Korean J Leg Med 2016;40:8-13

http://dx.doi.org/10.7580/kjlm.2016.40.1.8

1= =

27 ARl ARE

gt A+t

295’ BME' . uye

UYL B - LR

ST,
FISAFAT A B2t

2%%4zf4ﬁ%L

kbbb T Welsla
SAereeta olakehel welstmAl

Received: October 16,2015
Revised: October 21,2015
Accepted: February 11,2016

Correspondence to

Joo-Young Na

Forensic Medicine Division, National
Forensic Service Gwangju Institute,
687, Chungnyeong-ro, Seosam-
myeon,Jangseong 57231, Korea

Tel: +82-61-393-8442

Fax: +82-61-393-8440

E-mail: pdrdream@gmail.com

M B

AAE o437 C-uhgTh HAto]

Study of the Test for Postmortem C-Reactive Protein in
Routine Autopsy Practice

Yeon-Ho Oh', Suk-Hoon Ham', Jeong-Woo Park’, Hyung-Seok Kim®, Jong-Tae Park’,

Joo-Young Na'

!Forensic Medicine Division, National Forensic Service Gwangju Instititue, Jangseong, Korea,
“Division of Forensic Medicine, National Forensic Service Busan Instititue, Yangsan, Korea,
3Department of Forensic Medicine, Chonnam National University Medical School, Gwangju,
Korea

C-Reactive protein (CRP) is an acute phase response protein synthesized in the
liver as a response to various inflammation. CRP is extensively used as a general
marker for inflammation in clinical medicine. A forensic applications of the CRP
using postmortem samples have been studied in oversea. We have compared
CRP in the between antemortem and postmortem samples and studied stability
of postmortem blood samples for CRP test. In 69 consecutive autopsy cases, we
have analysed heart blood samples (69 cases), peripheral blood samples (33
cases), and vitreous humor samples (60 cases). Postmortem CRP was elevated
in 25 cases (36.2%) and possible causes of CRP elevation were inflammatory
disease except one case (unknown). Postmortem CRP test shows sensitivity
86.7%, specificity 80%, positive predictive value 92.9%, and negative predictive
value 66.7% for inflammation based on 20 cases with antemortem CRP
results. The postmortem CRP levels were similar in the heart blood samples
and peripheral blood samples. Vitreous humor samples are not useful in
postmortem CRP testing. And both whole blood and serum samples are stable
in room temperature until 31 days. We conclude that serum from heart blood
is best suitable sample for postmortem CRP test and postmortem CRP test is
useful in routine autopsy practice to detect inflammatory disease such as sepsis.
From the view of postmortem point, we desire that this valuable test should be
used in routine autopsy practice in Korea.

Key Words: Autopsy; C-Reactive protein; Forensic medicine

HEol4 Ed g glstA o8& oAl o
[1], 34 71%3-E 2 (acute phase reactant)2 2] 7}A]
% J

C-Hh-g- el M (C-reactive protein, CRP)S WHAAA 8744  S4EE, W RuEg 238, HIEY, FAHZF, o4

pISSN 2383-5702 | ©Copyright 2016 by the Korean Society for Legal Medicine

elSSN 2383-5710

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. 8



Y, FAZAME, ATt e T, A Fol T 9
ato] 6-12A17F oJujel] F5atm oF 4847
< 3870 }F 2AEH[2]. ol¢t &2
C- H}Ou}uﬁx e 01/6}01]1\1 zZ 013594 %"Trj‘, /1\_]/0]0} 7Y =
27198 A%, A= F
ol o] &5l it

ﬂlﬂlb AP & oA CRP HARS AAst HEZF

Aehshe o =o] Fohal deA lom[3], AEASY

CRP-J Ao e A7} o] Ro|HTH4]. E=F, ANY
< AA A EY olQlol e ZH} £8-S o]-§3to] CRP AA
& AFToRH I o9] HANE CRPY HA} 7}
Sotthe A2 HuE AT

oje} o] CRP= =U|9| 4/ stol N EdstA o] &5
AL YA oA BT HAE CRP 4t wlH|gh A7
ojt}, ojo] AAEL & AFE Tl A FiolA Argstal
Ae sk EA417] 7]‘2 o|-g3to] AT AFS CRP & Hl
WL, BN e £ 9= AR KA Y-S o835t
CRP #t& Hlwdo 2R CRP FAAIA S AAE F-84=
Attt T3, AA Q] Ht e 2 A7k wE CRP g
o] QP WSHE EQlste] B4 ARolA CRP HAS &

B o] giae B 7)ol A 2014 99 HE 20154 10
A7A] AA S W B 5 9l (whole blood)3t G241
(vitreous humor)2] AZ 7} 7153t 69719 AJAES Ao 2
ATE AlatTt

2. M= I HAME

(1) &%
CRP ZAfe] AHEH A2 o] A F 69719] AJ4lolA
‘E‘% FAZIE ol g3ty AT g ol 8 5
£ A3t on, AF & 1.5-mL microtubeo] A&
%ZJ T AAET 7] (Smart 15, Hanil, Incheon, Korea)&
o]-g3to] 12,000 xgol| Al 1027F AP 2 E skt o] F 4
28 2F 5t 1.5-mL microtubed] ET3 & AAE A
A&t
(2) 2|4
Hel B4 F NS Rujj7p J3P=A] ¢b2 60712 AlA &

% oM BE 5-mL FAIE ol&sto] fEAAES A
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AbE C-RESTHEE 2L ez 9 9

sttt AF £ 1.5-mL microtubed]] F-AHS &7 &,
A o]4-5to] 3,000 rpmoi A
=]

Bg7](Smart 15, Hanil) &
OB AAEHE 3 &, AZHE o] &3to] AALE AAlst
}.

o v

25

(3) ZiApEr
AXE= Axts Aget 2A47) BT1500 (Biotecnica Instru-
ment S.p.A,, Rome, Italy)& o] &3t EAstct. 574 W

£ immunoturbidmetric o2 2435l on §2)4|
Ny O] AA| AHEHFE 242 500 uLE AHEsklTh CRP
reagent?] 42 = ZA ol anti-human CRP I & &
ZAIZ] Latex YAFe] H5dE E3stH, CRPS} Latex A
ETH9 anti-human CRP &A|7} A&3sle] Latex YAt £
sttt o] S 700 nmoA 9] SFE HStFS ST
EN VA FEY ZEHE o] &3 AFH O RHE HA 9
CRPE Attt CRPY 42 EF(standard) A4 & j
A At R Ak o] &8t FaiA] ghs SIS, T
T2 1.0 mg/dL o) YYo= HYsT.

3. Xtz 24 W

EAA AL IBM SPSS for windows ver. 23.0 (IBM Co.,
Armonk, NY, USA)& o|-&stith. -3} A CRP £t
AE o] g3lo] W& (sensitivity), 0] % (specificity)
2 FAo|Z % (positive predictive value)®t SAGSE
(negative predictive value)& A&3t3th

g} Aty B4 tisiM e B4 2EEAR
stQlom, AFERE o] AE mi7tA| 9 AJZtE A
IA]ZH(postmortem interval, PMI) 2.2 A3} aL, A
CRP A7} A= S wiRE Ro] AlE & CRP 7‘j
ARZE A E mi7bA] S A THE AR A AR THA 2 (testing
postmortem interval, tPMI) 2.2 A oJsttt A CRP 4
A} A3tol AFE CRP ZAF Z3H= independent t testZ H]
TS ol

A
73

A

O: ‘lol' l:l:l

1. ATCIAIRLS] R S

AT EAY] dtd] EALS T3} 2ok B F E9S 9
&3to] CRP AALE AAE 699 F Fahes 497 (71.0%)
ol2t= 209 (29.0%) & FA o Wotal, Bt AP
50.63£18.77M|3ltt. A8 FRE= 2AAF 257 (36.
UISIAF 4278 (60.9%), £ (unknown) 27 (2.9%) ©] At}
CRP7} A58 tiaatE 694 % 25 (36.2%) 0] A1
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CRP7} A48t e £8 £ CRP FH3H2 11.1247.61 mg/
dLo|w, H4Zke 1.53 mg/dL, izt 30.1 mg/dLol %]
o} CRP7} A5t | 34 YAo 2= HF 99(36.0%),
Bared 390(12.0%), HEANAZS 24(8.0%), F71=H 24
(8.0%), &5 74 290(8.0%), ZEAWTY 14(4.0%),
HE2Z O = 14)(4.0%), LEZD 19)(4.0%), o}HE
4 ERO AF 19(4.0%), A 161(4.0%), A3 14
(4.0%), £33 14 (4.0%) ] 1tH(Table 1).

2. ‘47 CRP ZiAI2t A= CRP AL Z1}2| H|w
Ao 697 & A CRP ZAA 2THE e 4 A=
7

& 2009tk AT AT CRP AAE Wad 23} 4}
% A CRP7H 443t 159 A7ehgat 5 1390] A 3

Table 1. Cases of positive postmortem C-Reactive protein (CRP)

o= ol om, yma| 298 AL Ho Hgte] Zho] st
gt 349 AE YEPYAT 8k AP M CRP AL
oAM 0T 57 F AFY Fol| = 48 o] A4S U
EF QAT 1982 CRP #to] Aaste] YA =2 Vet
O] 5 2099 PMIE 61.1#53.09A17F0] QAL tPMIE 141.94+
127.89A17F0]Qlt}, o] 5 2099 CRP HAAF Ato] HFghe
A AAS] 79 9.21.049.13 mg/dLoI QAL AFE AALY]
78 614522 mg/dLE EAA = Fou|Ft 2fo]7} glod
t}(P=0.13) (Table 2).

B AAIA CRP7F 53t d o] 3 AR CRP ZAL
ABANNE F5dteq] gxgt vH&S e 95
92.9%, W EE 86.7%% UEHHTh AY  CRP7} 4
A FAE Ao A ALE CRP HANME A5381A] g2 H
& UelE SAUZEE 66.7%, E0| £ 80%°] 1T}

Postmortem CRP (mg/dL)
Case No. Cause of death Possible cause of CRP elevation PMI (hr)
Heart blood Peripheral blood
1 Vibrio sepsis Vibrio sepsis 162 28.60 No test
2 PTE PTE 31 1.53 No test
5 Infective endocarditis Infective endocarditis 72 9.70 No test
6 ARDS Upper respiratory infection 120 1.96 No test
7 Pneumonia Pneumonia 96 18.00 No test
1 Sudden cardiac death Urinary tract infection 28 5.39 4.64
24 Myocardial infarction Pneumonia 21 13.00 No test
30 Sepsis Peritonitis 29 7.71 9.41
34 PTE Pneumonia 17.00 16.7
35 Sepsis Peritonitis 38 14.90 No test
44 Liver cirrhosis Unknown 49 4.94 6.22
45 Pneumonia Pneumonia 39 15.90 14.2
47 Myocardial infarction Upper respiratory infection 51 6.75 6.86
49 Ludwig angina Ludwig angina 32 9.04 No test
51 PTE PTE 91 233 No test
53 Myocarditis Myocarditis 33 3.84 434
55 Sepsis Operation site infection 266 4.81 No test
56 PTE Operation site infection 29 8.97 No test
58 Acetic acid intoxication Pneumonia 92 11.50 No test
59 Hypovolemic shock after C-section ~ Myometritis 79 8.76 No test
60 DCMP Pneumonia 56 7.61 No test
61 Myocardial infarction Pneumonia 98 10.60 No test
62 Sepsis Peritonitis 66 22.20 No test
63 MOF after TA Pneumonia 66 12.90 No test
67 Intoxication of agricultural Pneumonia 54 30.10 No test

chemical

PMI, postmortem interval; PTE, pulmonary thromboembolism; ARDS, adult respiratory distress syndrome; DCMP, dilated cardiomyopathy; MOF,

multiorgan failure; TA, traffic accident.
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Table 2. C-Reactive protein (CRP) concentration in antemortem and postmortem

Case No. Cause of death PMI (hr) tPMI (hr) Antemortem CRP (mg/dL)  Postmortem CRP (mg/dL) P-value”

2 PTE 31 201 2.20 1.53
1 Sudden cardiac death 28 118 8.70 5.39
17 Aortic dissection 51 70 0.20 0.42
29 PTE 49 123 3.93 0.73
30 Sepsis 29 101 0.07 7.71
35 Sepsis 38 61 17.94 14.90
43 Myocardial infarction 24 100 0.05 0.01
45 Pneumonia 39 82 8.53 15.90
46 Multiorgan failure 64 181 2.40 0.77
47 Myocardial infarction 51 76 737 6.75
49 Ludwig’s angina 32 96 17.8 9.04
51 PTE 91 168 9.30 233
52 Poisoning 38 43 0.11 0.12
55 Sepsis 266 271 9.03 4.81
56 PTE 29 76 10.29 8.97
57 PTE 50 76 0.99 0.88
58 Multiorgan failure 92 1m 26.80 11.50
60 DCMP 56 624 13.80 7.61
61 Myocardial infarction 98 202 11.70 10.60
63 Multiorgan failure 66 144 33.10 12.90

Total (mean+SD) 9.214£9.13 6.14+5.22 0.13

PMI, postmortem interval; tPMI, testing postmortem interval; PTE, pulmonary thromboembolism; DCMP, dilated cardiomyopathy; SD, standard

deviation.

A difference of results between antemortem and postmortem CRP. The difference between the two is rejected.

3. Ak= A AtO|oflM CRP ZAL Za} Hw

A 699 & AFF CRP ZAME A8t Sxdo] BE 7AA
© Z9E 339093, o159 Fat e A 1.99 mg/dL, &
2% 2.00 mg/dLOZ Zpo]7} UpA] gRgkom, e F|ofA]
G &4 9] zto)7) FE = 2= QYT

NET} qelxle] B AAE Zele 60019, 2zte)
73 AE 3.82 mg/dL, A 0.16 mg/dLOE &
3 ol FlEgom, FEH AL BE Zao A
Hog Az

dlo lo o‘_ﬁL

4. A8 22 ZA A A2l 2 CRP Sk H|w

AA 9 B 24 L A 7o) w2 CRP PAF A3} 2ol 5 &
0l5}7] 9]8) AFE CRP7} 2718t 199} 271614 &L 102
Zkzto] 273t A|bel| whel vk @@o}a&u} AFE CRP A
Azte] 7152 B4 T HlE Aot A8 o8t AA ATt
Z sttt R 248 A¥y} g3 —% 77t Yy e
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o ol o) ZAkSL.
]_

I AT AE CRP/F ASEgd 280 Ao Ady &
A BIEo|A AFS CRP At ATHE A% & AU, A
CRP A AHe 234 Faste 2Fe Bion, 535 A
g Aeo 397 BAF T QS Aol A Zast
ok, ey BE AAIA 84S SAFA gkoteh v
A% CRPE) A4 AT S40l9l| Felelie A4 7
SoA BEFHAHOR 27 ml 7tA0 AFS HYort 9
A BE Aoo|M 9JPAL Folw) ] erokrh(Fig. 1).

o

CUrSHNPL A3 U 7Y F 6-1242F ool ek
X 8] ol 857 911, el

BN ) AL YL ko o 2
RP A} 237} AH1e] ko] o
6. EM e 9 2 e
e e LV RERER
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Fig. 1. (A) This graph shows postmortem C-reactive protein (CRP) level is decreased according to time of storage in positive result case. (B) This
graph shows that the change of postmortem CRP is irregular in negative result case. (A, B) X indicates results of whole blood which was stored
at room temperature ; A indicates results of whole blood which was kept refrigerated ; ll indicates results of serum which was stored at room
temperature ; 4 indicates results of serum which was kept refrigerated.

SRSk, A2 A W A CRP A4 43 Mimals, st & A7olME A8 CRP A4 Aol A% CRP 3
7 A ARSI AR 3 A CRP A4S 919 589 AA A 2%E Hlmstel W4T 0 So|E AALE Asact 4
£ gAs0], AAo B o e ATE AWFORA AL A CRP A4k A3t IR 159 Folq A CRP 2
F CRP 2AH9) -840l thal F1skarst sk, A A3} QA oL 1361905, M CRP AAL Az

2 A= F 69919 B FHE HFLR skglek. o  7F S40INW 59 FolM ArS CRP HAF Bt S0

% A% CRP7} 10 mg/dL o402 GAE 1ol Z2l25  Ax|shs A9 402 A CRP A WIZHESH SolE
(36.2%)0]ick. o] Wilol ofshdl AF CRPS| A% 2 & 2% 86.7%, 80%°]9L, FYASES SHASEE 2
O W HTANZY LS GFH W3 FNARAAFE A 4 929%, 667%Ih T2t AAES AT CRP AN
Aol QojA §-EHThL BUSARL[], Fujita S[21& &4 9 NAE U B E9 PHASE W SHAFEA 6% %
FBE AUE FHE UAIE ALF CRPZF §830H B 102 2439, 1 olft B AFIM 91849 2
TSgALt. & ATFOIAE A CRPZF Z7HSIE 25009 T 3ok SOIE|9E 20W3 464 Zele] A9 4 CRP A%
BRI $S Bl Y 0), Bu) 3] § 939 A7 gho] FUHOE %A Gk, (MU JrhHOE Pglon,
o SO, £HOR AR A5 FASA Gtk B F 32 BE AR F ARSI 0 A CRP A4 2
& ABAAUZ 200014 AE CRPY 717t Selsiglon, 37k % A% A5 esior @ A0 Yasit. ®
10]ol M A% CRP] 371 9918 4] Zolgith £ A7 o, ¥ A7) SHASE HUHOE He Bed olf
OIAE FHNDANFY Fe 30 Qo BE 9ol & AW CRP @A Aa $40I9W Fevt A 297 o
A A 2 g7 RS 2700l HAHo] ol FeolH CRP o2 stk B3 990 At HARH 30
378 A9 FYNTANFOR WA 2L geh. W 399 9 BED WHIE F2(chief complaind) 2

B @704 A CRP A4 208 3% 4 9909 Zo ol vhdste] TS A W, o 452 o AYE CRP
£ 206031t} o FOIM A% CRP A 2371 A CRP A A4 A 0.07 mg/dLE S401 9o, 48 Al v
A} A3 9 A9 200 ol GIQURHE AR CRP R o 16417 ATk $7 A3t Al FEAY 930l
A A3Hs A CRP 74 Adto] M8 QuPHOR gashs % Bugs fEFoR BaEdith geta oleid A%
A0R AARL, o)t od Hug FASHAHYL. 55 o & CRPF 4% F 6-12403 olhel Ho@rhe AE el
& ZelolA] A5 CRP Z4F A3t B 6145522 mg/dL W, AH% CRP A 23171 % 2319 A0 wusyr). o

2 47 CRP A Aol vla) 33.4%7F Zastgen], o] 2 oleist MES Tejalw A% CRP AAY AEL o

[UO
-
rﬂEﬂE

43 A A o) Hiet FYstATH7]. olst A= & FUHE AR AZHEL
ﬂ%’w LHE FAaANFV] "' B4 5 AFE AALIA B A AFH st AE AA| oA AFE CRP 7“}3 st A
Zof o3t A ZAAIZA AFS CRP AN Aoz gt &8 @2y S dS vusigdch 28] 79 334904
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AR WG 5 ST, o5 Aolol A Hol7} FelElx o
of AH% CRP A4S s Hlol Qo] WA o] Bl A
7 ol A8S olgahi Ao $L& Ao B} E
3 geAe] A Bort AW A9} Hed 4ow
J8 Bohe A7) olele A 58 5 Yk, B o
Folq Adt feAole o gate] 6

[e]

A7t 24z AEE FYAAL AS CRP AAH] 4
AR HgstA G Ao wesiqit

AAel Re A 9 AFE CRP 7AALY ¢HE XS H71s)7)
el A S A Bt 9 Y 1Hste] 44 43

st 9 & ThA] AT ARS CRP AAMS ol dE
SeElolA 23 Al AFs EHE o] &3 % CRP A4 A
+ 9.04 mg/dLoIRla, S YA BHate] 78t
319AE Mgk CRP HAF A= 247} 8.43 mg/dLe} 8.56
mg/dLE 5%-6% atetat QAR 2 3] &l fldeh &
e A2oA Hitkste] 784k} 319 H gk CRP A}
= 247 8.61 mg/dLe} 8.44 mg/dLE ZAE|o] &3
o] ¢ Ht 2&o] ©E Aol HolA FYth HES Y
foll A 793 319 &¢F Hst & AJSh CRP AL ke
Z+7} 8.42 mg/dLe} 8.46 mg/dLE YAoA HIst A3}
vt AEH QAT AES A20A] 743} 31YE &
sto] Hst & A|gPs CRP HAF A3t 242 8.25 mg/dL
9} 6.7 mg/dLE 743t} o] F HE S A200A & g7t
B8 4 Lo CRP Fol 6.7 mg/dLE <F 25.9% IA 74
ol 939 dits AR Fop NS o] g3t AL
T CRP AAt: w9 QA Ao Fehatqit). st 55
H Z8 9 F$ (PMIZ} 271N O 2 AFgEE & oF 129 $o]
B0 Age ot A CRP HAL Aot vlasle] AL
CRP ZAF 27k A 21e] oF 53.3% % AEE0] 7|& ¢
FollA PMI 6¥ T} 71 PMISIAE A}S CRP A} 9HA
HS &g 4 ATH7]. =3 AFSE CRP AN 237t &
oY FElolA] 718 vheh Zo] Hyksh & thA] A3t

AN Z2te] Aol BHHH O S} Bl i)

& 1

10 my o

oﬂ

T} o2 St ¢l W= £/¢0 W2 CRP =04 &
A 70 WMol = sl 284 o2 AIS CRP A
& AAE oF 3197 2 2 Aol YA, A

T

g u 38 Bstel W nEsE 2
o) Bt HYY 202 PHHLE EF 14 F9 S A

, A% CRP ZAAF 23} 28.6
RP AA} Al E A= 7

mg/dL2 S A=, AHE
o2 ZT3 5 g3} 80TAA oF

=20

ft o K
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