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Abstract

Post-stroke pulmonary inflammation is the most common complication of stroke, affecting the
prognosis and outcome of stroke patients. Due to the difficulty in early clinical recognition of SAP,
it is necessary to actively explore convenient, highly specific and highly sensitive blood biomark-
ers, so as to identify high-risk patients with SAP early and adopt reasonable treatment as soon as
possible to avoid worsening stroke outcomes. Stroke induced immunosuppression is the main
cause of SAP. Stroke produces a powerful inflammatory cascade in the brain. After brain injury, in
order to protect the brain tissue from further inflammatory damage, the immune suppression
caused by the brain reduces the inflammatory response, the rapid and continuous decline of cel-
lular immune function, the inactivation of monocytes and Th1 cells, TH-mediated lymphocytope-
nia, and the increase of apoptosis of immune cells in the spleen, thymus and lymph nodes increase
the risk of infection. Based on the theory of inflammatory immune response, more and more he-
matologic biomarkers have been found to be closely related to the occurrence and progression of
SAP. Compared with traditional hematologic infection indicators such as CRP and PCT, The novel
hematologic biomarkers NLR, MLR, PLR, SII and T cell subsets have the advantages of being simple,
repeatable, objective and accurate. This article reviews the effects of novel hematologic biomark-
ers on SAP, in order to provide a new means for early clinical prediction and diagnosis of SAP.
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1. T4

A& RE S i 48 (Stroke-Associated Pneumonia, SAP) 2 i 26 b B EH WL B = B A RE, W2 S8
R FE IR MR H[1]. FHRIRH, QF 7%~38%M% Hi N [FIR A SAP [2]. SAP A e S84
i ek — A, TSNS R4S . SERAE BRI, 3G ™ F A X . BT SAP (Il R IAN i
Y, HH AR AR AR RS F72 00 B B A G, At ZR A H 11.8%, it Bills AR IR A1 SAP f
TS KA R R3] o

2 i S ) 4 g% A (Stroke-Induced Immunodepression Syndrome, SIDS) & SAP A 9 it 3= %2 J5 K]
[4] [5]o PRI, SERAEFRFRARABE LA RN SAP T, WS RIG T #RB 7 Hl . L4, T4k
JE LR S P A P 2 Aar W T VA TR, S5 SR (8, O KEEH AL . ARLRIA B 7E S 45 A &Y
MBS EYILE SAP RN, 5 Bhim PR EE A AL 25 b BRI SAP my KUK B3, AT A EEXH VR0, B
FRALR AR J S 1) IR

2. ZHIHMRMRERNE SAP PHEXRAR

A rp GRS A S B A 32 B TE, (EIHEARIE PG MRS e REEE . MiBifije, e
ARG G REARGZ AT, BRI A A H b, rh b A AT A 4 ) B AL A X 3
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W, BRZ& 5| R A Ja M B D REANHI[6]. 25 51 kS i) So REAM IR EE RAE SN, A7 BT PRI I 412340 52
B BARE[T]. IR, IXABFEAR T N AR ARG, TG I 1 A R B 0 KU

i 2 i ML B 2 2, T KA 2 AR LR BT LR KR T 4 P B R A R RS 2 A RAE S
HRIME[8]. SULFIINY, &b 2 A4 B IR AP LA B 52451 DIk, v MERE R A e A B ) R A4
M, IR XA R, RN R R A AR IR RS TR EE M, X PN B4
GUEHTDPAE I0TA R T o (A E I 1) o I AR RAAR S W D SO VST s L i Wi B 21t B i AN SR
PE M BERE[O] [10]. AN 5F P A245%, A1 JE BRI AP A Se e 4R, I an A nie . A PR 40 H ANt 2
PSR NINAL, 5 5 RN e R AR AT X R LB, BOd AL B B RN, 3 R O
fImi ARG . A — NS, T MEARRREE B E RN, 38 R R 20 i A5 A0 1 A S5 )
Jits  FnSE IR RAE S SRS A T o RAE e B AN AN S E B PRI R GE, 1K T UM Rtk
LA E TP T MR, 51N A e AR SR [11] [12]. B4, WA bR (i 2 fil
AT R GEANT FLfid - AR - B BRI BEVE R, RUEORE B BUBGR MU LR B Y 0, B0 LA
N TN A T RERSERG . A b 5 S A R GERIGE R B 1A A B B YRR, S BRI
R 50 R M T o PR SOE SN S T AR S K R G BRI A B SR e i b, e 2 M I ) XU [13] [14]
SR A PR R G B AR 2 e G AN SORE S N IR AR R e 2 A o i i S BRI I SR, — T
5SRO, 53— J7 - SBRE RGN, AR, IS BRI RE15].

3. MBARERRSYE SAP BrP B ENE

TEIRIRSE B AR, SAP FISLI6 =12 W - EH 4 41 fid(White Blood Cell, WBC). C J< % [4(C-Reactive
Protein, CRP) J [#45 2 J&i (Procalcitonin, PCT)%5 JL N HEE I AELTE bR . IXBIBRIRE 2 %2 B H ERS . 8
FRRAS . BEACE R 1) AR G 2 2, 0 TG R A A7 — s SR PR, FUX L 45 1) 45
PRI B HERZ W E[16]. ST, ATK B2 H B £ NBER BTl 451 WBC. PCT. CRP
FabR, XZrE AL e N ANBURK[6]. Vogelgesang, A [17]55 MR AR, 82 EYLIE & R EGL py 28 b 8
H, EANFERTE) WBC THEOFERESZES . IEHR, RIS Z F MG S, i P R4 A
LR EL A SR L L SRR S bk 4 R B 481 e 8 B A T b S BT ) S SORE IR . DRI, BRBHE X
554 By 1 JORE ISR G R G IR A 0FRic 4, K2 R R TIN SAP K JE B I — A BT £

3.1. RS HKEAENEEHS SAP

FR PR 2 5 90K B2 4T A P B 91 (Neutrophil-to-Lymphocyte Ratios, NLR)UY AT A4 Bf 48 i AL ) O Bt
fetr. WEFEEMW, 59k SAP A EH AL, SAP AR 4N AAl NLP S8, ik Ean i i EeE
RERD, XL NLP & SAP (— MLk, EER TN SAP 1)K 4E[18]. Nam, KW %§[19]
WEFRN GBS 1317 44 ZvESR I 7% 25 F1 (Acute Ischemic Stroke, AIS)HE#HFfli, iESZ T NLP H%(E LT+
55 SAP WRAEAFTE AR ORI, HIXFIOCITESG T L2 22 5o 6t ol ot Ao A B8 i kv i
% N, NLR ZETI SAP J7 Tt i AT 5[ 7] [13]. Wu T [14] 5 H: BB NARLL5 A K HEIR ) SAP
BFRAE T VERMUL . Wu T B ORI NLR 0] AT E R # SAP 3, X — RPN FIAHATCER
RS B PR T IS HE S . NLR 5 SAP %U<, XAl g5 A i Ja LR BT = AL 1 S % [ N A
Ko TEMRAE R ARG, PRI AR A K R RS AL, R H TR, R 4 Th-1 BUEAE 4T
% Th-2 Y, FECTA PRGN E 1 2R 2 (R BB kA, 248 T SAP I 5 &PE[20] [21]. #RT, KT
NLP Xf SAP FAETMIE AL, i LMBF7HAL W, Wang L Z5[22]2# 3 @5t 24 /N i 26 o 2535 76 B
JE/I 12 hy 36 hy 84 hy 180 h PUANAN[F] B[] Beidh AT MR AR T, RIAEA R A2 36 /NI NLR i 1) i
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B, HIX— VA8 L A 240 A0 eb ok 20 i B A B v IS U HE B Ik . 115 2, NILP ZE TN SAP 75 1 fi 47
{ERAF M.

3.2. M/MRSHBABEEEHIS SAP

IR 96K B2 40 i EL 457 (Platelet-to-Lymphocyte Ratios, PLR)Z> 5225 A Ji5 bk EXL 21 a1 1L/ INBR A8 5 AT 5,
X — HOAR RS S AR F TR i 4 B B RORE SR [23]0 PLR & RN Co ML A8 A« I s« il 8 A
KT BIBURFRFR[24] [25] [26]. 5T SAP 5 RLR Z [R5 %, Li, W 250508 8], PLR %F SAP K41
TR R UL =S 57.5% [27]. Lin 28 A[28]iF52 T PLR 5 SAP [/ EL M %, BEWFTKIL, SAP &
H 3% PLR KF B2 75 T SAP 4R IR ZH, H PLR /KT _ETH5 SAP 23 I K iG 25 U195 & [29].
TXFF LI AT R EH T AR 2 U R 10 S RGN, I fik R B AT SRE e RN, R Ak
Egifg H TR R, 7R RARS, SR B NSO B S SR AR T AR T BRI ML L 2E, i
RGN EHFIRSHE— B IE T SAP fU#EE[23] [30]. T A — ke sk JIEAEWbr &, KSR
DL AR A b B AR 45 & RS AT Ry SAP KU TRINZ BHBMEAS 2. 281, A. Adiguzel [31155 NEIK
Il PLR 7KF-5 SAP 2 [H] 33 B & AIAH G o 1X AT B2 BT v RGBS 1R 17 7™ B R P 45 7, SO 5
B, HAR PLR X SAP [ )5z ma i AN BIRf,  AH G- 0 ST ER TR IA A PLP &5 SAP 355 U A0 il i
SRR

3.3. ERAMSHEBMALLEIS SAP

BAUZ 2 i 55 9 B2 4 9 P EE 9 (Moonocyte-to-Lymphocyte Ratio, MLR)Z 7 B4 41 ffd () 246 % $i: DAk
EL A A ) 5 B 1SR L 1 2 i R B G M ) I A bR e 4, CLAE 2 AN 22 A5 3 56HIE . MLP
SyEge. R O I R, RS AR 2 B A 9C[32] [33]. Hao-Ran K [AIPA[34]E k7R T 53k SAP
AL, SAP K MLR HA BER EFF, HAEER MLR 5 SAP (100 %6 2 [A4F7E ] BOCHk . [H]
F£, Feng Cao 55 A\[3]i@iE%f Yk 399 4 AIS B PEAL, tHIESE % MLR 42 SAP f— ML fE & .
EAMUIER T SAP 5 MLR #VIBLR, & NIRREAERRME T —AN A /1% &R . MLR KBR 7R R
ST ) 3 A (O B 4T ) S e L Z AT G 2R, 90 B A 4 v AR E 4 IR X AT 2 bl T R R
G L SEREFA S AT BRI BT A 2 0. Rk, AR Bl A B R D SR A 3 R S B S
FRIC Y BE B G B T SAP (1R AE

3.4. RERBRIERMS SAP

ARG 9% 2% 9iE P8 B (Systemic Immune-Inflammation Index, SIT) & —Fha] DL e e A A4 J53 358 G 28 S AT 4
5 RNE SN [RET Y SOREAR B - ST AE 2014 SR 5 GE OA ST = M/IMRTHE > (P RL 4 i -5k 2 4
fitt45), &2 Hu B 55228 £ S04 VI BRoAR 38 Pl g th(35]. 58— RGERArM L, X —14
FREFEFEIE T HME MR PR Sk AR 2 A28, T BE A T S AT AR LE AR T . R
i 2 25 G B~ 7 TR o STT 15708 sy, SRAE AR ) 98 hE S BBk, B A R 48 1Y) R B gk
9. HEHERINEITN 641 HIEE BIREMER 7T, BIMEHFIE 746, NHISS Warss 2 MiRa R &G
SIT AR AR SR 25 HR A ST 98 1 5 XU R - AHSCHIT FCUERH,  SIL S FR0 Sk i BE A8 i A4 38 90 K il /7 THl
I, HIEER SI KPS BF RS RIS T B R AR A K[36]. Xie, M 5235 @il % SAP &3 it
ITak 8 FEMBE VIS K B SIT Y SAP KIATIE A RA 5K[37]. SIT A& TRl i 2 38 52 v JXURIIT 28 XU 4T
TR N P ez = RS S G {=F v N S ol W N1 R 5% v 3wt a7 L R VA i D = G o e e 1 )
D] - 55 98 R S o3 AR LA o o o B ik b o I /N A A BB T A AR TR 1 75 3 9% 0 DA - KR JECn 2
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A E 35005 o WL N AR i 4L 23— B it i S e e b, e e | S 2o B ok B 4 i % B AT g
A2[38] [39]-

3.5. T AT EES SAP

IR ELA A AE 2 NS RIS, R Rt L5455 i (0 98 0 S Ik R b, 5% ol S P B L 4 o S A ) L
AR AN 2 o Jorp, T IR AL 1 R 9 0 S ik Ji P DG BEE A 1[40 o AR R T A P iy 22
S, T#HE4IA 4~ CD3'. CD4". CD8" T kB4, CD4 Al CDSE N T M E4Ii EE TR, ©
IFEHE SAP BRI EdE v MEVE . Vogelgesang, A FUWFFLR M, 25 b 3 & YL 0 40 i
T TN %, B XS CD4™ T 48 i 4 x5 18 B QAR IR L I N B AR R B I 22 R [ 17
W RIL, fEEYEMFESE)S, SAP BEMIANEIM CD4A™S CDS HAE B 3K T aifiifiist %, CD4'5
CDS'HLAE TN A2 SAP [H— NG RS 2R [41]. 5K [42]5% N 7L 4 15 tH FAE 4518, SAP A4k
SAP 4 CD4:CDS8 T itk EL 20 g LU R BEA o ST T bR EXL 200 B i o TO0 000 B [0, VT 26 [ 43 138 i X A [R] f 6 4. SAP
BT R IMAEMGRESE R A58 2 R CD4A'T A B v 0T AR o 26 v S SR L R T4 b o 33X SRt — 2D s F0
IFIESRAE TUEYE . AT, X R R HHOI T, RRIETY KA S seiedt— DI ur k. [H
FE, TERN IR H, REREAE (44 ] & I 2 o H L A6 58 75 R0 S [RIBF [) T 240 PR ST A T — e B Al i) R %,
TR EEM AR R XN A SAP R B EEAEM . BET TR, S59F SAP 41LL#, SAP
YRS CD3" MR Mt B35 PR MK, {2 CD4"4HMu% &% CD4"/CD8" % T-1iill SAP Tl AA 5 rmi[45]. T
AR SR S SAP (WA B ™ B FE ARG, IR IR Fadad T 4R o] LLUS T 148 5 46
A G SIRTT

4. INEERE

FE R AP RS NE R, HAREAZEEZ NG 2 A S R A 24 i
B WIECAE, SERAE BRI R, a7 A, S R U MISET R PRIE N SAP EfE
IS AV AR, T AR R B (] DR R R AT A, AR A b
TG o A A JOREA IR YL AR bR, 10 CRP. PCT %%, 1F 25%~66%0) SAP B3 iR $Eks T £
PEEER, HTFFE) CRP. PCT S54RFRIFIEA N SAP (SRS, TG, REEZHUR. FeFrEmid
YIRS B NEE,

A rh g5 S G B A 2 SAP 0 14 i 1 T I o DAL, xR AR IR AW FE VR E 9 SAP TR
B MNRTT KB T Ao ASCERIR I T 38 73 B B 5 T3 AEFREY), NRL AT R NAETE & &
Ve EEL, DAL T FTIENZ SAP FITIARICY . SIUAFE W4 B JOE S I B FE bR, £
T RERGERECHAER . HAT, S CHHENIX SAP BRI Rl T R - 30
JRHEA —EEM, BB TGS, wHERIRK M, Bl Tz —Eke i, @itt—»
L5 MR, b4k, MLR. PLR. T ZHHVHESEH RIS S I TN 45 RA fpide— 0 B1E, AidiX
LEFR EMIRE SAP AROpLEIR Bt 1B BB ATT IR, ARGk REARE#E— D i L. PLR 5 SAP
IR A X g T A v BB ™ B o T IR CE A B D R 8 OIE S B K J O R BE 34T, CD4'y CDS™ T
MRS S SAP (AL EAREVIMR, RREFTE PRI SAP FEH .
MLR 558 VIR, AL SAP JE T, HHATHRUE R Rl s A vhs &
VINERE SAP FRIRHUHIFRHE T B BB A%, RSR T4k RFE AR — 50 5.

B RR L AE R 18 5 5 45 10 ML hn S ) B AR UV E 2 A AR MR I AR MR 54 MLR
NLR. SII CEBEAXT SAP (kA WU PG L™ AR RE B AT — @ WA E I, R InAT & AL
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VR, AR, MIBERR SN Sy SAP T . I KR TR AR BE R g
E&UH
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