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Abstract

Objective: To explore the etiological composition, age distribution characteristics and thalassemia
defect gene spectrum of hospitalized children with anemia, and to understand the etiological char-
acteristics of anemia in hospitalized children with anemia in Luzhou area. Methods: The clinical
data of 972 children who were hospitalized in the pediatric ward of the Affiliated Hospital of South-
west Medical University and diagnosed with anemia from 2014 to 2022 were collected and retro-
spectively analyzed. Compare the composition differences of the main causes of illness among dif-
ferent age groups; The chi-square test and Bonferroni correction were used for inter-group com-
parisons; The types of thalassemia defect genes in Luzhou area were analyzed. Among the 972 chil-
dren, iron deficiency anemia (IDA) and anemia associated with malignant tumors were common
types of anemia due to reduced erythropoiesis, thalassemia and G-6-PD deficiency were common
types of anemia due to excessive destruction of erythropoiesis, and inflammatory anemia was the
most common type of mixed anemia. There were significant differences in the distribution of ane-
mia causes among hospitalized children with anemia of different age groups (P < 0.001). In cases
where complete gene reports are available, the most common type of gene deletion for a-thalasse-
mia is --SEA/aa, and the most common type of gene mutation for -thalassemia is CD17/N. Conclu-
sion: The causes of anemia in hospitalized children in this region are concentrated, but there are
many types of diseases. The distribution of causes varies significantly among different age groups.
Comprehensive examinations and consultations should be conducted for the children, and the di-
agnosis and treatment strategies can be optimized according to the age characteristics. Based on the
cases with available gene reports, the thalassemia mutant genes in this region are mainly --SEA/aa
and CD17/N, providing a preliminary regional reference basis for thalassemia screening and ge-
netic counseling.
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1. 518§

S I 15 A I 2 A P LD AR L0 R 1 I T b A T T 35 4 B R 0 5 I 1],
R JLEEI T LI MR R G5, FIRR T A ERPE I A L TR SR . R 5 A 414 2015 4F 4R
Ry AL 2011 E4ER 5 L UNT LB R HOEAG FML[2]. Stevens Z5[3 15 T 43R ABEIRFERUR 104047 %
SR A BRAE RIS I 7 TR XA T — 5 MR, (EL) L B9 00 01 OB B b T e, W RS 1 A 3 LA B o

WMRRAE 2, BTSRRI, RS SRR A E IR RS SRR G T 200, BRI X (1
(5% B LA L5 ) 5 T B DR 45000« 8 0 2% 1 S P P R B S R UAEE 2 50 AN 2014 458 2022
AF T8 R R 5 0 IR EE B LR A e 2 R 20 L Fr 28 LA T LI 5347, B 5 A HB X 88 L 22 10
TR AL, B 7EAR AL M AR

2. FREH*E
2.1. FAEIR
2014 F£F 2022 FT R ERRFEMEERE ) LEHR FAERIFZ WA R A £ L3E 972 #], HpBE
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553 51, 23 419 1,
2.2. STEE

A NAEILEHOP RIS : © VRN L. SEE Ml ST DA (e i 5 1 e . B0 58)
BRAESL(AEER . HARIRBORSFRAEOR) . R @ EmRERAE: ARKEH. SORRKRESR
L FFIRNERR AR, © B E: WA M. R, B KWL A, AR R A AR
VLM fa db— 0 e BBk . A E A HIKk. Coombs 546 G-6-PD JHIEKIN . HHEMR v %%
AR B . DTSRRI I AE . AR L L BORRAS YIS W S e R . HERR bR E: © ik > 14 2
AR <1 3 @ RRERATE,

2.3. FiRRIS

K BT AT NI TE (K9 B 8 ) LAZ IR L SE PR AR e 10 AN ISR e 2, SR, il 2)L48 A 1 A
WA 1 L E. )URANE 1 S 2R 3 S E. HRATINAUNE 3 2 2R 7 MY &, #
WS INE 7 S BRI 11 S EEIAUONE 11 8 KU EE.

2.4. RINFEEISHTFRE

Z IR IR E H R ) LRFE G L) T MARdE, FRIE SN M40 8 (5 &, K30 4 9%, 1E% FIRE
90 g/L #FH N, ~60 g/L HNHE, ~30 g/L # NEE, <30 g/L #HNLEE,

25. GtFERE

W BT ek, BEETHRER, @ NEHEEE, 2 SPSS27.0 B AN EREHE . THECE R LA
BRI ) Eor . FER A0 22 5K F R TR I8 HEAT 4LIA) LL e, S [R50 [R] 1) 28 LR B 22 S T R e AT &
K H Kruskal-Wallis H #:56 . 4 ELE 4K H Bonferroni B2 1E. LA P <0.05 NZERE G iH%E L.

3. 58
3.1. BEER

2014 EZ 2022 4FFPURG RS IR B B ) LRV b3 £ Bt 2 W v 3 M i L3k 972 1), Hop B
553 15, 5 56.9%, ZcEE 419 5, 5 43.1%, FHHIA 1.3:1. FEdaAn: 2L 276 191(28.4%), %)
JUHAZ 226 #1(23.3%), “AREATHAZ 217 $91(22.3%), “FESHAZH 138 111(14.2%), FHHEAL 115 $1(11.8%).

3.2. {EBRRME)LEEMR

w2 1 piw, 2040 B AR Rl b M 3 i DA SIS 14 77 1L (iron-deficiency anemia, IDA). %4 Rg AH S 4 21
M W, LTI 2 P L LA h 2T M. G-6-PD B = % WL, JR-SPEZL ML A M T A 8 W, .
R LG R R 6 57 IR IR R : IDA (22.4%)  SREPE TR IM.(19.2%) MR (17.3%)« i HF 31 1.(17.1%)
SRR 1M1.(10.7%)F1 G-6-PD i Z JiE(5.0%), & v 5 A i 91.7% o AR5 R (CL 4 P AR B g 4 3 1
BT SRR LA G 2 . H B e M PR AT . EAh AR AT I FOIR BREPE AH DG 2T If
BHERG A SR AR BRI AR BT I DR RS B ZAE . ANARE I AL ER R A ) R R L AR T 3%,
At 8.3%, FRIARACHN X (B 3T )L s R R £ 2 R T Bk 6 A EEURE, HARWEMEEL
PR AmA AT T 90 Rl 0 AT I 5 2 e 5 2 e
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Table 1. Overall etiological composition of anemia in hospitalized children

1. (EBRJLR S s E A AR

I Rl # WFh B % (n) %
IDA 218 224
A R A DG B i 168 17.3
oA R RS A 27 100 28 2.9
A (=ERE Y 20 2.1
E4h 20 453 1 3 0.3
FFBR B 9 3 0.3
HHE A R SR 1 0.1
BORL A0 e P 2 1 1 0.1
iy A2 A 166 17.1
G-6-PD = 49 5.0
A VERR I 41 41 i 46 2 i 7 0.7
SRR/ RL g rasli R iih 7 0.7

AR N7 SUE 2
P R RR Al o Z A 1 0.1
A E ML E AR 1 0.1
ZhE 1 0.1
W A 1 0.1
Je PR i S i PR i 104 10.7
RAEPELT M 187 19.2

TRAYET M
RE T 6 0.6

3.3. {EBREBIL R MEEHRERIFER S HEER

KHFIREE > 3% 6 Fh £ BURIAI(IDA . SHMEMIRE . P 3Tl . G-6-PD St 5E. RMPEFT M. AE
PEFL M) EAT RS AL 23 A P . ROTR IR EE BTN, AN A48 B L 28 22 03 A AR B 3 22 R (P =
285.099, p < 0.001).

2 Bonferroni £ 1F J& P9 LU R B TEAEREZX MM A ) LH, IDA 7E2E ) LIIZH (44.7%) F1H5 4 14H.(43.0%)
IRE s L B v, PR 2 TG 35 22 5, 3500 2 v T4 ) LIAZEL(17.5%) « 504 HT HAZE.(4.0%) FH 48 JHAH (11.1%)
(p < 0.05); Wt BiRg AH 6 M T ML AE 27 W8 BT HAZHL(30.7%) « 2F 08 HALL(35.0%) A1 75 5 HH4H.(29.0%) 44 1% HE fi
W, =HEZALEEER, BYEEE TN ®@E.5%) M%) LIHZL(12.4%) (p < 0.05); b 3% i 7F 27
W AT HIZH(26.1%) IR R b B, (B 540 LIIZH(21.7%) FE2E R 40 (17.1%) B 5 3 2 5 22 LITI4H(13.9%)
FHEHE I (10.8%) M ELIAK; G-6-PD S Z REFES)JLIAZH (4.5%) IR e bt ey, S 3 v 122 ) LA
(1.5%) 15 B HALH(1.1%) (p < 0.05); SR IMLPETE MLAE 708 HIZH (23.9%) M e b de ey, 35 0 T 22 J LA
(4.9%) (p<0.05); 5%1JLIIZH(11.1%) AR THAILL(14.1%) M5 EWILH(11.8%) L8 2R, RErE7 e
B LHIZH(30.5%) IR i EL B i, 540 LIAZE.(24.0%) 2208 T HAZ1(20.6%) T B % £ 57, T3% = T4
(7.7%) MBI (4.3%) (p < 0.05), BEEHERIEK SR - GEE 2).
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Table 2. Composition of main etiologies of anemia in hospitalized children [n (%)]

2. FREBILEEZMBEEMRK N (%)]

I B)LEA LA ZRTHAA FR A EEH4Y
(n=892) (n =266) (n=217) (n=199) (n=117) (n=93)
IDA 119 (44.7) 38 (17.5) 8 (4.0) 13 (11.1) 40 (43.0)
a b c b, ¢ a
S BRI HE A 2 T 12 (a4.5) 27 (1192.4) 61 (z0.7) 41 ((3:5.0) 27 (29.0)
o 37 (13.9) 47 (21.7) 52 (26.1) 20 (17.1) 10 (10.8)
Moot 1 a a, b b a, b a
G-6-PD = 4 (;.5) 29 (11)3.4) 9 (;1.5) 6a(,5.li) 1 (211,1)
) 13 (4.9) 24 (11.1) 28 (14.1) 28 (23.9) 11 (11.80)
RS A a a, b b, ¢ c a, b, ¢
S L 81 (30.5) 52 (2214.0) 41 (2210.6) 9 (17).7) 4 (§.3)

e ARRRRMLE > 3% 6 R E L &1t S mEI 91.5%. [F—17 AR F brge BE 205 4L R 22 7 Gt
2R (P <0.05, FERI KA Bonferroni 1 1F),

3.4. {EBRBILAMTFEFRERFTMZRE 5 HEEE

TR L > 3% 6 Fh = ZH K(IDA SBYEMR . M. G-6-PD BR=5E. JRImPERRMm. #E
PEFL L) HEAT FE 0™ FFLRE 4y 2 /04T, Kruskal-Wallis H A5 45 557, 7 [R5 DR 2L 18] 0 33 00 R 25 0 A 22 57
BHYi2EE U(H = 155.123, P < 0.001) %95 Pl # MLRE B R R 0L 22 36

FAEVETT I LA S 9 (82.9%); GO6PD ik ZE A 8 BN (&1 81.7%), AR5 R (BT 1ML
AR I SRR BT I S AR A S BT i) 3 AR R B S

PP L8 (Bonferroni A 1E) 7R SOE B I 7™ SR FE 2 AR T HAR A AR R 4133 P < 0.05, i
HGEIIML P = 0.043); GOPD il = JiFt i) 7™ B FE 2 3 v T B W ek e AH DG PE BT if A AR FOART I ZH (35 P <
0.05); A EFT I -5 R AP TE I 2 [A](P = 1.000) SRR 73 1055 5844 iR AH S HE 3% 1 22 [R](P = 1.000) (1) ™
HEEEZEF LG

Table 3. The distribution of anemia degrees among different etiological groups

% 3. TR EE 5 MR S5 (%)]

973 Kl (n = 892) 2% (n = 480) R (n=310) HJ¥(n=100) WHEE(n=2)
TR LT I 79 (36.2) 103 (47.2) 36 (16.5) 0 (0.0)
T e A DG 2 1ML 69 (41.1) 67 (39.9) 30 (17.9) 2(1.2)
Mg £ 111 (66.9) 46 (27.7) 9(5.4) 0 (0.0)
G6PD &k Z it 9 (18.4) 21 (42.9) 19 (38.8) 0(0.0)
2R M3 1 57 (54.8) 42 (40.4) 5(4.8) 0 (0.0)
SOREMETR I 155 (82.9) 31 (16.6) 1(0.5) 0 (0.0)

7E: H=155.123, P<0.001 (Kruskal-Wallis H #;36:)
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3.5. HurhiE el B EISE AR K Ak be

AT, V2 Wi M P T I PR B 166 49 (AN B TR A BT I ), o5 AR SRR AR ) 17.1%
Horr, 64 111(38.6%) AT 3)45 50 8 1A ok RIS U o5 (3 AR e Al S B wl il 15 ), FLRE IRl SR P S R R Ay
Eb W% 4. % 5.

GEREIR, o-HTTERCE L E R R B RSN --SEAJaa, 5 56.2% (9/16), HARZEHIR R L 41<12.5%.
- T DL S DR 2 AF 2K A CD17/N (38.3%, 18/47), H VN CD41-42 (-TTCT)/N (21.3%, 10/47) 2 TVS-
11-654 (C—T)/N (19.1%, 9/47).

Table 4. Types and constituent ratios of a-thalassemia gene deletions (n = 16)

5= 4. o- WA BEEFR KA B R EL(n = 16)

TR GRS RAY 1% I AL (%)

--SEA/aa 9 56.2
--SEA/-03.7 2 125
oo/-03.7 2 12.5
-04.2/o0 1 6.3
--SEA/aCSa 1 6.3
c427T>C 1 6.3
Hit 16 100

Table 5. Types and constituent ratios of f-thalassemia gene mutations (n = 47)

7= 5. p- R B E R AR RAIALEE(n = 47)

RARHTY 1% PR LE (%)

CD17(A—~T)/N 18 383
CD41-42(-TTCT)/N 10 213
IVS-11-654(C—~T)/N 9 19.1
-28(A-G) /CD17(A-T) 2 4.3
CD17(A—T)/CD41-42(-TCTT) 2 43
CD41-42(-TTCT)/CD41-42(-TTCT) 2 43
CD71-72(A—~T)N 1 2.1
CD43(G—T)/N 1 2.1

HBB 455 1 2.1
IVS-II-654(C—T)/CD26(G-A) 1 2.1
a1t 47 100

3.6. SEAEMETY N AY B Al E A R

xF 187 B RAEVE ST ML) LIEAT R R 04T, F I SdEAT 7028, PR 6.
FOREME T ML A FEREE K A B AE B A 2 L, 35 143 6], 15 76.9%, i T HABZE ] OOl R 4
S 18 411(9.7%, VA2 9 22) UMLK R e 13 1(7.0%, DAL etk Az 40 20y ). IR REGUE
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Je(5 1, 2.7%, DAIRERIERG N TE) L RGUEGE B, 2.2%, LLEMRR/MEIERAT). HERFBEG3 4,
1.6%, LU 98 24 35) St LA RGURG(1 1, 0.5%) BTN 7.0%. FIRGEFARI,  REERE & A4 X Bt
JLEE P PR B I 1) i B G I A

Table 6. Composition of infectious causes in children with inflammatory anemia

= 6. RIEMRMB)LRRA B E R

eS| 1% TR (%)

Ji& BERE 143 76.9
BRI ER 18 9.7
MRS 13 7.0
W IR R 5 5 2.7
MRS 4 22
e R 3 1.6
OIME RS 1 0.5

4. 7ig

RS ) LE MK R S0 WG AREERBUATE, 7T H 2R e RIESEREER R S8 (1], 22 EREY
Ma) o AHI ST IR I 0 B 28 LA LI I PR BORMEEAT UM 0 4T, JEZAN 972 BIMERE ST I &L, R 55 240
Az B ST A AR ik 22 B kit = KAL), L H 2T 2 AR D 1 3T I BA IDA (22.4%) SR (17.3%)
WL, BRI 22 v A i LA I SR IML(17.1%) . G-6-PD B Z(5.0%) % W, Sl kS A 10.7%,
VR T I R EREVE BT IML.(19.2%) B i WL, AN [F) 47108 B E 3o IR R 20 A A AE B3 22 57

R B R E 0~14 %)L IDA S5 R A5 H X (A 2 7 8.5 [4]. AR H, IDA Mt A
22.4%, VEAFAT AL X A e JLEE SR A E B R IR . E R LA IDA FE AR FIAEES B 40 A L W
U7 HEAE: B LIA(44.7%) B 75 35 1(43.0%) I Rt e iy, B 2 AR B35 2 5%, 38 m T4 LI(17.5%)
SERS R (4.0%) M 2 B (11.1%). 119 51 1 % PR IDA 2L TP AL eE# A 8.0 N H, U2 N 7.0~10.0
ANH e TR —J7 R H LN B SRAG I8kl & a4 RE 4~5 AN H BB R, BEE Hidsm, HAakW
Befig 2 m Mk, 26 HISIT AN FORAS, [FIRHEE ) LHAA KOk B IR, PEFF M BN, ki & Esn,
HEHBAANE, ATREFEIDA KA. MH )L AR ERE LB P2k &1 PR LA SR Ao . 7
PTG I 2 25 A HUR YL S B K B E K 5 IDA UM 5[5]. FHEMENEERKE TS A
g, BRFRSRFFREER, UHEEHLMEA KV EAG AR ES, nEFERERERE®E. X
ISR DGR BERE N, &40 H DA IR B S B WEEk e, SEEEARELD, IDA K
SN HEFE W LM IDA 5 RN [EARKIF T, HEM4 IDA B51E 4 4, ¥A 36 i,
BBl 1:9, LrEHE A, 300 R, 36 BIEHFM LM IDA B d, F 17 GIFERE T
B, SEALMHR 47.2%. R T E IR HE 2 IDA MEEERF R, X5 Deivita %A
KT AL E SIMIE KRS R —56]. NITIMFEE KA, A4 IDA LU BN FE(E T 83.4%).
TENGPR S e 28 ) LN I sl 48 5, = JLRAR AR AR LR R TS PRk . X F IR & 9 7 7
BEHIMMEEN IDA B, PARMRYGHE R UL R BARRGIT IR, & FEP AT AR 5 T3,
SEHUAMER S 1 13 E SR AETT

b AT AL E T R R 1 R R AR S B AR G O (R B A A AT M. FRIE R U e
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WM R X, M AR DY) AR FE 0, AR 2 R 28 [ 7] Hb A2 o e R A e 4 i
PRI, HIGREI SN EYIM. FFFER, AT s R iR B Xk 25, A4
TR RARTE T TR, a-Hh 3T 5H DL R R 02K N --SEA/aa (56.2%), - FX 5w WL IR B PR R A8 Oy
CD17/N (38.3%)~CD41-42/N (21.3%) } TVS-11-654/N (19.1%) 54+ F 254 38 935 PN 1 X He 8 (8- 5 R 3 iz -
CD17 44.04%. CD41-42 25.39%. IVS-11-654 21.76%; a-H173 LA--SEA/aa NF)EA—F[8], 5/ K. |
VO AFAE— 8 2 57 [9]o TEARMNAH, a-HhTT K p-Hh T3 DU T A s 8 B O =, FLAT I FR B LA
FE 5 34(66.9%) . TEAERS A b, A BE M A IR ST I B ) LTE 2408 BT HA(26.1%) A i L B s, {HS5 4 LI
(21.7%) FI20E I (17.1%) Jo .35 22 55 22 ) LII(13.9%) A 3 H1(10.8%) I A4 B EEEBAR,  H T A URBIE 2 1) 4
WA RS R AE BE B AE 8, FHFARAORBE ISR s, AR 2 2R F R A ERE L sk
FENEAREE), WOAREE I RIS RSO HERFEARHE,  FEAFAZIR B R R o AR 5 R A 4
AR AL E , 45 G0 1K b mb g 37 173 > 28 78 (i 0L 44K 5t 282 ) R 3 i 148 852 2 (non-trans fusion-dependent thalas-
semia, NTDT)H K26, NTDT FEZEMFFH A B p-Hi3E. a2 o-Hh 23 (HOH 7R) LA K 7 p-Hi 71 54 HbE
. XA O R B /R TR AT, AR TR EIEE R o RO i ARV if DA K 6 2 1
SRR A AT T FAN M S BEIRAS, NTDT B B A K, IR 2E . ik sk Bt I
AL AU D) RERREAG A5  E IR R I XS SR BN 10] [11]. EA KRBT, G457 BIE A g-Hhrhifg
L)L, FLFE R AL 8 : -28(A-G) /CD17(A-T).CD17(A—T)/CD41-42(-TCTT). CD41-42(-TTCT)/CD41-
42(-TTCT). IVS-1I-654(C—T)/CD26(G-A), HH 6 T2 )LEAHEZ, 1 BT LML, 4 BT 7
T BAEEYT . EALRLFH KA I 2 i TR, SEBILAFER S RTE
M2 A RRE R AR 12] 0 B AR 2 M A fa B AR 2, FLd R IalE . JEAREZ . I K B &
B, EEUCIE LB AR A R e i ST R A, RURIL. FeWr. RURITHL AR, JRb 3 L
KR E RERNLRERIFEN, X3 8 LA BEREAT 8% il 5 B AR & U PPl DA EE A 3 8 Lk AR
R, EAOERE[13].

G-6-PD il Z /& th T 2L 4l A Mg 5t B 5 B9 MR 2T, 0 A 522 “ e i AR BO%F . G-6-PD B2 22 X
HERUR ¢4 BAESHE , AT 49 18 ) L2 G-6-PD k=, Horh 3 43 5, 42 6 i, B bl 7.17:1,
MFRE 3 ATE, G-6-PD Sk ZIELEL) ) LII(4.5%) M Rt e mr, W3 a2 LIHAL.5%) AEE I (1.1%) (p <
0.05). HFERZAFRMLL ¢.1388G > A (11 ). ¢.1376G > T (10 BN T, SR HX 732 4]
BEMLl G-6-PD ik ZE &) LI 70 45 KRB 14]. RN AR RKE I8, e awsiE o, win
T kv A ZE I R A U . EAR YR FE T, GEPD B LA E SN (A 81.7%), RINIZN
— BURAE R I, B A R R ) R N L, i R R R s, TR R S S T

AT, SOREVETT A LR, T8 19.2%, $&7R 28 RERAS 2 A X A Bt 28 L B2 I A 32 0K 50 DR 3¢
o SFEAE, SOREPE T I A R 3G KA LR TR, 7EEELE(30.5%) K &1 L2 (24.0%) i3 = T
SR CE R IAM . RIETETT I BT 4005 28 G AU DA S B = 20 B DR 1 RO RE T8, R0 4t P PR 3
BRIV 2T 5| Rk R A = Bk A Y IURE ,  [R] IR 20 40 i AR RS2 RN D A A 4 R 15, R TRALH
[ B 25 S £ A A ik D (EPO. A i il B B 18 S R PEFRAER ) kR FH B (R TR R e R DhRe ekl =) o
T4 0 A8 R 1 0 (B G % G e A 3 (9 100 LA B R ML (B A Y, A I o] A 21 40 0 75 o 446 . B TR
WebshG. JLEEICH 224 L)% RE MR R B, 52 REAEGs, HAERE DRI ECE, SR
FAML 5 LUHR T o Brittenham [16]5548 HY, 5] A2 74 ML 10 BI85 = BR -T4R7 8 A MBI X35, AN [0 X 3 100
I DR (R 2R J 8 20 25 B R 0 o TEROA B ARG AR, JE . B B R W Hh g 2 B 2 HUBR G 2 ) L3 8 0 1 1 1
MBI . FEAUKAEFEH, X 187 9 98 REPE B 1M A8 ) LIEAT S Atos R Ak /0 B s s REERE 2 AR h X A
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