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The Value of Serum Procalcitonin Level for
Differentiation between Contaminants and
Pathogens in Bacteremia

Hei Kyung Jin', Jae Yun Jang', Young Uh', Ohgun Kwon', Kap Jun Yoon',
Hyo Youl Kim?, Young Keun Kim?

Departments of ILaboraz‘ory Medicine and “Infectious Diseases,
Yonsei University Wonju College of Medicine, Wonju, Korea

Background: Bacteremia is a life-threatening infection,
and prognosis is highly dependent on early recognition
and treatment with appropriate antimicrobial agents.
We investigated the diagnostic performance of serum
procalcitonin (PCT) for differentiation between conta-
minants and true pathogens in blood cultures.
Methods: Serum PCT, C-reactive protein (CRP) and
blood culture were performed for 473 patients be-
tween February 2008 and October 2008. We retro-
spectively reviewed the patients' clinical characteristics
and laboratory results based on medical records.
Results: The mean concentration of PCT was signi-
ficantly different between the two negative and pos-
itive blood culture groups (6.45 ng/mL vs 28.77 ng/
mL, P<0.001). Procalcitonin levels were found to be
markedly higher in those with Gram-negative bacilli
(meanzSD; 59.58+67.00 ng/mL) bacteremia than in
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those with Gram-positive cocci (mean+SD; 17.75+42.88
ng/mL) bacteremia (P<0.001). The areas under the
receiver operating characteristic curves (95% con-
fidence interval) for PCT and CRP were 0.880 (0.820~
0.940) and 0.637 (0.538~0.736), respectively. The
use of a PCT level of 2 ng/mL as a cutoff value yielded
an 83.6% positive predictive value and a 77.4% neg-
ative predictive value for the detection of bacteremia
pathogens.

Conclusion: Serum PCT is a helpful diagnostic mar-
ker for rapidly and accurately distinguishing between
contaminants and pathogens in blood cultures. (Korean
J Clin Microbiol 2011;14:7-12)
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2008\ 24HE] 109704 G PCTSF GHuljoke] =] =|9lwd
ES Ul Z I3 CRP HALE FAlo Alegslict PCT
+ VIDAS (bioMérieux Co., Lyon, France) %H]ol|4] BRAHMS
PCT A|okE: ol Ssjo] HA1Ra o2 Aok 248k
om 24 WeE 0.05~200 ng/mLe]i, CRPE= MODULAR
SYSTEMS (Roche Diagnostics, Bazel, Switzerland)ol| 4] ¥ <3¥]
el g A Zslelom 34 Wl 0.03~350 mydLe]
t}. Polulok2 BACTEC 9240 system (Becton Dickinson, NJ,
USA)¥} BacT/Alert 3D system (bioMérieux, Durham, NC,
USA)®] 7 7HA] 2R3t Al o] &ste] 5U7F wHekalsict.
o gAke] Qi Bl AA A o JEE EUE
PCT7} 9Jg|dl A o2 X5 e 24417k o] ZAzntkg F43)
Ak A A1 FHH-5- 3T (systemic inflammatory response syn-
drome, SIRS)2 SIRS 4714] 7|H(@ Al&o] 38°CE ZIstA}
36°C mukd wff @ Akt B 903] 5 23k o) @ 357
2 2035 I FiE ol st ekA ek (PaCOy)e] 32
mmHg 7|9 o) @ WITFIE 12,000mm’S Z23skAL
4,000/mm’ vk B WEZRE A4 vl AEEATIL 10%E
230 w)ell A 7 71 o]t TS AR aickoe].

PCT A= obA F7H<0.05, 0.05~0.49, 0.5~1.99, 2~
9.99, 21002 o] CRP A#ete| FF3 TFHAE H|
5+ RAIGIEH). Weujop Azt mpe} by T SHTFOR
Ul Holullok okAFollA Bacillus spp., Corynebacterium
spp., Propionibacterium spp., coagulase-negative staphylococci
5ol 3k Aol wiekgellAut FelEH e, TR
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HEE 27 estE A Eg0v, 3T ol el HFA u
ole EAEAS ALl A4S SPSS (Microsoft
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<0.058 7o g ddksiglh
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PCT ZAAHE A8t 4737 ZA|9] A3 F£E+= 0.05 ng/mL
ok 123%2 7P4 Aglew, 0.05~049 ng/mL 7ol
25.8%% 7P WSk, 0.5~1.99 ng/mL T77F, 2~9.99 ng/mL

Table 1. C-reactive protein levels and positive rate of blood culture according to the five groups of procalcitonin concentrations

Procalcitonin groups

C-reactive protein (mg/dL)

(ng/mL) No. (%) MeatSD Range No. (%) of positive blood culture
I (<0.05) 58 (12.3) 3.58+4.10* 0.01~17.52 9 (15.5)
I (0.05~0.49) 122 (25.8) 9.58+7.54" 0.01~31.26 22 (18.0)
I (0.5~1.99) 114 (24.1) 13.28+10.10" 0.03~41.52 22 (19.3)
IV (2~9.99) 83 (17.5) 16.17+10.25° 0.12~46.20 21 (25.3)
V (=10) 96 (20.3) 20.02+11.34 0.17~50.80 46 (47.9)
Total 473 (100) 13.02+10.54 0.01~50.80 120 (25.4)

*P<0.0001 (between group I and II~V); TP=0.002 (between group II and IIT), P<0.0001 (between group II and IV~V); T P=0.05 (between
group III and 1V), P<0.0001 (between group III and V); *P<0.0001 (between group IV and V).

Table 2. Procalcitonin and C-reactive protein levels according to blood culture and SIRS results

Procalcitonin (ng/mL)

C-reactive protein (mg/dL)

Blood culture No. (%)
MeantSD (range) MeantSD (range)
Negative 353 (74.6) 6.45£17.61 (<0.05~184.72) 12.53+10.43 (0.01~50.80)
SIRS + 160 (33.8) 6.99£19.04 (<0.05~184.72) 12.62+11.31 (0.01~50.80)
SIRS — 193 (40.8) 6.01£16.36 (<0.05~134.08) 12.46+9.68 (0.01~46.20)
Positive 120 (25.4) 28.77452.54 (<0.05~200.00)* 14.45+10.73 (0.01~49.37)
SIRS + 61 (12.9) 41.18+58.50 (<0.05~200.00)T 14.89£11.13 (0.33~40.92)
SIRS — 59 (12.5) 15.95+42.34 (<0.05~200.00) 14.00+10.41 (0.01~49.37)

*P<0.0001 (between blood culture negative and positive group); TP=0.008 (between SIRS positive and SIRS negative group among the blood

culture positive group).
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:}Zl', =10 ng/mL :117\1"19: il
PCT IollA v F-7k2] &eufek o}
19.3%, 25.3%, 47.9%% PCT £%7

Z7F 24.1%, 17.5%%F 20.3%A ). JAEE Z7)stIcHTable 1). PCT t}4l 74l CRP AdE
FIES ZH2F 15.5%, 18.0%, Hlasiole W, 7 F7kelA e CRP AR T F3xhe
1 STkl wlal doiuljek 7 3.58+4.10 mg/dL, 9.58+7.54 mg/dL, 13.28+10.10 mg/dL,

Table 3. Procalcitonin and C-reactive protein levels according to organisms isolated from blood culture

Procalcitonin (ng/mL)

C-reactive protein (mg/dL)

Organisms No. (%)
Mean£SD (range) Mean£SD (range)
Gram-positive cocci 68 (57.5) 17.75+42.88 (<0.05~200.00) 13.43+10.89 (0.10~49.37)
Aerococcus viridans 1 (0.8) 200 11.85
Enterococcus faecalis 1 (0.8) 176.87 24.98
Enterococcus faecium 2 (1.7 94.11£133.04 9.80+7.13
Micrococcus kristinae 1 (0.8) 19.46 17.20
Micrococcus luteus 1 (0.8) 0.75 7.93
Staphylococcus aureus 9 (7.5) 17.02434.04 13.76+8.54
Staphylococcus capitis 3 (25) 0.25+0.31 9.80+9.11
Staphylococcus cohnii 1 (0.8) 0.77 27.66
Staphylococcus epidermidis 20 (16.7) 8.88+27.97 9.4449.63
Staphylococcus haemolyticus 3 (2.5 2.09+2.26 11.25+10.34
Staphylococcus hominis 16 (13.3) 3.04£6.75 12.95+12.74
Staphylococcus kloosii 1 (0.8) 1.18 25.81
Staphylococcus lentus 1 (0.8) 1.93 1.79
Staphylococcus lugduenesis 1 (0.8) 11.19 29.57
Staphylococcus saprophyticus 1 (0.8) 0.21 7.44
Staphylococcus warneri 1 (0.8) 21.46 18.28
Streptococcus, B -hemolytic group G 1 (0.8) 35.58 40.92
Streptococcus pneumoniae 3 (295 36.15+£27.18 24.48+11.92
Streptococcus sanguis 1 (0.8) 54.51 18.73
Gram-negative bacilli 35 (29.2) 59.58+67.00* (<0.05~200.00) 17.86£10.74 (0.40~37.15)
Bacteroides fragilis 1 (0.8) 21.97 8.64
Bordetella bronchiseptica 1 (0.8) 0.82 1.17
Enterobacter cloacae 1 (0.8) 0.79 10.26
Escherichia coli 19 (15.8) 53.70+54.07 18.19+£11.02
Klebsiella oxytoca 1 (0.8) 2431 28.16
Klebsiella pneumoniae 8 (6.7) 111.41£92.41 16.15£10.05
Morganella morganii 2 (L7 46.96+65.76 20.47+9.59
Proteus mirabilis 1 (0.8) 18.97 3532
Salmonella group D 1 (0.8) 12.95 25.83
Gram-positive rod (GPR) 8 (5.8) 1.87+4.09 (<0.05~11.12) 9.38+5.38 (0.55~16.26)
Bacillus species 1 (0.8) 0.92 16.26
Bacillus licheniformis 1 (0.8) 0.26 13.19
Bacillus pumilus 1 (0.8) 11.12 6.71
Bacillus subtilis 1 (0.8) 0.16 13.75
Corynebacterium bovis 2 (1.7 0.28+0.34 3.65+4.38
Unidentified GPR 1 (0.8) 0.04 8.44
Anaerobic GPR 1 (0.8) 17.43 18.54
Yeast species 542 14.44+15.48 (0.70~32.32) 9.9748.47 (0.57~23.62)
Candida albicans 2 (L.7) 15.25 15.09+£12.06
Candida parapsilosis 2 (1.7) 20.24 9.55+0.35
Saccharomyces cerevisiae 1 (0.8) 1.24 0.57
Polymicrobial 4 (3.3) 14.52+20.28 (<0.05-44.11) 16.69+12.71 (5.64~34.70)
E. faecalis, S. epidermidis 1 (0.8) 0.04 15.82
E. faecium, S. haemolyticus 1 (0.8) 11.14 10.59
S. epidermidis, S. hominis 1 (0.8) 44.11 34.70
Corynebacterium spp., S. haemolyticus 1 (0.8) 2.81 5.64

*P<0.0001 (between gram-negative bacilli and gram-positive cocci).
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16.17£10.25 mg/dLe} 20.02+11.34 mg/dLEA] PCT I7-7H&
I~V 7}, PCT 11 7+ I~V 77}, PCT I -7+ PCT
Vel V 474, PCT IV 7+ PCT V 774 SAIR o2 {9
gk Zpo]7h llrKTable 1).

olujef 542 PCTSF CRPO] A3} EFHAAE 645+
17.61 ng/mL8} 12.53+10.43 mg/dLY T, FA T 28.77+52.54
ng/mL} 14.45£10.73 mg/dLEA] PCTE= Guljok okAdollA] &
ATE FAR R foelA =32 CRPE X7} gI%d
tHTable 2). FAul} FATollA] SIRS F47-2] PCTS CRPE]
A FFARE 15.95542.34 ng/mLet 14.00£10.41 mg/dL
%12, SIRS ¥ T2 41.18+58.50 ng/mLe} 14.89+11.13 mg/dL
E2] PCT SIRS FATo| SATELY SAZ 2 f2ofs
Egko1} CRPE Abo]7} $l9lck(Table 2).
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Fig. 1. Relative operating characteristic curves of procalcitonin and
C-reactive protein.

ahtf o] 59.58+67.00 ng/mLe} 17.86£10.74 mg/dL, 13HokA
ohF 17.75+42.88 ng/mL9} 13.43+10.89 mg/dL, E T 14.44+
15.48 ng/mLe} 9.97+8.47 mg/dL, TrelAutlF 1.87+4.09
ng/mLe} 9.38+5.38 mg/dLOZA] PCTE LAl 2ol L
HFd Gt SAH SR FosAl ot CRPE Aol 7}
gl tk(Table 3).

GoluoF Az} 3H5 7)ol whel 293l A 9] PCTSF CRP
o] HFF} TFHAE 1.62+3.01 ng/mLe} 10.06+7.92 mg/dL,
7F5A 9 BQ TS 3.2946.60 ng/mL9} 14.01+12.27 mg/dLS
31, Mol E 49.05+62.62 ng/mLe} 16.65+10.89 mg/dLE
A PCTS} CRP 7 29377 7HsAgie Wl TllAl e &
Ao fof3t o]z} glod ot edFF Wl Zholle Aol
7} 99 cK(Table 4).

Fulre=4 EA0A FEF] Wl tigk PCTS] &
Aol =2 0.88024] 95% AlZ77h 0.820~0.9400]91,
oARIES} Bo|Trt BF =2 34 7|5 (cutoff value)E 2.07
ng/mLo| At} CRPE] ¢ Wil tish Auias=4
o] Aol FL- 0.6372A4] 95% A2 7R 0.538~0.7360]
A ckFig. 1).

TFEZ9] Wl thal PCT HA7|FEAE 0.5 ng/ml, 2
ng/mL, 10 ng/mL9} 25 ng/mLZ AR Y-S w2 Fhd G854
A|3E Table 59F 749kl

T &

Yool Helf FES 0dTH YAFOL Hks]
APiehs Ae 4G A NES e sle] $Red
AW A £ 5 7] el Ghapsl S BA ol o

Table 4. Procalcitonin and C-reactive protein levels according to contaminants and pathogens in blood cultures

Procalcitonin (ng/mL)

C-reactive protein (mg/dL)

Organisms No. (%)
Mean£SD (range) Mean£SD (range)
Contaminants 32 (26.7) 1.62£3.01 (<0.05~13.29) 10.06£7.92 (0.01~27.66)
Probable pathogen 20 (16.7) 3.2946.60 (<0.05~25.16) 14.01£12.27 (0.09~49.37)
Pathogen 68 (56.6) 49.05+62.62 (0.24~200.00)*‘Jr 16.65+10.89 (0.07~40.92)

*P=0.002 (between probable pathogen and pathogen group); TP<0.0001 (between contaminants and pathogen group).

Table 5. Diagnostic performance of procalcitonin according to cutoff values for discrimination of pathogen of bacteremia

Procalcitonin cutoff

e
values (ng/mL) Sensitivity (%)

Specificity (%)

Positive predictive
value (%)

Negative predictive

1 0,
value (%) Efficiency (%)

0.05 98.5 173
0.5 92.6 50.0
2 82.4 78.8
10 60.3 90.4

25 41.2 98.1

60.9 90.0 63.3
70.8 83.9 742
83.6 774 80.8
89.1 63.5 733
96.6 56.0 65.8
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WAL 2~33] HHE QS st ST 2 vk AellA et
+ YANE AGshA| & = vk w1k, 3kke] ] At ook eod w3 Wlde sk PCT RA7IEAE 2
7R i 3 Aol 2~ 370 Almebyel HES S ngmLE Ageld PAT &4 AFEA 27 83.6%9} 77.4%
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