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Abstract

Background: Early prediction of bacteremia is important because sepsis may develop if
bacteremia is not treated in time. We aimed to determine whether blood tests are clinically
useful in predicting gram-negative versus gram-positive bacteremia.

Methods: We retrospectively analyzed the medical records of 16,569 patients who underwent
blood culture testing among those who visited St. Mary’s Hospital of Uijeongbu, Catholic
University from January 1, 2018 to December 31, 2018. After excluding 15,580 patients with
insufficient data for analysis, the total study population was 989.

Results: In the multivariable logistic regression analysis for gram-negative bacteremia, after
adjusting for major variables, procalcitonin (odds ratio [OR] 1.02, P < 0.001), high-sensitivity
C-reactive protein (OR 1.03, P = 0.010), and albumin (OR 0.55, P = 0.010) were significant. In
the same model, lactic acid (OR 1.08, P = 0.010), blood urea nitrogen (BUN) (OR 1.02, P =
0.010), and albumin (OR 0.50, P = 0.005) were significant for gram-positive bacteremia.

We constructed blood indicators by combining blood tests that were significant in
multivariable logistic regression analysis. Comparing the area under the curve (AUC) of the
receiver operating characteristic curve, the AUC of the procalcitonin/albumin ratio in gram-
negative bacteremia was significantly higher than that of procalcitonin (0.846 vs. 0.837, P =
0.005), and the AUC of the BUN/albumin ratio in gram-positive bacteremia was significantly
higher than that of BUN (0.709 vs. 0.679, P = 0.007).

Conclusion: The procalcitonin/albumin ratio is expected to be helpful in the early prediction
of gram-negative bacteremia, whereas the BUN/albumin ratio in the early prediction of gram-
positive bacteremia.
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Introduction
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Procalcitonin/albumin and blood urea nitrogen/albumin ratios for bacteremia

Materials and methods

1. S CHA
2018 1 195 2018\ 12 314717 ZhE=tieha o) R i ol ujdsh e 5 &
B ujg HARE AR 16,5695 T2 o 77185 A o= FA6IQi: o] w A 7%
& AUl & 2|2 e F o uljF HARE At o] Bl &= A1 SHAL follow-up Tl El= A 2]5}
At TS A S 218 P uljF HAkeh FAlol KsgE Foll L] oo|ert &sto] BAJ}
ic}. o] & BEAof T Q3 to] ] 7} -etE 15,5802 A Q)5 3 - 989 <] Hjo]El S | EA
0 2 FAo| AL&-5H3AthFig. 1).

Patients with blood culture test

(n=16,569)
15,580 cases excluded:
(1) 12,734 lack of procalcitonin data
(2) 2,742 lack of lactic acid data
 ——

(3) 97 lack of total bilirubin data
(4) 1 lack of creatinine data
(5) 6 contaminants

v

Included in analysis

(n=989)
A
Negative blood culture Positive blood culture
(n=857) (n=132)
\ 4 v
Gram negative bacteremia Gram positive bacteremia
(0=77) (n=55)

Fig. 1. Flow chart of research samples.

C

ol ujf ZJAR= BACTEC FX (Becton Dickinson, Sparks, MD, USA)Z ©]-&-5}o] AlA|5191ct A

Ak (complete blood count)< XE-2100 (Sysmex, Kobe, Japan)2 A8-5131 11, &l L AY5}s]
A] T 272 Hitachi-7600 (Hitachi, Tokyo, Japan) S AF-&-5F{CH

AFu| 2 3 A4 737 (Shapiro-Wilk testyS AA| S & 24
% ] 242 -3 EY U 737 (Mann-Whitney U test) & 2] 23]
5oy 4201 739 710l A|F 737 (Chi-square test) S A FHICH 13

M FE=zrs ;1&} oFA a- 2350l TSt T4 22 AE 3724 (univariable logistic regression
analysis)& A|oto] BAH 02 [oJ3t xto|7} Qle M4-E SRl th 4 XA 3]

oo —»
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E (multivariable logistic regression analysis)°l| 4] 2@ 12 A3} AJHH

dl 19] B2 ¥4 Q]o]l white blood cell count, platelet count, creatinine, total bilirubin, glucoseS
2 Bgslel 2830 tieh

5 E4 3 (receiver operating characteristic curve, ROC curve)

=379

A15HH A (area under the curve, AUC)E- B 15}7| 2I5}| Delong B2 %

Youden’s index?] |tz 7

o AF
B 53

Aol WA T, BYl ok

27

w47} 9] Elstelch FEE 52 9 4417 4

5}t ROC curve®] =+
B3I TH18]. Cut-off FH-

7|20 2 A5t A 442 SPSS 24.0 (IBM Corp., Armonk, NY,

USA)2}F MedCalc 22.002 (MedCale Software Ltd., Ostend, Belgium)S 0851911, BE HA 2 oF=

A P<0.055 5AA 72

Results

1. AR

S0 Holsto] AT}

Table 1] 2-A0f] ARE-3H 98978 (3 5747, o1/d 415%)2] 7|2 EA3 2 ol HAL 2uHE UEh

At 98978 5 FH v
SEEEEE
119, P < 0.001)
18.1 ng/mL vs. 22.5 &= 32
A folsp
Zo] opl Fahct

e Bl FEFo=

Table 1. Baseline characteristics of study patients

o] opd gt #HF
44.8 +29.0 mg/dL, P < 0.001). ¥ albumin 2= o8
Z ZA}ol| A 8251 WATHB.6 + 0.6 g/dL vs. 3.2 = 0.7 g/dL, P < 0.001).

Zekel thAR 1329 (13.3%)°] et 2= 3
%%4 o] opd gkzje] H+ AP H T} FolokA] =ATH663 £ 183 vs. 751 £
opd ZAtET} #EF AN A procalcitonin 3-2]5HA| =3k Th6.6 &
6ng/mL P <0.001). =3 BUNE #83
‘zkt}(sl 5 =+ 26.7 mg/dL vs.

o]

Total

No bacteremia

Bacteremia

Characteristic (n=989) (n=857) @=132) P-value
Age (yr) 674+17.8 663+183 751+£119  <0.001
Sex (male) 574 (58.0) 511 (59.6) 63 (47.7) 0.010
Procalcitonin (ng/mL) 87+213 6.6+18.1 2254326  <0.001
hsCRP (mg/L) 94+94 89+89 1254115  <0.001
Lactic acid (mmol/L) 38+3.6 3.6+34 49+44 0.001
BUN (mg/dL) 333+273 31.5+£26.7 448+290  <0.001
Albumin (g/dL) 35+07 36+06 32+0.7 <0.001
White blood cell count (x10° uL) 11.7+£8.5 114+82 13.5+10.0 0.030
Platelet count (x10° uL) 2255+1409 231.1+141.3 189.1+133.1 0.001
Creatinine (mg/dL) 22+19 21+19 27+£19 0.004
Total bilirubin (mg/dL) 1.7+24 1.7£24 1722 0.988
Glucose (mg/dL) 161.4+116.9 160.8+117.1 165.7+116.2 0.653
Procalcitonin/albumin ratio 27+6.7 20+5.6 73+106  <0.001
hsCRP/albumin ratio 29+3.1 26+28 42+40 <0.001
Lactic acid/albumin ratio 102+11.0 94+93 159+17.7 <0.001
BUN/albumin ratio 99+8.7 92+8.1 149+105  <0.001

Data are presented as the mean = standard deviation or n (%).
Abbreviations: hsCRP, high sensitivity C-reactive protein; BUN, blood urea nitrogen.
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EES}HhsCRP (P < 0.001), lactic acid (P = 0.001), white blood cell count (P = 0.030), creatinine (P = 0.004)
& FEZ Aol 595 =9k, platelet count (P = 0.001)= 5-2J5HA] Rk}, 7L Hloj total
bilirubin®} glucose=-F-2|5F 2ol & Ho| 2| kit

2. 3 M7 S0 hE Pl HArete| Aty BAS floh 2X|AE] 924

TEZ A 1329 F I 4 FEF2 7771(58.3%), 1 Y TS 5571(41.7%) °I1A
th Table 20| I3 S/ 83 13 4 830l oist proca1c1t0mn, CRP, lactic acid, BUN,
albumin®] ZA|AE 31924 AukE UepSIT. 15 34 7350l theh T4 =X AE 2
AJ0f| A procalcitonin (odds ratio [OR] 1.03, P < 0.001), hsCRP (OR 1.05, P < 0.001), lactic acid (OR 1.07,

Table 2. Logistic regression analysis for relation between bacteremia and biochemical variables

Gram negative bacteremia (n="77)

Variable Univariable Multivariable

© S%RCI) P-value © 55/)0RCI)* P-value © S%RCI)T P-value
Procalcitonin ( '021 931 04) <0.001 a. 021 921 03) <0.001 a .021 ?21 ) <0.001
hsCRP (1.031 '951.07) <0.001 (1.011 f)31.05) 0.020 (1.011 '931.06) 0010
Lactic acid (1.011'971.1 y 000 (0'971f)‘{ 1y 02 (0'961-931' 04
BUN (1.011 .911.02) <0.001 (0,991 f)(; on 0688 (0.991 5)2.01) 0.893
Albumin (0.22 %.54) <0001 (0.3;) fl0.80) 0.003 (0,350 53,87) 0.010

Gram positive bacteremia (n = 55)

Varible Univariable Multivariable

osey P gsgoy Pl ey Paale
Procaeitonin (| o0} oo 0144 (N0 ess SO0 000
heRP o0 %oy 0287 (% oses (g 08T
Ltioaid oy 117 001 o010 00m Ty 00w
BUN (1.011 f)21.03) <0001 (1.011 '921.02) 0.003 (1_001‘?21_03) 0.010
Albumin (0.22 ﬂ).62) <0001 3 ?i‘%m 0.002 (0.3? f(()).Sl) 0.005

"Model 1: adjusted for age, sex; "Model 2: adjusted for age, sex, white blood cell count, platelet count,
creatinine, total bilirubin, glucose.

Abbreviations: OR, odds ratio; CI, confidence interval; hsCRP, high sensitivity C-reactive protein;
BUN, blood urea nitrogen.

Annals of Clinical Microbiology 2023 December Vol.26(4) 107



Sang Shin Pyo, et al.

P =0.020), BUN (OR 1.01, P < 0.001), albumin (OR 0.37, P < 0.001)> Z}2} EA| A 02 F-oJs}3itt.
Lo, S BAS & O3 34 730l tisl 245 o4 22 A 3724 (= 1)elA
procalcitonin (OR 1.02, P < 0.001), hsCRP (OR 1.03, P = 0.020), albumin (OR 0.51, P = 0.003) 5-2]5}
A A9 lactic acid, BUN2 -§-2]5}#] ottt tj2o] 2dl 19] B2 ¥4 2]o]| white blood cell count,
platelet count, creatinine, total bilirubin, glucoseS 5=7+2 BASH & I3 S/ w830l tial £A s+
CHH 4> 22| AE] 3] 84 (12 H 2)0)| A procalcitonin (OR 1.02, P <0.001), hsCRP (OR 1.03, P=0.010),
albumin (OR 0.55, P =0.010y= 5414 5285 |AIsISith 2 2004 1 278 w85 A
sl SA14 02 7 -7-2] 8t ¥l 4= procalcitonin (OR 1.02, P<0.001)°] itk

O3 3 785l tigh 4 22 AH 3]9240f| A Jactic acid (OR 1.10, P = 0.001), BUN
(OR 1.02, P < 0.001), albumin (OR 0.41, P < 0.001y 22} A 02 3-25FA A%t procalcitonin,
hsCRP= -2J5FA] 9ttt Lol S BASH & T3t o/ w3l tish 2443t thi4: 24
A8 B HEA (2 1)0lA] Jactic acid (OR 1.08, P=0.011), BUN (OR 1.02, P=0.003), albumin (OR 0.49,
P =0.002)2 -7-2I3F AT procalcitonin, hsCRPE= -F-2J5HA] QhQteh B So] el 19 B2 B4
o]l white blood cell count, platelet count, creatinine, total bilirubin, glucoseS 72 B4t & gk o4
FEZo]| sl BAJ9H thH 4 A AE] 3] (2 2)0A] Jactic acid (OR 1.08, P =0.010), BUN
(OR 1.02, P = 0.010), albumin (OR 0.50, P = 0.005)= EA1A 8-2|&-2 A5tk mehof| A 5t
P FEF Aol tish 5414 2= 7 723 B4~ albumin (OR 0.50, P = 0.005)°] ATt

% 24 #E8Z F2KOR 0.55, P = 0.010)2F 13 B4 783 ERKOR 0.50, P = 0.005)011A4]
albumin-> H5 -F-2|5HA] LFESTE.

3. J2 M SMof| 2 ol X| |7 o] T S84 HIIE 28 ROC curve 2M

T Al /ol i EH Ak 21T 3-8/ 7S 915l ROC curve 2415 4335131t
(Table 3). 1% 3/ & 30llA AUC+= procalcitonin (0.837, 95% CI [confidence interval] 0.81 — 0.86)
o] Tl Joll A} Fof| A= 714 =41, 21 TR0 2 albumin (0.664, 95% C10.63 —0.69)°] =9k
I3 A FEZ0ll A AUCE BUN (0.679, 95% CI0.65—0.71)0] Y &l HAL Foll= 7H =9k
1, 71 thS-0 2 Jactic acid (0.643,95% CI1 0.61 —0.67)°] =4t

Qe FEZ ASAE =0|7] Y3l thHs 2XAE 3| EAol|A] FofakA] et Y
HARE S Z3oto] d 2|25 W=t 1) procalcitonin/albumin ratio, 2) hsCRP/albumin ratio, 3)
lactic acid/albumin ratio, 4) BUN/albumin ratio. 7 & 5-0] oFd ZERFECH 785 2ol A] procalcitonin/
albumin ratio, hsCRP/albumin ratio, lactic acid/albumin ratio, 12} 11 BUN/albumin ratio+ -3-2|5H] =
ATHP <0.001) (Table 1).

a1 84 #8Zol| A= procalcitonin/albumin ratio®] AUC (0.846, P < 0.001)7} 7F =7 e}
o HHA(Fig, 2a), 18 YA FEZ0l 4= BUN/albumin ratio®] AUC (0.709, P < 0.001)7} 71 =7
UEHSTHFig. 2b). 783 oll&2 95l DeLong methodS AFE5H] ROC curve®] AUCE- H| 5}
k. & ol HAafe 23hoto] the PN 2|3 7HAUCE Blag A}, I3 2/ 7ol
procalcitonin/albumin ratio2] AUC+= procalcitonin®] AUCETE 7-2J5HA| =FTH0.846 vs. 0.837, P =
0.005) (Table 3). T3+ 18+ A 8 Z0f| 4] BUN/albumin ratio®] AUCE= BUN2] AUCK L -3-2]5}
Al =4TH0.709 vs. 0.679, P=0.007).
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Table 3. Area under the receiver operating characteristic (ROC) curve for predicting Gram-negative
bacteremia or Gram-positive bacteremia

Gram-negative bacteremia (n =77)

Variable AUC 95% CI P-value’

Procalcitonin 0.837 0.81-0.86 0.005

Procalcitonin/albumin ratio 0.846 0.82-0.87

hsCRP 0.661 0.63-0.69 <0.001

hsCRP/albumin ratio 0.702 0.67-0.73

Lactic acid 0.610 0.58-0.64 <0.001

Lactic acid/albumin ratio 0.636 0.61-0.67

BUN 0.637 0.61-0.67 <0.001

BUN/albumin ratio 0.668 0.64-0.70

Albumin 0.664 0.63-0.69 -

Variable Gram-positive bacteremia (n = 55) !
AUC 95% CI P-value

Procalcitonin 0.607 0.57-0.64 0.046

Procalcitonin/albumin ratio 0.616 0.58-0.65

hsCRP 0.505 0.47-0.54 0.003

hsCRP/albumin ratio 0.535 0.50-0.57

Lactic acid 0.643 0.61-0.67 0.080

Lactic acid/albumin ratio 0.659 0.63-0.69

BUN 0.679 0.65-0.71 0.007

BUN/albumin ratio 0.709 0.68-0.74

Albumin 0.639 0.61-0.67 -

"Comparison of ROC curves was performed using the Delong method.
Abbreviations: AUC, area under the curve; CI, confidence interval; hsCRP, high sensitivity C-reactive
protein; BUN, blood urea nitrogen.

@ o[- — ® |-
80 |— 80 }—
= 60 |— > 60 |—
2 B s B
D - B B
c o
® B B i
40 |— 40—
20 |— Gram negative bacteremia 20 Gram positive bacteremia
= — Procalcitonin / albumin ratio (AUC 0.846) B — Procalcitonin / albumin ratio (AUC 0.616)
| === hsCRP / albumin ratio (AUC 0.702) = === hsCRP / albumin ratio (AUC 0.535)
-3V Lactic acid / albumin ratio (AUC0.636) | | | 4t Lactic acid / albumin ratio (AUC 0.659)
=+= BUN / albumin ratio (AUC 0.668) B =-= BUN/ albumin ratio (AUC 0.709)
0 0
IIIIIIIIIIIIIIIII]III IIIIIIIIIIIIIIIIIIIII
0 20 40 60 80 100 0 20 40 60 80 100
100-Specificity 100-Specificity

Fig. 2. The receiver operating characteristic (ROC) curves for the biomarkers evaluated in the present study. (a) ROC for predicting Gram
negative bacteremia. (b) ROC for predicting Gram positive bacteremia. AUC, area under the curve; hsCRP, high sensitivity C-reactive protein;
BUN, blood urea nitrogen.
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Discussion

2 A= ofe] 2 IAES BT & thS ZAAE SR O 34 HES
of| T procalcitonin, hsCRP, albuminol SAASRE FolotA Yeha2 Elskinh et a5 &
3 #&30ll tholA1+= lactic acid, BUN, albumin®©| ¥0] Q52 & ‘?ﬁ}%i‘:k = =
o a5 FE S 7P 9t ol ARk ZE procalcitonin} albumin®] (AT 55 albumin
< 0% 24 783 et 25 Y FEF FAol|A] BF [olgt oS AR FRlE gl
AUC H| L5 T3l 2% /3 T2 30l procalcitonin, hsCRP, albumint 2+ T Foll HAF Hrj=

procalcitonin/albumin ratio” } w8 52| o]0l o] 9451, 5k YA ¥ F0f|+= lactic acid, BUN,
albumin®} 72 T F ol AL B = BUN/albumin ratio”} T 352 of|52& Z2H= 210 2 E9ly]
Ak
SENTRY &t ZHA] 213014 199713} 20161 Abo] 457]=+9] 2007} o]/ 25 AllEfollA]
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A 3] A5t 5| A ollof b 50 714 ol s Bl = & o] AJakehA vh3
HEP ojufl Fof i} HAR= 4 190llM 5U7HA] 71 AJZto] 49 & B g #E3
oA sh= T o] EARITHe). ]2 ' Wewt 57gollA A d4d
AlZro] A Q Frt W uljF AL glo] @l S0l FotE A AREHES(polymerase chain
reaction, PCR)°Y| 2|5l {2t B YA A1 Hd mi1E 214 AEstete A= AAAT FHA
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