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SF) &R, R 5t Hom gl ik i b A7 ek e kG A R HR 388 ] IDA K 255 )18 P55 P 22 1l (chronic diseases anemia, ACD) 8 2
PEAT 2 20 41 i A& B (mean corpuscular volume , MCV ) ~F- ¥ £ 41l ffd 1fiL 21 2 4 #& (mean corpuscular hemoglobin, MCH ) . I 4]il fg -
5 1ML 21 35 AR & (mean corpuscular hemoglobin concentration, MCHC) | T 2l fifd 43 77 & J£ (ved blood cell distribution width,RDW ) Fl
SF A, 35 203 5] fet R XS BE LA, XS5 R ST Gt 2 00 A . 45 3R :388 ] IDA [ LS IR B LA i 56.25%~92.34% , - i
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Application of parameters and morphology of red blood cells combined with iron staining
and ferritin detection in diagnosis of iron deficiency anemia in children

Zhang Wenwen', Zhu Jun', Chang Lin', Han Jingjing', Chen Hongbing'"

(*Clinical Laboratory, Children’s Hospital of NJMU, Nanjing 210008, China)

[Abstract] Objective: To explore diagnosis value of the abnormal red blood cell morphology and red blood cell parameters test
combined with bone marrow iron staining and serum ferritin in children with iron deficiency anemia (IDA). Methods: A total of 388
children with IDA were administrated by abnormal red blood cell morphology and ferritin(SF) content detection, and the bone marrow
smear were detected by iron staining. We selected 388 patients with IDA and 255 patients with chronic diseases anemia(ACD) on de-
tection of red blood cell parameters [mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular
hemoglobin concentration(MCHC) and red blood cell distribution width(RDW)] and SF, and compared with 203 cases of healthy con-
trols. Results: Abnormal morphology of red blood cells in 388 children accounted for about 56.25% to 92.34%. Iron staining of bone
marrow cells increased with the increasing of serum ferritin detection index. Compared with the ACD group, MCV, MCH, SF in the I-
DA group were significantly decreased, RDW was increased, and the differences were statistically significant (all P<0.05). Compared
with the control group, MCV and SF in the IDA group were significantly decreased; while in the ACD group, no obvious change of the
MCV was found, SF was increased obviously, the difference was statistically significant (P<0.05). Combinding MCV, RDW and SF in
diagnosis of IDA had the highest sensitivity, up to 99.9%. Combinding MCV, RDW and SF play a great role in diagnosis and differ-
ential diagnosis in IDA. Conclusion: Abnormal red blood cell morphology and red blood cell parameters test combined with bone
marrow iron staining and serum ferritin in IDA in children has significant clinical value in the differential diagnosis.
[Key words| iron deficiency anemia; red blood cell parameters; serum ferritin; bone marrow iron stain; abnormal red blood cell
morphology
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Bk M 2% 1ML (iron deficiency anemia ,IDA ) & 2
4 LR UL — 85 IDA R £ B L S
O R IDA BILETE SR k2 = ) M5
Il PRAEAR Y S (B LB O B R F  RIER A
AW E S n B LA T RESE T JR PR AL AR Ml
B/ D B SIR KL%, R EZEnaEnE
JRLU D T e 4 P BB M, FRAE R A/ N IAR (R
PEBLINL . BRI 208 ARG ), A e 2 i 21
YRR A AR 5 5 BT LA 58 R FH AR SC G 12 4 #r
ik, FI5 o LU0 MR 2525 R 2L 20 Bl 2 50K A O 45
HEMES RO S E R E AR A, X
IDA AT 5N HERA 192 W FEE 2 W, PR TR I IR
I T B B

1 x&fMA*E

L1 xF%

Wt e ot BE R A7 B I L3 B B 2006 4F 1 H—
2016 4F 12 AHEBERIZYIKIZETN IDA 1L 388 #11)
K B B SRS R A X AR 2 N H ~14 2 i
TE 6 I~ H~3 % 288 l(74.23% ),<1 % 202 11(52.06%),
1~3 % 90 il (23.20% )., H 55221 4] (56.96% ), &
167 11(43.04% ), #% 1827 SCHk[4 >R 2 W7 IDA, [F]F
VB 255 P8 P 9 P4 F3 0fiL (chronic diseases anemia,
ACD) B3 30k +% 7 RINAEIZBE 112 )L 2 O RS
B SR IC RN 203 BLEEAE A AT IR, 3 4
AR MBI ORI S R TS L B
Al
12 Fi&k
12.1 StARFFamEBEF RS

I 388 f4il IDA #JL EDTA Hi e ifi , il £ 4~5 5k
SRR LR B, R P B G g 6, HCR) o B TG 4% €5
(B R AR A R AR, BT 5 3 48 7 Bk
B g H Ak Olympus CX 31 {2 f#U5% (Olympus 2~ F], H
A) WG WEE 1 000 A~ CRLL A i IR 25, JF 35
WILBLLANE TS A oL,
1.22 “fmiehdiihis

B BILTE R E A 2.0 mL 75 A7 /Y Ik
I, R T AR AT A SR L e LR
B (EDTA-K,) B H 2 L EEE N, 10 min N X H 4T
K g, " A IR AR A AL 12 ] SYSMEX-2100 4= [ 3}
I 20 3104 (Sysmex 23 &), H AR ), X 32 2141 iy
& F (mean corpuscular volume , MCV') V%] £1 21l }ity
1L 21 5 F1 & (mean corpuscular hemoglobin , MCH)  £I.
i1 D T I AN ol = 73 3

(mean corpuscular

hemoglobin concentration, MCHC) , I 4 ifd 431 ¢ J&
(red blood cell distribution width,RDW) X 4 I [fil £T.
AN S AT R SR, JF Il R 2
1.2.3 s F4 % G (serum ferritin, SF) A& M|

I R R R DK IR 1L 7, 58 ON i A IDA &
JLAY IR 4R 4 000 v/min & 33 &0 5 min, I H %
[-411 4 A sh b2 KA B LFRAS SF % & 347
iRl
124 # % éehsd

&P B i /IVRLF B R AT R A A
TR T o R R [ A VR 5~8 ik, 7 T R I A AT
10 min JE/KBERF T, #8513 SRR VA ORI 25 .8k
BRI (RP 20% 782K AL SIS W S 109% 9 £ 1R T 52
PR F AR L 51 O, AR 4620 3 p (4 I R
g PR AR RLRR )L A S % AT, TR BRI
AR, B 37 COKIARNILCE 60 min, FK ik 2~
3 min, 2%A% [F 2052 L WA 1~2 min, 2K BETF T,
B I, TR BE T B8 A e B AL A A
pUE S EA i) I R VRO ER TR G A A S A = |
HE N BRER Y 12 WibR E 225 (Il PR L 2 S5 A 56 )7
13 %it%s &

JiT A K die iz SPSS17.0 AT Ak 31, 1E 25 531 %
i FH 22 B bR 1 22 (o ) FR 718, AR AAS T) 27 B0 A e A
KT o K5, WAL L E R PR 2R 7 22 00 M IS )
At B8 FH b 20T 53 2580 [ Psol Pas, Prs) 1R 7, 5521
5 bR (] A3 SC M 43 A R H Spearman 524 AH G, #5460l
e AR XS IDA 2 Witk B R 1l ROC M 70 #r . P<
0.05 HZEFA G FE X,

2 & R

2.1 SMABFFomIaT AR

388 4l IDA FB LA MLk Fr 283 H TR e o, 7
S IO T LR 35 e B R AT A R N R B, S BN
Y ARG € ZE A BT Al P IR G B R R, R
BB R — B 25 1 X AN JE R — B R by (000 2
DB A RN I I AL A I, B RO
SIYNNE L HTEIE MR MR FaOMIES, L
R E LALLM & 56.25%~92.34%(& 1),
2.2 S HLLL L B A F 5 T

388 4l IDA AR L Jbk Il A6z 55 2T 200 fifd 6 % 1.35x
102~5.18x10"2 AN/L, FF v 8k 3.27x10" A~/L; IfiL £1 56 11 3¢
N 26~105 o/L, P KL 63 of LR FEFE#X 1M 67 1)
(17.27% ), /P2 A2 £ #2 1ML 186 191(47.94% ), H % 7%
FEF I 135 B (34.79%), 4 k2% )L MCV MCH
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Figure 1 Peripheral blood smear (Wright-Giemsa staining,

x1 000)
EALFIEH S H I H ., MCV 46.2~93.7 L, T %L
69.95 fL;MCH 10.9 ~31.3 pg, ' i L 21.10 pg;
MCHC 221~471 g/L, i 5% 346 o/L. 4140015 ¥icks
EHREK L,
F1 3880 IDA BILAAESHRILERIN
Table 1 Analytical results of 388 cases of children with
IDA erythrocyte parameter test

A6 1t H A (191]) FHEW) R ESR%)
ZLAN M B 388 254 65.46
JITEAR: 4= 388 338 100.00
MCV 388 350 90.21
MCH 388 349 89.95
MCHC 388 237 61.08

23 BHMARBEELER

20 i 9 AR SR AR o S % SOk (8. Al
HMER 3 Ry - 37 T VR IBURE ; 1+3% 7R B i i 9
8B 7R DV R m A DL 5 K B 5 24+ i B
T PN I 7 R R A 2 0 ¢ LR 5 /N B 53+ 38R
Shy BB T PN S R € A ORE G R /N R R
DVFIE YURYY 5 4+ 3878 B B8 N B os iE A8
WOk AR B £, Hofa) e LUK o /N R RS /N Ok g
TRk AR 2 Al i Pk L 1B 100 A gl 4 A
W 407 1 240 B B 5 PN b (Ol €5 /N R0 ) B0 H 5 i A
Gy AR & B R LT AN A 5 R HE 3 ) ok
(2 S ABRKLLL ), WIRR Ry BRTE R 40 21 48
388 7] IDA H 35 24 ML Ak 4 &8 0] Wk ko, L = 45
JAPE, LB R 100%; 40 N kg a5 1ol 3%~
25%, 734 6.5% (& 2)

ARG @A A 55 B B Bk 45 2R Dy B
B2 BHE%EERA(%KER,x1000)

Iron staining of bone marrow smear (iron

staining, x1 000)
24 SF L E#imie Ntk A HmEIMREE N X A

i AL 454 43 BT IDA R ACD St 643 4125 1 i L
BB N Bk L B A M AT Bk (R A A5 R SF
K F5 45 , 32 ] Spearman S8 A 5404, & 8L SF 5
‘B 200 N PN A N R A A IE A R OE R (P<
0.05) ,643 {51 3% IfiL 58 3% 4 40 M0 2k 24 (5 1) B P {1 B
SF A5 A 1 48 v T 46 v (3R 2)
®2 SFEBHAMNG% BHEAMIKEENXER

Table 2 Relationship between serum ferritin and iron

staining in bone marrow cells and iron staining
outside bone marrow cells

Figure 2

SF (wg/L) Bk SF(pe/L) 415N ek (%)
<25 303 5.48 —t 2.40
25~<300 198 94.86 -2+ 19.61
300~<500 120 296.89 24~3+ 25.80
=500 24 620.62 34~dt 36.89

25 HIZR—F K
2.5.1 MCV.MCH .MCHC # RDW 45

IDA 21 MCV MCH MCHC ¥ 1 IF % & % {4
flZ & ,RDW £ IE % 2 % i u [l Z L ;ACD 4
MCV \MCH MCHC ¥ 1EIE % 2 B HWEZ W, H
RDW 7E IE# 2 % {0 Bl Z F ,IDA 41/ MCV,
MCH MCHC ] % AKT ACD 41 (3 3).
252 SF b

IDA 4 SF ¥ IE# S % Z T ,ACD 41 SF
TEIEH S HIEHZ N (R 4).
2.5.3 BMEMHFA L

MCV .RDW K SF 43 %% IDA 60 i) SOk A

%3 34 MCV.MCH.MCHC #1 RDW S #{ b &

Table 3 Comparison of MCV, MCH, MCHC and RDW in the three group (xts)
2531 ke MCYV (fL.) MCH (pg) MCHC (g/L) RDW (%)
DA 4 388 66.19+8.65" 9.48+2.41" 245.4+23.82" 20.43+2.83"
ACD #H 255 83.67+£2.28 27.30+2.87 312.13+£8.97 13.95+1.49"
X HRZH 203 87.88+3.52 28.70x1.12 337.98+7.52 14.53+1.51

5xtIAIAR L, "P<0.05
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RS e, LA 3 TR Bl A R I i) S A S
W35, 3 Tishr HAKK) ROC 43#7 LI 3,

%= 4 IDA,ACD,#RE3tE4A SF Lb&
Table 4 Comparison of SF in the IDA, ACD, and health
control group

el i1 SF(pg/L)
IDA 41 388 9.53+1.68°
ACD 4 255 497.48+117.96°
POk 203 154.13+43.98

SRR AA 1L, "P<0.05
&5 MCV.RDW X SF & T #E 5 R Bk & # il 3f IDA &
7 59 3 4
Table 5 Evaluation of IDA diagnosis by MCV, RDW,
SF and their combined detection (%)

Eirkan UL 5k
MCV 91.6 97.2
RDW 95.8 86.3
SK 88.2 97.9
i ER a1l 99.9 81.2
1.00 —
0.754
i — Bk
——SF
H
2 0.50 — MCV
 r ] RDW
0251
0.00 . . .
0.00 025 0.50 0.75 1.00

1Rtk
B3 FI&EsR ROC 24

Figure 3 ROC analysis of each indicator
3 Wit

IDA Jf i Wi LB 5 IR P = 19— Fh T 4T
i, FEEIE o T UL ZL T A AR AN 2
By i R B LR H I 2R, Bk = R
R AR AR LB PO A A ] an LY 2 L
TOOM, BRI TR A KR L HEAR
SN S E-3 CARTR VIR P UA Sl 4T AN /X T
Wl LA KRR i 2 B 8, KBRS IDA Il R L4
AU, ZEA— R LA 5, K2 (e Xt L 47 14
Rt B, KM IDA S EEWILENAERLT,
X R LFEAT P X S A ] LA B 5] B4 9T, A AR
ARV A K 22 R T AR R R B TR
BB GO, n] BB AL BN 22 P EL,

IDA I, k& EA LS FERILNLAEH & &

WD MCV 2 38 2o i BRSO | > 21 240 1t 3 5
JEEHA INFLS , R B BTG i 155k HL Pk B X
MCV A Jiz B 21 48 i 1A FR i) A £k e 34 R4 vp 43 A7
FOUMCV 5 MCHC %54 43 Bl LAXT 8L R 33 1 268
TUPEAT R ER X 43100 RDW AT L7 By S5z I 21 240 Jif A R
KNG 5 Jo e B2 Ak 34, AH DG 5 43 A MCV \MCH |
MCHC .RDW Z£ 1k 5 IDA W & R ry 2 fb, 2L
RDW Fh i 5 A b 3, DA A R 1045 1 AR 56 v 21 4
LB 4 TS HOF2 B IDA A 2 M RZH0IDA
FBILI MCV MCH B Kz 56 25 7 IEH S HE LT,
MCV 54 %5 90.24%,fH MCHC 5% % i 61.54%,
TERL 2 B FE I F AL 55, MCV MCH 2 % i {8 fi
K MCHC H FE WA EEHLSEMEAE.

SBLAM S I 55 21 40 M A A ] DA & B A LT 4
/NN S | 2 B DL/INR A € AR el o 3 AR
PGt 45 T R 56.25%~92.34% 1) i S LT 40 ity
BREEDFEIN, IDA BILE BEK A o] 0L/ 5
(R TE 2T 4 A (R 2 A0 i A% 2E S S TR
CTANML, B BEA A% LT ARG A 0 TR R, R E R
SRR AR ) U R EARE: ) (S ge SO A EA R i) 21 )
WP fm MR ED HORKLIN, M4l 21 40 i 40
JHAZ Ll 3 B, SR LU B R | 3 sk A1 T I S 4120
ARG, AT LA A 5 G IDA B #% L2 R 25 & B B
2% FR G AT A3 A R LA R 252

ARG 30 B DN R P Ak G S 50 R W PR 2 W
FIAE G IDA R A A B Z 19 A br e 1 2 o0 X 28
IR UL B K 6 A K LA S BL A
WP S . HA B IR D B 60 P F & 0
e /N B3k e R A TR pH AL R AR 1Y &
PRAT Ak 27 S IS () | S 560 30 B A S B R
) AL R R A A5 0 I DR T S s AR B A 2 i U
ISR REE X a8 85 % NI NAE T N £
RESFEUBHE, BTl ai K5 B SRk g (i &
AR 8 Al I RS 56 Y

SF FEAAAE T HE M B 6 A S A% 5 240 il &R
55, IDA BFFRAS  ER 2 B LI &4 R A R 0 AR
WS BRI H LR A2 Bk AT SF 5250 s 2k
VRN B SR 6 SR S AR Y BT AR A 4R R L
i RIZWT IDA S W ARG, Ad rp— 28 i L& 3 IF -
b 7 AN TR R e, B 21.87% 1) UL SFEE I
o T A6 SE S R — R H, T L2
i IDA 41/ SFIRAR , 5% RALAH HE , 22 3 Ge it
B SF i BRI AR BRI R 1Y — J0URE S M AG: A
J7iEM JE— A2 W IDA PBURAE bR A ST
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WESHEMEZ L, A Z R 25450058 30, L
SF 0] /E K IDA 5 ACD 55127k, SF & —1-5E
BEUR IR N il = B st A DR, S s
KA 45 A Bk, MCV RDW SF = FHBC A H6Ar | Szt
(2 SF NIJF LA I EE 404 k3] MCV & RDW %L {E
AR, RS &AM M £L A A
AN AR AR (A & Rt B, I R A 3l
X MCV RDW J SF #{E 284k, XF L 9125
FW WA TSR TEBCG AT RO AT
IR, B2 Wit H rp AT — T4 5L PR
AT LRI IDA, KORHE & T2 Wifgusid: , ir ik
999%, FIik A MCV RDW & SF Kl J5 ik 25 5 #
VE G5 SRR ERf , = F 55 R xH2 W IDA 1RA &
X, SFXJ IDA B s A2 B8, 55 sagk e
AHLE SR LRk i EAT (EHE LR /D s Ak
SRS, RRNIE B I PRIEA T VRS 36 MR TR T 7 )5 1
JPROLES , T3 5 T H AR K A2 454 IDA, AR
A SIS Z BRI S 2 BB
AR SF 48 A5 2 50112 B 2k e ORI i A, e
B WA N R, HIZ S R S AN L R
iE R W IR R A AT 51 SF A,
I L) B BRI SF HIHT IDA A — 5 Jay BRA% AT LUK
T L Ak ) B I B 1 DA FR L )75 4K 5 B i
PR AR LR G2 W, TERR G R I SE R R
[ Rt 2R O A7 306 925, B4 32 Wik 3 100 H v L 2
A1 TG B BT LI B2 W IDA, KR $E
T WU PG — P BRI HR R AL
YL AR A 4 Gl R YL 5 SF RZL 40 ML 2400k
EIZWR M E MR REE T R EIT 2B EMA, I
PR B Az 3 3 L5 1 400 R 1) S B0 L, 00 20 0 2 3%
I, FFEAT S0 LA A R A SRR i — 25 i T
HBRGL S SF RS, IRl E— Ay 1, R
VNSRRI I8 N R e e AR ) (e 2 D&
TR (5 R SF ARG DU 5 v& AT 3 (45 R R, DO Bk
K2 W IDA 198 SR A K 41,
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