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SUMMARY: Human adenovirus type 8 (HAdV-8) is a common agent of severe epidemic keratocon-
junctivitis (EKC). Twenty-six strains were isolated from sporadic cases of EKC in the southern part of
Japan between 1998 and 1999 and were identified as HAdV-8 by the neutralization method using type-
specific antiserum against HAdV-8. A comparative analysis of different HAdV-8 genome types was per-
formed using various molecular methods. Restriction enzyme analyses of genomic DNA were per-
formed with BamH]I, Hindlll, Pstl, Sacl, Sall, and Smal and identified 25 isolates as HAdV-8E and 1
isolate as HAdV-8J, a novel genome type. The genetic relatedness between HAdV-8J and the other ge-
nome types was calculated by pairwise comigrating restriction fragments. The new genome type was
most genetically related to HAdV-8E. In a phylogram of both the hexon and fiber, HAdV-8J formed a
monophyletic cluster with other genome types of HAdV-8. Although HAdV-8J was identified from a
sporadic case of EKC, this strain may cause future outbreaks and thus warrants further monitoring.

INTRODUCTION

Several types of human adenoviruses (HAdVs), such
as HAdV-1, HAdV-2 (species C), HAdV-3, HAdV-7,
HAdV-11 (species B), HAdV-4 (species E), HAdV-8,
HAdV-19a, HAdV-37, HAdV-53, HAdV-54, and
HAdV-56 (species D), can cause ocular infections.
Among them, HAdV-8 is an important causative agent
of a severe form of viral conjunctivitis, known as epi-
demic keratoconjunctivitis (EKC) (1,2). Since its discov-
ery in 1955 (3), HAdV-8 has been isolated throughout
the world and continues to be the most common agent
of EKC (4,5).

Until now, 4 genome types, namely HAdV-8A,
HAdV-8B, HAdV-8E, and HAdV-8I have been identi-
fied in Japan using the restriction enzyme analysis
(REA) (6-14). However, recent genome-sequence analy-
sis suggests that HAdV-8I is actually a different type
(HAdV-54) (18) that cross-reacts with HAdV-8 in sero-
logical tests and, therefore, has been misidentified as
HAdV-8. Most of the genome types of HAdV-8 were
isolated from outbreaks of EKC; afterwards, these
strains were also found to cause sporadic cases of EKC.
Therefore, it is crucial to molecularly examine isolates
from sporadic cases in order to detect the emergence of
new strains that may cause future outbreaks.

In the present retrospective study, a total of 26
HAdV-8 strains were isolated from sporadic cases of
EKC between 1998 and 1999 from an eye clinic in the
southern part of Japan. The isolates were analyzed with

*Corresponding author: Mailing address: Infectious Dis-
ease Surveillance Center, National Institute of Infectious
Diseases, 1-23-1 Toyama, Shinjuku-ku, Tokyo 162-8640,
Japan. Tel: +81-3-5285-1111, Fax: +81-3-5285-1129,
E-mail: fujimo-t@nih.go.jp

6 endonucleases (BamHI, Hindlll, Pst1, Sacl, Sall, and
Smal). One of the isolated strains revealed a new restric-
tion pattern. This isolate was identified as a new genome
type and was termed HAdV-8J based on the Asia-Pacif-
ic system of genome type classification. We performed
phylogenetic analysis of the fiber knob and hypervaria-
ble regions of the hexon in order to uncover its evolu-
tionary relationship with other oculopathogenic
HAdVs.

MATERIALS AND METHODS

Viral strains: Twenty-six HAdV-8 strains were isolat-
ed from conjunctival scrapings from sporadic cases of
EKC at an eye clinic in Miyakonojo, of the southern
part of Japan, between 1998 and 1999. Of the 26 strains,
12 were isolated in 1998, and 14 were isolated in 1999.
All strains were isolated for surveillance purposes and
were obtained with informed consent from the patients.
All strains were identified as HAdV-8 in a neutralization
test using antisera obtained from American Type Cul-
ture Collection (ATCC; Rockville, Md., USA).

Virus propagation and extraction of viral DNA: Viral
DNA was extracted from infected A549 cells (6). Once a
cytopathic effect (CPE) greater than 75% was observed,
cells were dislodged and pelleted by low-speed centrifu-
gation. Cells were washed with phosphate-buffered sa-
line (PBS) and resuspended in lysis buffer (10 mM Tris-
HCI [pH 7.4], 10 mM EDTA, 1% SDS) for 15 min at
room temperature. The suspension was then incubated
with 200 ug/ml proteinase K (Sigma Chemical, St.
Louis, Mo., USA) at 37°C for 1 h. NaCl was added to a
final concentration of 1 M and further incubated at 4°C
overnight to precipitate cellular DNA. The suspension
was centrifuged at 15,000 g for 30 min. The supernatant
was incubated with 30 ug of RNase A (Sigma Chemical)
for 1 h and extracted twice in phenol/chloroform. The
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Letter to the Editor

Human adenovirus species C (HAdV-C) fiber protein

The published paper in your journal “Characterization of species C
human adenovirus serotype 6 (AdV6)”; Virology 412 (2011) 19-27,
has come into my attention. The fiber protein sequence alignment
of the human adenovirus species C (HAdV-C) described in the paper
was already done by us in the year 2004 (Adhikary et al. Journal
Clin. Pathol 2004;57:612-17). However, we have found some dissim-
ilarities in this article that we would like to bring to your attention
and state them as follows:

Number of motifs in HAdV-1 (human adenovirus type 1), HAdV-2,
HAdV-5, HAdV-6 fiber shaft

The primary sequence of the HAdV shaft consists of 15-residue pseu-
dorepeats or motifs. The repeats are characterized by conserved hydro-
phobic residues at positions 1, 3,9 and 11, and a conserved proline or
glycine at position eight of the motif. Green et al. (EMBO Journal
1983;2:1357-65) predicted a secondary structure corresponding to
these repeats comprising two three-residue B-strands separated by
a five-residue turn containing the conserved proline or glycine, and
at the end a four-residue turn. In the above mentioned research
paper by Eric et al. 21 motifs were shown in case of HAdV-C1,
HAdV-C2 and HAdV-C5 and 18 motifs in case of HAdV-C6. But this
should have been 22 in case of HAdV-C1, HAAV-C2 and HAdV-C5
and 19 in HAdV-C6. We do not understand whether the authors
have made any error in organizing and counting the motifs. It is
well known that the knob of HAdV-C starts from the WTTPQP residue
(Green et al. EMBO Journal 1983;2:1357-65, Signas et al. Journal Virol
1985;53:672-78, Adhikary et al. Journal Clin. Pathol 2004;57:612-17).
But Eric et al. described that the knob started 15 residues earlier at the
GAIT residue. As a result there was reduction of 1 motif, that is, 21
motifs in HAdV-1, HAdV-2 and HAdV-5 and 18 motifs in HAdV-6
instead of 22 and 19 muotifs, respectively.

Total amino acid (AA) residue count in HAdV-6 fiber gene

Total AA residue count in case of HAdV-C6 was shown to be 547
residues. But this should have been 528 residues long. Alignment

0042-6822/% - see front matter © 2011 Elsevier Inc. All rights reserved.
doi:10.1016/j.virol.2011.10.017

figure of fiber protein given in the article also revealed 528 AA res-
idues. We do not understand whether they have applied a counting
system which is very different from the usual.

In the year 2004, we published the research article “Heterogeneity
of the fiber sequence in subgenus C adenoviruses” in the Journal of
Clinical Pathology; 2004; 57:612-617. In that study we described a
PCR method that amplified fiber genes of all the HAdV-C prototypes
in a single tube reaction. Our result showed that the size of amplicon
of HAdV-C6 was smaller than the other members of HAdV-C. In order
to elucidate the smaller size of the amplicon we sequenced the fiber
gene of prototype HAdV-C1 (adenoid 71) and HAdV-C6 (tonsil 99)
which was deposited in the GenBank under the accession number
AB125750 and AB125751 respectively. Alignment of predicted
amino acid of fiber protein of HAdV-C revealed that the shaft of
HAdV-C1, HAdV-C2 and HAdV-C5 were 22 motifs long whereas
motif 15 to 17 were absent in case of HAdV-C6. It was revealed that
smaller size of the amplicon was due to a shorter (19 motifs) shaft
in HAdV-C6. We concluded in our study that the shorter shaft of
HAdV-C6 may be responsible for a lower rate of infection.
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Epidemic Keratoconjunctivitis From Fukui
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Masako Nakamura,' Eiko Hirano,! Kazuaki Kowada,' Fubito Ishiguro,! Zenya Yamagishi,?
Arun Kumar Adhikary,? Nozomu Hanaoka,* Nobuhiko Okabe,* Kiyosu Taniguchi,*

and Tsuguto Fujimoto™*

1Fukui Prefectural Institute of Public Health and Environmental Science, Fukui, Japan

2Yamagishi Eye Clinic, Fukui, Japan

3Department of Microbiology, BGC Trust Medical College, Chittagong, Bangladesh

“National Institute of Infectious Diseases, Tokyo, Japan

Human adenoviruses species D (HAdV-D) are
known to cause severe epidemic keratocon-
junctivitis. However, the isolation rate of
HAdV-D is not high, because HAdV-D is usual-
ly slow to propagate. Although new types of
HAdV-D have been reported, accurate surveil-
lance has not been performed because of diffi-
culties in culturing the viruses and lack of a
practical identification method. In this study,
HAdV-Ds were detected and identified from
patients with epidemic keratoconjunctivitis
in the Fukui Prefecture during 1995-2010 by
PCR, loop-mediated isothermal amplification
(LAMP) of DNA, and conventional virus isola-
tion and neutralization tests. All samples
were subjected to culture and PCR and LAMP.
A total of 124 strains of HAdV-D were detected
from 157 patients with epidemic keratocon-
junctivitis. The strains consisted of the follow-
ing types: D8 (n=8), D19 (n =4), D37 (n =
40), D53 (n = 5), D54 (n = 66), and D56 (n = 1).
Among these, D53, D54, and D56 are new
types that have been reported recently. The
results of this study demonstrated that new
types of HAdV-D caused epidemic keratocon-
junctivitis during 1995-2010, and included
an outbreak of keratoconjunctivitis caused by
HAdV-D54. The LAMP method was able to de-
tect and identify HAdV-D53 and HAdV-D54 in
1 hr, and may therefore be applicable for use
at the bedside. J. Med. Virol.

© 2011 Wiley Periodicals, Inc.

KEY WORDS: new type adenovirus; loop-
mediated isothermal amplifica-
tion; PCR-sequencing; outbreak

© 2011 WILEY PERIODICALS, INC.

INTRODUCTION

Human adenoviruses (HAdVs) cause a wide range
of infections, including respiratory infections, eye dis-
eases, and gastroenteritis [Wold and Marshall, 2007].
HAdVs are divided into seven species, A to G [Jones
et al., 2007]. Among these species, human species D
adenovirus (HAdV-D) includes several types that
cause epidemic keratoconjunctivitis. HAdV-D type D8,
-D19a, and -D37 are well known to cause severe epi-
demic keratoconjunctivitis, whereas the other types of
HAdV-D usually do not [Aoki and Tagawa, 2002].

Recently, new types of HAdV-D have emerged as
causative agents of severe epidemic keratoconjunctivi-
tis. These include HAdV-D53 [Aoki et al., 2008; Walsh
et al., 2009; Kaneko et al., 2011a], -D54 [Ishiko et al.,
2008; Ishiko and Aoki, 2009; Kaneko et al., 2011b],
and -D56 [Kaneko et al., 2011¢; Robinson et al., 2011].
Like HAdV-D8, some types of HAdV-D are also fastid-
ious and difficult to isolate from clinical samples
[Kaneko et al., 2011b]. Moreover, HAdV-D types
have cross-neutralizing reactions with other HAdV-D
[Hierholzer et al.,, 1991]. Therefore, in this study,
gene-based methods such as polymerase chain reac-
tion (PCR) [Miura-Ochiai et al., 2007; Robinson et al.,
2011] and loop-mediated isothermal amplification

Grant sponsor: The Ministry of Health, Labour and Welfare,
Japan (Research Promotion of Emerging and Re-emerging
Infectious Diseases; partial support).

*Correspondence to: Tsuguto Fujimoto, Infectious Disease
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Human adenovirus type 54 (HAdV-54) is a novel type
of adenovirus (1) that has so far been detected only in
Japan, and causes epidemic keratoconjunctivitis (EKC)
(1-3). HAdV-54 was identified as the HAdV-8 variant
strain before 2008, because antibodies to HAdV-54
showed cross-reactivity with those to HAdV-8 in a neu-
tralization test (NT) (1,3). In this report, we describe an
outbreak of HAdV-54 conjunctivitis in a nursery school
in Japan in 2008.

An outbreak of EKC occurred from 5 June to 13
August 2008 at a nursery school in Kobe City, Japan.
On 5 June 2008, a 1-year-old nursery school child was
referred to a local ophthalmologist for conjunctival in-
fection, conjunctival swelling, and eye discharge. The
patient was clinically diagnosed with acute allergic con-
junctivitis. Since the disease is non-infectious, the child
continued to attend nursery school (total number of stu-
dents = 106). On 10 June, 5 students of the same class
showed similar symptoms of conjunctivitis. Their par-
ents (n = 4) also showed similar clinical manifestations
on 17 June. Gradually, the conjunctivitis spread among
the 3-5-year-old children in the other classes. For the
purpose of investigation, an ophthalmologist (con-
sultant) for the school interviewed several students and
teachers on 30 June. After clinical examinations, the
ophthalmologist diagnosed the disease as EKC. The
patients were advised to stay in their homes to prevent
further spread of the disease. The school authorities
prevented the students and the teachers who were sus-
pected to have EKC from attending school. However,
many students who were incorrectly diagnosed with a-
cute allergic conjunctivitis in the early stages of EKC at
two ophthalmologic clinics continued to attend school.
The number of patients increased daily, and at least 30
students of the nursery school (30/106, 28%) developed
conjunctivitis. The incidence of EKC gradually
decreased and finally terminated in mid-August, before
the school closed for the Japanese summer holiday. In
addition to the usual symptoms and signs of EKC, some
students presented with fever. The acute symptoms of

*Corresponding author: Mailing address: Infectious Dis-
ease Surveillance Center, National Institute of Infectious
Diseases, 1-23-1 Toyama, Shinjuku-ku, Tokyo 162-8640,
Japan. Tel: +81-3-5285-1111, Fax: +81-3-5285-1129,
E-mail: fujimo-t@nih.go.jp

EKC waned within a month in all patients. However,
10-14 days after the onset of the disease, 8 patients
(53.3%) developed corneal opacity. The corneal opacity
persisted for a prolonged period in 2 patients, and these
patients were still being treated as of 2010.

From 27 June to 30 July 2008, the ophthalmologist
for the school collected conjunctival scrapings from 15
EKC patients: school students (n = 6), their family
members (n = 6), school staff (n = 2), and others (n =
D.

In 2000, we identified HAdV-8 in 2 isolates using NT
(4), but these 2 isolates were observed to be HAdV-54 by
Ishiko et al. who sequenced their complete genome (1).
The complete genome sequence of HAdV-54 (Kobe-H
strain) was deposited in GenBank (accession no.
AB333801).

In 2008, 15 EKC samples were inoculated in FL,
HEp-2, and Vero-E6 cells. Human adenovirus was iso-
lated from 4 EKC patients. We sequenced the hexon-
coding genes of the 4 strains. A PCR-sequencing
method (5) was used with primers AdnU-S’2 and AdnU-
A2. The primer sequences were as follows: AdnU-S’2,
5'-TTC CCC ATG GCN CAC AAY AC-3/, where N =
A/T/C/G and Y = C/T and AdnU-A2, 5-TGC CKR
CTC ATR GGC TGR AAG TT-3’, where K = G/T
and R = A/G. An aliquot (2 L) of the extracted DNA
was used as the template. Amplification reactions were
conducted using 50 ul of the reaction mixture that con-
tained the following: each of the primer pairs, 0.5 uM;
each dideoxynucleotide, 200 uM; SpeedSTAR™ HS
DNA Polymerase (TaKaRa Shuzo, Shiga, Japan), 1 U;
Tris-HCI (pH 8.0), 10 mM; and KCl, 50 mM. Forty cy-
cles of PCR were performed, and each cycle consisted
of the following incubations: 95°C for 55, 50°C for 15
s, and 72°C for 10 s. PCR products (554 bp) were puri-
fied using a QIAquick PCR purification kit (Qiagen,
Hilden, Germany) and used as templates for DNA se-
quencing reactions. Partial hexon gene sequences (350
bp) were determined and used to detect human
adenoviruses types. The 4 isolates were identified as
HAdV-54 because the sequences of the 4 strains were
100% identical to that of AdV-D54 (accession no.
AB333801). Therefore, the PCR sequencing test is con-
sidered necessary for accurate identification of virus
types.

The isolation rate of HAdV-54 was not high when
compared to immunochromatographic test (ICT) kit,
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