52-—1{ 1664 }

YINI Y HRBESEL, REREL A S
VHEOHELE L, BIUEERRTEFRE
%%%%wik@%&ﬁ%ﬁﬁﬁﬁﬁﬁﬁﬁf
i, RELHA 72 F TR 4754 3
IR E MR L VTS 557,

2) B - Bg (—aiEEs)

bﬁﬂ@ﬁA??%&&&M@z?U/bv
#ﬁb&?,bﬁwgﬁJll%@@ #OT
m%&ﬁ%ﬁ,bﬁﬁwﬁﬁﬁﬁ%ﬁfélﬁ
BREE S hh o, HINVO BT 252,
FDH2010~11Y =X Y 37 7 > & v
TR bR, 011~12Y XY AT 2 F >
6, EBIEETH L KREOHE L ko 1 H
§?$§& E o 7‘;& I ?zi L fs«ﬁ@ﬁb}h ?»-3’:! &'3'% A
BB, | BRI P Ehor b
RIPENTRRCRES I, #HLVEER
EARBREMERCHIKRO TSRO T — 7 b 5
THEIEVLETH S,

E3%MMm79%z®

%ﬁﬁk
.. &5 B &
FIZHHE LRI B W T, HHRIEH

PAICRHAL-AEERPB Shi, 28K
e LTIR37. 5CH LS. 5~1.3%, %5
0~0.6%C, JRFTSG BRI ORH;S. 8~
17.6%, #%H1.3~3.0%, MEIR2.8~6.6%T
Hole WINRLHECREL LBKT, BE
@%@ﬁﬁ%bﬁ&@aka
2 "
””%%ﬁﬁﬁﬁ%®§¥$%ﬁﬁﬁﬁﬁ
22w T3, 37.5CE L2, 7~4.6%,

%, 39.0CH.E0.2~1.4%
EREBEIDEVY, b
k%&&ﬂﬁ%%&%%:%$ﬁéﬁﬁ#%
Wb ThbELELLNL, BHUBNOR
B O b, BE7R10. 6~18.9%, BEHET. 6~12.0
%, W6 6~11.4%C, ERIZVTh D BH
Thole BRELTEZBE, NE{LHA 7
Foi, AREBOTORETHETE 2 1A
EEZBILA,

3. HINI/09 BT 7 F>
wwﬁwﬁmy%$Mv§%/aowf@
FLOBOY A VRCHTETZF 0w

 OFBIHBEMGEETE

) ) OBt A %

= Wk & WL - 89%&125 —

k%%@,bﬁ@?%%ﬁ@%ﬁﬂk%?%@*
EVEBEINIT ZORE, 7TF715Fv—

ITERVWDHDLE %~
B0 A7 0 1 BIRRIE T, %ﬂﬂﬂ@@%
LA ERSOBIEE LW ERER (AREE
ﬁ)%fﬂ%ﬁwfﬁ&#ataf®wm&§
i, BEEIGICDWTY, BEREEICS:
TRELRMBERIBIRGRAD DN AH -

,7’:’3

4 212~13Y—ALETHF
RIELHA 77 F 1, bAETLEES
DEHREN, FRIZBEBBICRS.
FCI, HERPREOHTRX 2MEE
ﬁmm%&énfkef —sEAHEDL b
i:i,ﬁ%%&%iﬂ NTWBEEZ SRBH, &
Rk L TITb i Tw b, -
011~12Y — XV T 2 F 0T, 115
T7x/%¥x¥% ) — ) (phenoxyeth:
PE) % &8 3 5 8 (b2 R st iE it
FFEIIBVT,
5 ¥ v —RERIER L. FOHEE]
A7 LpIkiETHY, HINL/09 ¥4
E w%%faﬁﬁbf%mmf
xﬁ>'%mmﬁ®$%1%ﬁ&k .
Y —RIERERTENENS, %@
Khid,
Ts&%ﬁ%@%m a4 &U%@ﬂf}it’i
Tid, 2010~11%—2 ¥ £2011~12:
HOREH, &5 vk ok
HLZERRDOONEh ol TF74F:
FRELLBEOMIERIC, 77 F i)
 BURAY TgE YAl 2 iz, 72
DOPEIZGET 5 IgE ik TH 2 138
b, HELEMIZED Nl
TF747F -k B LIHOMiE R
HFEHIRIEML AR CIE, PE &AM O]
T CD203c ORBLEAHEINT 2EFIDDH =
—FF, F AT — L EHERF T, Gl%z%
BoOMMIBOON Lol T, '
T, CD203c RHEOMMITZ L, ﬁ%
Hikb Bl S hadhor, TAL LD,
HEABEBOT S 714 5 F V—FIEIZ]
it, PEEA VI VIV FHAT 7 F 2R E
DT R EORWHEEBH A LHHEE
niauﬁéﬁﬁw*%,ﬂ@W®%m~ﬁ%<

%
.
)
oo
&

— 382 —



— Bk & e - 8o 125 ~

#£ 3

W 0, 5mL % 2

Bt L

Ih—E 97 HA 1) 1

53wr{ 1665 }

2W12~13E Y~ A HOA Y TV FHA T 25y (F)

A7 TRy H¥HAT
7F 7 [LBE-—-—4k]
1) ¥ 90, 5mlL
A4 0.5mLx 5

Flu-¥ 1 ¥ [7ERE]
WH 0. 5mLx 2

fRA7R -

M L i ; FAOH s 4ppm
EIEBEHER AR L 1
APTGX1/2 ¥4 X} o O ERIETRA A L
s STEBSHER 2 L ’
7 =¥y 7 HA g |
WL B 0.5mLx 2 WAL BALL

| AL

4y 7ML YHFHAY | ¥r U HA AYINVIYHFHAT | A Y7z ¥ HHAD
7F 7 LB B¥ I 1mlx 2 sF v TABE—~=4] | 270 THM
W ImLx2 1mL B Imlx1

; B W 1mlx 2 , '
R F A TH—b 8ppm e
FATF— 5ppm PREEH) FAQH— b 4 ppin

F A=) 5ppm

(201245 8 BB (BHRATSCE L HPIHRENE, BIUNCEY L0 EIE L TR

fmx«%Vﬁ%xﬁ ﬁﬁ%th%ju
W VR EERELEMIIEE SR, o
mm~8$/~XJ%4/?Wx/WHA?ﬁ
FrE, TORFHAEEREEDIC-BREL
f*lj (&3}& ;

N.ﬁﬁf/?%i/ﬁﬁ%t
ﬁﬁﬁzaf '

%ﬁ{x?wz/%ﬁ%? W, g7 F
YRR BHEETH S %#@faf%@f
/?Wiz%ﬁ%ﬁ%ﬁ@ji@?bﬂ??
J?V?%/ﬁbm?@ﬁ§/7Wl/%
v&%/{mmw%?é&%%éﬂ (31 4
f?kl/%??%/?%h%@?éﬁ F74
V] CEMLTERTSC &#%ﬁi%mﬁﬁ
ERTWwWhH

KTy F Ik, BEMEA Y7 VI YT OF
KCHAWSRAREILHA 77 F 2 &, “RiEL”
&wéﬁT@ﬁLt&%% HA ZH U S K

SHELTEDL "2RTFI7FY" Thb, ¥/,

FRIZTATIany  2EET . AR,
ERREERIC & BRI S T B Y, B
§4/7wm¢%hﬁ?%ﬁ@&éwﬁﬁ&®
EIRD IR T X 2%, BRI F VR £ 7258
flishTwyizwy,

1. ZYanrhp

TYany VeEREGPHIE LT ZF VI
BT AHILI2ED, 2200 EHHHTE B,
HERZRUAZEANCELZILE, LEY
REEREZET LTV F L ERBIETHD,
FEBEICOVTIE, FRBEREL TS
HMUOE S DAL LT, JGEREE~DOIHD
H2e PIZIE, PEEO NIRRT T 2F

KT VIZG AT Vany bBSEnshtw
B, Ab%A%@QQﬁﬁ%mﬁﬁ%kﬁt

f%?ﬁﬁh,ﬁ&%ﬁbw%kﬁﬁéﬂ%{

YRRV THRD B IZEMMEE 1 BB
BWESERS NAY, BIEENOL ¥ F 4
T, BREEKICHT AHEMIIENETH - 1
2%, 7 BRI homkicn LT o itk
Eedsifd b, “REERELELbhi,
CORIARBEENT Vany Mo THEIR
F2HOPEIPREPTRVA, NrFIvy
WL L TR 7 F v W TI4 307
T =AY —FRAE B TEX ATRESEZZ bR
%o

STy 7R L2000 1013, R
ECHEEOT T asy PAEmMENSL v

— 383 —



VICHT 7F v EREESR, hPETY,
EARR TS~ TERVAEMI BT,
AP SEFIREC LY 28O T Vany b
AV 2 FrRmAS Iz, LaL, BRI
SLABACER AN ORT, BAROM
MA#TL, BECERAVLRATYh W,
=H, TV 2Ry MIDwTH, ;c%’l&k
FLBAHEDL LIZLIZER SR B, RERIG

R E &b, £RCRFOBKSEMELE

v, HEMERBORES S RN ERE
REVOR, BETHD, 2%, HFEEOT
Fanyriiowtd, ELEHsA RO
FoF IR ED, TEFVARRRLTY
LT EWRRUTH AL,

2. BRI UOF

A EIC20034E (2 RFE S AL RIREIL 3 59
B2 F ik, BRBMICHEBRST 5. HRE
e b FBOBB T, JUEHBRFEIEONS D
s hbs, 2O8RIIoWTIE, HiTksT
7F UHROVREA - LB TOEY & O#
HHHLHT, EFRAFSHLR Ty bo 2y
FYOHPBERACBOTFHIRI SV L
TAMRMERO S HEINT, SBOWEIZE
B A B

Z7e, BELFETE, BWERTEES L
VISR S NRARTHLY 75 YOO R
BPHED SN TV D,

3. WEEEIIFC
RELHA 77 F v 3BIERT BN CHE
%T%@ IR OB T S TR )
RS S B, HINLO9 74 VARBE L 2B
ﬁrﬁﬁﬁﬁ%ﬁ&¥®7ﬁ%/ﬁ&#f$&

vk ﬁ%éﬂ&dx7w1f%?
‘%@”%ﬁ%%%k%ﬁ%kﬁi%

%?%éﬁf@é~;ﬂo%ﬁﬁﬁkﬁéﬁﬁ

- ik L BF9E - 89125 ~

EIMRT HHME LT, MM L) 8ET
54 Y7 NI F Y ORRPED ST
Vb,

2 X &

D RERE A YINIYFT 2 F L OF R BIEE.
’%Q%T\f% "f yINE /‘ﬂ'nx?;?"ﬁ 4 }"2012”"9
AEHE A, EI p96-104, 2012, ;

2) WL 9 ~1VEREEARENIE (WH, BERYIGT
%) HEE Ay Iy HFIrF /a)a@};xg -%"%1

%] CEAERIIEE . wae) -

3} CDC: Chapter 16; Influenza: In! National Imm&amm
tion Program Pink Book 9th ed. CDC. Aﬂama 3
253, 2006,

4)*&m~m@&%%ﬁ@ﬂ?ﬁ%(%%,mw@%&&
A HEW: [AMRCHT L TN 7
FrORMBIHT R0 (BEHIRE ??}W} 112,
1S4FEE), WOHBIEER (L44EHE)) o

5) Fujieda, M., Maeda, A., Kondo, K., Kaii,
Hirota, Y.: Inactivated influenza vaccine effec S
in children under 6 vears of age during the 2@&2 v;fm
season, Vatcine, 247 957-963, 2006. :

6) AL, TERLE, ﬁ*i&w‘”ﬂ% FHIBTH, %ﬁzﬂﬁ”ﬁk A
JIH&;{E&;&’ 4&3‘;&%}8 IBFARERA ¥ TNz
T2 FATKY BRI BRI, 811 284-200,
2007,

) A @J% %ﬁcz&’ﬁﬁﬁﬁi RRHEERE L&m%

’ ﬁ&ﬂ%&ﬁﬁé‘zx%ﬁ%ﬁ S (B4 RUH1HER
AT x*f?ﬁ?ﬁmﬁf&@!&m?ﬁdﬁﬁﬁ {4 ‘%E%%

HMECBIIAFEA Y7L ¥ (AZHINL
x#ﬁ%%&% ﬁJ(ﬁw417wxf%?ﬁ%x®
BIBUBARIR 2DV T, 20104 8 A25H.

httpt/, fwww mhlw. ga ip/sth ’shxngifzr%ﬁz{){}{}m}&nﬁtm
htm]

8) AR FRMEES 1 WK - ﬁlmnﬁ?&%%’“@
RESTERETRESHRNES, £1H1 Hfl
HFHERRRIRRH SRS 1 BB S
YFIFHERBREEREAER. (BEEs 1~ 3
BERREEOHRMERR [/ 70y FHAY
yFy ElB TE7+74 93 v —RIEGREHE
ek, 20124 5 HosH,
hitp://vwww, mhlw. go, jp/sti/ %hmgv ?1‘9859000%%%5
himl

9) FERRIE: %%%f?»mxﬁ??%fﬁwﬂ@%%”
G A Y TR, 110 63-68, 2010,

10). Monto, ‘A. S., Ohmit, S E., Petrie, J. 'G.7 Com-
parative el‘imacy of inactivated and live aftenuated in-
fluenza vaccines. N Engl ] Med, 361: 1260- 126? 2009,

11) Ichinohe, T., Tamura, S., Kawaguchi, A. et al:
Cross-protection against HﬁNl influenza virus infection
‘is afforded by intranasal inoculation Wsth seasonal triva-
lent inactivared inflienza vaceine, J Tnfect Dis, 196:
131_3*1320, 2007,

=1
S

— 384 —



Hindawi Publishing Corporation
BioMed Research International

Volume 2013, Article ID 746053, 7 pages
http://dx.doi.org/10.1155/2013/746053

Research Article

Prescription Surveillance and Polymerase Chain Reaction
Testing to Identify Pathogens during Outbreaks of Infection

Hiroaki Sugiura,’ Tsuguto Fujimoto,” Tamie Sugawara,’
Nozomu Hanaoka,” Masami Konagaya,” Kiyoshi Kikuchi,’ Eisuke Hanada,*

Nobuhiko Okabe,”” and Yasushi Ohkusa?®

! Sugiura Clinic, 2-8-3 Imaichi-Kita, Honmachi, Shimane, Izumo 693-0002, Japan

? Infectious Disease Surveillance Center, National Institute of Infectious Diseases, Shinjuku, Tokyo 162-8640, Japan
* Shimane Prefectural Central Hospital, Shimane, Izumo 693-8555, Japan

* Shimane University Hospital, Shimane, Izumo 693-8501, Japan

* Kawasaki City Health Institute of Public Health, Kanagawa, Kawasaki 210-0834, Japan

Correspondence should be addressed to Hiroaki Sugiura; tomomarie@smn.enjoy.ne.jp

Received 10 November 2012; Accepted 6 January 2013

Academic Editor: Girdhari Lal

Copyright © 2013 Hiroaki Sugiura et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Syndromic surveillance, including prescription surveillance, offers a rapid method for the early detection of agents of bioterrorism
and emerging infectious diseases. However, it has the disadvantage of not considering definitive diagnoses. Here, we attempted to
definitively diagnose pathogens using polymerase chain reaction (PCR) immediately after the prescription surveillance system
detected an outbreak. Specimens were collected from 50 patients with respiratory infections. PCR was used to identify the
pathogens, which included 14 types of common respiratory viruses and Mycoplasma pneumoniae. Infectious agents including M.
prneumoniae, respiratory syncytial virus (RSV), rhinovirus, enterovirus, and parainfluenza virus were detected in 54% of patients.
For the rapid RSV diagnosis kit, sensitivity was 80% and specificity was 85%. For the rapid adenovirus diagnosis kit, no positive
results were obtained; therefore, sensitivity could not be calculated and specificity was 100%. Many patients were found to be
treated for upper respiratory tract infections without the diagnosis of a specific pathogen. In Japan, an outbreak of M. pneumoniae
infection began in 2011, and our results suggested that this outbreak may have included false-positive cases. By combining syndromic
surveillance and PCR, we were able to rapidly and accurately identify causative pathogens during a recent respiratory infection

outbreak.

1. Introduction

Japanese traditional surveillance is based on definitive diag-
nosis and is enforced by the infection control laws in Japan for
the early detection of agents of bioterrorism and outbreaks of
emerging infectious diseases. After the infectious disease is
diagnosed at sentinel medical institutions, at least 10 days are
required until it is announced nationwide. Therefore, a major
fault of this surveillance system is the delay in disseminating
information.

A surveillance system that can identify the early stages of
an outbreak of infectious disease is necessary. Therefore, syn-
dromic surveillance systems have been implemented in many

countries since 1995 [1]. Syndromic surveillance monitors
changes in the number of patients according to symptoms
such as fever, vomiting, diarrhea, and rash for further inves-
tigations. Information regarding the identification of local
infectious disease outbreaks, such as school absenteeism,
emergency room visits, and prescriptions of therapeutic drug
against infectious diseases, are also subjects of the survey [2].
Syndromic surveillance can offer a rapid method to detect an
outbreak of infection compared with traditional surveillance;
such surveillance systems are currently used worldwide [3, 4].

In some cases, an infectious outbreak can be detected
on the same or the following day. Although syndromic sur-
veillance provides rapid results, it has the disadvantage that
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FIGURE 1: Number of reported RSV cases from sentinel medical
institutions in Japan. There are approximately 500 sentinel medical
institutions in Japan, which are selected from those equipped with
departments of pediatrics and internal medicine and with more than
300 beds.

definitive diagnoses are not considered. In other words, in
general, its specificity may be lower than that of traditional
surveillance systems. Laboratory testing performed on all
symptomatic patients can yield a very high specificity, but
is cost prohibitive, whereas laboratory testing on selected
patients for syndromic surveillance can detect some specific
aberrations at a lower cost, thereby overcoming the short-
comings of both systems. The current study highlights an
example to further analyze this possibility.

In the fall of 2011, the number of patients with symptoms
of upper respiratory tract infections markedly increased in
Japan. Infectious disease weekly reports (IDWRs) (http://
www.nih.go.jp/niid/ja/idwr.html in Japanese), which consti-
tute the traditional and official Japanese sentinel surveillance
system, reported a higher incidence of respiratory syncy-
tial virus (RSV) (Figurel) and M. pneumoniae infections
(Figure 2). A primary feature of M. pneumoniae respiratory
infections is the degree of the symptom worsening from
mild upper respiratory tract inflammation to pneumonia. M.
pneumoniae infection is associated with exanthem, hemolytic
anemia, gastrointestinal damage, arthritis, and various neu-
rological symptoms [5].

Outbreaks of M. prneumoniae persisted throughout June
2012, although it is unclear why this organism has continued
to be responsible for such a widespread national outbreak
in Japan since the fall of 2011 [6]. Koike et al. [7] detected
only 40 patients (14.5%) among 275 suspected cases of M.
pneumoniae infection from 2006 to 2008 in Japan. A clinical
diagnosis of M. pneumoniae infection is difficult without
laboratory confirmation. In many sentinel hospitals, the M.
prneumoniae-specific IgM antibody rapid detection test is
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used, but during screening, a positive result in the test
does not always indicate acute infection by this organism.
We suspect that the outbreak of M. pneumoniae infection
included false-positive cases {7, 8].

IDWRSs are very important for clinicians, enabling them
to identify the seasonal prevalence of known diseases. How-
ever, these reports become available after a minimum of 10
days following patient examinations. Therefore, traditional
and official surveillance systems have the distinct disadvan-
tage of being slow and are limited to reporting pathogens
chosen in advance.

In the fall of 2011, by monitoring the increase in the
number of combination cold medications (active ingredi-
ents: salicylamide, acetaminophen, anhydrous caffeine, and
promethazine methylene disalicylate) prescribed since 2009,
the prescription surveillance system detected an increase in
the number of patients with symptoms of upper respiratory
tract infections. On September 26, 2011, we noticed the
first unusual peak and began to carefully monitor the real-
time prescription surveillance system and observed a second
peak on October 3, 2011 (Figure 3). However, monitoring
prescriptions for combination cold medications does not
lead to the identification of the pathogens responsible for
the illnesses being treated. Thus, we conducted pathogen
identification using the PCR method after being alerted by
the prescription surveillance system on October 4, 2011 (the
following day).

The purpose of the present study was to evaluate whether
the PCR method triggered by the results of the prescrip-
tion surveillance system can rapidly and accurately identify
causative pathogens of local outbreaks of infection. Our
results allowed for earlier diagnoses at medical facilities
and the dissemination of this information among other
institutions to avoid inappropriate use of antibiotics and
instigate measures against the spread of infectious diseases.
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FIGURE 3: Combination cold medication prescriptions recorded by the prescription surveillance system over time. On September 26, 2011, we
noticed an unusual peak and then carefully monitored the real-time prescription surveillance and found a second peak on October 3, 2011
We confirmed this abnormality and began this study on the following day (October 4, 2011).

2. Materials and Methods

2.1 Prescription Surveillance. Although very common in the
US and other countries, there is no nationwide syndromic
surveillance system to electronically monitor medical records
in Japan. Because of the low prevalence of electronic medical
records and a restrictive privacy policy, we perform prescrip-
tion surveillance nationwide for syndromic surveillance by
monitoring the number of prescriptions for certain types of
drugs such as anti-influenza medications.

There are approximately 45,000 pharmacies that deliver
almost half of the prescribed drugs nationwide and almost all
record prescriptions electronically. The prescription surveil-
lance system was developed by the Infectious Disease Surveil-
lance Center of the National Institute of Infectious Dis-
eases in collaboration with EM Systems Co. Ltd. (Osaka,
Japan), a leading provider of prescription surveillance used
by pharmacies through the Application Server Provider
(ASP) system. The ASP system is very useful for syndromic
surveillance because data transfer is unnecessary. Thus, it
can dramatically decrease costs and maintain a high level
of confidentially. Its widespread use started in April 2009,
and approximately 6,300 (13%) Japanese pharmacies actively
participated in the program as of October 201L

The ASP system tracks prescription information, but
patient symptoms and diagnoses are not recorded. Categories
of syndromic surveillance include the type of prescribed
drugs. Currently, the syndromic surveillance system moni-
tors several types of drugs, including those for relief of fever
and pain due to common colds, as well as antiviral agents,

anti-influenza medications (except amantadine), and anti-
varicella zoster virus (VZV) drugs. The surveillance of the last
two is also classified by age: <15, 16-64, and >65 years. Data
collection and analysis are automatically performed every
night, and the results are available on the home page of a
secure internet site early the next morning.

Monitoring the usage of anti-influenza and anti-VZV
drugs is particularly useful for early detection of outbreaks of
infection because these drugs are used only to treat specific
viral infections.

2.2. Clinical Samples. Between October 4 and 28, 2011, 50
patients were included in the present study who either pre-
sented at a single clinic with a chief complaint of respiratory
symptoms or fever or were suspected of having respiratory
tract infections after being identified through the syndromic
prescription surveillance system. In Japan, a rapid diagnosis
kit suitable for use at outpatient clinics is currently available,
and the costs are covered by the national health insurance
program. The tests allow for rapid detection of infections
caused by the influenza virus, RSV, and adenovirus. A total
of 18 pharyngeal swabs to screen for adenovirus infections
and 32 nasal swabs to screen for RSV and influenza viral
infections (rapid RSV) were collected [9]. Viruses were
extracted from the swabs using immunochromatography
(IC) kits with approximately 500 uL of a mucolytic agent
provided by the manufacturer. After the assay, approximately
200 uL of the agent remained in the IC-kit tubes. This
medical waste was transferred to universal transport medium
(359C; Copan Italia S.p.A, Brescia, Italy) and analyzed using
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TasLE 1: Hyper-PCR primers.
Pathogen Primer Base sequence (5'-3") Polarity Reference
RSV-A RSA-F TGC AAG CAG AAATGG AACAAGT + [14]
106 bp RSA-R AAT AAT GAT GCT TTT GGG TTGTTC A -
RSV-B RSB-F GATGGCTCTTAGCAAAGTCAAGTTAA + [15]
104bp RSB-R TGTCAATATTATCTCCTGTACTACGTTGAA -
Parainfluenza 1 PISl+ CCGGTAATTTCTCATACCTATG + [16]
317 bp PISI- CCTTGGAGCGGAGTTGTTAAG -
Parainfluenza 3 Para3.1 CTCGAGGTTGTCAGGATATAG + (16]
189 bp Para3.2 CTTTGGGAGTTGAACACAGTT -
Rhinovirus SRHI-1-NIID CGGGTAGCTTCCACCACCAGCCCTT + 6]
549 bp SRHI-2 GGGACCAACTACTTTGGGTGTCCGTGT -
Enterovirus entR1 ATTGTCACCATAAGCAGCCA + (17]
172bp entE2 CCTCCGGCCCCTGAATG -
HIN1 2009 swHI1-F2 TCATGCGAACAATTCAACA +
Present study
127 bp swHI1-R2 TGGGGCTACCCCTCTTAGTTTG -

real-time polymerase chain reaction (PCR) [10] and Hyper-
PCR [11], which is a faster technique compared with the
previously available PCR applications. Thus, we used Hyper-
PCR for the applicable pathogens. The CycleavePCR respi-
ratory infection-pathogenic virus detection kit (Takara Bio,
Shiga, Japan) was used to detect 11 types of viruses: human
RSV types A and B, human parainfluenza virus types 1-3,
human metapneumovirus, influenza A and B viruses, human
adenovirus, human bocavirus, and human rhinovirus. The
Thermal Cycler Dice Real Time System II MRQ (Takara Bio)
was used to detect and identify the 11 types of viruses detected
by the CycleavePCR kit [10]. Hyper-PCR [11] was performed
using the One Step SYBR High Speed RT-PCR Kit (Hyper-
PCR) (Takara) to detect RSV types A, B, human parainfluenza
virus types 1, 3, human rhinovirus, enterovirus, and influenza
A (HIN1) 2009 (primers are listed in Table 1) using the Hyper-
PCR MK IV PCR system (Trust Medical, Hyogo, Japan). The
accuracy of the Hyper-PCR methods was confirmed by com-
parison with other conventional PCR methods. Conventional
PCR was used to detect M. pneumoniae [12]. In addition, the
presence of coronavirus infection was tested in patients from
whom no infectious agents were detected [13].

3. Ethical Considerations

This study only collected anonymous information that cannot
be associated with individual patients. Patient samples were
collected during the course of medical care provided at the
participating facilities, and all examinations and testing for
pathogens occurred at the request of the medical facilities for
the purposes of diagnosis and treatment. This study used only
existing medical records and documents, and oral informed
consent was obtained from all patients.

4. Results

After testing the specimens, we provided the results to a
medical institution within 4 days including the conveyance

period. The 50 patients tested in this study included 2 infants
(I male and 1 female, aged <1 year), 25 children (12 males and
13 females, aged 1-6 years), 10 elementary school pupils (6
males and 4 females, aged 7-12 years), 4 minors (2 males and
2 females, aged 13-18 years), 8 adults (3 males and 5 females,
aged >18 years), and 1 patient (age unavailable).

Table 2 lists the pathogens detected by the PCR analysis
stratified by age in the 27 patients. In children, enterovirus,
rhinoviruses, RSV, and parainfluenza viruses were detected,
whereas M. pneumoniae was detected only in elementary
school pupils and minors. In the remaining 23 patients, no
pathogens were detected. These 23 patients were also found
to be negative for coronavirus.

PCR was used to obtain definitive viral diagnoses via
rapid RSV and adenovirus diagnosis kits, and the sensitivity
and specificity were calculated for these test kits. For the
rapid RSV diagnosis kit, sensitivity was 80% and specificity
was 85%. For the rapid adenovirus diagnosis kit, no positive
results were obtained; therefore, sensitivity could not be
calculated and specificity was 100%.

RSV infections were detected using the rapid diagnosis
kit, but rhinovirus, enterovirus, and parainfluenza virus
infections were not. The causative pathogens were unknown
in many patients, although they were nevertheless treated for
upper respiratory tract infections.

Evaluation of the incidence of various symptoms in
patients infected with different pathogens showed that rhi-
noviruses were detected in nasal swab specimens more often
than other viruses and patients with rhinovirus infections
were less likely to present with fever (Table 3).

All RSV-positive patients were children, 80% of whom
presented with coughing. All patients who were tested using
the rapid adenovirus detection kit showed negative results.
However, all these patients also tested negative for adenovirus
using sensitive PCR tests. Thus, adenovirus was not con-

sidered to be the causative organism of this suspected out-
break.
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TaBLE 2: Numbers of pathogens detected by PCR according to age.

Infants  Children  Elementary school pupil ~ Minor (junior high school student or older)  Adult
Enterovirus 0 2 1 0 1
Mycoplasma pneumoniae 0 0 1 1
Parainfluenza 1 0 2 0 0 1
Rhinovirus 2 9 0 0 1
Rhinovirus + parainfluenza 1 0 1 0 0 0
Rhinovirus + RSV-A 0 1 0 0 0
Rhinovirus + RSV-A and RSV-B 0 1 0 0 0
RSV-A 0 2 0 0 0
RSV-B 0 1 0 0 0

TaBLE 3: Incidences of symptoms detected in infections according to individual pathogens (1 = 50).

Number of infections Fever Headache Nasal discharge Pharyngeal pain Cough
Mycoplasma pneumoniae 2 0% 0% 0% 50% 100%
Enterovirus 4 67% 25% 75% 25% 25%
Parainfluenza 1 3 33% 33% 33% 0% 67%
Rhinovirus + parainfluenza 1 1 0% 0% 0% 0% 100%
Rhinovirus 12 20% 0% 67% 0% 83%
Rhinovirus + RSV-A 1 0% 0% 100% 0% 100%
Rhinovirus + RSV-A + RSV-B 100% 0% 100% 0% 100%
RSV-A 2 100% 0% 100% 0% 100%
RSV-B 100% 0% 0% 0% 0%
None 23 21% 13% 57% 30% 35%

5. Discussion

Here, we examined a combination of syndromic surveil-
lance and PCR testing and showed the potential to identify
pathogens during the early stage of an outbreak of respiratory
infections. In the future, it would be desirable to develop an
M. pneumoniae diagnosis kit that can diagnose pathogens
from nasal or pharyngeal swabs at outpatient clinics or the
bedside of patients.

In Japan, two official pathogen surveillance methods have
been conducted under the infection control laws: sentinel
pathogen surveillance and active surveillance. The official
pathogenic surveillance has been conducted at sentinel medi-
cal institutions regardless of outbreaks. On the other hand, in
patients with serious diseases, active pathogenic surveillance
has sometimes been conducted on the basis of notifica-
tions by medical institutions. However, active surveillance
is conducted only when an infection spreads widely enough
to cause serious problems in a particular region and the
surveillance of pathogens may not be timely enough to mount
a response to control outbreaks. Pathogenic surveillance for
all patients with signs of an infection would detect agents
of bioterrorism and emerging infectious diseases; however,
the cost would be prohibitive. Therefore, system coordination
to perform pathogen surveillance based on early detection
of outbreaks is necessary. The scheme proposed by the
present study uses PCR testing triggered by detection alerts
from syndromic surveillance systems. In general, syndromic
surveillance offers earlier detection of infectious diseases than

traditional surveillance. Moreover, if the pathogen remains
unknown following bedside testing using several rapid tests
or other typical examinations, the proposed scheme requires
the collection of specimens as soon as possible and sending
them to a laboratory for definitive diagnoses. However, it
takes a few days to transfer the specimens and a few extra days
for the information of the identified pathogen to be shared
among medical facilities, public health centers, and local gov-
ernments in the involved areas. In the proposed scheme, we
can use pathogenic information to control ongoing outbreaks
and, hopefully, decrease the number of potential infections.

Thus far, syndromic surveillance with pathogenic testing
has been conducted by collecting samples from patients
receiving telephone consultations [18] and those receiv-
ing emergency department consultations [19]. Syndromic
surveillance using electronic medical records has been com-
bined with testing for the influenza virus [20]. However, these
systems have focused only on rapid testing and are mainly
used for influenza monitoring [20, 21]. Therefore, syndromic
surveillance trials for nonspecific pathogens using PCR for
undiagnosed infectious diseases, similar to the present study,
have not been performed before.

In the present study, an outbreak was detected by routine
syndromic surveillance, in which samples were regionally
collected for PCR analysis. These tests for viral infections
allowed for differentiation between bacterial and viral infec-
tions, thus facilitating treatment without the unnecessary
use of antibiotics. Although the present laboratory tests
cannot be performed for all individual clinical diagnoses, the
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results were immediately made available to clinicians for the
treatment of other patients with similar symptoms.

The symptoms reported in the present study were rather
mild; therefore, no patient required hospitalization, and
no further testing was performed in undiagnosed patients.
However, if severe cases were to occur, careful identification
of pathogens would be desirable. Rhinoviruses were detected
in nasal swab specimens more frequently than other viruses.
Therefore, it is likely that children who present with nasal
discharge and mild fever may be reservoirs for rhinoviruses
[22]. Testing for respiratory viral infections in emergency
room outpatients by PCR analysis showed that the most
frequently detected viruses were picornaviruses, including
rhinoviruses [23]. When children present with coughing as
the main symptom, RSV should be considered as the most
likely pathogen.

The finding that M. pneumoniae infection was not
detected in infants and children, but rather in elementary
school pupils and minors, was consistent with reports that
M. pneumoniae may often cause asymptomatic infections
before the age of 5 years, after which immunity decreases as
children become susceptible to symptomatic M. pneumoniae
infections [5].

In Japan, nationwide outbreaks of M. pneumoniae began
in 2011 and continued as of January 2012, during which time
M. pneumonia, rhinovirus, enterovirus, parainfluenza virus,
and RSV have been identified. Our results suggested that
this outbreak may include false-positive cases and subsequent
inappropriate prescriptions of antibiotics.

An increased frequency of macrolide-resistant M. pneu-
monige became widely reported in the Japanese media in
the fall of 2011 [24]. Therefore, this news may have induced
an abnormal increase in the number of patients (Figure 2).
The rapid test available in Japan for M. pneumoniae uses
sera samples [25]. Although general clinics may outsource
M. pneumoniae antibody testing and cold hemagglutinin
testing, blood testing is usually not performed in cases of mild
pediatric illnesses.

In the future, it would be desirable to develop M.
preumoniae diagnostic kits using nasal or pharyngeal swabs
at outpatient clinics or bedside. Until such kits for the
diagnoses of M. pneumoniae and other infectious diseases are
developed, syndromic surveillance with PCR testing offers
a useful countermeasure against infectious outbreaks. In
this study, we could not detect single infectious agents that
explained the outbreaks; however, our results excluded M.
prieumoniae.

The present study was limited to a single clinic. There-
fore, further studies involving more facilities should be
undertaken. It is also necessary to develop a network and
sample transportation system among the facilities partaking
in the syndromic surveillance system and to adequately staff
laboratories with experienced technicians.

Syndromic surveillance data has been mathematically or
statistically analyzed in many studies. However, when an
abnormal value is reported by syndromic surveillance, there
are many cases in which the pathogens cannot be identified
by the calculations introduced in these articles.

BioMed Research International

6. Conclusion

When M. pneumoniae and RSV infections were prevalent
nationwide during the fall of 2011, we observed an abnormal
increase in common cold prescriptions through the Japanese
surveillance system and were able to evaluate the incidence of
various pathogens via PCR testing.
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We report a novel human adenovirus D (HAdV-65)
isolated from feces of 4 children in Bangladesh who had
acute gastroenteritis. Corresponding genes of HAdV-65
were related to a hexon gene of HAdV-10, penton base
genes of HAdV-37 and HAdV-58, and a fiber gene of HAdV-
9. This novel virus may be a serious threat to public health.

Human adenoviruses (HAdVs) are common pathogens
that cause several diseases, such as pneumonia, acute
gastroenteritis, and epidemic keratoconjunctivitis (1).
HAGJV infection is also associated with a serious adenovirus
syndrome in immunocompromised patients after stem cell
transplantation (2). Acute gastroenteritis causes illness
and death in humans worldwide. Illness is associated with
infection of enteric viruses, including rotavirus, astrovirus,
norovirus, sapovirus, and adenovirus.

HAAdVs are divided into 7 species (HAdV-A—G) on the
basis of DNA genome homology. Most acute gastroenteritis
related to HAdVs is caused by HAdV-F species (HAdV-
40 and HAdV-41 (3,4). Recently, we detected HAdV-D in
feces of children with diarrhea in Bangladesh (5). Other
HAdJV-D strains have also been associated with diarrhea in
Kenya and Brazil (6,7).

We report anovel HAdV-D (HAdV-65) strain detected
in feces of 4 children with acute gastroenteritis during
October 2004—March 2005 in Bangladesh (5) and results of
hexon, penton base, and fiber gene sequence analyses. We
also report the full genome sequence of this virus, whose
corresponding genes are closely related to the hexon gene
of HAdV-10, penton base genes of HAdV-37 and HAdV-
58, and the fiber gene of HAdV-9.
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The Study

Cloned virus (3 plaque purifications) was propagated
in an A549 cell line, which was maintained in minimal
essential medium supplemented with 1% fetal bovine
serum (Cansera International Inc., Toronto, Ontario,
Canada). Cultures were observed for 3—4 weeks for a
cytopathic effect. After a cytopathic effect was observed,
cell lysates were centrifuged at 1,430 X g for 20 min at 4°C.
Supernatants were centrifuged at 72,000 x g for 3 h at 4°C.
Pellets were resuspended in sterile water and treated with
10 pL (20 mg/mL) of proteinase K. DNA was extracted
by using the phenol:chloroform:isoamyl alcohol (25:24:1)
method (Invitrogen, Carlsbad, CA, USA) and precipitated
with isopropyl alcohol.

PCR was performed in a total volume of 50 pL
containing 20 pmol/uL of each primer, 2.5 mmol/L of
dNTP, 1.25 units of GXL DNA polymerase (Takara, Shiga,
Japan), and 5 pL. of DNA template. After PCR products
were purified by using the MinElute PCR Purification
Kit (QIAGEN, Hilden, Germany), cycle sequencing was
conducted by using the Genome Lab DTCS Quick Start Kit
(Beckman Coulter Inc., Fullerton, CA, USA).

The complete genome of HAdV-65 was sequenced
by using the primer walking method. The 5' terminus of
full-length DNA was phosphorylated with 20 units of T4
polynucleotide kinase and 0.5 puL of 100 mmol/LL ATP,
and ligated to a blunt EcoRI-NofI-BamHI adaptor (1 pmol/
uL) for 3 h at 8°C by using the DNA Ligation Mighty Mix
Kit (Takara), PCRs with primer pairs containing adaptor
sequences were conducted as described (8). DNA sequences
were assembled by using the CEQ 2000XL. DNA Analysis
System version 4.3.9 (Beckman Coulter Inc.).

The genome of HAdV-65 was 35,172 bp. It had a GC
content of 56.9%, and the inverted terminal repeat sequence
of this virus was 150 bp. Phylogenetic trees were generated
by using the maximum-likelihood method with MEGAS
(www.megasoftware.net) after alignment was performed
by using ClustalW (www.clustal.org).

Complete genome analysis showed that HAdV-65
was >5.0% distant from any other HAdV-D reference
strains (online Appendix Figure 1, panel A, wwwnc.cdc.
gov/ElD/article/18/5/11-1584-FA1.htm). On the basis
of hypervariable loop 1 and loop 2, which encode the
neutralization epitope of HAdVs, this virus clustered with
HAdV-10 (online Appendix Figure 1, panels B and C).
However, HAdV-65 was closely related to HAdV-37 and
HAdV-58 in the hypervariable loop 1 and the Arg-Gly-Asp
(RGD) loop of the penton base gene, respectively (online
Appendix Figure 1, panels D and E). Phylogenetic analysis
also showed that this novel virus clustered with HAdV-9
on the basis of the fiber gene sequence (online Appendix
Figure 1, panel F). Sequences of HAdV-65 and 3 other
strains (DC 11, 253, and 303) isolated from infants in this
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study had identical hexon, penton base, and fiber genes.

Potential recombination in HAdV-65 was investigated
by using the SimPlot program (http://sray.med.som.jhmi.
edu/RaySoft/simplot_old/Versionl/SimPlot Doc v13.
html). DNA sequence alignments were created by using
DNASIS Pro (Hitachi Solutions, Tokyo, Japan). SimPlot
analysis showed no potential recombination in the hexon
and fiber genes (online Appendix Figure 2, panels A and C,
wwwic.cdc.gov/EID/article/18/5/11-1584-FA2.htm), and
recombination between the hypervariable loop 1 and the
RGD loop was predicted in the penton base gene (online
Appendix Figure 2, panel B). HAdV-65 had nucleotide
identities of 97.9% to HAdV-10 in the hexon gene, 92.3%
and 96.7% to HAdV-37 and HAdV-58, respectively, in
the penton base gene, and 98.2% to HAAV-9 in the fiber
gene. The GenBank accession number for HAdV-65 is
AP012285.

Conclusions

We report the complete genome of HAdJV-65, a
novel human adenovirus isolated from children with
gastroenteritis. Recombination is an essential feature for
viral evolution and immune escape. Recombination can be
facilitated by antiviral immune pressure and co-infection
with different HAJV strains of the same species (9).
Recently, newly identified HAdVs appeared to originate
by recombination among >2 viruses. HAdV-53 was
reported as a novel recombinant HAdV with a close genetic
relationship to loop 1 and loop 2 of HAdV-22, the penton
base gene of HAdV-37, and the fiber gene of HAdV-8.
HAdV-56 had a loop 1 and loop 2 highly similar to those
of HAdV-15 (10,11). All other regions of the genome were
genetically related to HAdV-9.

HAdV-58 was recently characterized as a novel
HAJV with unique hexon and fiber genes of HAdV-25 and
HAdV-29 (12). In the present study, we demonstrated that
hexon and fiber coding regions of HAdV-65 were formed
by recombination in regions around these genes but not by
potential recombination within these genes. The potential
recombination site within the penton base gene is located at
the central position between hypervariable loop 1 and the
RGD loop.

These findings suggest that the most conserved
sequences around the hexon and fiber genes and in the
penton base gene may play a major role in recombination.
In addition, this recombination mechanism may be more
efficient in enabling new processes of infection and immune
escape for maintaining HAdVs than individual small
mutations, such as insertions, substitutions, and deletions.

Most recombinant HAdVs have been found in
AIDS patients. (9,/3). The RGD loop of the penton
base protein can be digested by trypsin secreted in the
intestines, which results in inhibition of proliferation of
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HAdV except for HAdV-F types in the intestines (/4). In
this study, HAdV-65 was isolated from infants who had
lower immunocompetence and secretion rates of digestive
enzymes than adults. These results indicate that emergence
of HAdV-65 might have been caused by long coexistence
of multiple HAdV-D types and depending on a decrease
in immunity, as observed in AIDS patients, and decreased
digestive capacity in the intestines.

We detected this type of recombination not only in
HAdV-65, but also in 3 other HAdV strains that had a
genome sequence identical with that of HAAV-65 from
children in Bangladesh during 2004-2005. This finding
indicates that this virus might be a newly emerging HAAV,
which might be a serious threat to public health.
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Genome Sequence of a Novel Virus of the Species Human Adenovirus
D Associated with Acute Gastroenteritis
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A novel virus of the species human adenovirus D, HAdV-67 (P-New/H9/F25), was first isolated from diarrheal feces of six chil-
dren in Dhaka City, Bangladesh. The genome of this novel virus may be composed of multiple recombinations among HAdV-9,
HAdV-25, HAdV-26, HAdV-33, HAdV-46, and an unknown human adenovirus D which was an origin of HAdV-67.

. 'Copyn 1ht ©
‘i'Addr‘esico: 'SP

hijima H 2013, enome sequence ofa novei

ﬁ@% uman adenoviruses (HAdVs) infect humans of all age groups
% #and are significant pathogens that cause a wide range of clin-
ical diseases, including epidemic keratoconjunctivitis, acute respi-
ratory illnesses, and acute gastroenteritis (1, 2, 3). Sixty-five types,
including candidates from HAdV-55 to HAdV-65, have been
identified and classified into seven species, A to G, each of which
shows different organotropisms.

A novel virus of the species human adenovirus D was identified
from diarrheal feces of six children in Bangladesh. This novel virus
has been approved as a new type of HAdV-67 by the Human
Adenovirus Working Group. For amplifying the genome frag-
ments of HAdV-67, the previously published sequence of HAdV-9
was used to design primers. A complete genome of HAdV-67 was
sequenced using primer walking. For the terminal genome se-
quence, the 5’ terminus of full-length DNA was phosphorylated
with T4 polynucleotide kinase (Takara, Shiga, Japan). Afterward,
a blunt-end EcoRI-NotI-BamHI adaptor (Takara, Japan) was li-
gated using the DNA Ligation Mighty Mix kit (Takara, Japan).

A complete genome of HAdV-67 was 35,075 bp in length and
had an overall base composition of 22.47% (A), 20.48% (T),
28.56% (G), and 28.49% (C). Like those of other HAdV-Ds, the
genome of HAdV-67 was predicted to encode 38 proteins in four
early, two intermediate, and five late transcriptional regions. The
inverted terminal repeat (ITR) of HAdV-67 was 123 bp in length
and contained a conserved CATCATCAAT motif. Additionally,
its transcription factor DNA binding sites, such as those for NFII1/
Octl (ATGCAAAT) at nucleotide positions 42 to 49, SP1 (AGGG
CGG) at nucleotide positions 64 to 70, and ATFs (TGACGT) at
nucleotide positions 107 to 112, were present within the ITR. No
nuclear factor I (NFI) binding sites, which exist in some HAdV-Ds
(HAdV-9, HAdV-15, HAdV-19, HAdV-26, HAdV-29, HAdV-37,
HAdV-53, HAdV-56, and HAdV-58), were identified in HAdV-
67. In a phylogenetic analysis, HAdV-67 clustered with HAdV-9
(loops 1 and 2 of the hexon gene), HAdV-46 (HVL1 of the penton
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base gene), HAdV-33 (genes for a DNA binding protein and
100,000-molecular-weight protein [100K protein] in the L4 re-
gion), HAdV-26 (genes for CR1-«, gp19K, CR1-B3, and CR1-yin
the E3 region), and HAdV-25 (fiber gene). Interestingly,
HAdV-67 showed low similarities to other HAdV-Ds in the RGD
loop of the penton base gene. These results suggested that the
novel genome might be composed of multiple recombinations
among HAdV-9, HAdV-25, HAdV-26, HAdV-33, HAdV-46, and
an unknown human adenovirus D which was an origin of HAdV-
67. The species HAAV-A and -F are primarily associated with
acute gastroenteritis, whereas HAdV-Ds cause acute gastroenteri-
tis in AIDS patients (4, 5, 6, 7, &). We previously reported a novel
HAdV-D (HAdV-65) isolated from diarrheal feces of infants
without immunodeficiency (9). In this study, a novel HAdV-D,
HAdV-67 (P-New/H9/F25), was found in acute gastroenteritic
children who were previously healthy, indicating its potential
threat associated with this illness. Moreover, this study demon-
strates the importance of identifying recombinant regions within
the genomes of HAdVs.

Nucleotide sequence accession number. The GenBank acces-
sion number for HAdV-67 (P-New/H9/F25) is AP012302.
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man adenoviruses (HAdVs) infect billions of people world-
wide, causing various diseases, such as conjunctivitis, respi-
ratory disease, gastroenteritis, and hemorrhagic cystitis (1).
HAdVs have been classified into six species and further classified
into 51 types, available from the American Type Culture Collec-
tion (ATCC) as prototypes, based on serum neutralization and 16
additional type candidates (types 52 to 67) defined by the genome
sequences.

Type 8 of HAdV-D (HAdV-8) is one of the major causative agents
of epidemic keratoconjunctivitis (EKC) (2-9), and as such, we have
been studying modes of the pathogenesis with genome sequencing
and other means. During the course of our studies, by sequencing
the genome of the HAAV-8 strain available from ATCC (lot number
59323195), extensive polymorphisms were identified over the ge-
nome, indicating that the HAdV-8 stock was contaminated.

Amplifying and sequencing the hexon protein-coding re-
gion, we found that the hexon sequences of the non-HAdV-8
viruses were identical to that of the HAdV-10 prototype (DDB]J
accession number AB724351) that we had sequenced previ-
ously. We then proceeded to determine the whole-genome se-
quences of two types, i.e., HAdV-8 and -10, in ATCC HAdV-8
lot number 59323195. We first amplified genome regions with
type-specific primers designed based on preexisting sequences
available from our previous study (10) on HAdV-8 Trim
(DDBJ accession number AB448767), HAdV-8b (DDBJ acces-
sion number AB448768), HAdV-8e (DDBJ accession number
AB448769), and the HAdV-10 prototype and from other HAdV
genomes available. We then sequenced, assembled, and ana-
lyzed the amplicons (see reference 10 for the methodology).

The genome of the ATCC HAAV-8 “Trim variant” (DDBJ ac-
cession number AB746853) is a new variant of HAdV-8 that is
34,978 bp in length and which is closest to the preexisting HAdV -8
Trim sequence, differing by seven nonsynonymous changes in five
genes, five synonymous changes in four genes, and nine intergenic
base substitutions, as well as three insertions and five deletions,
including a single-nucleotide insertion (SNI) in CR1-a and an
SNI and a single-nucleotide deletion in CR1-+y genes. The genome
of the contaminant in the ATCC HAdV-8 stock (35,105 bp; DDBJ
accession number AB746854) was almost identical to that of
HAdV-10 (DDB]J accession number AB724351) except for a non-
synonymous change in the pTP gene and 12 base substitutions in
the telomere regions. We also sequenced the genome of an
HAdV-8 lot purchased from ATCC independently and propa-
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FIG 1 Molecular phylogenetic tree of the two genomes from the ATCC HAdV-8
stock (in bold) together with 29 complete genome sequences of HAV-D viruses
in the International Nucleotide Sequence Database (INSD). The multiple align-
ment of these sequences was constructed using MAFFT version 6 (11), the evolu-
tionary distances were estimated using Kimura’s two-parameter model (12) based
on 33,884 gap-free sites in the alignment, and then an unrooted tree was con-
structed using the neighbor-joining method (13). The bootstrap probability cal-
culated for 1,000 replicates is shown on each branch. The genomes that were newly
sequenced in this study are indicated by an asterisk.

gated thereafter at the National Institute of Infectious Diseases of
Japan (NIID) and found that the sequence (HAdV-10 NIID-1;
DDBJ accession number AB695621) was entirely identical to
that of the contaminant HAdV-10 (DDBJ accession number
AB746854). In the phylogenetic tree of these newly sequenced
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genomes and those of 27 other HAAV types (Fig. 1), the genomes
deposited under DDBJ accession numbers AB746853 and
AB746854 were placed in the HAdV-8 and the HAdV-10 clades,
respectively, with no ambiguity.

Here we report on the whole-genome sequences and phyloge-
netic analyses of the HAdV -8 and HAdV-10 reference virus stocks
distributed by the ATCC and conclude that HAdV-8 lot number
59323195, provided by the ATCC, contained both HAV-8 and
HAdV-10 types. Due to HAdV-8 being one of the major causative
agents of EKC, we would like to draw attention of the adenovirus
research community to this contamination issue so as to prevent
misinterpretation.

Nucleotide sequence accession numbers. The whole-genome
sequences of the HAdV-8 Trim variant, the HAdV-10 contami-
nant in the ATCC HAdV-8 stock, HAdV-10 NIID-1, and the
HAdV-10 prototype have been deposited at DDBJ under acces-
sion numbers AB746853, AB746854, AB695621, and AB724351,
respectively.
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Human adenoviruses (HAdVs) are non-enveloped, Table 1. Species of human adenoviruses and their main tropism
double-stranded DNA. viruses of the family Adeno- - - - —
viridae, genus Mastadenovirus. HAdVs have been Species  Adenovirus type Main tropism site
categorized into seven species, A to G, on the basis of A 12, 18, 31 Gut
various biological and morphological criteria, nucleic Bl 3,7, 16, 21,50 Respiratory tract and/or eye
acid characteristics, and homologies, The main tropism B2 11, 14, 34, 35, 55*  Urogenital system, respiratory tract
sites of HAdVs are determined by the species (Table 1). (severe infection among immuno-

compromised patient)

C 1,2,56 Respiratory tract (ARD among
children) and gut

D 8-10, 13, 15, 17, 19, Eye (epidemic keratoconjunctivitis)

HAAV-15/29/H9 reported by Kaneko et al. (1) is a
novel intertypic recombinant type of adenovirus. HAdVY
candidate type 56 (HAdV-56) (2) has the same sequence

HAdAV-15/29/H9 (HAdQV-56) caused epidemic ker- 36, 37-39, 42-49,51,
atoconjunctivitis (EKC) throughout Japan (1) and other 53, 54, 56"
countries (2). In this short report, we present the first E 4 Respiratory tract
case of pharyngoconjunctival fever (PCF) caused by F 40,41 Gut
G 52 Gut
" — - - - * Human adenovirus types 1-56 are shown in this table.
Corresponding author: Mailing address: Infectious Dis- Those most commeonly associated with particular syndromes are
ease Surveillance Center, National Institute of Infectious in bold type.
Diseases, 1-23-1 Toyama, Shinjuku-ku, Tokyo 162-8640, The asterisk indicates the candidate type as of May 2012.

Japan. Tel: +81-3-5285-1111, Fax: +81-3-5285-1129,
E-mail: fujimo-t@nih.go.jp
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Table 2. Complete nucleotide sequences of hexon-, fiber-, and penton base-coding regions of the HAdV in this study

Hyogo6180 strain

Definition Reference

. Accession
Strain 1o, bp

Accession no, AB719408
,856 bp

AB719409
1,089 bp

ABT19410
1,560 bp

Hexon-coding region

Fiber-coding region Penton base-coding region

HAdV-15/29/H9 full
(isolate, 2307-8) genome

HAQV-56 full
(candidate) genome

AB562588 35,067 1

HM770721 35,066 2

100% identical
(position, 17,727-20,582) (position, 30,896-31,984) (position, 13,486-15,045)
100% identical
(position, 17,726-20,581) (position, 30,895-31,983) (position, 13,485-15,044)

100% identical 100% identical

100% identical 100% identical

HAAV-56.

On May 12, 2011, an immunocompetent 11-year-old
boy from Himeji city, Hyogo Prefecture, developed a
fever of 38.0°C. The following day, when his fever in-
creased to 39.0°C, he visited Okafuji Pediatric Clinic in
Himeji, He presented with symptoms of upper respira-
tory tract infection, such as red pharynx, as well as ex-
cessive redness of the right eve. Based on his clinical
presentation, the patient was diagnosed with PCF but
not with EKC. A bedside immunochromatographic test
{Check Ad; Alfresa Pharma Corp., Osaka, Japan) con-
ducted using a pharyngeal swab confirmed the presence
of HAdV. Another pharyngeal swab was collected for
type identification, as a part of the protocol for infec-
tious agent surveillance in Hyogo Prefecture. Informed
written consent for the laboratory test was obtained
from the patient’s guardian. The patient did not have
any significant underlying disease.

The virus was isolated from the pharyngeal swab sam-
ple, as described previously (3). Briefly, the sample was
inoculated into A549 and RD-18S cell lines, On the 7th
day of the culture, cultured cells were passaged to a
fresh culture of the same cell type. The typical
cytopathic effect (CPE) of adenovirus appeared 6 days
after passage into AS549 cells. Nevertheless, no viral
growth was observed in RD-18S cells. After culture iso-
lation (strain: Hyogo6180), complete sequences of the
hexon- {accession no. AB719408), fiber- (accession no.
AB719409), and penton- {accession no. AB719410) cod-
ing regions were determined by the direct sequencing
method, as described previously (1). All these sequences
of the isolate were identical to those of HAJV-
15/29/H9 (1) and HAAV-56 (2) (Table 2).

HAdAV-56 had originally isolated in France in 2008
from the pulmonary biopsy of a 10-day-old neonate
who had died because of a fatal respiratory infection,
and from the conjunctival swabs of three healthcare
workers who cared for the neonate and subsequently de-
veloped keratoconjunctivitis {2). An identical strain has
been identified from cases of BKC throughout Japan
since 2008. Genome sequence analysis revealed that the
new strain in Japan is actually a recombinant virus car-
rying genetic material from different species D HAdVs,
i.e., type 15 (and 29) in the hexon-conding region (hyper
variable region), type 9 (and 26) in the penton-coding
region, and type 9 in the fiber-coding region. Therefore,
the new strain was designated as a novel intertypic
recombinant, AdV-15/29/H9 (1). Robinson et al. (2)
later performed a computational analysis of the genome
seqquence of the strain isolated in France from both the
neonate and a healthcare worker, and found extensive

recombination between HAdV-9, -15, -26, -29, and/or
another adenovirus. They assigned the strain as a novel
type, HAdV-56.

The present study is the first to indicate HAdV-56 as a
causative agent of PCF. PCF is a highly contagious dis-
ease that affects young children more frequently than
adults, resulting in outbreaks among institutionalized
children. Worldwide data show that HAdV-3, HAdV-7
(species B), HAdV-1, HAdV-2, HAdV-5, HAdV-6 {spe-
cies C), and HAdAV-4 (species E) are the most frequent
causative agents of PCF (4,5). In PCF, the virus infects
epithelial cells of the respiratory tract and may or may
not cause conjunctiva. The isolation of HAdV-56 from
a patient with PCF signifies that specimens from
respiratory tract infection cases should be examined for
the presence of HAdJV, including type 56. To identify
HAdV-56, adenoviral fiber- and penton base-coding
regions should be sequenced in addition to the hexon-
coding region.

Since 2011, HAdV-56 has been included in reports to
the National Epidemiological Surveillance of Infectious
Disease (NESID) system in Japan. A total of 30 isolates
were reported until April 2012, and 27 (90%) of these
isolates came from the eye swabs of EKC patients.
Following our isolation of HAdV-56 from PCF,
another PCF case (detection from pharyngeal swab) and
a ““fever of unknown origin’’ {detection from feces) case
associated with HAdV56 were reported (detailed data
were not available). The tissue tropism of HAdV-56 has
not yet been sufficiently resolved. This case underscores
the necessity for continuous surveillance in order to
understand the epidemiological nature of HAdV-56.
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