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Determination of related elements in the serum of patients with bloodstream infection by

inductively coupled plasma mass spectrometry

Yang Yanting', Zhao Suying’, Zhang Yanan', Yuan Gehui', Cao Shuyuan', Guo Wenhui', Wang Li', Zhang Zhan', Li
Lei', Wu Qian"

'Department of Hygienic Analysis and Detection, School of Public Health, NMU, Nanjing 211166; *Department of
Laboratory Medicine , the Affiliated Hospital of Nanjing University of Traditional Chinese Medicine , Nanjing 210029,
China

[Abstract] Objective: To establish a method for the determination of elements in serum of patients with bloodstream infection by
inductively coupled plasma mass spectrometry (ICP-MS). Combined with metallomics, we obtained the metal element profile of E. coli
bloodstream infection (BSI) and screened key element markers, which provides proof for diagnosis and prevention of bloodstream
infection. Methods: Taking °Li, Y, “Sc, '"In, "Th, and **Bi as internal standards, ICP-MS was used to measure 68 kinds of metal
elements in serum of 199 normal humans, diluting serum samples and internal standard method for correction, with kinetic energy
discrimination to eliminate mass spectroscopic interference. Meanwhile, 68 kinds of metal elements in serum from 19 BSI patients with E.
coli infection and 19 healthy people were tested by ICP-MS. Statistical analysis was performed using principal components analysis (PCA)
and partial least squares discriminate analysis (PLS-DA) , and the differences were analyzed. Results: Based on ICP-MS, the profile of
metal elements in blood serum of patients with BSI and healthy people was established, and the differential elements Zn, Ce,Pd, Cu, Sn,
Se, Ba, Au and Fe in the serum of the patients with BSI and healthy controls were screened out. Conclusion: We established multi -
elementary metal profiles using ICP-MS in human serum, which is acceptable for a clinical routine analysis. There were differences in the
serum elements between BSI patients and the healthy controls. The results provide a basis for the diagnosis, prevention and treatment of
blood bacterial infections from the perspective of metallomics.
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1.1 A

N F5 fif £5 W (Inorganic Ventures 2y Al , 32 [ ) .
10.00 pg/mL AR (°Li) A2 (PY) BT (*Se) VR ("In) il
("Th) 84 C”Bi) o TRA JCER b HEV TR it 45 W (Inor-
ganic Ventures A, ERE) OIV-ICP MS-71-A:
100.00 pg/mL¥ Li; @IV-ICP MS-71-B:1 000.00 pg/mL
f) K .Ca . Na Mg; @IV-ICP MS-71-C:10.00 pg/mL [¥)
Ag.Al.As.B.Ba.Be.Cd.Ce.Co.Cr.Cs.Cu.Dy.Er,
Eu.Fe.Ga.Gd .Ho.La.Lu.Mn .Nd.Ni.P.Pb.Pr.Rb.
S.Se.Sm.Sr.Th.TI.Tm .U.V.Yb.Zn; @IV-ICP MS-
71-D:10.00 wg/mL #J Au.Ir.Os . Pd . Pt.Re Rh.Ru;
BIV-ICP MS-71-E: 10.00 pg/mL [ Ge ,Hf \Mo . Nb
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FREXT HEAE A 55 KR AT B I it B FE A R R
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Table 1 Instrument coordination and operating parame-

ters

el WE H
AR 1.08 L/min
B 0.80 L/min
BHR R 14.0 L/min
R TR 1550 W
bRz ek 4 BRI Cps, counts per second )
kR 2Rtk
RPN S A7y
FEAS B g/l
HEEWE 3
P 10
IF RR ] 30 ms
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10 ng/mL [ NARPREIR , B T 4 COR-AF o

& B IC R PR UETA TR L BT R bR e 2
i REAR BRI T AR, HLA i AR i h ¥
A 50 WL AR TR . OFRifEZRS A B 100.00 pg/mL
B A 25, FH 5% HNOL iR 1 5 10.00,5.00,1.00
0.50.0.10.,0.05.0.01 pg/L A4S S mL, @frifER
F1B:H1 000.00 pe/mL IFRIEARG R, FH 5%HNOS L
il % 500.00,200.00,150.00,100.00,50.00,10.00 pg/L
PS5 mL, Q4R iE &R 51 C: B 10.00 pg/mL
) ki E B & W, FH 5% HNOs i il 5% 200.00
150.00., 100.00, 50.00., 10.00. 5.00. 1.00.0.50. 0.10.
0.05.0.01 we/L FYE 4SS5 mL, @FRIE RS D HL
10.00 wg/mL 1Y b5 #E it 45 W, 1 5% HNO; FiE i 5
10.00.5.00,1.00,0.50,0.10.,0.05.0.01 pg/L I1) 7% i
45 mL, OFERSIE: B10.00 we/mL FIbRUHERE 2
e, H 5% HNO; B il 5% 100.00, 50.00., 10.00, 5.00.
1.00.0.50.0.10.0.05.0.01 wg/L F¥AR 4S5 mL. KD
Tl AR IE TAE R T 4 CIRAE S
122 Howaras

R A B 200 WL I AR A BT 10 mL 2.0 4
WA 50 WL B BRI 600 L 1 5% HNO,
TRA), BT 85 C/K B R /K g 2.5 h i F 2lik
ERZESmL,
1.3 %t uE

14 ICP-MS 43 B 45 21 1 Ji 1 B LA SK I SR A%
KA, A SIMCA 14.1 8047 2 4 580
WEE A W] o0 Z AL ) SR R 3, itk — 20 43 A 4 1)
FEAGBITR 22 5, R E 1535387 (principal com-
ponent analysis, PCA) 1 £z /N —.3f€ % (partial least
squares discriminant analysis , PLS-DA ) 1 TR R
FIRRAR AT, XoF P AT I 37 4 2 A 5 ot R 4L
MIE TR HAT T, TFHRETE R 22 P& 8 T
o TEPLS-DA B I A (8 o i 1A i
FVEFE 5 (variable importance in the projection, VIP)
{8, AT LUIAS 3 4320 Hh 4% A8 1 A STRR A K0S, VIP >
1.0 H P <0.05 Bf AN EE RA G0 X

2 % B

21 FHEFER
X} ICP-MS J7 24007 7 2558, FOC 2 i W {1 y

2R, 4 51 W 7E A RV LN, 42 ) oo Rk
JEE RN N (AR RAFERPE R . LA, ICP-MS X 4%
TCER A B A A IU FR , AH R 355 70 T6 28 IRORG 2% B2
I AR SRR bR AT TR o 38 A X6 o 3 rh 22 A
JGZR 1Y ICP-MS A 77 ik i %5 %< 45 0 Bt F k3
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B HAROU R RS IR o e it BT R AT DL
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PR RS S TR Z R E S B TR
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FRM NS SR TR, BARTIES R IER 2,

3 3% i

ARIE TR FI ICP-MS J7 vk e e i £ 73 A A



- 1640+ [ S N

5538555 111
20184F 11 H

5
1

e (ng/mlL)
P

1 000L ==

’l‘r-v - ~ P —

W (wg/ml)
—OW AL
IS=t=t=t=)

}

-
0.10
0.08
0.06
0.04
QO Il ML el L WP I e e o
SEEEELSEC LSS ARANEEEEES FEEL
14

A X FRE BRI 55 Jm TC 3R 5 B R TR ML 0 S R M0 4 e 3R
E1 XRAMXBHELRELEELETERETRIE

Figure 1 Metal element profile in the serum of the control group and patients with bloodstream infection
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Figure 2 The PCA score plot and PLS-DA score plot of the
metal elements in the serum between the control

group and patients with bloodstream infection
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Table 2 Differential metal elements between the control

group and patients with bloodstream infection

APV VIP PIA

“Zn 2214 <0.001
“Ce 2.083 <0.001
105pg 1.963 <0.001
“Cu 1.921 <0.001
15Qp 1.825 <0.001
Se 1.715 <0.001
7By 1.324 0.001
Ay 1.274 0.042
SFe 1.254 0.027
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1CP-MS J5 ¥ e 32 ZE A PR R 202 TP i 1
FEFENS o ARSLE R FH 3l BEIEC AR (kinetic energy dis-
crimination , KED ) #5522 55 2 I 55 11 T4, FRAIK
Jo B G 5 R) s 358 4% A 3 114 PR o ok B AL L JB 3 17
RGN 45 SR T IR , S IS 1CP-MS 1) F- 22 i
7o X LR G B I T ARSI A 2
AL B 7 ] LA/ R G 2E IR SR TR
ICP-MS FEAHT A BRI J5 i A HEMm L R
TR RRET SO T AR R R Ak AR AR
TIF 5% SR FH 356 SN s /s 1 14 7 0 ot I 50, B AR TG
B R R] P T Ak B R R [ EE ROR E
BTG AT RE 16 T RREA O AL B 5 i Y
AL S SLRRLN (R RE ), 76 ICP-MS 43 Bt R v
WA PR AR IC R ARG IE o AR Y k£ A 45
WIFRTC R SR BE A BERE o AN 58 X AR IR e 5, J2:
AR 40 D 0] COAR 8 Joi 5 $50FN L B3 R, BEAB AR 3R
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PR bR o 38 e 1 N AR VR B2 0% 5
Yot BEAR S 0 R T RIS & T R S 2=
AR5, 225 (1 000 mg/L) B HEHE (1 ng/L) o M4
JaE 41 2 R ) A TG BT T BE Y P bR JARZD, PRIt
ARXE VR FE I HR B 48R0 28 5 - HLBE PR AR e R
RSP A —E & TR bR sz B
i B O RZ IR, P AR TG 28 6 25 AR A R VR B
PR H AR AF 2 6 B B U 10 ng/mL, B A48 30 1L 375
HRZHOTEMIRIE , R A S RIKLLZE T2 3
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S WAL ) = DL S BUIRAE . FR 4 Jm T R
i e U R R L T = r=3 = S i R | R B WA
E S
ARWFRIET JRA Yl 2 RN SR TR
T, AR YA B L ER SR ITER , AL
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