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Etiological study of a food poisoning incident caused by venison

MA Hao-Jia'", XU Xin-Xin', ZHU Zhou', LIU Hong-He', CHEN Ying-Xin®

(1. Shenzhen Center for Disease Control and Prevention, Shenzhen 518055, China;
2. Shenzhen Guangming Center for Disease Control and Prevention, Shenzhen 518106, China)

ABSTRACT: Objective To analyze the cause of a complex food poisoning incident using a combination of
non-targeted and targeted methods based on mass spectrometry. Methods Suspected contaminated food and blood
samples from the cases were collected. After sample preparation, a high-resolution mass spectrometry non-targeted
method was used for toxin screening, and a triple quadrupole mass spectrometry targeted detection method was
applied for the quantitative analysis of xylazine in the samples. Results Xylazine was detected in both the
suspected contaminated food (raw and fried venison) and the serum samples of 3 cases. The concentrations in raw
and fried venison were 3.0 pg/kg and 395.9 pg/kg, while the concentrations in the cases’ serum were 47.0, 16.0 and
15.6 ng/mL, respectively. Conclusion This incident is confirmed as xylazine poisoning caused by venison
ingestion. First, through epidemiological investigation, the scope for identifying the cause of poisoning can be
quickly determined. The non-targeted method provides accurate evidence for clinical treatment, aiding in the

diagnosis and management of such events. At the same time, the targeted quantitative analysis of samples also
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provides a basis for the formulation of drug use standards in farmed animals in the future.

KEY WORDS: food poisoning; xylazine; non-targeted screening; epidemiological investigation
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YRRt AR gz — e, b
F R B SR T | R AR A AR TR, AT R
AbFRAN B PE R A Y rh R RO R R TEIIR  A
EVEEY PR R R R R BT, RS BRI B
MR GRS, E 2011 4% 2022 4 W HRE 413 2805
PERWAF SRR Y b aedifE, A 8127 AN, 2565
MAEBE, 1 AFET=W; ik e e v B e M AN 2,
DCHHTAR 2011 453 2023 4E[MIRIE Y 74 B A TE Y3
FOHESE 461 NI, 209 AMEBE, 1| ASET-P), g &
Wy v B A U AR OO GRS 4 & i v T U R R R A
95%), 4 R L S PR AT RE Lo i o L BR&E
R, fEFE RSN, YRR 2R H R T,
AR A R e RO R gl
B2 2515 | Y Z2 ) ) b g R GE 2 AN TS,
PR b G e ) 2 S TR 5 R I ST A8 ok oy ok A Mg ke 114
SR, AR VAT 2 VA A I RS W AT LA o B
R, 7 AR B L K B S R LR R AT
W5 5307, AEXS T A HE WA 8 R LA AR e, T
TR B2 HIW IS 12, WA TR 2 A A KIS WA
TCTEATHER HE .

A 2 i A 4 B A R AL BRI T
B, Horb DL &OmORE 49 - 5B K BT 335 5 (high performance
liquid chromatography-tandem mass spectrometry, HPLC-MS/
MS)! O SVl A - ER R i U 20 ey S i G 0 0 B
HE Lo SRR AT HERAS R LR 43 i fif L (mass-to-charge
ratio, m/z)FHBLA ARG, ALHTEEXS I AR UE AL XA FEPE S R
PEATHERR o LAy ORI PUARAT &A1) i AR
AR A3 BTG ) A R [ A Iy W BE S R RE R DR
B BRUEY R 15 L ORS THE A LAE, dERf e Y, (B
TR ATR . A G M BOR A R R 2 I

ARG TR T e A B — S B XE £ ) i A
A AT U AL S B R AR R )y s R
HPLC-MS/MS #8[6] J5 i, LG 0 b s i S 8 vk 2,
FERLGN A h RS R PREAL | I RS HERGA A3
FrIE 2 bR e A ) 2 SR AT TR

1 MR5ERZE

1.1 #8EL EE5RF
25 ARG 2SR (BB A L DA S E 1Y
T A REA) I ZS A RE R (IR, 1.5 mL & 0% (GEHE

Axygen /A r); 50 mL 2.0 (32 [E Corning A w); &l i
#4(0.22 pm, P EZEA A,

QTOF X500R & A0 AH €615 5 J6 DU AT R AT B[R] J5T
AL . QTRAP 6500 i 330BFH 52 B — 5 PUAR AT B 1543 (36 ]
AB SCIEX /A A]); Luna Omega C g 3% F(100 mmx2.1 mm,
1.6 um, 3 [ Phenomenex /3 F)); 1Q 7000 #A4li /K & 45 (35 [
Milli-Q 2~ #]); MS3 BRIk % 4 (T2 E IKA A Hl);
Microfuge 20 Centrifuge /& % AR 2 0L . Avanti J-26 XP
Centrifuge 57703 % R 25O AL(3E E Beckman Coulter 23
#1); E300 H 875 k7% % (T8 [ Elmasonic 23 #]); SCIS06 5 i
M35 2O ALEEE Scilogex 22 Hl); TurboVap &4 1L (B
i Biotage 2\ H]); GM 200 A 5] K 25 (2 ]E Retsch 24 F)o

HEE, 205 . IECke(igal) . B BRZIE 98%~100%) .
FH R i (A3 = 99%)(F[E Merck ZNw]); FERIBEARIE S (26
JE >99%)(CAS: 7361-61-7) . X i P+ 3§ $r & -De( 4li
FE>99%)(CAS: 1228182-53-3)( K IR /R IBRHE A IR 7]);
SEG FH K th B Al RGBS i .

1.2 /5 %
1.2.1 ARATRFRAE

K A A P TR T S R A e B SR T g
T, EMA S TN EIFRECHEREY, RE
B TR AR RE N 24 20 g Mz FRIBIRbREN 2 30 g, 3
2 AR . AR TP ERR G 3 44, LT X E DR, 8
Bl RIR IR BB A SR LT, I 8 e A AR )
BB YR AR MRRE &l (CBE AL 191129 4 mL) . I ARAEAR |
W, WA A G E
1.22 HRmegaTaze

MBS ZE 3800 v/min .0 5 min, $55 b2 M4 H.
A S RS0 RE RIS AT R e A R S &

IML3%: B 100 pL M35 T 1.5 mL &0, JA 200 pL
Wi 130 °CZJE, 5% 1 min, 12000 r/min B> 5 min, B
BB FALRR AT

REP: B2 g BEMT S0 mL .08 A 10 mL L0,
TAHE 10 min, FFHRY 10 min, 12000 r/min &5.0> 5 min, HL

FIEW . FRIEERE 1 IKAERGIRE, G972 I H3EW. 7E 40 °C
AP ER EEREIET, A 1 mL ZA5F1 0.5 mL ZA5iHF
HIIET e, IRHERST, 12000 t/min 2.0 5 min, HX 200 uL 2%
T 1.5 mL B, 800 pL ATRFETRS], 12000 r/min B0
5 min JFHCFIEW, 1 0.22 pm JERRE FHFALER T o
1.2.3  ARfEE R B

B2 V6 Ft 0T VR B v B A B, 9 IS B o AT Y
B TAEM (1 pg/mL). BGE B TAERAIA R 2 (AR R,
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Fifs F A AR SR b — R EA TR AL Y, f A5 2 FE RIS R
WHRER 0, 1. 2. 5. 10, 20, 50, 100 ng/mL A9 TAFFR1E
ROV, T iZshl, WHRETEMRE S 20 ng/mL.

1.3 UEITIEFEH

QTOF XS500R |- 5% F % % 4K #6i >R 4 (information
dependent acquisition, TDAYRE X FE AL B FE4 T A 40 )
iy, QTRAP 6500 >R FZ I i i I (multiple reaction
monitoring, MRM ) #E17E S A
13.1 &#5H8

i Cog CUSAEXT AL Ay T 40 88, KLU 40 °C, ERE
B S pL, Wi 0.3 mL/min, IEE AR EA S A
A, 2 mmol/L FREE+0.1% H i /KW ; B #H, 2mmol/L H iR
BE+0.1% F R FF BV B 0~0.5 min, 5% B; 0.5~3.0 min,
5%~25% B; 3.0~5.5 min, 25%~95% B; 5.5~8.0 min, 95% B;
8.0~8.1 min, 95%~5% B; 8.1~9.0 min, 5% B, & T#i{TF
MGt A A, 7K; B M, Z1; B 0~4.0 min,
5%~70% B; 4.0~5.5 min, 70%~98% B; 5.5~8.0 min, 98% B,;
8.0~8.1 min, 98%~5% B; 8.1~9.0 min, 5% B,

132 Bkt

4R A TE QTOF X500R 5S¢, FFHHBIZEIE
1718 F(electrospray ionization, ESI+/-)Hl. B FIHIRE:
550 °C; AL GBI 55 psi Al 60 psi; “LAT: 30 psi;
BB E: 5500 V/-4500 Vo X F QAT ] — 208 4
A, FARTEE: 80~1300 Da; EFEHE: 80 V/-80 V; filfifi
fig: 10 V/-10 Vo X F RATE I 8 FHaMaHm, A
Fil: 50~1300 Da; E#EHE: 80 V/-80 V; filifiifiE: (40+20)
V/(—40+20) V.,

R RS ARG . G2 1] JCTERRHE B AR b (n=4) A
PRUESH PRI 5 INFRFERIR-D6, TERDCIAEE T E 15 min
JE AT RTAR B EAUR TRk BOR R  ElR

1.4 HUEEIE

QTOF X500R AT RAEH L AB SCIEX 0S 2.2.0 &
PR AR ) 25 22 7 2R B, QTRAP 6500 JirRAE4E
il AB SCIEX Analyst 1.7 Kb B4 s TAEARZE, N
WREEE R . R Office Excel 2016 #i1 Power Point 2016 %X
PEXTEIE A T | HlR . LRI, STERER 6 K.

2 EREHR

21 RITREFRELER

ARWFESL 3 BlEH, Hp 2 AR FRER, | AN G
T. 3 AF20234E8 A 1 H 13 i} 30 SEFEBERHHIE
PEBEE A RIBRSERDRE | 225 BEM | & NHEE 5%
B, 1 A4 1 h e k2 O TEAERER, | AZ2h
Ja ISR Sk B O AE AR, 1 AL 4h FH LS T
R PEPIERL S AERER, 43 HIF 8 A 1 H 20 B,
22 BB Beakis, W RAS IR B0 . gkl . i fkigbringk
2 FORAUSEI) . A URRE P I FLS TG AE, Hoa
B AT BRI, HERR AR AN 24 5 3 B P s
WAL R B FTBE. Bt &N HEE . OO e
M, FECPEERATREMERSD, BREIEIAG 25 S R R R

F2 BANEM. 2EMSMELIEFRENLER

Table 2 Complete blood count, coagulation assays and
biochemical tests of patients

|l 7
HEETKGNIE QTRAP 6500 L52A, RN ESHAEFFRAN, 1% foh et
%45 QTOF X500R —51, FERIEMHE M I RESEL N e 21705 - -
U 2 2140 L% 38.4] R }
=1 ERERHAMN MS RESY 3 40 0L - - 10.86x10°1
Table 1 Parameters of MS for xylazine and its internal standard 4 It £ A0 B 260 X /L - - 0.77x10%}
- Q1 Q3 WEREE | LERE 5 LA 4320 % 16.00] - 7.101
(mlz) (mlz) /v A% 6 AR AN 532/ % 10.101 - 2.90)
_— 221.1 164.1% 49 60 7 PR AL E/L 6.88x10°1 - 9.73x10°¢
T 221.1 147.1 40 60 8 AR PR AN E R % - - 89.601
FRE-D6 2271 90.2% 30 60 9 THRRYEANFOTE/% - 030, 0.204
T 10 HRZ AN L XHE/L 0.95%10°1 0.70x10°1 -
1 M/NBARFR 53 A 5 BE /L - - 8.60]
133 BmEEMHLEEHk 12 1/ MROFEIRBUM SEREAL - - 8.70]
R B A T X SR AR B AT AR B e O A, AL 13 LR YRt M5 /(g/L) 3.791 - -
HR-MS/MS libraries of Natural products . Pesticide . 14 ﬁ/(mmOI/L) 3450 - -
Forensic. Mycotoxin, LibView Forensic. Antibiotic, NIST. 1 B/ (mmol/L) 3574 13331 1333
i i . ) 16 H#H/(g/L) 38.9] 39.5]
NIST E& Lo EPEARESHICHR[22], W2 3 DA&AF: 5IT 7 BE /D) ) 647
Bl —2 B RS B g 2= 5 /N F 5 ppm; SUCHL 95 18 PR Z /(mmol/L) 8.381 l
RI—2 R EIHZE N 5%, 19 BRI /(mmol/L) 593.21 R

ity R BRI (14 7 i A I S 5 B [ DR P R )
A IMAHIHE R TR, 256 TARMZ . AARIRlCR SHTAE AR

20 JIEB B At/ (U/L) 5811.4) -

s VR T AT LRR IR TR KT SRR ER KT
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Table 3 Non-targeted screening results of toxic samples

RIRBIMA . B RER . A REAREA, XS0 2k .

\ e BLIbENIER S RE
b = A=} s
22 IEREFE FE o R BY (mo) (m) Jppm
iy, fEAREN K RE A LA R i P 35 R RS, 1 FRIEKPRER  ZERIME 221111 221.1099 3.4
EHE R . :
H‘ﬁﬁﬁﬁiﬁéﬁ Y J\?Sppn‘q@% 3 o 2 A REA FEHWE 221111 221.1103  -1.7
FEPLRAEREAR TP AR B I R] . — IS 8 .
B0 AN 1~3 BT % o FE S L BE A 1 R RO ) FE7 05 7 ESI 30 AT FHIR 220111 211104 -1
Prb e B A U — B ([CroHigNoSHHT, m/z 221.11) K& 4 WA FERE 221011 221.1108 0.4
HEv & — R C,HsN,SD+H]+, m/z 222.11 = N N
B~ BT (CroHls e ] e 5 5 WA FERIE 221111 2211106 0.5
[C1,H4N,SDy+HI+, m/z 223 1) S, RIS =4/
A 9e6F [asis B1.6e6- 221.1080 C lgg 90.0362 164.0514
8e6 |
v 766 o, 1.4e6 o 60 71.9895 470909
& 51.2¢6 | S 40730104 120.0803147:
L 6e6 @ # 20t 05.0691 221.1096
= ses 5 L0e6 w200 2138 21529
B 8005 | B Ottt
= 4de6t E = 20f || “ ’ ’ ‘
Z 36t E£6.0e5 = 40t
26k 4.0¢5 | 2221122 6ok
1e6 2.0e5+ 223.1071 —80
I R B I | SR I
246 8 220 221 222 223 224 225 60 80 100 120 140 160 180 200 220 240
{5 B4 15} 8] /min mlz mlz

AL FERIWEMAH+(m/z 221.11) 3R BB T {03 (extracted ion chromatogram, XIC)&l; B. Sl [F) A7 /0 Ai; C. 520 — 2% i {5 B (i )
5Y R U E B Ok ), B 2~3 [,

Bl 1 kD REPAAE G Th R MS 15 B
Fig.1 MS information of xylazine in fried venison sample
A - B C _
9e5 2633 2.0e5¢ 221.1099 100 221.1097
8eSt 1.8e5F 80+
. Te5t , 1.0e5F . 60 90,0576 164.0536
£ 6es & 1.4e5r g( 4 71.9910 147.0927
i 1.2e5F 20+ 105.0709 !
% el %( 1.0e5} 2 o FOI(“%’%S ]T
i 4e5t = g.0e4f =l q ’
E 3e5t E =
6.0e4 —40+
2e5) 4.0e4t 60}
lesk 2 04l 222.1141 _sol
I olL_2191015 2210536 221.0659) 2231079 2241109 2250754 _100L ) ) ) ) ) ) ) ) )
2468 219 220 221 222 223 224 225 60 80 100 120 140 160 180 200 220 240
A4 B3 B[] /min mlz mlz
B2 A RE AR AL R SRR MS 5 8
Fig.2 MS information of xylazine in raw venison sample
A B C r
6.0e4 | 636 12000} 221.1103 lgg_ 221.1117
5.0e4
" ., 10000+ 601
& 4.0e4 & 2000l 2 401 90,0385 164.0538
2 3 0e4} i #0208 719914 | 1050705 210 164.0388 221.0911| 221.0783
e = ool A I M ORI SUMRBNIN s M 4
= 2.0e4 + = = oot
=3 = =
= 1.0e4l = 40001 = 40t
—60}
5.0e3 20001 222.1145 _80L
P T N L 220:‘1 125 L L l 223-|1l077 224}‘ 1292 — 00 L L L L L L L L L L
2468 219 220 221 222 223 224 225 60 80 100 120 140 160 180 200 220 240
{5 BB B [a] /min mlz mlz

B3 AL LIRS R R MS 58

Fig.3 MS information of xylazine in blood sample of patient 1
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T EARAE R -5 T RO P 0 s S VL
FERIVETERD 5 N PP FE ISFIA] S 2,515 min, A=A 2.633 min,
A 1K 2.636 min, SHRAESFIZS IR bR A A5 B

fFE] 2.626 min —F (& 4).
A 15e67 B
Laeel 626 4.5e6 P 626
1.3e6 | 4.0e6 |
1.2¢6 |
Uleel 3.5¢6
1.0e6 3.0e6
2 9.0e5r &
8 005 92 5e6
e H o
= B 2.0e6f
= 6.0e5} =
E 5.0e51 E 1561
4.0e5
3065 | 1.0e6 |
2.0e5 5.0e5+
1.0e5 '
"4 6 s T2
B ) /min {RFAMSTE]/min
Bl 4 FERIRFRAERR-0.5 ng/mL (A)5 725 11 RE A 3K AT RE i (B)

£ B BT ]

Fig.4 Retention time of xylazine standard (0.5 pg/mL) (A) and
xylazine in matrix sample of blank raw venison (B)

2.3 FIRAITUN B E
W s iR, FEhrE e B RN EALE IR IR . BRA
BRI S AR (LTI TR, A T

65?‘)‘[1‘1 CQH]]NS+\ C9H11N2+\ C6H12NS+\ CgH]()NJF\ C8H9+\
CeHuN+, 5 F B ) "0 8 T I AR L, AH XT3 B2
20% ¥ B 1 Fr 500 LAY B 235~ XA B AR 4.

[ S S

Bl 5 FEhIVERZURALER

Fig.5 Fragmentation pattern of xylazine

24 FHNBRHERSN

TESE B 40 Hr v, BERLGRALE E P TR A A R (limit of

[CIZH IGNZS+H]+

GRS
C,H, NS+
CK)H 1 IN2+
C4H,,NS+
CeH N+
CHy+

CHN+

detection, LOD)} 0.012 pg/kg, Ifili&H LOD 4 0.006 ng/mL.

JrE R S RICRES L 5. FERIRTEL L
(1~100 ng/mL)NZ&M: I R RAF(r=0.9993), L FEhEAE
3 R HR M A & 20 o 47.00 16.0 F1115.6 ng/mL, R
FAERER S R 3.0 png/kg, PRERIH A 395.9 ng/ke.

F4 FHURMER KB FRAMERSERERIH

Table 4 Secondary ion scanning results and fragment structure analysis of xylazine standard

YT BT
FS(H (m/z) SEAE (m/z) %2 /ppm FSAE (m/2) SIE (m/z) %2 /ppm TR =X F /%
164.0528 164.0522 -39 CoH NS+ 100.00
147.0917 147.0918 0.9 CoH 1N+ 38.46
130.0651 130.0656 33 CeH NS+ 35.06
221.111 221.1114 33 121.0886 121.0890 29 CgHy N+ 26.17
120.0808 120.0811 2.3 CgH, N+ 38.42
105.0699 105.0698 -1.0 CgHot 23.14
90.0372 90.0370 2.4 C;HgNS+ 79.25
x5 EEFENIIEHLZ. HEEMFHEYE
Table 5 Working curves, precisions and average recovery rates of quantitative method
GRS T AR LEEES () A K5 BE % S IR %
10 pg/kg 3.2 94.2
2 HARER Y=21.00455X+54.31402 0.9993 20 pg/kg 0.9 128.2
100 pg/kg 3.2 122.3
1 ng/mL 59 118.8
25 [FLALE Y=0.00759X+0.00284 0.9998 2 ng/mL 1.5 108.0
10 ng/mL 1.8 99.3
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FERIR R —Fh a2-B FIREZ BN, HA R
R . M ILA A ROR, SRTRE  SRAEVEE 2P
) Sty St — R 2t &, (R 2R b B &
TUABAE B9 AR BLAEFH T A% 1 F T A K367 s> 24, #e 3k
[, ZERIEEH T N E2E, GB 31650—2019¢ & & E %
PR B 2 R KR B BR A ) R e AL sh 7
FFORASAE SRR, MAEs . T WE A 1% ik B R i,
Xt F A S SR VERLAE o FERLRTE RE 77 5l Hh T
TR AL R REVC 4R, A4 I Y RE R SR b
1 3 B IR AL REFR A7 M % B A P b b X 220 it 25
R AR R TR, B 5 b X 7 R XU th 7 AN T 7
QAT 1) =5 A A= AR R 7 X

FERIWE 2 PO IR DR M
TR, FECEBEMEIAR RN R L) UMK 25 g B [ T 28
TEA SCAGE T, 5 AN & FRRLR 1Y R 2821 /e ) o B
WERE . 1. SkBAREIR L ARER AE, S5 AR A
1 A R RERETRAR (R GRS . SkRMAER), HA5A 1 RE
PR BB RRERECIR, 7E I AR AR A TR S A A 0 52 P I F AR
TRA7- b 55 PRIV TP AR AR AU AL, X AR )5 2R
T O A 5 T B e B R A S B ES b i e
REWFEA I S A BRI, HLO R T B I % 5 22 [h)
(4.8~5000 ng/mL)>> 0, % & B FERLELE B 4 A K AR
R, EAZRN 11 h febse 2R E b G
2~3 h FREEERN 25 A A AR R A ],
AR F R A R A A LA AT o, (R R R R Y
A RETA SRR IR R R 2 (3.0 pg/kg il 395.9 png/kg)iz T
DAFEHIE B4 E R (193.0 pg/g 71 5.0 me/kg)™ > BiRAAR Ik
FeF PRI R R KT A R, TR S ) FE L g R R T
REA 2251 & WA 2 A Fp R AR 29 et rp RN SR 0 2
PRSI ARA2 W75 0 8 A1 SRR, DR I 55 43
R T A5 i A5 T B P 8 R HEF T IR . FERG S A,
IR ) 2 E SCHREVR YT, AR DR AN . A B
YW 45 T B Jm TR R Hh B, TR 3 R AT

BRI Ab, b RE PR b B8 e vk (0 v 1 A RE TR Y
SR DUAERFIE A BRI 20 i ] B2 il A e A e
FERIRE K i MRE A & S B FHIh 7R SRAE AR R Xof 28
JRE PR FIIEA T X 43 T 50, IS SR B R A B R A
FEAFIME BT RN A5 2 07 0, DAk Gafs 8 8t .

UETUAR, FEPLR A V& — P 7 a2 4 78 55 [
SEZ AP, RS YRk S8R b d e
FE AR A0, R 2 B Lk A A s 1 i) A 1 5 e
PR Bl R B R 1) S R 28 St 24 8 nT K L AR A5 )
RO AT RE T L R 2 I IS S 8T
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