells although viral growth in the latter cell
lines was as good as in BHK21 cells. The
viral titer assayed by the conventional method
of PIaque titration was the same in BHK21
and VERO cells, though the PIaque size in
BHK21 (2 mm) w^^ ,miner. than in \;ERO
cells (4mm). The FFU titer in MK, cells

was a little lower than in the other two cell

lines.

2. I'llecttbity assay of dellgiie ofr"s type I by
COM"11ngj7tioresce, It IOCz' o11 BHK2/ cells

The appropriate adsorption time of the virus
to the cells was determined first. BHK21

cells in 8 chamber slides were inoculated with

04 stock virus diluted serialIy 10-fold. After
an appropriate time of adsorption at 37 C, cells
at eaclT dilution in duplicate wells were rinsed
with HBSS and covered witlT fluid medium.

On the second day after inoculation, cells were
observed after staining with fluorescent anti-
body. Table I shows that the number of
fluorescent foci increased in the first 2 hr of

adsorption, but the number after adsorption
for 4 hr was almost the same as that after 2 hr.

Next, the effect of the period of incubation
after virus Inoculation until fluorescent anti-

body staining was tested. BHK21 cells in 8
chamber slides were inoculated with 0.1 inI of

serialIy 10-fold diluted virus specimen. After
2 hrs' adsorption at 37 C, cells were rinsed and
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covered with fluid medium. After I-5 days'
incubation at 37 C, slides were taken out, rinsed
with HBSS, and kept at -20 C until all the
specimens were ready for fluorescent antibody
staining. On the first day after inoculation,
fluorescent foci consisted of only I-3 cells with
viral antigen, so that virus infectivity was dif-
ficult to count. However, on the second day,
each fluorescent focus consisted of clumps of
10 20 cells with brightly stained cytoplasm
(Fig. 2). On the 3"d day, the number of foci
was greater, but secondary foci appeared so
that the number of foci could not be counted

on the 4th and 5th days at low virus dilutions

TABLE I. 14ff'ect of Adsorptz'on tt'me of dengue
o27"s type 4 on the format, 'on of fluorescent
IOCt' on BHK 27 cells"

(Table 2). When anti-04 antiserum was
added to the fluid medium to 10 final con-

centration, the number of fluorescent foci on
the second day was the same as in the control
without antiserum, but development of sec-
ondary foci after the 3rd day was prevented.

From these experiments we adopted 2 hrs'
adsorption of virus to BHK21 cells and 2 days'
incubation at 37 C after virus inoculation until

sampling as standard conditions.

TABLE 2. I^fi'ect of the 372c"batt'on tame after
znOc"Julz'o72 of dongue o27"s type 4 on the forma-
tz'on of 11140resce"t IOCz' on BHK 27 cells

Adsorption
time (hr)

42, 42 2, 4

49, 62 5, 6

89, 80 18.18

85, 105 20, 13

'r Duplicate wells in 8 chamber slides with BHK 21
cells were inoculated with diluted dengue virus
type 4 and adsorbed for various lengths of time
Samples were taken on the 2nd day after inocula-
tion for fluorescent focus counting
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rut fun, ,,,,"t fom

To see whether this method could be used

for infectivity titration of 04 virus, we inocu-
lated a serialIy 2-fold diluted virus specimen
onto BHK21 cells in 8 chamber slides, using
6 replicate wells for each dilution, and counted
the fluorescent foci on the second day after
inoculation. Fig. 3 shows that there was a
linear relationship between the relative virus
concentration and the number of foci in each

well with up to 200 focijwell. This confirms
that each focus originated from a single infect-
ing virus in the inoculum. The titers obtained
by counting fluorescent foci were expressed as
fluorescent focus forming units (FFU) per inl.

Three experiments with different lots of
stock 04 virus were performed to compare the
sensitivity of the FFU method with those of
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the \\, GII-established methods of FFU and

mouse LDso titration. Table 3 shows that the
three methods have almost the same sensi-

tivity in ass^, of infectivity of dengue virus
type 4

Formation of fluorescent foci on BHK21

cells by inoculation \\, ith D+ virus \\, as inhibited
by, prior incubation of the virus \\, ith 10-fold
diluted anti-04 mouse serum. However in

preliminary experiments the number of fluores-
cent foci produced by 04 virus was not reduced
by anti Dl mouse serum. Thus, this may be
a rapid method for titration of type-specific
neutralizing antibody for dengue viruses

The specificities of the type-specific antisera
used as the first serum were tested. BHK21
cells in 8 chamber slides \\, ere inoculated with

low dilutions of Dl, 02, 03, and 04 \, iruses.
After incubation at 37 C for 4 days, cells in-
cubated with eacl\ type of dengue virus \\, ere
allowed to react with the 4 kinds of type-
specific anti-dengue sera diluted serialIy 9-
fold. Then cells were stained with the coin-

mon second serum (fluorescent dye-bound
anti-mouse IgG rabbit serum) and observed

Table 4under a fluorescent microscope.

shows the high cross-reactivities of these 4
kinds of antisera

TABLE 3. Sensi'tabt'Ites of nie/hods of tatratio"
Of dengi, e t:27us type 4 631 PInqi, e 1077""110n,
11N, ,esc, "I focus I, ,", o1, on, and pyro"re LD, ,
Do/Mes

Dengue
virus

t}'pe 4

Lot I

Lot 2

Lot 3

Infectivit\' of dengue \, irus type 4
titrated bv

PFUlml

5.30 x 106

1.20 X 107

+. 75 X 105

FFUjml

3.00 x IOC

1.28 xiO:

+. 70 x 103

" Not tested.

TABLE +. Specifictlj, of anti-dengue 7111'us "louse sera i'sed 171 fluorescenl on 12'60dy star'"z'rig o1
BHK2/ cells I'Mfected 2.1'th dengi, e o1'7uses"

Dengue \. irus

Dilution of
antiserum

LDsojmj

NT"

I. 3 x 107

NT"

Anti-D 4

Anti-D 3

Anti-D 2

Anti-D I

" Degree of fluorescence : +F, strongl} positive ; +, definitely' positive ; ,., slightl}' positive ; -, negative

tvpe 4

9

DISCUSSION

A rapid and quantitati\, c method for ass^, of
several atboviruses by counting fluorescent
cells has been developed (Hahon, 1966; Hahon
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and Cooke, 1967; Hahon and Haukins, 1970).
Counting fluorescent foci has also been success-
fully used for cloning a certain strain of dengue
virus type 2, which did not produce definite
cyt, pathi. .if, .ts (Lubin^ki at a1. , 1973). Th.
primary foci formed with this strain consisted
of groups of 30-100 stained cells surrounded
by the unstained cells. we observed forma-
tion of similar fluorescent foci with dengue
virus type 4 and BHK21 cells. The basic con-
ditions for titration of virus infectivity with this
system are reported in this paper. The merits
of this method are that primary foci consisting
of clumps of 10-20 cells are much easier to
detect and count than single fluorescent cells
and that results can be obtained after only 2
days of incubation, so that the method is much
more rapid than the classical PIaque titration
method. A10reover, this methods is more
economical than the latter method with respect
to the number of cells and volume of medium

and space for glassware required. The linear
relation obtained between the relative virus

concentration inoculated and the number of
fluorescent foci in a chamber well indicated

that a single focus originates from one infoc-
Addition of antiserum to the me-tious virus

dinm after virus inoculation did not decrease

the number of primary foci, but inhibited the
appearance of secondary foci. NIOreover the
infective virus titer of the fluid medium was

relatively low compared with that of the cells.
Thus, in this system with dengue virus type 4
and BHK21 cells, cell~to-cell spread of virus
seems to be predominant.

The sensitivity of this method is coinparable
to those of the conventional PIaque titration and
mouse L050 titration methods. This together

with the finding that focus formation is
hibited by prior incubation of the virus with
antiserum, can be regarded as fundamental pre-
requisites for use of the method for. Infectivity
titration of the virus.

The specificities of the anti-dengue sera
used as the first sera were low because of the

high degree of cross-reactivity between the 4
types of dengue viruses, as already Indicated
(Atchson at a1. , 1966). Thus before this meth-
od can be used for rapid identification and typ-

type-specific antigenint of dengue
(B"andt, t a1. , 1970; Trent and Qure^hi, 1972)
for each of the 4 types of dengue virus must be
isolated, and more type-specific antisera must
be prepared using these antigens. Dengue
hemorrhagic fever Is a very common and seri~
ous disease in South East Asian countries, so
rapid and reproducible methods for titration
of dengue viruses or type-specific antibody
levels and for identification of types of viruses
are urgently needed. we hope that the method
reported here will be useful for. these purposes,
after overcoming \, arious technical problems,
including the isolation of type-specific antigen.
The method is also valuable for studies on the

fundamental virology of dengue viruses, be-
cause it is rapid and can be used to detect
viruses that do not cause clear cytopathic ef-
feats but produce progeny virus and viral anti-
gens.

In-

viruses

REFERENCES

Atchson, R. \V. , I. V. Ordonez, G. E. Sather, and
\\,. MCD. Hammon. 1966. Fluorescent antibody
complement fixation method for detection of den-
gue viruses in mice. I. Tmmun01. 96: 936-943

Brandt, W. E. , D. Chiewsilp, D. L. Harris, and
P. K. Russell. 1970. Partial purification and

92

ACKNO\VLEDGEiVIENTS

BIKEN JOURNAL V01.17 No. 3 1974

\\;e are very grateful to Dr. S. Tanabe, Department
of Bacteriology, Medical School, Osaka University,
for a generous supply of in bred C3H mice. This
study \\, as sponsored by the Japan-U. S. Cooperative
iVledical Science Program

characterization of a dengue \, irus soluble coin-
piement-fixing antigen. I. Immun01.6 : 1565-
1568

Clarke, D. H. , and I. Casals. 1958. Techniques
for hemagglutination and hemagglutination-
inhibition \\, ith arthropod-borne viruses Ant.



J. T, op. Med. Hyg. 7: 561-573.
Eagle, H. 1959. Amino acid metabolism in

mammaliaiT cellcultures. Science 130: 432-437

Hahoit, N. 1966. F1Liorescent cell-counting assay
of yello\\. fever \irus. I. Infect. Dis. 116: 3340

Hahon, N. , and K. 0. Cooke. 1967. Primary, \, ITLis-
cell litter actions the inTmunofiuorescencelit

assay, of Venezuelait equine encephalom}, elitis
vi, us. I. \!1.01. I : 317-326

Hahon, N. , and \\I. A. Hatukins. 1970. Assa\, of

chikungun\'a \, irus in cell monolayers by jin-
intinoHuoresccnce. Appl. Allcrobi01. 19 : 22+-
231

Halstead, S. B. 1966. NIOsquito-borne halemor-

rhagic fevers of SDUtlt and Southeast Asia. Bull
\\'H0.35 : 3-15

Halstead, S. B. , C. Yamarat, and I. E. Scanlon

1963. The Thai itemorrhagic fever epidemic
of 1962. A preliminary, report. I. NICd. Assoc
Thai. 46: 449461

Hull, R. N. , \V. R. Chcrr}., and O. I. Tritch. 1962
Growth characteristics of Nionkq, kidne} cell

strains LLC-it, IK, , LLC-i\IK, , and LLC-!\IK,

(NCTC-3196) and their Litility. in \, irus research
I. Exp. Med. 115,903-918

Igarashi, A. , 1<. Fukai, S. Ahandrik, and P. Tuchi-
rida. 1968. Alttibod\. against Japanese ence-

phalitis \, irus in sera of dengue hemorrhagic
fever patients in Thailand. Biken I. 11: 41-49

Lubinski, A. S. , G. C. Tart, and \\'. NICD. Ham-

mon. 1973. Cloning of dengue virus type 2 by
the direct fluorescent antibody technique. Proc

SOC. Exp. Biol. Med. 144: 70-72
Russell, P. K. , A. Nisalak, P. Sukhavachana, and

S. \Iivona. 1967. A PIaque reduction test fol

neutralizing antibodies. I. Iru-dengue
in un01.99 : 285-290

Schulze, I. T. , and R. \\'. Schlesinger. 1963. Pia-
que assay of dengue and other group B arthropod-
bonte \, iruses under methvl cellulose overlav

media. \Jir010^, 19: 40-48
Trent, D. \\!., and A. A. Qureshi. 1972. Setological

relationships of group B arboviral structural and
non-structural proteins, p. 3842. 111 Proc. o1
the \\'orking Conference on Newer Approaches
to litvestigation and Diagnosis of \liral Diseases

virus

ICARASHi, A. and M. Mantani Rapid titration of dengue un, s 93




