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INTRODUCTION

Although human adenoviruses (Ad) cause a
variety of diseases such as acute respiratory,
ocular, gastrointestinal, and urinary tract in-
fections in both adults and children, they are
most commonly isolated from immunosupp-
ressed patients and from children with lower
respiratory or gastrointestinal illnesses [1-6].
Until now, 49 serotypes of human Ad have
been described [1,7].

Given the importance of Ad as etiologic
agents of pediatric gastroenteritis [8-13], a
number of assays have recently been de-
veloped for the direct detection of Ad in stool
specimens. Traditionally, typing of Ad has
been performed by reacting defined antisera
(made against prototype viruses) with the iso-
late to be typed in a neutralization assay, ac-
cepted by the International Committee on Tax-
onomy of Viruses as the definition of an Ad
type [6,14]. However, neutralization assays are
time-consuming, sometimes difficult to in-
terpret due to cross-reactivity, and absolutely
dependent upon the availability and quality of
type-specific antisera. In an effort to improve
the speed and accuracy of Ad typing, im-
munoassays designed for detecting Ad group-
specific antigen (hexon) and for detecting en-
teric types, Ad40/41, that accounted for the
majority of cases of Ad gastroenteritis [9-13]
were developed [2,4]. Moreover, restriction en-
donuclease digestion of Ad DNA has been
adapted to distinguish between serotypes of
human Ad prototypes 1 to 41, and many
genome types have been recognized in Ad
strains within the same serotype [6,15]. DNA
analysis by restriction endonucleases has turn-
ed out to be a powerful method also to charac-
terize noncultivable viruses and to trace in-
fection chains [16].

In Korea, Ad are considered to be second
only to rotaviruses as the most significant cause
of gastroenteritis in young children [9,10] and
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thus it is essential to know the full spectrum
of Ad serotypes and their genomic profiles
routinely present in stool specimens from
symptomatic patients. The study reported here
therefore had two objectives: (1) to evaluate
the genetic variability of Korean Ad strains as-
sociated with pediatric gastroenteritis, and (2)
to compare DNA restriction analysis and
serum neutralization methods for typing Ad
isolates from stool specimens. A retrospective
analysis was therefore done with 40 Ad-posi-
tive stool specimens collected from 1989 to
1991.

MATERIALS AND METHODS
1. Collection of specimens

The 61 stool specimens used in this study
were obtained during 1989 to 1991 and were
from children with diarthea and were iden-
tified as Ad-positive by enzyme immunoassay
(EIA) with a monoclonal antibody to the hex-
on antigen of Ad [9,10]. All specimens were
stored at -70C prior to inoculation of cell cul-
tures for virus isolation.

2. Virus isolation

Fifty-nine viral isolates were obtained by
inoculation of Ad-positive stool specimens
into duplicate tubes of either HEp-2 cells
(American Type Culture Collection CCL23
[epidermoid carcinoma, larynx, human]) or
Graham 293 cell (ATCC CRL1573 [transformed
primary embroynal kidney, human]). The cells
were grown in Eagle's minimal essential medi-
um (EMEM) with 10% fetal bovine serum
(FBS) and were subcultured with a trypsin-
EDTA solution [2,14].

Ad-positive stool specimens were diluted 10-
fold in Hank's balanced salt solution (HBSS)
containing  penicillin-streptomycin-amphotericin
B and 5% chloroform, incubated 10 min in a
shaking incubator, clarified by centrifugation
in an eppendorf centrifuge at 12,000 X g for 15
min, and filtered thru 0.45pm filter membrane.
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Figure 1. HEp-2 cell monolayers. A shows a normal appearance and B exhibits a 3+ or greater viral cy-
topathic effect. Cells in tightly associated grapelike clusters are observed.

Two hundred mls of supernatants were ino-
culated onto the first duplicate subconfluent
cultures in 96-well microplates (Flow La-
boratories, McLean, VA) containing 1 ml of
EMEM with 2% FBS and serially titrated by
adding 200 mls of the first duplicate wells to
the second duplicate wells and so on up to the
6th duplicate wells. The plates were incubated
in a 5% CO, environment at 35C. Ad was
identified by typical cytopathic effect within 2
to 7 days postinoculation and confirmed by
Ad hexon antigen EIA [2,14](Figure 1). Viral
stocks of each of the Ad isolates were stored
at -70C for typing of the progeny virus by mi-
croneutralization and for extraction of the viral
DNA for restriction endonuclease analysis.

3. Serotyping of virus isolation

For typing by microneutralization, Ad stocks
were grown in HEp-2 cells and titers were det-
ermined in flat-bottom 96-well plates con-
taining confluent HEp-2 cells. For the neu-
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tralization assay, 100 tissue culture infectious
doses of each stock virus were incubated with
0.025 ml of antiserum to adenovirus types 1-3,
5-7, 12, 25, 31, 34, 35, 40, and 41 obtained
from either the Centers for Disease Control,
Atlanta, Ga., or the American Type Culture
Collection, Rockville, Md. Virus isolates were
tested first against antisera specific for Ad31,
Ad40, and Ad41, since they were suspected of
the most common types, and if they were not
completely neutralized, they were then tested
individually against the other antisera. The Ad
type was determined by the antiserum, which
completely inhibited viral growth after 72 h of
incubation {2,14]. Isolates which exhibited neu-
tralization with more than one antiserum were
reassayed. Isolates which were neutralizacd by
more than one antiserum on repeated assays
were designated as nontypable.

4. DNA extraction

Cells were observed for cytopathic changes;



Figure 2. Analysis of Adenoviruses by restriction
mapping. Six isolates were analyzed by digestion
with Smal. Lane 2 was Ad serotype 1 ro 2. Lanes
1, 3, 4 and 5 were types 34, 31, 41 and 7, respec-
tively. Marker (M) was £ DNA digested with Hin-
dlII-Pstl.

when extensive cytopathic change was evident,
DNA was extracted by a modification of the
Shingawa procedure [17]. Two hundred mls of
cells and media were lysed by the addition of
5x lysis buffer (SOmM Tris [pH7.8], 2.5% so-
dium dodecyl sulfate, 24 mM EDTA) 100 pl,
and proteinase K (10mg/ml) 25 pl and in-
cubated at 527C for 1 hr. The viral DNA was
extracted once with phenol:chloroform:isoamyl
alcohol (25:24:1, vol/vol) and twice with
chloroform:isoamy! alcohol (24:1). DNA was
concentrated by precipitation with 2 volumes
of ethanol and sodium acetate with a final con-
centration of 0.5 M at -20°C overnight.

5. Restriction enzyme analysis of viral
DNA

The total size of the DNA is about 36,000
bps. Aliquots containing 1 to 2 pg of viral
DNA were digested with 10 to 15 U of different
endonucleases and type assignments were
made by comparing the resulting pattern with
patterns of prototype viruses [15,16]. All res-
triction endonucleases were purchased from
Boehringer-Mannheim Ltd. (Gaithersburg, MD),

and digestions were carried out under con-
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Figure 3. The Ad1/2 were analyzed by digestion
with EcoR1 and two Ad3/7 by BamH1. Lanes 1
through 3 were Ad serotype 2. Lanes 4 and 5 were
types 7 and 7b, Marker (M) was A DNA digested
with HindllI-Pstl.

ditions specified by the supplier. After diges-
tion, samples were loaded onto 0.8% agarose
gels and electrophoresed at 80 V for 3 hr in a
50 mM Tris-borate-EDTA buffer [17]. After
staining with ethidium bromide (0.5 ug/ml),
the DNA bands in the gels were photographed
with a UV transilluminator. Some typical pat-
terns are shown in Fig. 2 and 3. For ade-
novirus types in which the Smal patterns were
identical (e.g., Adl/Ad2, and Ad3/Ad7), ad-
ditional digestions with EcoR1 for Adl and
Ad2 and with BamH1 for Ad 3 and 7 were
performed (Fig. 4). HindlIll restriction analysis
was then used to distinguish circulating strains
of both Ad40 and Ad41 strains.

RESULTS
1. Ad isolations

In the present study, designed to evaluate
the genetic variability of Ad strains associated
with pediatric cases of acute gastroenteritis for
the first time in Korea, a collection of 61 Ad
hexon EIA-positive specimens were inoculated
into HEp-2 cells and/or Graham 293 cells. Of
the 61 Ad isolates, 3 isolates grew very poorly
and could not be further analyzed; thus the



Table 1. Method Comparison

No. of isolates by neutralization analysis for followihg
adenovirus subgenus and type

DNA result (Adenovirus

subgenus and type) A B C D M NT
31 3 7 34 1 2 5 25
A 31 1 2
B 3 1
7 1 5
34 1 2
C 1 3 1
2 7 5
5 1 6
D 25 1
NT 1
No DNA 1 2 1 4

* No DNA, but neutralized by multiple antisera.
® NT, Not typable.

¢ Includes variants with slightly altered cleavage patterns (genome types).

rest 59 (96.7%) isolates were characterized by
both restriction enzyme analysis and neu-
tralization assays.

2. Ad serotyping by microneutralization

Of the 59 tissue culture-grown isolates, only
20 (33.9%) isolates could be assigned to a
type by microneutralization. For 5 of these 20
isolates (25%), initial testing demonstrated
partial neutralization with more than one ade-
novirus anti-serum, and repeat testing was ne-
eded to ascertain which type-specific antiserum
gave the most reproducible endpoint. Ad40
and Ad41 exhibited extensive cross-reactivity
in virus neutralization. Overall, 39 isolates
could not be definitvely assigned by microneu-
tralization testing to a single Ad type.

Of the 20 isolates that were assigned to the
particular type, 9 (45%) isolates were serotype
2, 3 isolates were serotype 1, 2 isolates were
serotype 3, and another 2 isolates were sero-
type 25. The remaining serotypes included Ad
31, Ad7, and Ad34.

3. Genomic analysis

Fifty-nine isolates were subjected to res-
triction endonuclease digestion of viral DNA.
The total number of restriction fragments was
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40 or more, except for Ad31. Since Ad31 has
only 5 fragments upon Smal digestion, any iso-
late showing Ad31-like pattern, were redig-
ested with Mspl (Fig. 4). There was a high de-
gree of comigration in pairwise comparisons
of Adl, 2, and 5 with 59 to 77% comigrating
fragments.

Of the 59 isolates, 49 (83.1%) could be
clearly assigned a type. Eleven (22.4%) were
Ad41, 10 (20.4%) isolates were Ad2, 6 (12.2%)
isolates were Ad7 (5 Ad7b), 5 (10.2%) were
AdS, and 4 (8.2%) were Ad40 which together
accounted for almost 74% of the isolates. The
remaining virus isolates were typed as Adl, 31,
34, 3, and 25. In addition, 5 isolates which
were not typable by neutralization were found
to be genome type 7b.

4. Comparison of the two methods

A total of 53 (89.8%) isolates were typed by
both restriction enzyme analysis and neu-
tralization assays.: the predominant types were
Ad41, Ad2, Ad7 (including Ad7b), AdS, and
Ad40. The incidence of Ad31 or Ad3 was re-
latively insignificant. DNA restriction analysis
(83.1%) proved to be much better than serum
neutralization partially because DNA res-
triction enzyme patterns distinguish between
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Figure 4. Analysis of Adenoviruses by restriction
mapping. Two isolates were analyzed by digestion
with Smal (lanes 1 and 2 are Ad serotype 1 ro 2)
and another with Mspl (lanes 3 and 4 are Ad31).
Marker (M) was £ DNA digested with HindlII-Pstl.

Ad40 and Ad41.

Excluding isolates with Ad40/41 specificity,
restriction enzyme analysis was able to de-
termine 77.5% of EIA-positive samples while
microneutralization permitted to type only
47.5% of the same samples. Table 1 shows
the results of the two methods. In addition, the
DNA analysis method allowed the iden-
tification of genomic variants of Ad7. Typing
clinical isolates of Ad by restriction en-
donuclease digestion of viral DNA was done
rapidly, provided additional epidemiological
and typing information, and provided fewer
ambiguous results than did typing by neu-
tralization.

DISCUSSION

As demonstrated in recent reports [9,10] in
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Korea, Ad has been the second most fre-
quently detected virus in children hospitalized
for acute gastroenteritis, accounting for around
9 to 12% of admissions but molecular ep-
idemiology of Ad gastrointestinal infections in
Korea is still poorly characterized. Therefore,
studies aimed at the analysis of circulating Ad
strains are necessary. We present the results of
the genome typing of Ad strains isolated from
61 stools collected from children hospitalized
for gastroenteritis at the Hanyang University
Pediatric Hospital, Seoul, Korea between 1989
and 1991 as part of an ongoing surveillance
program for enteric viral pathogens.

In this series of 53 clinical Ad isolates, Ad
typing by DNA analysis appeared to be more
accurate and provided more information than
standard microneutralization methods. Using
the microneutralization assay, we identified 20
isolates which included 7 different Ad types.
Of the typable isolates 5 (25%) had mi-
croneutralization assay results that required re-
peating one or more times to determine the Ad
types definitely. Of the 53 isolates, 14 (26.4%)
were not typable by microneutralization testing,
demonstrating partial neutralization with sev-
eral antisera even on repeat analysis. With
DNA analysis, 49 isolates were typed, and
these included 10 different Ad types. The
predominant types were Ad41l, Ad2, Ad7
(including Ad7b), Ad5, and Ad40. The in-
cidence of Ad31 or Ad3 in this study was re-
latively insignificant. In Japan [19], Canada
[20], and Sweden [21], Ad41, Ad31, and Ad40
together accounted for the majority of the
specimens.

Apart from the fact that neutralization tests
take considerably more time than DNA res-
triction analysis, we had difficulty in dis-
tinguishing Ad40 and Ad41 by neutralization
tests due to extensive cross reactivity as re-
ported in an earlier study by de Jong et. al
[22]. Another advantage of the DNA analysis
technique was that it permited identification of
new types, Ad7b. Ad7b of subgenus B cir-



culated over the study period sporadically, and
was the predominant Ad7 genome type. The
occurrence of an Ad7 genome type shift has
been recorded in the former Soviet Union [23],
from Ad7a to Ad7f. Since there has been any
baseline data in Korea, it is noteworthy to con-
tinuously observe the currently predominant
genome types circulating. Among the factors
that may account for the substitution of a
genomic variant by another, however, a greater
capacity to spread and a higher virulence
should be considered, although differences in
pathogenicity have been difficult to prove.

CONCLUSIONS

A total of 53 (89.8%) isolates were typed by
both restriction enzyme analysis and neu-
tralization assays.: the predominant types were
Ad41, Ad2, Ad7 (including Ad7b), AdS, and
Ad40. The incidence of Ad31 or Ad3 was re-
latively insignificant. Excluding isolates with
Ad40 or Ad41 specificity, restriction enzyme
analysis was able to determine 77.5% of EIA-
positive samples while microneutralization per-
mitted to type only 47.5% of the same sam-
ples.

Although Ad40 and Ad41 exhibit extensive
cross-reactivity in virus neutralization assays,
they were defined as separate types on the
basis of major differences in DNA restriction
enzyme patterns. In addition, the DNA
analysis method allowed the identification of
genomic variants of Ad7. Typing clinical iso-
lates of Ad by restriction endonuclease diges-
tion of viral DNA was done rapidly, provided
additional epidemiological and typing in-
formation, and provided fewer ambiguous
results than did typing by neutralization.
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