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INTRATYPIC HETEROGENEITY IN ADENOVIRUS TYPE 3*

SUGURU OATURA and ATASAHIKO MUTAl

Virus Laboratory, Osaka Public flealic Health Institute, Higashinaril*u, Osaka
(Re. ,ited July 14, 1966)

UMA. TARY The heterogeneity of 7 strains of freshly isolated type 3 adenovirus to
prototype strain (GB. ) \\, as examined by cross neutralization tests using naturally

convalescent children's sera and guinea pig immune sei a. From the results, the
8 strains \\, ere divided into 4 groups. There were serological differences I, et\\, een
p". t. typ, (G. B. ) and fre*hly wiki, d T. hachim^ 65,0, it, 64, T. ky. 63 and Hy. g.
63 strains (groups C and D). Less heterogeneity \\, as observed betweeiT Ehime 64
and Osaka 65 strains (group B) and the prototype, than in groups C and D. Tokyo
56 strain \\, as serologically similar to prototype (GB. ).
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INTRODUCTION

Type 3 adenoviruses have been showi\ to exist
in nearly all parts of thc \\'orld (HUEBNER at
a/., 1958. , RowE at u1. , 1950. Sporadic out-
breaks of acute respiratory disease caused by
adenovirus type 3 (adeno t. 3) have been identi-
lied in many, children, particularly in schools
and summer camps (HILL\. IAN at a/., 1959. ,
FUKUMi at d/., 1958. , ATCTAi at n/., 1965). In
summer, 1964, outbreaks of acute respiratory
illness due to adeno t. 3 occurred at Ikeda city
in Osaka, Japan

The amount of neutralization antibody, in-
creased in sera fron\ convalescent patients
more \\, itIT freshly isolated Osaka 64 thaiT \\, ith
prot, typ, (GB. ). Thi* rugg. st. d that th, re
^, as serological heterogeneity bet\\'Gen proto-
type (GB. ) and freshly isolated Osaka 64
strain. TITus heterogeneity bet\\'Gen the proto-

type and other freshly isolated strains of adeno
t. 3 could be anticipated.

Cross Ileutralization tests \\, ith 3 groups of
convalescent children's sera and guinea pig

Immune sera against the GB. straiit and other
freshly isolated strains also indicated the pre-
sence of intratypic heterogeneity among various
strains of type 3 adenovirus.

Several \\, orkers have reported heterogeneity
bet\^een the prototypes and " prime " types of
various adenoviruses. For instance, a serologic
difference bet\\, eelT type 7 and 7a calT be dis-
tinguished by the neutralization test, but not
by the hemagglutinatioii inhibition (Hl) test
(Ro\\, E at a/., 1958). 01T the contrary,
" prime " strains of types 16, 17 and 27 have
heel\ identified by the Hl test, although the
" rim " I, t' h' , I-d b, hprime " relationship is not revealed by, the
neutralIzatioiT test (ROSEN, 1962).

An intermediate type of types 3 and 7, \\, hich
is neutralized by both type 3 and type 7, \\as

* TITis paper was read at a Biken Seminar on July
16,1966
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identified as type 3 by the hemagglutination
inhibitioi\ procedure (ATCTAMOTo at a1. , 1958. ,
ROSEN, 1960).

\\re do not know of any reports on intratypic
heterogeneit\, in adenovirus type 3. 11\ the
present work, the heterogeneity bet\\, Gen proto-
type (GB. ) and freshly isolated strains of
adenovirus type 3 \\, as studied by the cross
neutralization test.

MATERIALS AND ATETHODS

I. Cells alld 11st!, e ci, /1111'es

KB cells \\, ere employed throughout. KB cells \\. ere
propagated in bottles (50xllOmm, 150x220mm)in
gro^. th medium consisting of YLE (Earle's balanced
salt solution containing 0.1 I, yeast extract and 0.516
Iactoalbumin hydrolysate) containing 10 per cent in-
acti\'ated bovine serum. \\'hen monolayers became
coltHuent, they were dispersed and propagated in
roller tubes (10x150mm, 15xlO' cells!inI) \\ith
gro\\. th medium, which \\, as replaced by maintenance
medium (YLE supplemented \\. itIt 2 per cent Inac-
tivated horse serum) after 2 days for neutralization

All the above media contained 100 tinits oftests

penicillin aild 100 11g of streptomycin per inI

type (GB. , pool 194) and Tokyo 56 strain were
kindly given by Dr. NAKANo (National Institute of
Health, Tokyo, Japan)

Confiuent KB monolayers \\. ere in DCulated with
adenovirus strains. The cultures were observed

daily, and cells were harvested from all bottles \\, hen
complete cytopathic effects were observed and were
pooled. The bar\, ested cells and fluid were freeze-
thawed 3 times and then centrifuged for 10 minutes
at 3,000rpm. The supernatant fluid was dispersed
in approximately 2 inI \, o1umes In glass ampules
These were sealed, rapidly frozen and stored at
-20'C.

Not all freshly isolated samples were intermediate
types of type 3 and type 7. The prototype strain
(GB. ), \\. hich Itad been highly passaged in our Ia-
botatory, \\. as employed mainly in the experiments,
since there was no setological difference in cross
neutralization tests between the GB. strain of our

labo, ato"y and GB. (HL61<B4 HLl) obt, med from
N. I. H, Japan

2. Frillses ajid '11/1s pitynint, o11s

Prototype (GB. ) and 7 freshly isolated strains of
adenovirus type 3 \\, CTe employed. The freshly iso-
lated preparations are described in Table I. All the
strains \\. ere obtained by In octilating tissue culture
witlT throat \\. ashings taken from patients diagnosed
as ITaving an acute respiratory disease. The proto-

TABLE I

3. Sera

A) Ht, "ion sei. a
Sera from 54 convalescent children of " S " ele-

meritary school in Ikeda, Osaka, \\, ere an outbrealt
of acute respiratory illness of the adenovirus type 3
occurred in 1964, \\. ere employ'ed. Sera from 43
children of " I & K " elementary school in Ikeda,
suffering from pharyngoconjunctival fever in 1959,
were also used

3 groups of tidenovirus type 3 sera \\, ere obtained
from 12 convalescent children \\, ho I, ad suffered from

pharyngo-conjunctival fever in Tokyo, in 1963,9
children in Osaka, in 1964, and 7 children in Toku-
shima, in 1965

Slidz'"s of Ade"owl. us Tipe 3 t'sed

Strains of adcnovirus type 3

prototype (GB. ) freshly isolated

Tokyo 56

Tokyo 63

Hyogo 63
Ehime 64

Osaka 64

Tokushima 65

Osaka 65
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Date of virus
Isolation
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1953

1956

1963

1963

1964

1964

1965

1965

Passage history

HL6 KB4 HLl

HL1 1< BS

HL2 KB5

HL2 1<B6

HLI KB5

HLI KB5

HL2 KB6

KB6

Geographic origin

washington, DC

Tokyo, Japan

T. kyo, Japan

Hyogo, Japan
Ehime, Japan

Osaka, Japan

Tokushima, Japan

Osaka, Japan



B) 11,111,111!e sei d
Sera of the 8 strains described in Table I were

prepared using guinea pigs. CLIinea pigs were gi\, cn
one intraperitoneal injection of live \, Irus (approx-
jinatcly 2 x IO' TclD, ,!0.1 inI) and bled 4 weeks
later

C) Hypei11/11/1111ie sei a
Rabbits \\. ere given two intramuscular injections of

crude \, irus in adjutant at \\, eel{Iy intervals folio\\'ed,
a \\. eel< later, by one 11Ttraperitoneal injection 11\, e
virus \\. ithout adjLivant. Animals \\. ere bled 10 days
after the last injection

The sera were separated by centrigugation, mac-
tivnted by Ileating at 56'C for 30 minutes, and stored
at -20'C

4 Ne!,!1'011suiJo, I tes!

This test \\. as carried out in a 1<B cell culture

The maintenance medium \\. as YLE containing 211
Inactivated norse scrum. \;ITtis \\. as diluted in

Hanks' solutioit so that 0.1 inI of solution contained

Just enouglt \, irus to destroy the 1<B cells in tlte test
tubes coinpletcly (3 + ) in 3 days. All sera \\. ere
in activated at 56'C for 30 nlinLites prior to LISe and
2 fold serialIy diluted \\ith Hanks' SOILition

Onc \. o1umc of diluted \, irus sample and one
volume of diluted scrunt \\, ere In Ixed and the mix-

ture \\. as itept at 37'C for 30 ntinutes and o\, eritight
(TOYosHi\I, \ at a/., 1965). Then 8 \. o1umes of
medium \\'CTC added. \'o1umcs of I inI of tl. c mix-

lure were then transfered to two 1<B cell CLIltures

As controls, 2 tubes of cell culture 11.0culatcd \\ ith
the diluted \. irus mixed \\. itit }Ianl<s' solution instead

of serum \\ ere included. Results \\. erc estimated

after complete cytopathogcnic effect it rid appeared
in the control ttibes

Neutral 12ntioil titers are expressed as the reciprocal
tite it Iglicst dilution of antiscruin catisintr complete
inhibition of \irus CPE (Ucnin, \ at a/., 1959)
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Investigations on the antigenic difference
between prototype (GB. ) and Osaka 64 strain
were performed using 2 groups of human
con\, alescent sera. Convalescent sera from

O.

A

had suffered from acute respiratory diseases
due to adenovirus type 3 in 1964, and sera of
schoolboys of " I & K " elementary school
infected \\, ith adenovirus type 3 in 1959 were
employed in neutralization tests.

The 2 groups of sera \\, ere titrated against
prototype (GB. ) and OSal{a 64 strain.

The graphic presentation of the relationship
of the neutralization titers of the 2 groups of
sera against GB. strain and Osaka 64 strain is
shown in Fig. I.

From the results, Osaka 64 straii\ is easily
neutralized by sera of boys of " S " school,
but prototype (GB. ) is not 'apparently. In
sera of boys of " I & K " school, G. B. strain
is neutralized more thai} Osaka 64

it \\. as found that there was about 4 fold

difference betweeiT sera of boys of " S " school
and " I & K " school

A highly significant difference, P<0001,
was observed between the neutralizing antibody
of sera of bovs from " S " and " I & K "schoolboys of " S " elementary school \\'ho

7 8
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school. Therefore, there is an apparent an-
tigenic difference between prototype (GB. )
and Osaka 64 strain.

2. Relationshi> bettuee" Pi. otojyjbe (GB. ) a, ad
Dan'0"s freshly Isolated Pairs Samples 111 Gloss
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Fig. I shows that freshly isolated Osaka 64
has serologic heterogeneity to the GB. strain,
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In the folio\\, ing experiments, the possibility
that other freshly isolated viruses could have
antigenic hetel'ogeneity against G. B. strain
\\, as tested.

The freshly isolated strains used in the ex-
perlments were Tokushima 65, Osaka 65,
Ehime 64, Osaka 64, Tokyo 63, Hyogo 63,
T. ky. 56 and prot, typ, (GB. ). 3 g". uus of
sera from convalescent patients infected \\, ith
adenovirus type 3 \\, ere employed
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titrated by the I\Gutralization tests.

Fig. 2 (a) ~(j) represent the relationship
bet\^eelT 2 representative strains by the I\Gutral-
ing antibody, titers.
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63 and Hyogo 63 is shown. From Fig. 2(c)~
(d), strum^ T. ky. 63, Hyog. 63 and O^, k^
64 are very similar antigenically.

Fig. 2(a) ~(d) indicates that the 7 strains
other than the Tokushima 65 strain can be
divided into 3 groups ; I. e.

A) prototyp. (GB. ) and T. ky. 56 strum^
B) Ehime 64 and Osaka 65 strains
C) Tokyo 63, Hyogo 63 and Osaka 64 strains
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Fig. 2(e) ~(g) represent the correlation of
Tokushima 65 with the 3 groups of strains.
According to the figures, To1<us him a 65 strain
is easily neutralIzable with the sera of patients.

This indicates that Tokushima 65 is different

from the 3 groups of strains. Tokushima 65
strain was assigned to a group D.

Fig. 2(h) ~(j) shows the relationship between
the 4 groups of strains. From the figures,
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the 4 groups of strains are graded ;
A)-, B)+C)~D) g". uus

it \\, as found that Tokushima 65 strain has

the highest neutral Izabiliry with prototype
(GB. ).

3. He tel'ogeiiei/y hencee, ! Pioto/j, >e (GB. ) and
freshh, r'so/died Frillses I', I Gifi'lied Pig JINIii",!e
Sern

TABLE 2 Rec, >,'DCa/ itei, tin!1:3ntt'on tesls of plototj, pe (GB. ) und 7 fleshly 2301nted o111, ses tcz'th
gut"eo pig antzsei'a

Viruses

P, ot. type (GB. ) 7 3 =2 3.5 4

TDI<y0 56 6.5 3 35 3.5 +

8 straiiTs of adenoviius type 3 \\, ere irumun~
ized using guinea pigs to confirm the above
results.

Cross neutralization tests \\, ith the 8 strains

and guinea pig immune sera \\, ere performcd.
The results are sho\^IT in Table 2. From

the cross ITeutralizations of group B), C) and
D) antisera, strains of group A) \\. ere given
much 10\^er titers than those to other strains,

Ehime 64

Osaka 65

Tokyo 63

Osaka 64

Prototype

#I #2

D)

Tokyo
56

Figures sho\\. neutralizing antibody titer (Log, )

Tokushima 65

5.5

5.5

Ehime 64

TABLE 3 NeMti'airstttzon tests r'si'?Ig Itypei. tnz-
murre rabbit antzseiu

2

2

6

6.5

6

Guinea pig immune sera

#I #I

2.5

3

3

3

3

Osaka
65

6

4

3.5

4

5

5

Viruses

Tokyo 63 Hyogo 63

#I #2 #I #2

3

2.5

2.5

6

6.5

Prototype (GB. )

Tokyo 56
Ehime 64

Osaka 65

Tokyo 63

Hyogo 63
Osaka 64

Tokushima 65

6

6

6

4.5

6.5

7

7

3.5

4.5

52 2.5

2.5 3

Rabbit itypenmmune sera

6

5

5

4.5

Prototype

3.5 4.5

4 4.5

6.5

3

3

11

11

N-T

N-T

10

N-T

9

N-T

6.5

5.5 6.5

5 6

>

Osaka
64

5

3

3.5

Figures show neutral IzatioiT titer (Logg)
N-T : not tcsted

To1<yo
63

4 4.5

4.5 5

Tokushima
65

5

2.5

3.5

9

9

N-T

N-T

10

N-T

9.5

N-T

6

6

6

#I #2

Osaka
64

but hidhcr antiseruin titers against C) and D)
strains \\, ere giveiT differing by + to 16 bold
than the antibody titers to prototype (GB. ).

From the results o1\ group A) antisera, the
antibody titers determined \\, ith A) strains are
nearly as higlT as those \\, ith the otlier strains.
Thus, no sirnificant difference in neutralizing
antibodv titers \\, as observed.

it is shown in Table 2 that the serological
heterogeneity of C) and D) strains to GB.
straiiT is more apparent than the results pre-
^. nt. d in Fig. 2(,) ~(j), ith. ugh 00 char
difference bet^, een the C) and D) strains is
sho\\, n.

Table 3 shows the results of neutralization

Thetests using rabbit hyperimmune sera
results sho\\, that there \\, as no difference in
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5.5
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5.5

5

<2 52

:=2 52

9

9.5
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N-T

10

N-T

10
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7.5

7

6

4.5

5
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7

5
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the variousthe neutralization titers a a'

strains.

All the experiments described were reproduc-
ible.

In the hemagglutination inhibition test, no
apparent heterogeneity was seeiT between the
prototype and the other strains isolated.

DISCUSSION

against

This report describes intratypic heterogeneity
in adenovirus type 3. 8 strains \\, ere obtained
and divided into 4 groups.

4 strains (Tokushima 65, Hyogo 63, Osaka
64 and Tokyo 63) freshly isolated in our
laboratory had apparent serological differences
from prototyp, (GB. ).

Immunization experiments (Table I) sug-
gested one way cross reaction of the GB.
strain wit}T the 4 strains of the C) and D)
groups.

" S " elementary school has many children
who have recently moved to Ikeda city, Osaka,
but " I " school in the neighborhood of " K "
school is situated in an area of the city \\, here
the inhabitants have scarcely changed. AC-
cordingIy, it was thought that the strain which
caused \\, idespread infection of boys of " S "
school in 1964 differed from the GB. strain

antigenically, while stTains closely related to
the G. B. strain caused outbreaks of acute

respiratory diseases at " I " school in 1959.
Two possibilities may be considered.
First, viruses similar to the G. B. \\, ere pre-

valent in Ikeda city from 1959 to 1961, and
then, strains closely related to the Osaka 64
strain became dominant. Second, the two
strains might coexist in one area, and both
might cause widespreads of acute respiratory
diseases.

There \\, as no serological difference between
the 6 strains isolated from 1963 to 1965, but
p"ototyp, (GB. ) and T, ky. 56, wiki. d
approximately 10 years previously, represented
antigenic variants from groups C) and D) of
strains. It is thought that adenovirus type 3
has gradually changed over about ten years
from 1953.

Group D) of Tokushima 65 strain, \\, hich
responded broadly to various antisera, might
be useful for diagnostic surveys.

it seems likely that adenovirus type 3 tends
to develop a comparatively small area, since it
did not cause pandemic outbreaks of disease.

Sporadic outbreaks of adenoviruses each
year, may be due to antigenic variations of
virus, as is known to be the case with influenza
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