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A total of 15 different genome types of adenovirus type 7 (Ad7), i.e., Ad7p, Ad7pl, Ad7a, Ad7al to Ad7aS5,
Ad7b, Ad7c, Ad7d, Ad7d1, Ad7e, Ad7f, and Ad7g, were identified among 40 selected strains isolated in
Europe, Asia, North America, South America, and Australia by using restriction endonucleases BamH]I, Bcll,
Bgll, Bglll, BstEll, EcoRl, Hindlll, Hpal, Sall, Smal, Xbal, and Xhol. Eight of them, Ad7p1, Ad7al to
Ad7a5, Ad7d1, and Ad7g, are newly discovered. All 15 genome types could be distinguished by the four
restriction endonucleases BamHI, Bc¢ll, Bgll, and Xbal. At least four restriction sites differed beween Ad7d and
Ad7g. Pairwise analyses of comigrating DNA restriction fragments of all 15 Ad7 genome types were performed
and presented in a schematic fashion. According to the degree of comigration of DNA restriction fragments, the
15 genome types could be divided into three clusters. Ad7b was the dominant genome type in different parts
of the world and may have evolved in China into Ad7d and further to Ad7d1.

To date, 41 adenovirus serotypes have been recognized
(5). Of these, adenovirus type 7 (Ad7) is the serotype which
is most frequently associated with severe disease. In chil-
dren under 2 years of age, clinical features are epidemic
outbreaks of severe and fatal pneumonia, pharyngo-
conjunctival fever, myocarditis. gastroenteritis. and other
acute symptoms of systemic infection (4. 6. 8, 15, 20, 22, 26).
Ad7 can also cause chronic lung damage (19). Ad7 infection
of older children has a better prognosis (27). The impact of
acute respiratory diseases among conscripts has warranted
the development of a live enteric-coated Ad7 vaccine (6, 12,
16, 21).

Berge et al. (2) isolated the prototype strain Gomen of Ad7
(Ad7p), whereas Rowe et al. (17) recognized subtype Ad7a
(strain 1058) in cross-neutralization experiments.

We previously analyzed 314 Ad7 strains by using restric-
tion endonucleases BamHI and Smal and identified five
additional genome types of Ad7, i.e., Ad7b. Ad7c, Ad7d.
Ad7e, and Ad7f (24-27).

We have now selected 40 Ad7 strains which represent five
continents, Asia, Europe, North America, Australia. and
South America (Table 1). Analysis with restriction endo-
nucleases BamHI, Bcll, Bgll, Bglll, BstEll, EcoRI, HindIIl.
Hpal, Sall, Smal, Xbal, and Xhol (13) revealed 15 different
genome types among the strains isolated from the five
continents. They have tentatively been designated Ad7p,
Ad7pl, Ad7a, Ad7al to Ad7aS, Ad7b, Ad7c, Ad7d. Ad7d1.
Ad7e, Ad7f, and Ad7g. Eight of them (Ad7pl., Ad7al to
Ad7a5, Ad7d1, and Ad7g) are newly discovered.

The approximate sizes, expressed as base pairs (bp) of
each DNA fragment, of the 15 genome types obtained after
digestion with the 12 restriction endonucieases are presented
in Table 2.

Nine different Ad7a strains, recovered from China. Hol-
land, and the United States, that may differ in virulence were
subjected to detailed analysis. The DNA restriction patterns
of Ad7a and Ad7al to Ad7a$ obtained with BamHI and Smal
were very similar. However. after digestion with three other

* Eo?responding author.

331

restriction endonucleases, Bc/l, Bgll, and Xbal, they could
be divided into six distinctly different genome types.

Only four restriction endonucleases, BamHI, Bcll, Bgll,
and Xbal. could be used to distinguish all 15 Ad7 genome
types.

The Ad7b genome type was identified in 190 of the 336
Ad7 strains so far analyzed in our laboratory by use of
restriction endonucleases BamHI and Smal. It is widely
spread and has been the dominating genome type in the
United States at least since 1967, in Europe since 1969, and
in Australia since 1974 (24, 25). Three Ad7 strains isolated in
Beijing, China, in 1958, 1965, and 1981 are all Ad7b. Since
that time we have identified only Ad7d. which is unique to
China and may have first appeared there.

The three Ad7b strains from China isolated during 23
years were compared with the KCH4 Ad7 strain represen-
tative of the large outbreak of Ad7 infections in England in
1973 (27) and found to be identical by use of the 12 restriction

TABLE 1. Origin of the 40 Ad7 strains identified as 15 different
genome types

Gt:;g;ne Representative strain Place (yr) of isolation s;il?z
p Gomen United States (1954) 1
pl BC 3423 China (1981) 1
a S1058 United States (1958) 1
al BC 62 China (1958) 1
al A116873 Australia (1973) 1
a2 VW 12822 United States (1967) 1
a3 0-0410 United States (1970) 2
a3 68-11002 Holland (1968) 1
a4 BC 73 China (1958) 1
as 67-8607 Holland (1967) 1
b BC 3541 China (1958-1981) 3
b KCH4 England (1973) 1
c 37300 Sweden (1964) 1
d 4492 China (1981-1984) 18
dl 4653 China (1984) 2
S B762 Brazil 1
e A10841 Australia (1975) 1
f A18787 Australia (1980) 1
g BC25 China (1958) 1
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TABLE 2—Continued

Xhol

Xbal

Smal

Sall

Restriction

Hpal

Hindlll

EcoRI

enzyme

Pattern

a,al,ad-

a,al-S,
b,c,d,

al-5.,b,
c.d,dl,
ef.g

al-5,b,

b,d.d1,

a,al-5,

5,b,c, a2-3 All

p.pl.g

p.pl

p.pl dl All

cd, p.pl a
dl,g

pl.a.e,f

P

Genome type

d,dle.f-

f.g

c,e

ef

000 25,000 25,000

12,000
6,500

14,000° 18,000
7,200
3,400

7,400 12,000

2,780%
1,020

7,400
3,500

800®

4,

4,600
880

31,000 31,000

fragments

Size of
(bp)

“ All strains were propagated in A-549 cells. Viral DNA was extracted by a modification of the method of Shinagawa (18).

b Characteristic fragments or members of a characteristic pair of fragments.
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TABLE 3. Percentage of PCRF of 15 genorﬁe types of Ad7
obtained from cleaving with 12 restrictioh endonucleases

Genome % PCRF with: )
YP€ b1 a al a2 a3 ad a5 b ¢ d dl e f g
p 93 78 74 71 72 74 72 72 73 74 68 75 78 3

pl 75 71 68 70 71 70 69 71 72 66 78 75 71
a 91 87 88 89 90 86 90 83 83 94 88 75
al 94 97 99 98 95 98 94 89 91 88 78
a2 97 93 93 87 91 83 84 86 83 74
a3 9% 95 92 95 91 86 88 85 76
a4 97 93 97 93 87 90 87 78
as 93 95 92 90 89 86 76
b 94 96 92 87 92 80
c 93 88 91 88 77
d 95 89 88 79
d1 83 84 74
€ 89 77
f 76

endonucleases. This may be taken as a sign of a remarkable
genetic stability of the most widely spread Ad7 genome type.

Three restriction sites differed in the genomes of Ad7b and
Ad7d (Table 2). The approximately 13,500-bp BamHI ftag-
ment of Ad7d corresponds to the Ad7b BamHI fragments of
9,600 and 3,850 bp. The Ad7b BstEIl 2,170- and 830-bp
fragments may, after duplication, correspond to the 2,200-
and 930-bp fragments of Ad7d. Ad7b may have evolved into
Ad7d, since Ad7d first appeared later than Ad7b. Ad7b was
discovered from 1958 to 1981, and Ad7d has been discovered
since 1981 in China only.

In the comparison of Ad7d and Ad7d1, only three resttic-
tion sites differed. The approximately 2,350-bp Bcll fragment
of Ad7d1 corresponds to the 1,180- and 1,070-bp Bcll frag-
ments of Ad7d. The BstEII fragment of Ad7d1 of approxi-
mately 4,780 bp can be expected to be formed by the 4,030-
and 930-bp fragments of Ad7d. The approximately 3,500-bp
Hpal fragment of Ad7d -corresponds to the 2,780- and
1,020-bp Hpal fragments of Ad7d1. It is possible that Ad7d
has evolved into Ad7d1. The Ad7d genome type predoini-
nated from 1981 to 1984 in Beijing, China, whereas Ad7d1
first appeared in December 1984.

So far, genome types Ad7d and Ad7g have only been
found in China. Restriction site maps of the Ad7d and Ad7g
genomes obtained with EcoRI, HindIll, Hpal, Sall, Smal,
Xbal, and Xhol have been elaborated (Fig. 1). At least four
restriction sites, at map units 29.0, 38.3, 69.6, and 71.0,
differed between Ad7d and Ad7g.

To éstimate the relationships among these fifteen genome
types, pairwise analyses of comigrating DNA restriction
fragments of 15 Ad7 genome types were performed after
digestion with the 12 restriction endonucleases. From 165 to
171 restriction fragments were compared in each pair of
genome types (Table 3). The concentration of pairwise
comigrating restriction fragments (PCRF) varied from 66 to
99% among the 15 Ad7 genome types.

Ad7p and Ad7pl were closely related and displayed 93%
comigrating fragments. Ad7e genome types, which were
found in South America and Australia only, were closely
related to Ad7a; the percentage of PCRF reached 94%. The
percentage of PCRF between Ad7b and Ad7f reached 92%.

The degree of genetic relatedness, expressed as links from
a given genome type to the two most closely related genome
types, is presented in a diagrammatic fashion (Fig. 2). A
degree of relation defined as 80% PCRF was used to divide
all 15 genome types into three clusters. Cluster 1 contained
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FIG. 1. Restriction site maps of the genomes of Ad7 and Ad7g obtained with the indicated restriction endonuclease.

Ad7p and Ad7pl, whereas Ad7g was the only member of
cluster 2. All the other 12 genome types were grouped into
cluster 3.

The degree of comigration between Ad7 genome types of
the three different clusters (Fig. 2) is on the same level as
that between different serotypes of the same subgenus:
subgenus D Ad9 and Ad10, 79%; subgenus C Ad2 and Ad6,
77%; Adl and Ad2, 76%: subgenus B Ad3 and Ad7, 80%:
Ad34 and Ad35, 78% (Adrian et al., Arch. Virol., in press).
The expressed genetic variability within the Ad7 serotype is
no less than that among different related adenovirus
serotypes.

A denominating system for geriome types is required as
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FIG. 2. Schematic map of the relationships among 15 genome
types. The numbers are percentages of comigrating fragments.
Degrees of homology in PCRF: mmm . highest: . second highest:
— — —, the highest or second highest is below 90%.

more and more new genome types are discovered after the
analysis of adenovirus strains with restriction endonucle-
ases. Up to now, the following genome types of human
adenoviruses have been identified and designated: Ad2a (1),
Ad3a (23), Ad3b to Ad3e (14), Ad4a (23), Ad5a (3), Ad7a to
Ad7f (24), Ad8a and Ad8b (7, 9), Ad40a (11), and Ad41a (10).
After digesting 40 Ad7 strains with the 12 restriction
endonucleases, we found that BamHI can distinguish 10
genome types. They have been designated p, a, b, c, etc., by
the order in which they were identified.

The prototype is abbreviated p. We considered the follow-
ing modification of the previously applied terminology. Re-
striction-fragment-length polymorphism was frequently lim-
ited to less than 3% of the fragment. Under these conditions,
restriction-fragment-length-polymorphism variants were
designated by the same letter.

The arabic numeral after p, a, b, c, etc., describes the
different genome types that were distinguished by use of
additional restriction endonucleases. The genome types
were numbered in the order in which the strain was identi-
fied.

We thank Ren Gui-fang, Wu-shen, and other colleagues for
providing adenovirus strains. We are grateful to Gunnar Sundell and
Kristina Lindman for providing technical assistance and Rolf
Sjoberg for photography.
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