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ABSTRACT

Estimation of RBC number per one high power field on a

| ight microscopy using CBC parameters

Woo—Seong Kim

Advisor : Prof. Dae-Soo Moon M.D.,
Prof. Geon Park M.D.

Departmant of Laboratory Medicine,

Graduate School of Chosun University

Estimation of RBC number per one high power field on a light microscopy
using CBC parameters

Background : It is important to calculate percentage of poikilocytes for
RBC morphology grading. But it is very labor-intensive and time—-consuming
step to count 1,000 RBCs. Therefore, we investigated the relationship
between RBC number per one high power field (HPF) and complete blood count
(CBC) parameters.

Method : We selected 110  peripheral blood smear (PBS) slides showed
target cell with CBC data. We captured 10 different high power field (HPF)
per one PBS slide in the ideal zone by digital camera (DMC-LX5, Panasonic,
Japan) through an ocular lens. All RBCs and target cells in the captured
pictures were equal to one observed HPF were manually counted. We
statistically analyzed the relationship between manual RBC count (mRBC)
and CBC parameters.

Result : The Spearman correlation coefficient of mRBC and automated RBC
counts (aRBC) was 0.957 (P <0.001). Simple linear regression was used to
compare mRBC (y) and aRBC (x). The formula for regression line was @ y =
58.093x + 51.885 (r = 0.947, P < 0.001 ). We calculated the estimated RBCs
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(eRBCs, the assumed RBCs count in one HPF) by using above formula. The
equation was eRBC = 58.093x aRBC + 51.885. Two different target cel
percentages were calculated by mRBCs (mRBC method) and eRBCs (eRBC
method). The two different methods gave the following equation by mRBC
method (y1) to eRBC method (x1): y1 = 1.128x1 - 0.116 (r = 0.995, P <
0.001)

Conclusions : The RBCs in the ideal zone observed by a light microscopy

can be estimated roughly by the equation using aRBC.

Collection @ chosun



. A&

gt Ct
==

Jl(automated blood cell analyzer)<

A

il

=
S

}

H=(peripheral blood smear, PBS)OI

X

ol

ol

ot

10t THAl

d

xr

ooz
—

o)
R
30

-

nO

RO
ur

9]

oI
ol
ar

ilo]

il

E
o
Bl

=

(unexplained jaundice)SE Y

+ o= =g
JI0 A=

TUPN

T2=(red blood cell count),
(mean corpuscular volume, MCV),

pSk="]
=

M
~

e

(HO

pS|
A

YRS

(hemoglobin, Hb),

=]
=

MCH)

MCHC) ,
S(red cell parameters) 2 HZ0dl

hemoglobin,

corpuscular

(mean

N

AH
Al

distribution

ROW (red cell

hemoglobin concentration,

corpuscular

ni

=8

o)

ilo]
o0

_

oJ

ot

(I

0l

10
oI

A

HIE A0

st

=
[a—

HIZ5tI10l

1}
oI

ol
ar

o)
od

14, 24, 3+, 442 22 =3 AlAE(grading system)S A6+

p)

9]

oI
ol
ar

ilo]

o)

KIr

Rr
0
RO

ol

pil
R
20

0l
by

TEHUAM EM A

ot
=

Z(elliptocyte)Jt

}

P =(hereditary elliptocytosis,

SRR

i

S
[y

o O
o TT

|

=
1o

<0

ol

]I

010

_

3

or
ol

A0
oJ

KJ

KIO

70
<+
il

il

dedLt

= UCH

=
=

(primary myelofibrosis)E 2| &l ol

=
J

9]

=}

0l

Ll

R0

-

A
K-

ol

r
£l
)

=
fall

g

o

J

o’

9]

ISP

2t

ot= Xl X (parameter)

0

AAsgeR=4II0A H

Collection @ chosun



2008 7ESRE 20098 7@ ALOIO XSSt wWEA XEZH AR S DO

=

QlH}bE 0
=

—/

ZAE Y YEHBCUAADIL SAIO 2= B = HEEME(target cell)It

2EE AME HESIUCH. O = HoOl 4.1~ 17.0 g/dL =0l A= 110 2ME
SYSHACH. 11000 ZAole HEFRS0l 0 HAUJUKX &£ 20l FHUO
ideal zoneO| E2Yst AMes ESAIIIKX LULE.
2. S¥YY
1) M2 LH(CBC) SF

ANSERA=HII(ADVIA 2120 , Siemens, Tarrytown, NY, USA)E AtS5H(
K2EDTA ZBIHE20 HEE ZH= H, HEIREXHS(Het), HER =
(automated red cell count, aRBC), EZAEIEX(MCV), BIXHNEIPEHMA
(MCH), EREEAEMA=E (MCHC) SS =HoIRUL.
2) YXEHCLSCI0IE2 N, S0lZez 2ELH= N8 = 583 9 X
NZ = =3

22 HHZE TLSC0IEE MEGHR LD ME Al XrSsHEH| (ADIVA Autoslide
Siemens, Tarrytown, NY, USA)E AISoICH. &S01Z2 &sH&01&E (BX41,
Olympus, Tokyo, Japan)E ArE5ot0d =2t01& & 10008HOIM M2 CHE z2E&E
229 (ideal zone) 10AIOFS REFIQUCH HEBH AIOFE CIXE  Stoilet
(DMC-LX5, Panasonic, Osaka, Japan)Z ZJGIRAUCEH. Foto2 B0l= Al0F2t C
XN Sthctes ZIGs Ao LXIGtES CIXE JtietsS et =0l tho &
AotACHFiIg . 1.). EIst AIXOA 20l HEFE $II8H2e2 HNOUAM O
ZE ==(manual red cell count)E 35t 1D 22 AlIOIUHIM 20l HEEANEE =

|
~
|

Collection @ chosun



JlgeE AMUHAM O =5 FotRULCH.

3) FHE=LE22(ideal zone)
ANCLURR= RS EEPIF EHUX &

=
HMC|= 22(central pallor)Jdt HS SLOX

CBC XIES(Hb, Hct, aRBC, MCV, MCH, MCHC)I £D|8ioz2 =HXEH HER £
(manual red cell count)S HIWatI|l foll Spearman at& & P

gt0] 0.05 O/l HARE Q0IUEsE W22 BHIEOIRULH. HdE83AHERES Solil 2

HEUHAS AESI/UCH. SHE2AEES2 SPSS (version 21.0, IBM Corp., Armonk,
NY, USA)E OIS Lt

[
=1

}
I E=EXE Table 10l ZAIGHHCHTable
1). 2 S2t01=9 manual red cell countll EZ2H(mRBC)S 121~37404 S0,
B 0| Hl 2= (coefficient of variation)= 2.8~11.2% SiC}.

1. CBC ¥ manual red cell count &

21
110 A2 CBC NE &2 & =l

2. CBC XNIZEEW 2 &20IEUHM I8 #8 M8 42 HgH(mRBC) Bl

110 S mRBC2t 22l (BC XIE== At0l2 € =40tJ| <Ioh
Spearman AZEZAS AISGHACH. mRBC2E Spearman Af2H === HbOl 0.948 (P <
0.001), Hct 0.941 (P < 0.001), aRBC 0.957 (P < 0.001), MCV -0.260 (P =
0.006), MCH -0.111 (P = 0.246), MCHC 0.392 (P = 0.000), ROW -0.699 (P <

At}
O

w

Collection @ chosun



)91 CBC XIEES = aRBCSl AM2tAHIZDt 0.957 (P < 0.001)2 mRBC2 4t

3. MRBC2t aRBCol M &S| =4 (simple linear regression)

Spearman &f2t=24 Z1 pRBC2H AZt2tAHDF JIE £2 A2Z LIEtY aRBCO

CHoHA mRBC2t2l A& (linear) 2SS LO0IEI| <Iot0 HdEIHEAHE AN

SHRULCH EAZ I aRBC(x)2H mRBC(y)Sl 2=
O

y
0.947, P<0.001 )(2tHA 1) 22 LIEHE == J/UACHFig. 2).

|
(63}
oo
o
©
w

>
—+
(6}
CD
[0}
(@}

1l

4. aRBCE 0|28t &0|&¥ 8 AOF & 2Z&EZ= RBC W22 =H(estimated red
cell count, eRBC)
aRBC(x) 2t mRBC(y)2l ZHlAlOl y = 58.093x + 51.8852 0|25l eRBCE =&

otCH. 1 =8 &4 2 Ush &%l

eRBC = 58.093x aRBC + 51.885 (&M Al 2)

? A0 1100 A2l aRBCgtS 212 HRIoH0d eRBCE +otACH. eRBC &t

2 124~375 AOIOf RUALD BR U HEEIX=E 242 250.92F 60.9 L. eRBC
nl

2t mRBC gt= JHAIL] HE3|AH24 AIE S gt MO0l af2td 0] 2HE T

M

ACHFig. 3). Bland and Altman plotS Ol23dt0d mRBC2F eRBC ALOI2l XHOI
(difference)2 Z+&6tSCHFig. 4)[7]. mRBC2H eRBC XtOl(difference)ll T

(mean)2 0.0010IUSCMH ZHHge HRS 8.174, E=T Xt (standard deviation,
SD)= 10.258 L. mRBC2H eRBC Xt0l= &AM GIOIEISl 97.3%)F meant 2SD B <

OHUl U Dmean+ SO EHR CHl= 70.9%0F L& ULCEH.

H‘]

5. mRBC2t eRBCE 0|=ct & £
mRBC2t eRBCE 0I=6+0d F&F poikilocytel BHEE0| L0ILE XI0IE E0l=X

2ot D] ol poikilocyte & EXENEE 0|20t 2L BIEESS
1L O

XE HIWGHALH. &M =ctOlS0A 1AIOF & 2HEEE=E BEHAMNES HE=2 4.4
HRAD 28 =el0lEMAM 1AIOF & 2E &= HEEAMNE =2 EZ2 0.1 OlA
25. 1001 20, BHOIH === 0.209~3.162% ACH. 2 =ctOI=0AmRBC, eRBCE

Collection @ chosun



BH
=5

‘mRBC 2t (mRBC method) (2 HIA! 3)

mRBC) X

BH
=

-eRBC 2t (eRBC method) (ZtHIA! 4)

eRBC) x

0.03 ~ 14.00% <10l AU eRBC

mRBCE Ol

mRBC 2

11.68% S0l AALCH.

11

3
s

o}
180

2t

EX A

o

1.128%xy - 0.116 (r = 0.995, P < 0.001)

11

0.139% Ol12

ol
s
50

o

X012

XHOIJF mean+ 2SDE H O lUte dR= 78 A

= o
HWEE2

H
R
E

ilo]

ol .
31—
0 B3

Kl
_uu_

IV

J

9]

oted

-

nO
i
il

Rr
180

I

9]

RPN,

e
A0

all
U

=
o]

il
iK1
all

B
il

ill

-

nO

il
Rr
190

gl

D

0
o
%0

Ju

ADVIA 120

=
[a—

Ol=0ot

oI
il
xr
IH
I

Ok

G.
U
un

tCH3] .

110
o
Al

—_

ol
Iy

ilo]

40

NY, USA)= &9 2Il(volume)2t 2& XIZ=(refractive

(Siemens, Tarrytown,

Xt (shape

I7s}
Jlo

Hl&HOI

=

IY=
o

(schistocyte) 2

or
%0

il

factor)

, Diffmaster Octavia (CellaVision AB, Lund, Sweden)l}

H

SHIE
—

YO &AICHS, 8].

oI
il

HI

xr
jild

-

S
A

Sk
=

Cellavision DM96 (CellaVision AB, Lund, Sweden)2 & EH

Collection @ chosun



M
w r
(=]l 2 Lw wmo S B =
i = ROl < 3 = 0© 1o
33 W RO O K S o_:._ o — ) ol _n_“_ |rL|
© g M U m Iy m M &M o = S U] L.
% mr =5 K9 S ©BY% §59 S W RD R
- 5! - ! " = < T O . T
R = mﬂ“ 5 RM B HE <0 wOm A0 & X w o J =< Uk ®|OR _.%_ -
ol oy = = 0l o1 M0 o X D | s il aa == mu . mﬁm o3 5 - —
mE,muﬁaﬂm_ GO i %EEOMX m].wgemﬂ
B3 gH R @MmmmM R 3 mmﬂhaifaw:m_?zme
w S s z O ﬂmmmﬂ_# KT @l tﬂmmﬁa___DGMEDE
Aloona___o_E,u oo < B g w KR D%W@_mﬂa%m_@
O - g ool R W 5 < ol < ol 2w R ol & o8 M w "
4§m_§m___gm - o 5 o|_¢___AEE_:_g|}|¢
@aemgag N i ogo_em;w%umoew =
ol = g = 5 K 6 1M il Ul WA il Al @ W o8 RN A
i s Bl g 8 2 RO i zr Bl 1K o Ol o] < w3 o oA
o 1S .__._ . “=_| ] [am ol o — K - S _ — &K __An_ v af A n
mEZ g B S 2 B L s @w a2
_ W S W +oo = m Lo g B W ol o 2 ooy M U
o_a%JOTem i I e Mmma_:_xj__;_@;
O w A < 5% i om o - ) () o =0 R3% r uo °° _ <F o]
B ol _M_MHmE_ ool B S e or N~ mw)o__ol_mﬁ
LU z R0 W M o3 o ow T3 So T W
L > =4 m_x_.||L| ) mm._uN...tl OWJH_T_.TI
al_mﬁﬁcl_o____u ].NE____O_OI < ?&Aloooxl___wwcmocmegz
Mgz_mmﬂmﬁwﬁéﬂaht E____+ HEO%D%H@%E&#
T B g Uon + M 5 M= i 3 o3 |_ ol TR S = o g 2 - RCJl
w_= N 20 A oo B I+ = R’ 83 o 00 W =2 < RO 50 o 5 5 = Y KHI
:Domom___lﬁér o m M2 o< 0l Io@)(%%
38 Eu%mo__oa___%m S m_EuMn_x_ﬁgroQM%%ﬂ
w o> gy o @ [P memywﬁa%ﬂmwbsn?ag
_'L_v_MA:_an_ll.H_ __I_._n.ﬂ_.A#__O._A‘o_.L_v C.__H//BUoumCC\an:I|l.r
o o3 S K4 I —~ _U_._ o Jl oW A — z = _m O — ~ & = ll ol _..r_t W0 =
m.n.rammoM||_l.__._=_ ...A.olm il :m.._fmlmmﬂmam..UWH Ul D:_m.mm
5 S o ° ~ _z a2 | 5 & mea=WE o W<
s 0 ATCAT4MG¢O__+ K oz 9 om R = s g W 3 < Q
of n = 2 X s w= = o= =l R B X = — ol = o
L@ w: Koo — = ol I reY =] = ki AD ° _.IAM L) ol 5 > M < a& =1 =S| M_E &
2% 2= 38z _ RS Dommoo_emgﬁiﬂw#meﬂcfm:a
S oHr x H = _._.m=_ = 0] = ) ol WIW zr o 08 1+ R BT WE =
= gk T o8 OO < KO H ac IH = _ KD mu oo ol T =
8 0 A0 O W E N~ X RIS ! F oF o
i0J A_l .:_.A N = o_o o 8r —~ H_T oF
o= S e E T
ol = % m._ all
W

Collection @ chosun



il

ol A

o

Al
20

0l
s

ol
ot

<+

ioll

oI
IH

=
D

ol

il
Rr
190

D

gl

x 100

58.093xaRBC+51.885

il
Rr
190

g

D

ol
ot

<+
oll
ol
IH

=
D

il
180

et S =&

o1
=204 2

Ju

9]

ry

Kr

1[I

4

mRBCOil CH &t

0l UCH.

eilt=

<+
il
20

!

oI
U
ol
s

=
fall

0l

oJ

xr
IH

ol
(H0

Ju
ot

H

D

LE Hel 2= SAHEN 2

o]
o3

o2t U=

ULt BOA

A
T

ol

ol
IH

p=o
D

ol

il
Rr
180

I

D

ol
Rl

nr

E
ot

<+

Collection @ chosun



[t 28]

1. Bain BJ. Diagnosis from the blood smear. N Engl J Med
2005, 353:498-507 .

2. Gulati GL, ed. Blood cell morphology grading guide. 1st ed.

Chicago: American Society of Clinical Pathology Press, 2009:1-33.

3. Choi JM and Lee WS. Development of a poikilocyte measuring method
using image analysis software. Lab Med Online 2013;3:6-14.

4. Zini G, d'Onofrio G, Briggs C, Erber W, Jou JM, Lee SH, et al. ICSH
recommendations  for identification, diagnostic value, and
gquantitation of schistocytes. Int J Lab Hematol 2012;34:107-16.

5. Briggs C, Longair |, Slavik M, Thwaite K, Mills R, Thavaraja V, et
al. Can automated blood film analysis replace the manual
differential? An evaluation of the CellaVision DM96 automated image
analysis system. Int J Lab Hematol 2009;31:48-60.

6. Kim HS, Ko HH, Lee D, Hoon. The Measurement of Red Cell Size in
Peripheral Blood Smear -Comparison of Mean Corpuscular Area and
Mean Corpuscular volume —. Ann Lab Med 2001;21:13-7.

7. Bland JM and Altman DG. Statistical methods for assessing agreement
between two methods of clinical measurement. Lancet 1986;1:307-10.

8. Lesesve JF, Salignac S, Alla F, Defente M, Benbih M, Bordigoni P,
et al. Comparative evaluation of schistocyte counting by an
automated method and by microscopic determination. Am J Clin Pathol
2004121:739-45.

9. Ceelie H, Dinkelaar RB, van Gelder W. Examination of peripheral
blood films using automated microscopy; evaluation of Diffmaster
Octavia and Cellavision DM96. J Clin Pathol 2007;60:72-9.

10. Zandecki M, Genevieve F, Gerard J, Godon A. Spurious counts and
spurious results on haematology analysers: a review. Part I1: white

blood cells, red blood cells, haemoglobin, red cell indices and

_10_

Collection @ chosun



reticulocytes. Int J Lab Hematol 2007;29:21-41.

_11_

Collection @ chosun



(2]

Table 1. Ranges of each CBC parameters of 110 specimens

CBC parameters Range (Mean=+ SD)
Hb (g/dL) 4.1~17.0 (10.8+ 3.2)
Het (%) 12.4~49.1 (31.4+ 9.0)

aRBC (x 10°ells/pL) 1.24~5.56 (3.43+ 1.04)

MCV (fL) 75.4~118.7 (92.6+ 8.0)
MCH (pg) 22.6~39.9 (31.6%+ 2.7)
MCHC (g/dL) 29.6~36.7 (34.2+ 1.4)
ROW (%) 12.0~24.9 (15.2+ 2.6)

_12_
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Fig. 1. The picture was captured from peripheral blood smear slide in the

ideal zone by digital camera through an ocular lens. (x 1000

magnification)
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Fig. 2. Correlation of automated red cell count (aRBC) and mean of manual
red cell counts (mRBC)
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Fig. 3. Correlation of estimated red cell count (eRBC) and mean of manual

red cell count (mRBC)
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at the mean difference plus and minus 2 times the standard
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Fig. 5. The regression analysis for percentage of target cells obtained
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horizontal line is the mean of the difference. The outer black horizontal
lines are drawn at the mean difference plus and minus 2 times the standard
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at zero line.
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