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Background: Currently, acute-phase proteins, such as serum amyloid A (SAA)
and C-reactive protein (CRP), and the erythrocyte sedimentation rate (ESR)
test are used for the diagnosis of infectious or inflammatory diseases. This
study determined whether the SAA test is useful for diagnosing bacterial
infections in patients visiting the emergency room (ER).

Methods: The medical records of 1,400 patients who visited the ER of
Gangnam Severance Hospital from February to December 2022 were
retrospectively analyzed. The groups of patients were divided based on
clinical diagnoses, and the usefulness of SAA and other tests, including CRP,
ESR, and complete blood count indices, in diagnosing bacterial infections
was estimated.

Results: The serum levels of SAA and CRP were well correlated, showing a
Spearman’s correlation coefficient of 0.844. In a multivariate analysis, SAA
was identified as an independent factor associated with bacterial infections,
along with other variables such as the patient’s timing of the ER visit after
24 hours of symptom onset, body temperature, platelet distribution width,
neutrophil count, and ESR. However, CRP did not exhibit a significant
association. As a result of the receiver operating characteristic curve analysis,
the area under the curve values of SAA, CRP, and the combination of
SAA+CRP+ESR+neutrophil count for the diagnosis of bacterial infection were
0.840, 0.834, and 0.848, respectively, without showing statistically significant
differences with each other.

Conclusions: The SAA test would independently help diagnose bacterial
infections in patients visiting the ER.

(Lab Med Qual Assur 2023;45:156-65)

Key Words Serum amyloid A protein, Bacterial infections, C-reactive protein,
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Table 1. Correlation between the laboratory tests in all study subjects (n=1,400)

Pair of laboratory tests Spearman’s r (95% Cl) P-value

AA (mg/L) vs. CRP (mg/L) 0.8438 (0.8275 to 0.8586) <0.0001

AA (mg/L) vs. ESR (mm/hr) 0.4598 (0.4162 to 0.5013) <0.0001

AA (mg/L) vs. WBC count (X 103/uL) 0.2054 (0.1532 to 0.2565) <0.0001

AA (mg/L) vs. neutrophil (X 103/pL) 0.3305 (0.2816 to 0.3777) <0.0001
CRP (mg/L) vs. ESR (mm/hr) 0.5359 (0.4963 to 0.5732) <0.0001
WBC count (X 103/uL) vs. neutrophil (X 103/uL) 0.9212 (0.9126 to 0.9290) <0.0001
WBC count (X 103/uL) vs. CRP (mg/L) 0.2330 (0.1813 to 0.2834) <0.0001
WBC count (X103/uL) vs. ESR (mm/hr) 0.0847 (0.0309 to 0.1380) 0.0015
Neutrophil (X 103/uL) vs. CRP (mg/L) 0.3353 (0.2865 to 0.3823) <0.0001
Neutrophil (X 103/pL) vs. ESR (mm/hr) 0.1280 (0.0746 to 0.1807) <0.0001

Abbreviations: Cl, confidence interval, SAA, serum amyloid A; CRP, C-reactive protein, WBC, white blood cells; ESR, erythrocyte

sedimentation rate.
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Table 2. Results of multivariate analysis for the significant factors
associated with bacterial infections

Variable 0Odds ratio (95% Cl) P-value
Onset =24 hr 1.868 (1.258 to 2.775) 0.0020
BT (°C) 1.278 (1.047 to 1.561) 0.0160
PDW (fL) 1.175 (1.070 to 1.290) 0.0007
Neutrophil # (X103/uL)  1.110 (1.064 to 1.158) <0.0001
ESR (mm/hr) 1.010 (1.002 to 1.018) 0.0177
SAA (mg/L) 1.007 (1.005 to 1.009)  <0.0001

The following variables that showed a variance inflation factor
below 5.0 were included in the multivariate binary logistic regres-
sion analysis: patient’s age and sex, whether a patient presented
with fever and/or related symptoms or not, whether a patient
visited the emergency room before or after 24 hours after the onset
of symptoms, maximum BT during the first day in the emergency
room, CBC indices (RBC count, MCV, MCHC, RDW, platelet count,
PDW, neutrophils, lymphocytes, eosinophil counts, %monocytes,
and %basophils), serum levels of SAA and CRP, and ESR.
Abbreviations: Cl, confidence interval; BT, body temperature; PDW,
platelet distribution width; ESR, erythrocyte sedimentation rate;
SAA, serum amyloid A; CBC, complete blood count; RBC, red blood
cells; MCV, mean corpuscular volume; MCHC, mean corpuscular
hemoglobin concentration; RDW, RBC distribution width; CRP,
C-reactive protein.

Table 3. Receiver operating characteristics curve analysis for discriminating bacterial infection cases from other conditions

s;?nngcgcr:js No. c(a(f/(sases conl\':?c;lcs)f(O/o) Variable/combination AUC (95% Cl) P-value diffzrfgr:ce*

<24 hr 94 (9.5) 891 (90.5) SAA (mg/L) 0.8200 (0.7740 to 0.8660) <0.0001 -
CRP (mg/L) 0.8302 (0.7849 to 0.8755) <0.0001 0.4609
ESR (mm/hr) 0.7052 (0.6499 to 0.7605) <0.0001 <0.0001
WBC count (X 103/uL) 0.7052 (0.6439 to 0.7664) <0.0001 0.0026
Neutrophil count (X103/uL)  0.7357 (0.6790 to 0.7923) <0.0001 0.0127
SAA+ESR+CRP+neutrophil 0.8455 (0.8052 to 0.8859) <0.0001 0.0688

>24 hr 90 (21.7) 325(78.3)  SAA (mg/L) 0.8349 (0.7934 t0 0.8764)  <0.0001 -
CRP (mg/L) 0.8085 (0.7593 to 0.8577) <0.0001 0.0416
ESR (mm/hr) 0.6872 (0.6260 to 0.7484) <0.0001 <0.0001
WBC count (X 103/uL) 0.6733 (0.6051 to 0.7415) <0.0001 <0.0001
Neutrophil count (X103/uL)  0.7038 (0.6385 to 0.7691) <0.0001 0.0002
SAA+ESR+CRP+neutrophil 0.8353 (0.7930 to 0.8776) <0.0001 0.9651

All 184 (13.1) 1,216 (86.9) SAA (mg/L) 0.8400 (0.8102 to 0.8698) <0.0001 -
CRP (mg/L) 0.8337 (0.8020 to 0.8654) <0.0001 0.4908
ESR (mm/hr) 0.7217 (0.6830 to 0.7604) <0.0001 <0.0001
WBC count (X 103/uL) 0.6721 (0.6263 to 0.7178) <0.0001 <0.0001
Neutrophil count (X103/uL)  0.7011 (0.6578 to 0.7444) <0.0001 <0.0001
SAA+ESR+CRP+neutrophil 0.8479 (0.8199 to 0.8759) <0.0001 0.3488

Abbreviations: AUC, area under the curve; Cl, confidence interval; SAA, serum amyloid A; CRP, C-reactive protein; ESR, erythrocyte

sedimentation rate; WBC, white blood cells.
*Compared the AUC of each variable with that of SAA.

www.jlmga.org

Lab Med Qual Assur 2023;45:156-65 159



L n1 D /\ %;ub;irf;%zsm:zi:eme and Jeongyun Bae et al - Clinical Utility of SAA for Bacterial Infections
TOE EROlE R0 S FYS EXCE Y OtZR0| o [IZETH0.883 W 50|== 0.612%1, C-EHS A2 B
E At C-HISEIAS| ZHORIHY S H|wdts 22, S &H  ZE70.894Y mf 50[=7} 0.51022 ¥ OtUR0|= A9 £
2402t o= LiEet oM E 2 OFZUZ0|E A9l SMOF 0|7 C-EHSTHHMA L 243tRACE Ed OFUR0|= A9 £
2{HZ0| 0.8352 C-HHSTHHA S| ZMotHAQl 0.8092F Hl  O|=7t 0.902¥ mf BlZ == 0.489, C-UHSEHHAR S0|=T}
510 ROISH| EU2LHP=0.0416), 4 &od 24A1ZHO|L LI 0.892% mff RIZZ7} 0.5962 2 RIAEE C-HISTHITO| O 2
oF Aot TR LHAAIZITHO| CHoto] Mt B0ll= & AAel  +o FYE EACE F AR Mo Tl thet 1=t £
SMOHHK O Fofot Xto|7F UL S LH 24AMZO|Lf L Ol TH| cHY 2o ME St A HAC
2, 2ol 24A[2F O|= LA 5! TA| AZiCH 2ol 25 Ml SHH, Z4 2ol 24A12F O|0f| LRI iXto] 2 ¥ ot
HY TS 9ot 2Y OtURO0|E9| [MOHHA2 Wy & 20|= A2| RIZETH0.900¢ M £0|== 0.662% 1, C-HSTH
2ET 5 E= HEPHZ SR S0 HY 0 HWste] fof WME2 RIZETE0.9002 ©f 50|=7t 0.532%Ct. EH Ot 20|
SHA| B EUATH £ A°| £0|%=7}0.883Y M| RIZ == 0.556, C-EHSEMER £
Fig. 101l 2} ZAtS 2t ZAL Zgto| dirds=dat Mot 0|=710.8772 mf RIZETH0.5222, & HAte| 2 =L 50|=
TH S Uy A5 S T = LHRAIZE 2RO M2t =4 7 HIot BYYIES 242 HE8%t= 22 ket 50|k 25
SFSIRACE Y OLUROIE AL w2 Sdbs B

et Mz REE0| 13.1%=2
7 ChEA| MESIH = 2ZE AL

5.2} ZiAte] M2 0| et FEHS ot 2 o BTIES
S4 WH 24A218 JIZOE (AR BRol0 N 02 SHUZEI YU EECHEYUTH
OIS A, CHFSEHMY, MunRYAT, SF 7 $0f theto] 242t
Youden X 47+ #IcH9! 299 90% Lf2lo] Bl Ek Sol= %t
(e]

SM0ZCE Table 40 Hz|s}
ZAF k5] 24A|Zt O] 0] LY

8
[ul

. = SF0ME EE OFZZ0|= A ZAS| Mz Zat T
o]

L=
oF 2IXtofl M & OFLZO0IE A Of LSt REYS LOIE X} SEH LHHEAIS Q2 ek

rio
o
tot

No discrimination No discrimination No discrimination
SAA+ESR+CRP+neutrophil (0.848) SAA+ESR+CRP+neutrophil (0.846) SAA+ESR+CRP+neutrophil (0.835)
Serum amyloid A (0.840) Serum amyloid A (0.820) Serum amyloid A (0.835)
—— WBC count (0.672) —— WBC count (0.705) —— WBC count (0.673)
Neutrophil count (0.701) Neutrophil count (0.736) Neutrophil count (0.704)
—=— CRP (0.834) —— CRP (0.830) —=— CRP (0.808)
ESR (0.722) ESR (0.705) ESR (0.687)
A B Cc
1.0 q -,-—:f__f,./_r
0.9 f =)
87 .rl'_’,
0.7 - ',r -
Py
> > > 0.6 1 :J =
Z Z = F
= = = 0.5 A
z z z o
(9 [} (9]
wv w w
-II T T T T T T T T T 1 -I‘ T T T T T T T T T 1 T T T T T T T T T T 1
0 0.10.20.3 0.4 0.5 0.6 0.70.8 0.9 1.0 0 0.10.20.3 0.4 0.5 0.6 0.70.8 09 1.0 0 0.10.20.3 0.4 0.5 0.6 0.70.8 0.9 1.0
1-Specificity 1-Specificity 1-Specificity

Fig. 1. Area under the curve values of each test and combination of tests in the receiver operating characteristics curve analysis for
discriminating the bacterial infection group from all other groups in this study. (A) Entire patient population. (B) Patients who visited
within 24 hours of symptom onset. (C) Patients who visited after 24 hours of symptom onset. Abbreviations: SAA, serum amyloid A; ESR,
erythrocyte sedimentation rate; CRP, C-reactive protein; WBC, white blood cells.
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