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Two cases of conjunctivitis caused by adenovirus type 34 (Ad34) are reported. The isolates were identified
as Ad34 by the neutralization test and the PCR-sequence method of the hexon gene but as Ad14 by PCR-
restriction fragment length polymorphism analysis. The genome types of these two isolates were identical to
that of Ad34a.

Adenovirus type 34 (Ad34) has been isolated from the urine
of a renal transplant recipient and patients with AIDS (4–6).
However, two cases of acute follicular conjunctivitis caused by
Ad34 in patients without serious systemic disorder have been
reported (11). These clinical isolates were identified as Ad34
by the standard neutralization test (NT) and PCR-sequence
method (10) in 1998. The PCR-sequence method combines
nested PCR, which amplifies hypervariable regions (HVRs)
upstream of the hexon gene (40 to 1,847 bp) participating in
type-specific neutralization (2, 3), with direct sequencing. It
was suggested that HVR4, HVR5, and HVR7 were candidates
for neutralization epitopes among seven HVRs (10).

For comparison with NT and the PCR-sequence method,
PCR-restriction fragment length polymorphism (RFLP) anal-
ysis was also performed to determine the serotypes of these
two conjunctival scrapings, as previously described (8). Briefly,
nested PCR was performed to amplify the 956-bp DNA frag-
ment (20,743 to 21,698 bp) downstream of the hexon gene.
Different restriction patterns were obtained with three restric-
tion enzymes, EcoT14I, HaeIII, and HinfI (Takara Shuzo Co.,
Kyoto, Japan). Restriction enzyme digests were electropho-
resed on 2% agarose gels in Tris-acetate buffer (pH 8.0) with
1 mM EDTA. After staining with ethidium bromide (1 �g/ml),
the fragments were visualized under a UV transilluminator
and photographed with a Polaroid camera. �X174 HincII di-
gests (Takara Shuzo Co.) were run as a molecular weight
standard. The clinical isolates were identified as Ad14 proto-
type (Ad14p) (Fig. 1A, panel a), which was shown to be Ad34/
Ad14 by Takeuchi et al. (10). Then, it was evaluated whether
prototypes of Ad3, Ad7, Ad14, Ad34, and Ad35 (Ad3p, Ad7p,
Ad14p, Ad34p, and Ad35p) could be classified by PCR-RFLP
analysis, because only prototypes of Ad1 through Ad8, Ad11,
Ad14, Ad19, Ad37, Ad40, and Ad41 had been used to establish
the PCR-RFLP analysis. Ad3, Ad4, Ad7, Ad8, Ad11, Ad19,
and Ad37 are considered to be causative serotypes of acute

conjunctivitis. It was shown that all of them could be classified
with this method (Fig. 1A, panel b).

To investigate the reason for the discrepancy between the
results of NT, the PCR-sequence method, and PCR-RFLP
analysis, restriction enzyme digestion of adenoviral genomic
DNA (genome typing) was carried out with these clinical iso-
lates. Virus propagation was performed in 25-cm2 plastic flasks
containing a monolayer of HEp-2 or A549 cells with incubation
at 35°C. When a typical adenovirus cytopathic effect was evi-
dent, usually 48 to 72 h after infection, the viral DNA was
extracted following the protocol described by Wadell and de
Jong (1980) (12), with some modifications. The cells were
pelleted and rinsed twice with phosphate-buffered saline and
then suspended in 1 ml of Hirt lysis solution (10 mM Tris, 1
mM EDTA, 0.6% sodium dodecyl sulfate [pH 8.0]). Proteinase
K was added at a final concentration of 50 �g/ml, and the
samples were incubated at 37°C for 1 h. Cellular DNA was
precipitated with NaCl (1 M) overnight at 4°C and discarded.
The supernatant was cleaned with a mixture of ribonucleases A
and T1, proteinase K (200 �g/ml), and phenol-chloroform ex-
traction. Viral DNA was precipitated with ethanol and sus-
pended in 50 �l of TE buffer (10 mM Tris-HCl [pH 8.0], 1 mM
EDTA). For DNA restriction analysis, aliquots of 2 �l of viral
DNA (approximately 1 �g) were digested with 10 units of
restriction endonucleases BamHI, BclI, BglI, BglII, BstEII,
EcoRI, HindIII, HpaI, PstI, SalI, SmaI, XbaI, and XhoI, under
the conditions specified by the manufacturer (Takara Shuzo
Co.). Restriction enzyme digests were loaded onto 1.5% aga-
rose gels and run for 2 h at 100V in Tris-acetate buffer (pH 8.0)
with 1 mM EDTA. After staining with ethidium bromide (1
�g/ml), the fragments were visualized under a UV transillumi-
nator and photographed with a Polaroid camera. EcoT14I di-
gests of lambda DNA (Takara Shuzo Co.) and a 1-kb DNA
ladder (Gibco BRL, Rockville, Md.) were run as molecular
weight standards. Genome type and serotype identification
were performed by comparison of the resulting patterns with
the published restriction patterns. The restriction patterns of
both isolates were identical to that of Ad34a (7) and not to
those of Ad14p and Ad34p. The patterns are shown in Fig. 1B,
panels a through f, and in Fig. 2, panels g through m.
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Li et al. first reported Ad34a (isolated from a hemorrhagic
cystitis patient) (7), for which the restriction pattern with
BamHI and SmaI was different from that of Ad34p (1, 13). The
patterns of our clinical isolates with BamHI, BstEII, EcoRI,
HpaI, SalI, SmaI, and XhoI were similar to those of Ad35p,
whereas those with BclI, BglI, BglII, HindIII, PstI, and XbaI
were not. The BglII, EcoRI, and HindIII patterns were similar
to those of Ad34p. From these results, the isolates were
deemed to be identical to Ad34a.

Sawada et al. reported that Ad34/35 (isolated from a con-
junctival swab), which was neutralized by both Ad34 and Ad35
antisera, showed a restriction pattern identical to that of
Ad35p with BamHI, HpaI, and SmaI; however, with HindIII,
Ad34/35 showed a pattern identical to that of Ad34p (9). It is
possible that Ad34/35 could be similar to Ad34a. It is suggested
that Ad34a seems to be associated with tropism for the con-
junctiva, in addition to the urinary tract.

It was suggested that the result of PCR-RFLP analysis was
different from those of the NT and PCR-sequence method
because of adenoviral DNA mutation. Several cases in which
there were difficulties in identifying Ad3, Ad4, and Ad7, or
Ad8 and Ad9, are reported (data not shown). The targets of

the PCR-sequence method are HVRs associated with NT,
whereas PCR-RFLP analysis uses conserved regions that may
not be consistent with these epitopes, since it is not clear
whether neutralization epitopes exist within HVRs alone. At
present, NT is the standard method for classifying Ad sero-
types; therefore, the PCR-sequence method might be regarded
as more accurate than PCR-RFLP analysis. However, there
remains an advantage in genome typing using restriction en-
zymes, because there have been many comparative reports for
reference, and it is a commonly used differentiating method, as
described above.
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