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Diagnostic Role of C-reactive Protein, Procalcitonin and Lipopoly-
saccharide-Binding Protein in Discriminating Bacterial-Community
Acquired Pneumonia from 2009 HINI1 Influenza A Infection

Seon-Sook Han, M.D.", Se-Hyun Kim, MD.', Woo Jin Kim, M.D.', Seung-Joon Lee, M.D.", Sook-Won Ryu,
M_D_2, Myeong Ju Cheon®
Departments of Internal Medicine, ZlélbOI}’Il‘OIj/ Medicine, and Clinical Research Institute of Kangwon National University
Hospital, Kangwon National University School of Medicine, Chuncheon, Korea

Background: It is difficult but important to differentiate between bacterial and viral infections, especially for
respiratory infections, Hence, there is an ongoing need for sensitive and specific markers of bacterial infections.
We investigated novel biomarkers for discriminating community acquired bacterial pneumonia from 2009 HIN1
influenza A infections.

Methods: This was a prospective, observational study of patients with community acquired bacterial pneumonia,
2009 HINI Influenza A infection, and healthy controls. Serum samples were obtained on the initial visit to the
hospital and stored at —80°C. We evaluated CRP (C-reactive protein), PCT (procalcitonin), LBP (lipopolysaccharide-
binding protein) and copeptin. These analytes were all evaluated retrospectively except CRP. Receiver operating
characteristic curve (ROC) analyses were performed on the resulting data.

Results: Enrolled patients included 27 with community acquired bacterial pneumonia, 20 with 2009 HIN1 Influenza
A infection, and 26 who were healthy controls, In an ROC analysis for discriminating community acquired bacterial
pneumonia from 2009 HIN1 influenza A infection, areas under the curve (AUCs) were 0.799 for CRP (95%
Confidence interval [CIl, 0.664~0.934), 0.753 for PCT (95% CI, 0.613~0.892) and 0.684 for LBP (95% CI, 0.531~
0.837). Copeptin was not different among the three groups.

Conclusion: These findings suggest that serum CRP, PCT and LBP can assist physicians in discriminating community
acquired bacterial pneumonia from 2009 HIN1 influenza A infection,
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AJ7HA ofg] AFgellx vt gjobd 3Hels 2hEst
gle =go] ol o]FolA] it AAl 7P & defxl
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procalcitonin (PCT)o] At} CRP= of] 7+A] 2
gk ohye} S AolME stk BlISolHed 54
7] =4 FA o R 7P ol ARHAL Q=
FAApoH PCTE= 734l AAAEE calcitonin®]
ATEARE HZ B ATE B3 oy a8 2
FAAR gEiA Qs Bdold”. e, perel
-] TES ] FFw9t olfeke] AR, I
AR MM ) wRE dFe] Apo] Fof B AER,
PCT7} At/ 73} vloleiaA 2Hels hdsh= vl 3l
o] 5% X AP} 2 5 Q= Al tisiAe of
2] AFAIEe] ¥E55 Aol

HZoll= o] 2% lipopolysaccharide-binding pro-
tein (LBP), copeptin 5ol &3+ 77} o]Fo|x|aL ik,
LBPE 57471 iReEAR, 54 718A19 AfelA 2ot
HH gatoA 2 A7 o] 7o o] HE A=
skt Fagh ARAFARPE 2 5 3= 7ol Al
A=)z 9y, Copeptine vasopressind} 37| A==
EA2, 8 vasopressin 35S HHISA|RE, vasopre-
ssin BT} & U] QPgshe el = EAste] S AAEA
AL E 5 g AR AAER gorf’, & A
ofal copeptino] s7|%= FHAA FHESolA Fagk A
EAAZL D S glrkar Ak vl iy,
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| ST} e v globd Akl ES
oA &3 CRP, PCT, LBP, copeptin®| Hlo]|&|2Ad 7+
2 veleloby 9S4 gl ANTAAA
B T 5 YA BopLud AFE AU,

oo

—

12 02 o® 2

oy o

2009\ 12978 20104 59714 7o starg oA
ARl ES S #2009 HINL QIEFAAF 24

2|5 W2 154 olde] gt T12|ar 154 o] 2Rt
e e d7-E skt deAEe 4
e Al F=H Sl PR
NUEES o] &3t Aol Fofgh e &
B Ao R FoME wgkal, A7ug-2 st

o o

N‘
1
ok -z

=1

L
o
i
2

A S, el gk - 48A1%
& see Al slo 202
35 #AE A= FollA 2009 HIND
TS AN 58S HolwA] ddldtol
Usd A& ol A ES HHos Ao
skeict. el globd A Ak ES HHollA At S
o] Hoj= Ad 22 A wigeld a7t SZ =AY
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CRP= A tlx=wg Alelskale gakEo] el A
WLAE u] B Al3ES e, 802 turbimetric
method (UniCel Dx C800 equipment of Beckman Coul-
ter, Fullerton, CA, USA; measurement range, 0.02~8.0
mg/dL)Z o] g3ty =43yt AN HRTFE —80°CR
WERBE ATE Aeon 443 Fo e,

3. EAlsts 24

= dloJE5= SPSS version 18,0 for Windows (SPSS,
Chicago, IL, USA)Z X3}t Aol tigh A2
gE F 77 Y3 Mann-Whitney U testZ, HT3
A} Z+= Fisher's exact testS °]-8-35}.0H, Al 79 v
Alolli= 242} Kruskall-Wallis teat2} Chi-square testZ ©|
S}, ANEAAZ] vhol2lzg 2Holst el elo}
A 7F9e] dl& AxE dolr 7| $J8] ROC (receiver op—
erating characteristic) =4 £24-& Al3)s}te] W17 =
o|l=7} 71 A FAEE AR A (cut-off value)E -8}
ek AL pgke] 0.05 olatd w) FAIHA o R fofat
cha s,

S eloby A AIB2lS AE B4

Table 1. Baseline characteristics

= % 271, 2009 HIN1 ¢1&-Fala} 2915 shal= 201
& EHE‘—TL~ 267go] 0}, ArellA ALl HAARE 27l
A 2009 1EFAAF A HIN1F FA]of B glold A
/\].3?:];6].‘2. T]E'ﬂoﬂ ‘61—1:]-6]- (ﬂ:.-_,’-o] 7”1‘4—0]],&1 %E]OJ
o, AEE g glopd YIS Steprococcus pneumo-
niaeS}t Streptococcus pyogens©] ATt

ZF R volo] SRt e d A 5
FgellA] 59A1(17~9541), 2009 HIN1 ﬂ%—%eﬂx} i
= BApollM 224116~ 844, B dzwe
75D, tElEjod A GAkEES HETol 2009
HIN1 QIZFzb Zhedeel Bls) ¢1go] ¥ =te
(p=0.001 by Mann-Whitney U test; Table 1), 7]*]2%ko.
2 uERFs Zhe Ao £ o EhtH48.2% vs.
15.0%; p=0.018 by Fisher's exact test; Table 1), TjZ&T
o vjal Bt gjobd A AALE] LS ol why 7%=
oSzl Sle e 4 ¥ BSkeH10.0% vs.
22.2%; p=0.013 by Fisher's exact test; Table 1), Z} 7
2 g@7e] E&2 v globd AGXAEESE H7 St
A 70.4% (19%8), 2009 HIN1 Q1ZF<lz} 74415 kAt
A 45.0% (978), 73 thasollA] 38.5% (10%8) SiH-.

ule| glold A G385 Hl el CURB-659} pne-
umonia severity index (PSI)¢] FUHS 242t 1 (HY,
0~3), 66 (H9], 13~145)°]0t}. JAEFAA} el
&31 srgo] FHARI M Hae S Hol 7ol

Characteristics

Bacterial pneumonia (n=27) 2009 Influenza A HIN1 (n=20)  Control (n=26) p-value
Age (median range), yr 59 (17~95) 2 (16~84) 59 (23~75) 0.001
Male 19 (70.4) 9 (45.0) 10 (38.5) NS
Underlying disease
Diabetes mellitus 4 (14 8) 1(5.0) 2(77) NS
Hyper’tensiorfr 13 (48.2) 3 (15.0) 4 (15.4) 0.010
Coronary artery disease 2 (714) 2 (10.0) 0 NS
Congestive heart failure 0 1(5.0) 0 NS
Cerebrovascular accident 3 (11.1) 1 (5.0 0 NS
Chronic liver disease 187 0 0 NS
Chronic renal failure 187 1 (5.0 0 NS
Chronic airway disease 6 (22.2) 2 (10.0) 0 0.035
Malignancy 1 (3.7) 0 0 NS

Values are presented as number (%) unless otherwise indicated, Kruskall-Wallis test (in age) and chi-square test (in other variables)

were used for p-values,

*p=0.001 by Mann-Whiynet U test between bacterial pneumonia and 2009 Influenza A HIN1, Tp:O,O18 by Fisher's exact test be-
tween bacterial pneumonia and 2009 Influenza A H1N1, T|O:O,O13 by Fisher's exact test between bacterial pneumonia and control,

NS: non-specific,
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ol Aot Ad wjF HAtellA whE|2lobyd 2l

e AEEHA 3kt

gt globd A GBES HE dajelx] Alde
Streptococcus pneumoniac?} 8¥8(26.6%), Haemophilus
influenzac?} 8%8(29.6%), Pseudonionas aeruginosa’} 3
H(11,1%), Mycoplasma pneumoniac?} 37%8(11,1%), 1
B3l Methicillin-sensitive staphylococcus aureus, Kleb-
stella pneumoniae, Moraxella catarrhalis, Haemophilus
parainfluenzae, Enterobacter aerogens’} 22} 1740]|%}
ct.

ATrell Feldk SAE FollA AbdAE fIih

2, HHEX|RLS| H|w

AAF iz, 2009 HINT Q1ZFqlz} 7+, vhel|glo}
3 A GAEYS HgTeld CRPE] S 24} 0.040
mg/dL (H$], 0.020~0.899), 1.937 mg/dL (H$], 0.700
~22.300), 7.400 mg/dL (<], 0.500~37.700)2 Z}z}
of = H|aolA] Fefgh AfolE E“B}(HLEHEJOW A9
AREIEE H#E vs, 2009 HIND QIEFARL 7,
p=0.001; thﬂa]o}/ﬂ Z] oﬂ/\]_§] ]e:l Vs, ;gz\l EHZ—?-
p<0.001; 2009 HIN1 L-é»rojx} 7t vs, AR thx
T, p<0.001; Table 2),

PCTE= A4F iz, 2009 HINI Q1Z-F-lx} 7Hd, wl
glgjopd A ES HigwollM 42 Sdgke] 0.007
ng/mL (H$], 0~0.011), 0,013 ng/mL (H<], 0.005~
0.513), 0.103 ng/mL (H$], 0.006~2.313)%oH, 74
v oA f-ofgh folE B odrk(aE globd A 9AE] g
5 #F vs. 2009 HIN1 S1ZFalx} 7, p=0.003; 1}
Hlgjold A9AEE5a" vs, 4 tlz, p<0.001;
2009 HIN1 QIEFMA; AT vs, A tizr, p<

0.001; Table 2),

LBP= A &7, 2009 HINT Q1&FQlA} 73+, vt
Hlglold A e8] 85 wErolx] 247 Skl 11.088
rg/mL (M) 9.853~13.771), 14.119 £ g/mL (H<;
10,335~ 23.000), 16,603 1« g/mL (<], 8.114~23,000)

Hom, Zkzke]  Hlalelx] frolgt AfolE E‘ﬁﬂ}(‘ﬂl
Hglo}d A9 S 5HE vs. 2009 HINT Q1&-F4#k
A, p=0.031; ¥E|globd A Q%A}ﬂélquﬂeé vs, %%
)z, p<0.001; 2009 HIN1 Q1Z2alz} 7+ vs, A
A )&, p<0.001; Table 2).

T2t copeptin®] e A7tz 2009 HINT Q1
Fallzb Zelwdt e gobd AGASIE S HET el
22} F4gko] 0 ng/mL (H$], 0~3.905), 0.008 ng/mL
(8%, 0~23.467), 0 ng/mL (H$], 0~11.056) 02 7}
A fofgh zfolg HolA] Fahelon, A vz
o] HjaoM = 2to]7h glIiTHTable 2),

= W (white blood cell count, WBC)= A4t

zoAE S4EA oo} wa) ofeiglert, 2009
HINI Q1Zala} 29323} vt ejoldd A|eiafalals o)

HoA] 22 FYgke] 7.300x107/mm’ (9], 5.400~
16.800), 10,100x10°/mm’ (¢], 4.400~17.800)2 p=
0.008¢] #-2J3F x}o]& H U]'(Tdble 2).

AZF A g oA FRARoIN H3&<]

S Ho} uelold fdglato] AFEA| ek s
QZ2AA A (HIND) #HEa} v glold A 9r}3] 8
5 #E7 274 Alo]ollA PCT, CRP, LBP, copeptin 52
A FAAL WBCE Blwstd ot o3t Alol=
Hol& Z1& gl 28 o] 5% ®F2] PCT, CRP,
LBP, copeptin, WBG= AEZF4z} 7Hdwte] Syt
=S FAE Bk

2,

Table 2, PCT, CRP, LBP, copeptin and WBC in bacterial pneumonia, 2009 Influenza A H1N1 infection and control

Biomarkers  Bacterial pneumonia (n=27) 2009 Influenza A HIN1 (n=20) Control (n=26) p* pJr pT
CRP, mg/dL 7.400 (0,500~37.70) 1,937 (0.700~22 300) 0,040 (0.020~0.899) 0001 <0.001 <0,001
PCT, ng/mL 0.103 (0.006~2.313) 0,013 (0.005~0.513) 0.007 (0~0.011) 0,003 <0,001 <0.001
LBP, «g/mL 16,603 (8,114 ~23.000) 14119 (10.355~23,000) 11088 (9.853~13771) 0,031 <0001 <0001
Copeptin, ng/mL 0 (0~11.056) 0.008 (0~23.467) 0 (0~3.,905) NS NS NS
WBC, x10%mm® 10,100 (4.400~17.800) 7.300 (5.400~16.800) — 0.008 - -

Data are presented as median (range). Mann-Whitney U test was used for p-values,
*Compared with bacterial pneumonia vs, 2009 influenza A H1N1, TCompared with bacterial pneumonia vs, control, TCompared

with 2009 influenza A HIN1 vs, control,
NS: non-specific,
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Aol w2 BAFEAAR] Hsks A7) e AF HIN1 QIEFQIA} 75 7P| atolg HolA& st
3| FRA S ARG em, 1% wE PCT, CRP, LBP, t},
copeptin®] xFol= FISAtt, e glold A9 YE FA-@T 2009 QIEFA
HIN1 7‘@591 o) glo] Miztwe} Solwrt 71 =
Al FAE= AA X (cut-off value)= CRP > 4,050 mg/dL
VIZFE 74.1%, E0|% 85.0%, FAAEE 87.0%, SAJ4]

wHe| 2lold A HAs|E S HH R 2009 HINT 1&F4 =% 70.8%), PCT >0.019 ng/mL (VIFH= 74.1%, So|=
2 7955 7hEsk=d| 9Jo] CRP, PCT, LBP, copeptin, 70.0%, FAAZE 76.9%, 24d&% 66.7%), LBP
WBC Z}z}o] o] &4 = =71 Lolir] 3l ROC 3 >16.477 1 g/mL (7% 51.9%, E0]% 90.0%, A

3. giEl2lotd X|9At=|&lS HFH 2t Hio[2Ad AY
o zidol| 2o YHEX|XIY FEY

ABAS AJFPETE. CRPE] AUCE 0.799 (95% ClI, 25 87.5%, S49E% 58.1%) STHTable 3).

0.664~0.934), PCT2] AUCE 0.753 (95% CI, 0.613 ~

0.892), LBPS] AUCE 0.684 (95% CI, 0,568~ 0.892), -

WBCE 0.730 (95% CI, 0.568~0.892).% YERITH

(Figure 1), 224}, copeptin®] AUCE 0,403 (95% CI, 2 odFtdA pCTe} LBPZ} HH glolAd A Yr g EE

0.233~0.572) 2.2 " lo}d A GALs] &5 #H#H3 2009 HHZ 2009 HINT J&FAA} vpo|g g 7heds 7hd
skt 83 AABEARZ AME 5 o] WAL,
3 1A o2 ARgE o] & CRPE HHH|2lold HaS
skt f88H ARE 4 S ohA] gh EklEt
ot 22, v elod AT vlolgl A e 7

Halh=d] 783 2o g 7|HE copepting x}o]= Ho|
A ook}, mdl, Zhed=ollA] 71 71 E2e] HANERERo)
, vlo]eje} ‘i}EﬂElO} el el 9lo] 1 o]ge]
AFH o)A WBC (AUC=0.730)% el 2lold 7w}
nlo|g|2 7+ Phdshet freatgloy, O Are
CRP (AUC=0,799)t} PCT (AUC=0.753) & A FA|#}
: , , H}y $-93Al= ket
0.0 0.2 0.4 0.6 0.8 1.0 PCTE 71 A2 BAw7} A8 Qs Bda 7

Spectiely o] CAIEAN AElo] Bolold Raj e F =S 2t
ZAE (calcitonin) 22 WS}, PCTE A2l ollA

Sensitivity

Figure 1, Receiver operating characteristic curves com-
paring CRP, IPCT, LBP gnd WBC for differentiating be- o Mo ofo] Hu|E|n] RH|sAjuld Rejsne
tween bacterial pneumonia and 2009 Influenza A H1N1

infection, CRP: C-reactive protein; PCT: procalcitonin; L BTEEE i S A e pdEe] o
LBP: lipopolysaccharide-binding protein; WBC: white g 7+ A, S S (toxint 95 SEA AL ET}
blood cell count. (proinflammatroy cytokines)E9ol| oJ&f] ZAEH /-3

r1r FIF

¢

rO

Table 3, Sensitivity and specificity as cut-off value of CRP, PCT and LBP for differentiating between bacterial pneumonia
and 2009 Influenza A HIN1 infection

Biomarkers Cut-off value Sensitivity Specificity PPV NPV
CRP 4050 mg/dL 0.741 0.850 0.870 0.708
PCT 0.019 ng/mL 0.741 0.700 0.769 0.667
LBP 16,477 12g/mL 0519 0.900 0.875 0.581

CRP: C-reactive protein; PCT: procalcitonin; LBP: lipopolysaccharide-binding protein; WBC: white blood cell count; PPV: positive
predictive value; NPV: negative predictive value,
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2o} o] FEEo] Auje] BE AFMEAA PCT7}
=L, EE EF ZAET o R FARS HHo]
$3l5lo] BFol e T FAEY
Christ-Crain 5& #%, W sl s dge) 54 o
st w4 7] A, 2] Bxfol|x] @A pCTol| whe} Ay
AAEE 39S o, FAAY ARSEIF7) FHAstaL
A= H° £Qkthal Harste] pCT7} v glod 7+
oA 223t d8ke sl= AL AAE) Simon 5
L WEREY (meta-analysis) oA ol YLst Al 7+
Hol ofAilel= SAlEe] 2ty HEwofx] CRPEL T
oL B arskltt, 12y o] ATER tiRE T8
of YAE Hxo] FIFEE 2= IRES doz 3t
AR, o]Fo] AA| vlole2rgd 7+l vhE|lold
71—03.9. 71—1:113}1:;(]1: 3‘5,]—)\13]_;1 %Hq_
olof] A= EF71AL
o]#2=¢l 2009 HIN1 OIﬁE:Eoilz} 4,
gro} Q1 Z- TR} TS vl H 2 T
of, PCT7} v 7+l e glo} 7Hds 8
UEA] LolHgiT), E Aol PCTE CRP Erf AUCTH
wo}(0,753 vs. 0.799) vlo|g|2 7hed} whe 2o} 7+<e]
Tl 9lo] CRP7} B $-91& AHAISF 2, PCT7} o]
& sl T8 AAEAP E F e g4l
3kt CRP7} PCTHUE ¥ 2ol 79S8k Tl

f
n&
=
do
091__:1
>,
N,

o

-~

910 o] 9kl e ok A7 Holer BAES] 55
S} ol 2l el ol sk, L

Pl 7= HgAtELE 7% 7 Sxletol
E% 2ol T3 HHIE‘ 53 %% ﬁﬁé@t}.
Bafadhel E'&-
A A ) Ese] 34 sl E‘r CRPL} PCTA 3%
o] ol ko, wHe] 7hdel gl
0.962 = PCT2] AUC 0938t} o} CRP7} t] {83ttt
3L ARIEFeH, o]5o] AAIE CRPY] ZAAE 4.8
mg/dLE $-2]7} AN 4,05 mg/dLe} SAKEFIT).
Ahn 55 2000 HIN1O| ©J31 nlo]2ix w2z} el
o] gel¥l whgzjo} Fe] FHdelA PCT7} AUC 0.771
2 F85S AABE o CRrele] HlalE %i?iﬂ} Lo
o|52 nlo|gxA HgH weelold HHE Tk
PCTS] ARAE 0.3 ng/mLE A3} & ?i%ﬂ A AAL
d FET =9oH Ingam 57 AAE 1.0
ng/mLE, Gaini 5& ZAAE 0.07 ng/mLOZ A3}

3 gt o]jdk Afol= pCIVl AWe] F5mo} o)
] = o ] >141>oﬂ H]_]—O] =l HH E‘_ Oﬂ:rLoﬂ ir‘s]—ﬁ ﬁ-

o] AWe] FFErt vhol AR lo] Aol Bl
Ao FA =}

LBP= A3 W9 ¥kS(innate immune response) 4]
F8%F s sk WlEE 1 Al STkl B4 whe
7] E&o|t}, LBP= Alite] AAY3A(lipopolysaccha-
ride) e A3l o|F o FAITIE &S b, F
2 O3 54 52 a5 P Al ofst fi@FelM 1
FA7F F7Fo] b, e, HFeM Y] dTe F

2 09 #E SAbollM HAEARI HFH et 2 4]
7} ZHaEo] Qrke Bar) tiyo|m ", ulolg2Ag
H R\ vk globd #HHe| 7o ofH HES sh=A| ol
ek e 253 270I9e}. Hopstaken 52 ##
Aol 543 71HAIY $AE hEsk=t] LBPrL S4agh
qE abH, 1 AAAE 20 pg/mLE 319kS wf R E
81.8%, Sol% 79.5%U& AIAEHAE. olE0] A 2
AAE Gaini 50| HPFL sk FA=2 AN A
I FshH, & ATl AAIGE 2000 HINT Ho]2]2/d
A e glold A9 85 H#Hs sk LBPY
A2 16,477 11 g/mLet FALSHIEE.

Vasopressine A ASHE AAA LA A E= 23
2 A=, RSl whet vkt RS Holw, 53] o
2] 2EY2 935 sk AP skl 5
o] 2o Qo] Fadh deke Ft}”. webd, Pl
I FH+= SV} EFollA] vasopressine 1ll¢- B9
3te] 431717} &}, Copeptin
=T B, EF vasopressin FEE WHISHARE,
vasopressin 2.t} 63740]14- Gellx] Frl Pk dE
2 EAste] 2 AAFEAATE 2 4 okl A EHL
de Bl AR A= «]EHS)ZO copeptin®|
s71% AN F 4S8k fEFelM Ao FFEe} of
Foll wt S7kste] Sash AAEARE 2 5 5=
AT, 1y B AFelA= copeptin®] 2009
HIN1 wo]ei2/d ZHAra v globd 2| 9A1s] 9=
Hollx] frefgk Abolg Koz Z3halor, =gt g4
ko] vlalel|M & xfo]E HolA| 55H3itt. Copep-
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