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Evaluation of Seeplex™ Pneumobacter Multiplex PCR Kit for the Detection of Respiratory

Bacterial Pathogens in Pediatric Patients

Joowon Park, M.D., Jae Kyoung Kim, M.T., Insoo Rheem, M.D., and Jongwan Kim, M.D.

Departm

ent of Laboratory Medicine, Dankook University Hospital, Cheonan, Korea

Background : Rapid identification of the causative agent among potential bacterial and viral patho-
gens is important for the management of acute respiratory disease. In this study, we evaluated the

analytical performa

nce and clinical usefulness of a recently-introduced multiplex PCR assay, Seeplex™

Pneumobacter detection kit (Seegene Inc., Korea) for the identification of respiratory bacterial pa-

thogens.

Methods : One hundred and eighty one nasopharyngeal aspirates were collected from pediatric
patients with respiratory symptoms and analysed by multiplex PCR for the detection of Streptococ-
cus pneumoniae (S.P), Haemophilus influenzae (H.1), Mycoplasma pneumoniae (M.P), Chlamydophi-

la pneumoniae (C.

P), Bordetella pertussis (B.P) and Legionella pneumophila (L.P). A comparison of

multiplex PCR with conventional culture for the isolation of S.P and H.I was performed on 112 spec-

imens. The cross r
Results : Of 181
47 cases for H.I (2

eactivity of multiplex PCR was also evaluated.
cases, 81 cases were positive by multiplex PCR (44.8%): 52 cases for S.P (28.7%),
6.0%), 9 cases for M.P (5.0%), 3 cases for B.P (1.7%) and 1 case for C.P (0.6%)

including multiple infection cases. The agreement rates between multiplex PCR and culture for S.P
and H.I were 92.9% (kappa index=0.84, P<0.001) and 91.1% (kappa index=0.75, P<0.001), respec-

tively. There was n

0 cross reactivity with common bacterial and viral pathogens.

Conclusions : Seeplex™ Pneumobacter detection kit could be a useful screening tool for the rapid
detection of respiratory bacterial pathogens. Further studies with lower respiratory tract specimens

would be needed
plex PCR. (Korean

for the clinical evaluation of S. pneumoniae and H. influenzae detected by multi-
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B AALM0] AHFEIER Ask27)0] AT 7Pl
Fasle, 58] dofoA] A2 YAPAS LR 4 9l A
SREE
)l AL F8 AlitA Yole2E Streptococcus pneumo—
niae, Haemophilus influenzae, Mycoplasma pneumoniae
2 Chlamydophila pneumoniae 5°] 4&A QoL FA0]
AR ARt S50l Edto] A dofie ¥t &
tho] o]l YA o= npo|2 A A ute] e golsHA]
AtHo-4]. whebA A s e AAMA 7o) Sadt
=84 HARE 218 S (pleural fluid) 59 8F7]% 4
Aol A= BAAHLZ AlYspr] o= HA st FHuok
Ars W= "ojA|aL 2 FA 7 *17“’] iﬁﬂt} Rt

£ 5" (community—acquired pneumonia, <]

A o) oFsl= A5 74,«}: 61-11]4 H]Eo]ﬁﬂ 7=
B 2 Q7 Qiﬂ %4.4 Bt Pastu e AHg 2

o] AeHs).

[

A
2ho] zicke] f-85H6-10
mobacter detection 7]_(Seegene Inc., Seoul, Korea)+= dual
priming oligonucleotide (DPO) 7|'H& ©]&3} ths PCR 4
AMHO 2 S pneumoniae, H, influenzae, M, pneumoniae,
C. pneumoniae, Bordetella pertussis & Legionella pneu—
mophila 52| 6744 387] #A+-E sAlol HEST 2 A
TFolMe TF7] SR YUgt LolAtE th S & Pneu-
mobacter multiplex PCR 7|E9] X4 {84 dotEil
At staiet.

20081 3URE 12971 £87] AL FAE el
o] st £57] Al tHE PCR AA} ©l=lEl 2o}

2kx}9] |9l FEE-2l M (nasopharyngeal aspirates) 181HAIE
o= BT A= DNA 5 A71A] 4°Cof His}
L F=3 DNAE AAFAA] A71R] =70°C of Hamksielct,
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1) Ck= PCR

QIAamp DNA Mini kit (QIAGEN Inc,, Valencia, CA, USA)
5 o]83te] HIQAFFAY 300 pLofAl DNA 30 puLE F&3t
2R3, Seeplex™ Pneumobacter Detection 7|EE ]85}
PCR ¥Fg-9 20 L (DNA 3 yL, 5% Pneumobacter primer 4
uL, 8—methoxypsoralen 3 ul, 2XMultiplex Master Mix
10 uL)E Azt PCR ¥H-2 AASF3 L PCR B2 947C
ol A 158 WS- 3 94°C 30%, 60°C 1.5%, 72°C 1.5%-9] Bk
& 403] WHESHRIaL 2F PRRS-E T2C oA 10231 AJ3st
At PCR A3H= 5 pE 9olylo] ethidium bromides &
St 2% o2 . = Aof| A X 7] %9551 marker DNAS}F 1]
sto] 7 o0 HERFE BEsHthFig. 1. ARl AR
H FA4 A S0l tii A= Table 10 A28ttt

CEE PCRO| WAEHIS Ty}
ZatEel olAEAA | o A Ea3t 21%2] vlole A W Aot o
|-&-8lo] Tk PCRY Q) wAu--ALS Hrtsleict

rulm B

O

3) =287

| HloJ2{2 PCR
st & 1

2870l hiA B8] volels T A

Fig. 1. Multiplex PCR products of six positive samples. M, 100 bp
DNA ladder; lane 1, M. pneurnoniae (583 bp); lane 2, L. pneurmo-
phila (472 bp); lane 3, S. pneumoniae (350 bp); lane 4, H. influen-
zae (257 bp); lane 5, B. pertussis (200 bp), lane 6, C. pneumoni-
ae (146 bp); P, positive control ladder; N, negative control.
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(reverse transcriptase) PCR HAFF 74| Y=|=%l 0| See-
plex™ RV Detection 7]E(Seegene Inc., Seoul, Korea)Z

olgsto] Al=ARS] A w2k A ATHI)

4) DJME ZHAL

WA 5 F7HAPE 7R 1128 A= P HgulA] et
chocolate HiA|o]l E3to] 24A17F HjeF % *@ﬂi‘@ ARt
VITEK II (bioMériux, Inc., Durham, NC, USA)E o]-&-3fA]
S. pneumoniae®} H, influenzae 53 A S Ald¥stdial, &
HujFAAE 22| 10670l sl A= BacT/Alert A58
171 (bioMériux)E ol-&-ste] AARE AAISHIT

5) M. pneumoniae BHSIE ZA}L
Akt 5 989l tistked M. pneumoniae FAAAZ} 9

H {131, Serodia—Mycoll 7] E(Fujirebio Inc., Tokyo, Japan)

Table 1. Target genes used in multiplex PCR

Amplicon Accession

Organism Target gene size (bp) No.

S. pneumoniae Pneumolysin (ply) 350 NC000912

H. influenzae Outer membrane protein (P6) 257  NCO007146

M. pneumoniae 16S-23S rRNA intergenic 583  NCO000912

spacer (/TS7)

C. pneumoniae Major outer membrane 146 NC000922
protein (ompA)

L. pneumophila Macrophage infectivity 472 NC009494
potentiator (mip)

B. pertussis Outer membrane protein (prn) 200 NC002929

Abbreviations: S. pneumoniae, Streptococcus pneumoniae; H. influen-
zae, Haemophilus influenzae; M. pneumoniae, Mycoplasma pneumo-
niae; C. pneumoniae, Chlamydophila pneumoniae; L. pneumophila,
Legionella pneumophila, B. pertussis, Bordetella pertussis.
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5t A% (particle agglutination)H & A|a¥stAT},
P W72 A=A ARl whet GU A A7 1040
a5 52 1"47] A3 357] FA7tof| 4uf o)<

5= ST

6) A
SAEA o= SPSS version 15.0 K (SPSS Inc., Chicago,
IL, USA)E ©]-&-3t3itt.

1. tiS PCR &1}

& 18184 5 81901(44.87)14 v PCR 227} §/dol3l
o}, SEFEES XS S, pneumoniae -2 5291(28.7%)°]

o H influenzae®} M. pneumoniae %3-S 2z} 474
(26.0%)2F 990(5.0%)°1 31t} B, pertussis®t C. pneumoniae

Table 2. Results of analysis on 181 nasopharyngeal aspirates
by multiplex PCR

Organisms isolated Positive N (%)

S. pneumoniae (S.P)

H. influenzae (H.1)

M. pneumoniae (M.P) 6

C. pneumoniae (C.P) 1

B. pertussis (B.P) 2

S. pneumoniae+H. influenzae 25

S. pneumoniae+M. pneumoniae 1

S. pneumoniae+B. pertussis 1

S. pneumoniae+H.1+M.P 2
1

Total 8

Abbreviations: See Table 1.

Table 3. Analytical specificity of multiplex PCR with 21 different microorganisms

Organism ATCC No. PCR result Organism ATCC No. PCR result
Staphylococcus aureus 700699D-5 (-) Chlamydia trachomatis VR-1500 (-)
Staphylococcus epidermidis 35984D-5 (<) Influenza A VR-544 (-)
Streptococcus agalactiae BAA-611D (<) Influenza B VR-101 (-)
Streptococcus mitis KCTC 13047 (-) PIV 1 VR-1380 (-)
Klebsiella pneumoniae 700721D-5 (<) Rhinovirus A VR-1131 (-)
Klebsiella oxytoca 700324D (-) RSV A VR-26 (-)
Pseudomonas aeruginosa 47085D (-) hMPV Korean isolation (-)
Serratia marcescens 14041 (-) CoV 0C43 VR-11558 (-)
Haemophilus aphrophilus KCCM 41597 (<) CoV 229E VR-740 (-)
Haemophilus parainfluenzae KCTC 5485 (<) Human gDNA (-)
Mycoplasma genitalium 33530D (-) Plasmid vector (-)
Mycoplasma hominis 23114D (-)

Abbreviations: PIV, parainfluenza virus; RSV, respiratory syncytial virus; hMPV, human metapneumovirus; CoV, coronavirus.
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= 22} 39(1.7%)2} 190(0.6%) A HEEIAL, L. pneumophi—
g A of|7F TEE ] YTHTable 2).

—_

2. Ot PCR2| wAtHkSE7t A1t

7| Hi0|2{~ PCR E1t

3 5

557] vpoly A Ty JHAL PCR HARE 37 A9t 1289
S Alit PCR /381 Ao A T57 bl A7 Q1 9=
479(36.7%)°1Att. S. pneumoniae®} H. influenzae® 5%
kAl 3o A human metapneumovirus (WMPV)7} Zro] gF
dH A97E boll® 7H waten, Hiolg|A kg 309

¢

Table 4. Results of multiplex PCR for potential respiratory bac-
terial and viral pathogens

Resplratory SP SP+HI HI SP+H.I+ MP BP Virus
viruses M.P only
Influenza A 3 1 1 8
Influenza B 1 3 2 3
PIV 1 1 1
PIV2 1

PIV3 2

RSV A 3 2 1 2 3
RSV B 2 2 1 5
Adenovirus 2 1 1 4
Rhinovirus 2 1 3 1 4
hMPV 5 1 1
CoV 229E 1 1

CoV OC43 1
Total 13 15 14 1 3 1 30

Abbreviations: See Table 2, 3.

Table 5. Comparison of multiplex PCR and conventional culture
method for the detection of S. pneumoniae and H. influenzae in
112 patients

Multiplex PCR -
Culture P N of con Kappa P
i _ cordance
S. pneumoniae
+ 34 (30.4%) 0(0.0%)
- 8(7.1%) 70(625%) 104(92.9%) 0.84 <0.001
H. influenzae
+ 21(18.8%) 0(0.0%)
10(8.9%) 81(72.3%) 102(91.1%) 0.75 <0.001
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(23.4%)1 A L= QK Table 4).

4. 0| 4=HAL 21t

g 5 12|04 Al sk AF 23 S, pneumoniae
= 3474A1(30.4%), H. influenzaes 217A(18.8%)°l A Z+z}
Folsie g HAle 25 b PCRolA: Fdos
U2 g en PCRI} v FAARES] AR]E&-2 S, pneumoniae
¢} H, influenzaeA Z¥2}F 92.9% 2 91.1%°] A tHTable 5). 8
HujeF ik HARE Al 1069 5 3ellollAl FAgolslon
S, pneumoniae’} 29, Staphylococcus epidermidis?} 1519
A B2|=] 1Tk, S, pneumoniae WA 291 PCR¥} A
A& B S pneumoniae’} 789 A2 H, S epidermidis
7h 229 1= 2902 B sy

1l

FE

At

1o

oY

5. M. pneumoniae &3 At Z3t
At 5 987l thall Alst M. pneumoniae S|
5= 48'8(49.0%)°131e}. B PCR Aol Al M.
pneumoniae ¥/E B3l 9 F 68 37| A2} vjw
oA FA7F7E 4uf o) S7HIAY S AT Aol Al 1:640 o1
A7 EYou U A 382 A S84 UERT
FAAARIA 1:160 o)) A7 232U PCROIA =4
ol A= 4971 ATt

6. PCR QMZe| M 53

oh POR 41014 4 291 8189] 81150 o)77)2e
FPHOE BN, BALY Fit ol 494, A BE

Table 6. Disease entities of positive cases by multiplex PCR

Bacterial  Bacterial  Bacterial

Disease (single)  (multiple)  and viral Total
Pneumonia 10 9 27 46
Bronchiolitis 4 11 15
Asthma exacerbation 4 2 5 11
Acute otitis media 1 1 2
FUO 1 1 2
Pertussis 1 1 2
Acute tonsillitis 1 1
Croup 1 1
Sinusitis 1 1
Total 23 11 47 81

Abbreviation: FUO, fever of unknown origin.
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© AT 18U FE 16HI7HI AL, HAF7E 467, o1A7F 35801
o} A Ay g F o] 4690(56.8%), w7 Al713A ol 15¢]

(18.5%), H4749] o357t 119(13.6%), MLl 24 S°l4
9 2rdo] 242} 240|(2,5%), 2E, B4 HEY W HH|[5Yo]
Z¥z} 194/(1,2%) 0| A tHTable 6).

1 &

B Aol A] Jﬂaﬂx} 46 % M. pneumoniae7t YU &
ke A= 8oglen, o] F 69l= ths PCRolA o=
2 7483tk PCR %A 591= M. pneumoniae SAFA
A GA7E7E 48] ol STRIAY Sd @A oA 1:640 o)/d€]
AFA7RE Belout U] 19 Sl et A4
2l 19l th5 PCROA] M, pneumoniae’} S55AH 02 L1
A2 clarithromycin A|2o)%= 2 W85t M. pneu—
moniae HHEE AtE ZAL-qlch i+ 5 PCR /oIt
6&4]7}7} 1:160%1 A7} 14, 1:32091 797} 397k 2l =,
% A7} 1:3209] 200= A

_;

-

202 M pneumoniaeE &

Ql4to. «]*'Oh— AR2E APt Ak A delA=
2 7S dd AN 2gA7HE Bl H9oll M. pneu—
moniae THOE 7J‘—7F5}51 A &5 AlRYstaL Lol A+

=

Hiro] o5t 557 S0l gl 17elolAE 1:160 WA=
1:3209] A7H7F T 4= Qlo] YA E o83 T
A IA7HIeEE M, pneumomae =718 Aty o =
L7t A2S AARIEH12, 13], ¥ AtoAE didkt F 59

o ARt 31E7] o] gt H]ﬂﬁ/\}7} 7Fe¥d TAE PCR
Ao} dAgehA] HAarete] e sk = olel e, ohat
AAY] 5ol what M, pneumoniae PCR AR W7o 2}
o|7} Qlth= A7} Qlol(14] 33 thafRt AAE o83t v]
WHARS] AP SJu)7t gl A o' AlRETH

C. pneumoniae®] YAE-L AotofA] H|u A Ssh 2]
A o] Yol F oF 10%5 AR5k o) FA TF717Fel 9
e aofgbxiol A hdsfol & F8 ot 5 sheltHisl
pneumophilaw F& HY7|50] AsHe ShaelA 7]3)3F
< Feke Ao® dA o, FTole dHHY
Qeto e =k Ql=t] 53] A edet HH o A9 AP
Eo| o 27|xIdto] Fastt16]. ol = vAES 5%
BolakA] obar A HAF EJF Al7to] £QF | A
u
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= O_I “1
& WA 3Eke 59 ARt el e BR(5, 18], 719 4
AbEoll viste] RIZ=r) w3 A AdE £ o Sle 24

AdeH] APt ko] 782 AL R ZHE=d| 2 AtollA

C. pneumoniae %32 199 1JAL L, pneumophila®) 73
= 3 A7F HEEA] ATk C. pneumoniae /3 = '%41?
Vi ootz A 544 A7 1829 Q5o Wdsto] HAAIS
T EMYOR HYg Faon 587 H}"]Eii PCR HAk=
AJBYBEA] Qdoket, -tiare] ofshd HIRIFHANA C pneu-
moniae®} L, pneumophila®] PCR 00“3501 AHo g de
o2 Uo7, 17] 2 ATolA] 0|5 T/} whe S-S mal
A = R A2 it 5 870l thsto] AAIgE NOW™

Legionella 2~¥ Y HAKBinax, Scarborough, ME, USA)®]
A A ol BEER] ESITHREE | AA),

B. pertussis 7rAE WAL HEHA] o2 fFotol A 7HE &
St Fad 2 RN E 22 73S AR sk 25714
S sl 18], & Aol A B, pertussis ¥/ 3%
& HE AT 370 m|eke] Sot A °‘5H A E-S AleYst

A G A9t 1 F 2 Ao R MiYds e Aok
azithromycin X 22 SHAEloH, 1“5% 24 A718A Y 9
SO Ydsto] HAARE AldEH A5 g o® AR o Sl

i ls) kS ‘?:Po ﬂx} H-2 2% o} PCROIA] B pertus—
sis7TtdEo=2 4 A%t ts PCRAIA H&49 B, per—
tussis w52 4 l 1%"%@1% A2t 23} GenBank 55+t
©}100%°] YA&-5 HArhGenBank No, EF486277.1).

SHE 571 o m e Aeks 913t AAlme FHrel,
7)1 2 AlF A (bronchoalveolar lavage, BAL) W& 7]
27 FH(bronchoscopy secretions) 5ol 7H¢ A5l
O} olgfgt MHA AAE AR Qb= oA &
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Ab ol 0] HR A7 E] AeE 1471, 6-12 bp
o] 3 Fele UwA Hailete] dee g S35 %
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plex™ Pneumobacter Detection 7] E(Seegene Inc., Korea)

£ o]&3 thE(multiplex) PCR AR A4 {-842 H7t
sk shict,

Wl : 2ol 557] T4 18173 ¥l

3}y Streptococcus pneumoniae, Haemophilus influenzae,

1o

£330 ZAES ol8

Mycoplasma pneumoniae, Chlamydophila pneumoniae,
! Legionella pneumophila 52| 67}

A 387 Tl tist s PCR AARS AAIsHact. ik
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P<0.001) ¥ 91.1% (kappa index=0.75, P<0.001)°]%tt, &
571 Aol &3k 9l viol2 A9} Alstol| tigt v PCRH S
WA T A] gt

ZE : Seeplex™ Pneumobacter Detection 7|E+& 87|

=]
FrAqte 4143 AES Y3t APAAREA 88 Ao A
Ht} 0]& S pneumoniae®} H, influenzae ¥4 ZA-0] YAt
2 B A3t S| =HAIE ol 8dke ST Had Ao
2 AlEHCh
snss

1. Leowski J. Mortality from acute respiratory infections in children
under 5 years of age: global estimates. World Health Stat Q 1986;39:
138-44.

2. McCracken GH Jr. Diagnosis and management of pneumonia in
children. Pediatr Infect Dis J 2000;19:924-8.

3. Fine MJ, Smith MA, Carson CA, Mutha SS, Sankey SS, Weissfeld
LA, et al. Prognosis and outcomes of patients with community-ac-
quired pneumonia. A meta-analysis. JAMA 1996,275:134-41.

4. Ostapchuk M, Roberts DM, Haddy R. Community-acquired pneu-
monia in infants and children. Am Fam Physician 2004;70:899-908.

5. Fedorko DP, Emery DD, Franklin SM, Congdon DD. Evaluation of
a rapid enzyme immunoassay system for serologic diagnosis of
Muycoplasma pneumoniae infection. Diagn Microbiol Infect Dis 1995;
23:85-8.

6. Wang Y, Kong F, Yang Y, Gilbert GL. A multiplex PCR-based reverse
line blot hybridization (mPCR/RLB) assay for detection of bacteri-
al respiratory pathogens in children with pneumonia. Pediatr Pul-
monol 2008;43:150-9.

7. Miyashita N, Saito A, Kohno S, Yamaguchi K, Watanabe A, Oda H,
et al. Multiplex PCR for the simultaneous detection of Chlantydia
pneumoniae, Mycoplasma pneumoniae and Legionella pneumophilia in
community-acquired pneumonia. Respir Med 2004;98:542-50.

8. Stralin K, Backman A, Holmberg H, Fredlund H, Olcén P. Design

of a multiplex PCR for Streptococcus pneumoniae, Haemophilus influen-



Evaluation of Pneumobacter Detection Kit

zae, Mycoplasma pneumoniae and Chlamydophila pneumoniae to be used
on sputum samples. APMIS 2005;113:99-111.

9. Sung H, Park SJ, Woo YD, Choi BH, Kim MN. Evaluation of Seeplex
RV detection kit for detecting rhinovirus, human metapneumovirus,
and coronavirus. Korean ] Lab Med 2008;28:109-17. (A1 34, ¥4},
%, 2%, ZJu)uk. Rhinovirus, human metapneumovirus, coro-
navirus A& 93t Seeplex™ RV Detection 7] E.2] H7} tfjehitH
AHO]35] 7] 2008;28:109-17.)

10. Kim SR, Ki CS, Lee NY. Rapid detection and identification of 12 res-
piratory viruses using a dual priming oligonucleotide system-based
multiplex PCR assay. ] Virol Methods 2009;156:111-6.

11. Waites KB and Talkington DF. Mycoplasma pneumoniae and its role
as a human pathogen. Clin Microbiol Rev 2004;17:697-728.

12. Choi SK, Jung JA, Kim KH, Kim GH. Study of seroprevalence of
antimycoplasma antibody in healthy children and its diagnostic
value. ] Korean Pediatr Soc 1998;41:489-97. (X]4=73, Ao}, 1174 4,
1743]. 21743k 2oteflAf Mycoplasma @417+ 23 9l 0]9] 2]
8ol Tt A 20k} 1998,41:489-97.)

13. Bae SM, Jang M]J, Song HJ, Jeon DY, Kweon SS, Kang YH. Preva-
lence of Mycoplasma pneumoniae antibodies in healthy residents of
Jeonnam Province. Korean J Clin Microbiol 2007;10:109-13. (v}j<:1],
A5, S8R, A5, A, FAT. Ao FHlolA vho] 3
0t 7)ol gL . thakol AR AR 5ES] %] 2007;10:109-13.)

14. Rty R, Ronkko E, Kleemola M. Sample type is crucial to the diag-
nosis of Mycoplasma pneumoniae pneumonia by PCR. ] Med Micro-
biol 2005;54:287-91.

15. Kuo CC, Jackson LA, Campbell LA, Grayston JT. Chlamydia pneu-
moniae (TWAR). Clin Microbiol Rev 1995;8:451-61.

16. Benson RF and Fields BS. Classification of the genus Legionella. Semin
Respir Infect 1998;13:90-9.

17. Boman J, Allard A, Persson K, Lundborg M, Juto P, Wadell G. Rapid
diagnosis of respiratory Chlamydia pneumoniae infection by nested

313

touchdown polymerase chain reaction compared with culture and
antigen detection by EIA. ] Infect Dis 1997;175:1523-6.

18. Hindiyeh M and Carroll KC. Laboratory diagnosis of atypical pneu-
monia. Semin Respir Infect 2000;15:101-13.

19. Gray BM, Converse GM 3rd, Dillon HC Jr. Epidemiologic studies
of Streptococcus preumoniae in infants: acquisition, carriage, and infec-
tion during the first 24 months of life. ] Infect Dis 1980;142:923-33.

20. Mandell LA, Marrie TJ, Grossman RF, Chow AW, Hyland RH. Cana-
dian guidelines for the initial management of community-acquired
pneumonia: an evidence-based update by the Canadian Infectious
Diseases Society and the Canadian Thoracic Society. The Canadian
Community-Acquired Pneumonia Working Group. Clin Infect Dis
2000;31:383-421.

21. Menéndez R, Cérdoba ], de La Cuadra P, Cremades M], Lépez-Hon-
tagas JL, Salavert M, et al. Value of the polymerase chain reaction
assay in noninvasive respiratory samples for diagnosis of commu-
nity-acquired pneumonia. Am J Respir Crit Care Med 1999;159:
1868-73.

22. Nakayama E, Hasegawa K, Morozumi M, Kobayashi R, Chiba N,
litsuka T, et al. Rapid optimization of antimicrobial chemotherapy
given to pediatric patients with community-acquired pneumonia
using PCR techniques with serology and standard culture. ] Infect
Chemother 2007;13:305-13.

23. Nichol KL, Margolis KL, Wuorenma J, Von Sternberg T. The effica-
cy and cost effectiveness of vaccination against influenza among
elderly persons living in the community. N Engl ] Med 1994;331:
778-84.

24. Chun JY, Kim KJ, Hwang IT, Kim Y], Lee DH, Lee IK; et al. Dual
priming oligonucleotide system for the multiplex detection of res-
piratory viruses and SNP genotyping of CYP2C19 gene. Nucleic
Acids Res 2007;35:e40.



