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Background: Community-acquired pneumonia (CAP)
is a major infectious disease with significant morbid-
ity and mortality worldwide. Streptococcus pneumo-
niae, Haemophilus influenzae, Mycoplasma pneumo-
niae, Chlamydophila pneumoniae, Legionella pneu-
mophila, and Bordetella pertussis are common patho-
gens of CAP; however, the conventional methods
used to detect these agents, including culturing, lack
sensitivity and are time-consuming. We evaluated a
recently developed multiplex PCR assay which can
test these agents simultaneously.

Methods: One hundred patients with pneumonia and
99 healthy adults were tested using the Seeplex
Pneumobacter ACE Detection assay (Seegene, Inc.,
Seoul, Korea). Culture and urinary antigen tests were
also performed.

Results: In patients with pneumonia, the positive de-
tection rates of PCR for S. pneumoniae and H. influ-
enzae were 52.0% (52/100) and 30.0% (30/100), re-
spectively, those of M. pneumoniae and L. pneumo-
phila were 2.0% (2/100) and 1.0% (1/100), respec-
tively, and B. pertussis and C. pneumoniae were not
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detected. In healthy adults, the detection rates of S.
pneumoniae and H. influenzae revealed similar re-
sults, 53.5% (53/101) and 40.4% (40/101), respecti-
vely, and the other four pathogens were not de-
tected. The sensitivity and specificity of PCR for S.
pneumoniae in pneumonia patients were 100% (95%
confidence interval [CI], 87.9~100%) and 65.7%
(95% ClI, 55.2~76.5%), respectively, according to the
urinary antigen test and cultures of the respiratory
samples and blood.

Conclusion: Differentiating S. pneumoniae and H. in-
fluenzae colonization from infection was difficult using
the PCR assay. Therefore, the use of this assay is
inappropriate for the diagnosis of pneumonia due to
these agents, although multiplex PCR assay would
be useful for the detection of M. pneumoniae and L.
pneumophila. (Korean J Clin Microbiol 2010;13:40-46)
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pneumomae«] 3-$ -+ optochin <A AA, H. influenzae 735
X, V o2 27 A% 58 Asstel Seleigln HEHow
S. pneumoniae= Vitek 11 ID-GP Card (bioMérieux, Durham,
NC, USA), H. influenzae= Vitek 11 ID-NH Card (bioMérieux)
2 54 FH2 BRI

2) A &3 ZAL WdagEntEadsy d=lE o] &3
BinaxNOW 7] E(Binax Inc., Scarborough, ME, USA)E A&-3}
o] kst

3) EAt ZEH: o5 PCRe E318E A #HY Seeplex
PneumoBacter ACE Detection assay (Seegene Inc.) & ©]-&3}0]
AJ3gslic). o] ZekH-2 dual priming oligonucleotide (DPO)
71E5 AH-&elA BlSol Rl primings Xpihste] RIZEESE 5
O|EE o|= g E 01%3]-‘3':], S. pneumoniae, H. influenzae,
M. pneumoniae, C. pneumoniae, L. pneumophila B B. pertussis
o] 7HA F5 FAloN A& 9= v PCR 24 ol
t}. Az Al w2H S preumoniae= ply ARV, H. influ-
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niae ompA AR}, L. pneumophila mip 73R}, B. pertussis
= pm FAAE 3802 kel AZE8HAlE 10 copy/reaction
(10 copy/3 #L DNA)e|t}.
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Biosystems, Singapore, Singapore)oll4] 94°CollA] 1587} vk
A7l 3 94°Coll A 055, 60°CollA] 1.5%, 72°CollA] 1.5% whe
A7 I 403] WHESI9ASL 1§ 72°CollA] 1047 HE-g-A]
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thZ 583 bp, 472 bp, 350 bp, 257 bp, 200 bp, 146 bp= M
pneumoniae, L. pneumophila, S. pneumoniae, H. influenzae, B.

= UERHAk(Fig. 1).

pertussis, C. pneumoniae
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EAZZ2e SPSS 12.0 for Windows (SPSS Inc.,
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(40/99)0ll A FAo = wm=dtk Antg Helw, F ol S
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Fig. 1. The results for PCR products from the multiplex PCR on
agarose gel. Lane 1, Molecular weight marker (350 bp band indicates
Streptococcus pneumoniae and 257 bp band indicates Haemophilus
influenzae); Lane 2, Negative; Lane 3 and 4, H. influenzae; Lane 5
and 6, S. pneumoniae and H. influenzae.

Table 1. Results of multiplex PCR in patients with pneumonia
(N=100) and healthy adults (N=99)

% of positivity

A M. pneumoniae, C. pneumoniae, L. pneumophila 3 B. per-
tussist 7AZ&= A7} S}?}Jﬂ—(Table 1). S pneumoniae°ﬂ gl
&9 3 AA A HAI-E T 19.0% (19/100)00]4 kAo g
vkl SlE ol $87] ZA| ek 23} S, preumoniaes
12.0% (12/100), H. influenzae= 2.0% (2/100)914] ZZ= ek,
ol uljok HANA = S, prneumoniae?}t 4.0% (4/99)0N 4] A
ol AARITE 9% uiek HAA A S preumoniaeSt H.
lnﬂuenzae7]— Ae=E 74971 Siﬁiﬁ}(Table 2).
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HHG oA S. pneumoniae] ©F% PCR ZAboll tigt W17 %,
5o, HAIZE, SAANFEE T57] A vl AAE 7
FoZ P& vl= 100% (95% A1ZF7E, 75.8~100%), 54.5%
(95% AZ|T7Y, 44.2~64.5%), 23.1%, 100%, 4= A A4,
T57) A 2 dd wiF AAE B 2 PE we 100%
(95% A TF7F, 87.9~100%), 66.7% (95% A&7}, 552~
76.5%), 53.8%, 100%ItHTable 3).
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7134 FolH = o2 337] AR A 27 81.3%, 75.0%
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Table 2. Comparison of the urinary antigen test and cultures in
respiratory specimens and blood for Streptococcus pneumoniae and
Haemophilus influenzae among patients with pneumonia (N=100)
and healthy adults (N=99)

Tests
Pneumonia Normal P value*

Multiplex PCR

S. pneumoniae 52.0 53.5 0.828
H. influenzae 30.0 404 0.124
S. pneumoniae & H. influenzae  22.0 20.2 0.756
M. pneumoniae 2.0 0.0 NT
L. pneumophila 1.0 0.0 NT
B. pertussis 0.0 0.0 NT
C. pneumoniae 0.0 0.0 NT

*Statistical analysis between patients with pneumonia and healthy
adults by chi-square test showed no significant difference.
Abbreviation: NT, not tested.

% of positivity

Tests
Pneumonia Normal

Urinary antigen for S. pneumoniae 19.0 NT
Urinary antigen for L. pneumophila 0.0 NT
Culture in respiratory specimen

S. pneumoniae 12.0 0.0

H. influenzae 2.0 0.0
Blood culture

S. pneumoniae 4.0 NT

H. influenzae 0.0 NT

Abbreviation: NT, not tested.
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Table 3. Performance of multiplex PCR for Streptococcus pneumoniae in patients with pneumonia according to diagnostic methods

Reference tests

Urinary antigen test

Respiratory specimen culture

Blood culture Urinary antigen test or Culture

Sensitivity N, (%) 19/19 (100.0) 12/12 (100.0) 4/4 (100.0) 28/28 (100.0)
Specificity N, (%) 48/81 (59.3) 48/88 (54.5) 48/96 (50.0) 48/72 (66.7)
PPV N, (%) 19/52 (36.5) 12/52 (23.1) 4/52 (1.7) 24/52 (53.8)
NPV N, (%) 48/48 (100.0) 48/48 (100.0) 48/48 (100.0) 48/48 (100.0)

Abbreviations: PPV, positive predictive value; NPV, negative predictive value.

Table 4. Concordance rate between multiplex PCR and culture for Streptococcus pneumoniae in patients with pneumonia according to clinical

specimens

% (N) of concordance

Urinary antigen test

Culture (Respiratory specimen or Blood)

Multiplex PCR Sputum

Other respiratory specimens
TTA
BAL
Bronchial aspiration
Pleural fluid

Total

64.3 (54/84)
81.3 (13/16)
83.3 (10/12)

61.9 (52/84)
75.0 (12/16)
83.3 (10/12)

50.0 (1/2) 50.0 (1/2)
100.0 (1/1) 0.0 (0/1)
100.0 (1/1) 100.0 (1/1)

67.0 (67/100) 64.0 (64/100)

Abbreviations: TTA, transtrachial aspiration, BAL, bronchoalveolar lavage.
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HiA: A A3 5 A3 A Aoz FHEY AYEe] =2 F93 7] A3t F9 shio|t). Streptococcus
pneumoniae, Haemophilus influenzae, Mycoplasma pneumoniae, Chlamydophila pneumoniae, Legionella pneumophila, Bordetella
pertussis oo A A3] 25 A7l E3F Aok, ik 5o AEHQ] WS R ETE Y AJ7be] wo] e
th 2| o] FFES sk Wl A gl the PCR A Elo], B QAo A= H|F ghate] $57] ZAAollA
thg PCR #AHE 7bskaiat skgict

g )5 312} 100 7 Al 999 o] thall Seeplex Pneumobacter ACE Detection assay (Seegene Inc., Seoul, Korea)s
Algiatoict. 4 3 ZAkeh wik AR Al AAlEA

A1} ob5 PCR 23} S. pneumoniae$} H. influenzae?} Z42F A7 31AF] 52.5% (53/101), 30.7% (31/101)01|A4] kAo ar,
M. pneumoniae®} L. pneumophila= 272 2.0% (2/101), 1.0% (1/101)ol|4] SFAlold o™, B. pertussis B C. pneumoniae
AT A ket AL S preumoniae$t H. influenzae] ¥A-Eo| 2+t 53.5% (53/99), 40.4% (40/99)2 |5 7-7} w]&=
Al Yebkar, Vb A 4d= 1w A ekskek ATl A S preumoniae®] TFg PCR Z1Ael] thdl RIZEEe) Sol e
2 gD AAL 57 AA 2 A ek ANE BF J1Fo 2 98 ul 24 100% (95% A2 TF-7E 87.9~100%)%k
66.7% (95% A2 T}, 55.2~76.5%)At}

HAE: S. pneumoniae®t H. influenzae T2 vk PCR A= At WA T 4 74919 o] ol 9] 24 4 AAE
A g317] AgretA| okl M. pneumoniae} L. pneumophilay= 7373214 72z A] ekgkw wlokslr]| & o]#i¢] Tl PCR
AN} 88 Aoz A [ChEAMO|MESHS| K| 2010;13:40-46]
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