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Efficiency of Rapid Brilliant Cresyl Blue Staining for
Detecting Hemoglobin H Inclusion Bodies
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Abstract

Hemoglobin H disease can be diagnosed by the identification of hemoglobin (Hb) H
inclusion in red blood cells; however, a long incubation period of the blood-dye mixture is
required for the testing procedure. The objective of this study was to investigate the impact of
shortening the Brilliant cresyl blue staining duration on the ability to identify HbH inclusion
bodies in red blood cells. Blood samples were collected from 28 HbH disease patients and 30
healthy individuals. Hemoglobin typing was conducted by using HPLC. Incubation of the blood
with Brilliant cresyl blue at 37°C for 30 and 120 minutes were set up for the detection of HbH
inclusion bodies. Paired student’s #-test were utilized to assess the reliability of the test results
and the variances in the number of HbH inclusion bodies. There were no HbH inclusion bodies
found in the healthy control bloods. Conversely, the HbH inclusion bodies were detected in all
HbH disease samples at the incubation times of 30 and 120 minutes. The quantities of HbH
inclusion bodies at 30- and 120-minute incubation times were 43.7 * 23.6 and 39.9 * 22.1,
respectively. There was no statistical significance in both incubation times (p < 0.05). These
reveal significant amounts of HbH inclusion bodies detected following 30 minutes staining.
Therefore, the identification of HbH inclusion elements using this 30 minutes staining method

could facilitate a better turnaround time.
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Table 3 The results of HbH inclusion bodies examined in 30 healthy individuals and 28 HbH disease

patients by three professional medical technologists.

Sample group (N)

Incubation time (30 mins)

Incubation time (120 mins)

Present Absent Present Absent
MT 1 0 30 0 30
Normal (30) MT 2 0 30 0 30
MT 3 0 30 0 30
MT 1 28 0 28 0
HbH (gigs)ease MT 2 28 0 28 0
MT 3 28 0 28 0

Hb: Hemoglobin; MT: Medical technologist
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Table 4 The percentage of red blood cells containing inclusion bodies obtained from 30 mins and

120 mins incubation time of 28 HbH disease patients.

Incubation time (30 mins) Incubation time (120 mins)
Sample no.

Mean SD Min - Max Mean SD Min - Max
1 43.76 11.40 33.72 - 56.15 39.29 8.21 32.72 - 48.50
2 39.03 2.72 36.21 — 41.64 40.66 5.34 34.63 - 44.81
3 32.24 10.39 24.49 - 44.05 34.95 8.13 29.44 — 44.29
4 22.43 14.39 10.96 - 38.58 14.51 2.47 12.40 - 17.22
5 32.00 3.60 29.34 - 36.09 28.77 3.73 25.14 - 32.60
6 15.28 6.92 8.13 -21.95 14.96 6.41 7.78 - 20.11
7 10.57 2.13 8.86 — 12.96 10.26 4.34 5.25 - 12.76
8 53.58 5.83 47.05 - 58.24 42.42 18.31 21.29 - 53.69
9 22.72 3.66 19.35 - 26.61 20.71 1.59 18.96 - 22.08
10 4414 213 41.68 - 45.45 34.77 8.82 25.00 - 42.15
11 71.84 3.12 69.50 — 75.38 66.54 14.79 49.63 - 77.02
12 21.54 2.90 19.18 — 24.78 19.81 1.52 18.05 - 20.69
13 41.07 3.75 36.77 - 43.64 43.36 1.17 42.53 - 44.70
14 37.12 3.95 32.78 - 40.52 30.63 1.24 29.37 - 31.84
15 14.38 1.22 13.21 - 15.65 14.42 0.88 13.41 - 15.00
16 65.88 0.54 65.25 - 66.23 55.98 1.14 55.00 - 57.23
17 36.16 1.60 34.95 - 37.97 28.08 1.27 26.96 - 29.46
18 16.50 3.28 13.50 - 20.00 14.01 1.938 12.40 - 16.15
19 5.30 1.25 4.49 - 6.74 4.95 0.91 4.25 -5.98
20 80.19 1.88 78.08 - 81.67 72.97 15.36 55.50 - 84.35
21 49.88 6.39 42.63 - 54.71 53.62 4.68 50.45 - 58.99
22 70.04 1.67 68.70 — 71.91 65.32 1.67 63.61 - 66.94
23 74.89 0.89 73.88 - 75.55 70.71 1.47 69.25 - 72.18
24 31.42 1.62 30.19 - 33.25 25.71 2.98 23.48 - 29.09
25 80.01 1.09 78.84 - 81.01 75.82 0.92 74.93 - 76.76
26 60.57 2.23 58.13 - 62.50 57.03 1.17 55.85 - 58.18
27 78.92 1.49 77.20 - 79.83 67.27 2.86 64.04 - 69.49
28 71.99 1.18 70.73 — 73.08 69.62 2.49 67.60 — 72.40
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Table 5 Percentage of red blood cells containing inclusion bodies. Data are presented as mean + SD

and min - max.

Group (N) 30 mins 120 mins p-value
Normal (30) 0 0 -
43.70 + 23.55 39.90 + 22.06 0.000
Total HbH disease (28)
(5.30 — 80.19) (4.95 - 75.82)
32.92 + 18.16 29.42 + 16.26 0.002
HbH (19)
(56.30 — 71.84) (4.95 - 66.54)
66.44 + 16.51 62.01 = 15.40 0.012
HbH-CS (9)
(31.42 - 80.19) (25.71 - 75.82)
p-value 0.000° 0.000°

*compared HbH with HbH-CS

Hb A o;;)

Fig. 1 Representative HPLC-chromatograms of healthy subjects (A),

Hb A, o3;)

disease (C).

Hb A (0,,)

Hb H(By)

Hb A, (a;8,)

Hb A (c;p,)

Hb A, (;3;)

MZ)

HbH disease (B) and HbH-CS



sz@nsnmvesniséon Brilliant Cresyl Blue ag19590157 tionssamalulnaiuevdungsuvens 9253
Tuwadidadenund

%

T‘('

Fig. 2 Peripheral blood stained with 1% Brilliant cresyl blue in healthy subjects. Blood smears prepared
after 30 min and 120 min of incubation time were illustrated in A and B, respectively. The red
arrow indicates the leakage of hemoglobin, visible as faintly blue-stained erythrocytes.
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Fig. 3 Peripheral blood stained with 1% Brilliant cresyl blue in HoH disease samples. (A) demonstrated

blood smears prepared after 30 min of incubation time. (B) demonstrated blood smears prepared
after 120 min of incubation time. The black arrow indicates a ‘golf ball’-like RBC containing an
HbH inclusion body appearance compared with the surrounding normal red blood cells. The
blue arrow indicates reticulocyte containing HoH inclusion body. The red arrow indicates the
leakage of hemoglobin, visible as faintly blue-stained erythrocytes.
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Fig. 4 Peripheral blood stained with 1% Birilliant cresyl blue in HoH-CS disease cases. (A) and (B)

demonstrated blood smear prepared after 30 min and 120 min of incubation time, respectively.
The black arrow indicates a ‘golf ball’-like RBC containing an HbH inclusion. The blue arrow
indicates reticulocyte containing HbH inclusion body. The red arrow indicates the leakage of
hemoglobin in golf ball-like RBC, visible as faintly blue-stained.




9256

a 4
P13
a a a @ a4
mIanamdlulnaduesdungiuvend
< < A ¥ % d
([54) lusaaliataeauns lagnsdoualod
Brilliant cresyl blue suiludosgudiumay
' A o Ay P a ~
szniadenfivddoniaumnil 37 esrmwaded
Piluszoznannu wisliAanszuiumseentd lad
HbH wazanazneuiudanand@iin@u szeznm
Cd N
Magui 1-3 9l gnuuzsilildnniga wiesan
nlenialdiasianuiwadifiaidenuaand
Flulnaduesdungfuvendldmniu’®' ms
a a a a a Y
nadeumalulnadueydunagiuveddiivaniy
fanan dlszansmwademsdansedlsa HbH
udianuhanasdensnslvfanTBINguNINY
Ol-thalassemia 1agL1RW1ZWIHE O-thalassemia 2
1oz homozygous O-thalassemia 2 fivaney
= d‘d s ad U 1
msannimItannIsmnadevlvianulide
MIATIVAANTOININE  O-thalassemia 1 uag
O-thalassemia 2 Tgavu Tasmsifuwaziivdru
vugavassuniluwad (buffy coat) Tuvims
Q' 2 % o ‘%’
nAdaY uaZlNNANNIINTUVeIEToN UanINil
o o A o o 1
FadinsdSunurainmsdenlvuiuiu lag
annsamnanublumasedanseangunive
O-thalassemia 1 ldannde3esaz 91-100% ¥
lumsanmnudidelafnedanavesns
YSvaaszeznaimsdond Brilliant cresyl blue
N 37 esrusaidod Wimasies 30 1N @o
a a a @ a '
msasamalulnaiutesduagiuvendluwsad
< A = 1 % = agqe
(HARDALAY NAMIANEINUIN MIYaNd Brilliant
cresyl blue f 37 asrusaiod (Weg 30 W9
TWnanmsasiangnaeInnstelietnsuivma
A15A579 Hb typing lagliwumavinuas
4 s v d‘ 2
waaulasn uazdeandesfuramsdeninlyiia
120 i laglungudledisvesnutnadan
siiadlulnadudu ALA s HbA)

ANIA VYA uaz wauwde uauld

LLa:mmﬁﬁma%maaLﬁmﬁamtmagﬂwﬁawad

auna!> 16

) ' 4= A Sa
a5 linyirad liadenuaani
glulnaduterdungiuvendnnite (Table 3)
5] &Y k4 ot o ]
NanInTIAEsAIINAaIgansIAlludIag1
1 é’ = d & A a dq; a
Aguilaznuieuradilia@oauAIRdi U
Brilliant cresyl blue Liasn1nddenanamnsa
Joudlulnatudndladedsuandlu Fig. 2A
| < o ¢ & A Ay v
aenglsneuanyazveuradilinideauasilaan
v 2 I S < =)
msdeulagldnm 120 9 aenuradiin@oaung
ti‘d s v a = go’ a
nudnuazAd1y ghost cell (AndEU9)
ladudntles (Fig. 2B) ileannszeziia
o ~ o A A o
msfeumnudinalviimaasuuasvesieriu
P a o a A P
1ad o1aiamsvesdulnadusenanad 1d
dnslunguiithelsn HbH Seiimsdnngues HbH

O aanuwad

fraction vulATINlALATNNATIY
IS A d‘dd a a @ ad

iinaeauasniialilnaluevdungiuveddnnne
nan lntuaadlvifiunmsdesd Brilliant cresyl blue
k4 ) = ) 1 a 4
AMeaniies 30 N tNganeranMseand lad
HbH WiudTulnaduesdungiuvendmelu

S ¥V 1 o Y a
wadla laglimlvinanaavuaznavindasu

fomInagou

'
A

o S = A a
NuIULradiiatdoauaInid ulnaly
a o A oA Vv

teydungduveadnasianvlungduiiielsa
HbH wyu3i1 Isa HbH-CS @539NUNUIU
mnanilungulsa HbH eghaditisdfiymandiin
namsfennlsian 30 waz 120 WA (Table 5)
A0AAADINUNAIMIANIADUNTNUNTIHNUNL
o s = A Ao A a o
Mmnusaadineauamiallnaluesdungiu-
vadadlulsn HbH (deletional HbH) Soeay 33-85
Tuvaznwudosar 52-95 lulsa HbH-CS™ ¥
wanslviiunmsdenlagldna 30 N Fapa
152@nSmnmsnsale bisnaldnndy wenannil
o < & =) ‘i‘dd a a 93
Tnnuwadiliameauasniaulnaduesdungdu-

A ¢dg v % = o o v
vaadnlyiaiden 30 N ﬂinuum‘m‘u'lﬂ



szanznmveanisdou Brilliant Cresyl Blue agn53ai51 tWeassamalulnaiuevdungsuve

huwadiindenuag

1 % 4‘ % 4! A‘ a 'd
annmMsdenilynar 120 i edenh
wgnauriavealsn HbH AfFanwuiimsdeun
W 30 9 amvtiudsnuewaddinanla
nnnnmsdeunlsne 120 w9 (Table 5)
> X & a 4 s
naoauwszifamsidondaisveatsadny
a a a s a J d' ¥V |
glulnadutesduagduveadiitedoniuiim

% I o Y o & o 1 A A
nule  Wumamlvisuuwadaananidsuna

o v o ¢ PP
anad Faunaldnndnyuzveawaduudiesiiiog

4 YV 4 I s v
meldndesganssatsznuiudnyazadng
ghost cell usnuinn (Fig. 3B uaz 4B)
TngisadAndansneaiudulnatuteydungiu-

A T I 13 A A o
vand hiFanulunaraddungiuvendianym:
Qv P Y] , -
Wudeunanvwmalveg Aadih@uiduniidng

4 s - d' =3 4 v
aargnunsaTvluaeana iy i uuwdn
(aged specimen) Faglulnadudnaiamsidon
damouazgnoendladldie nanldtudaslviiu
= 1A A s a X Y a
HaNAMIFoNFNYVDAUFASLAAVY  TINNITMNS
4‘ = a a s a J
idendangvesdlulnaiiuevoungiuvendmely
¥adnIYg AnYAUTUBIEAdRInaINoIvdINa N
o A o o ¢ 1 Ayy o
Havadeidunauazhuunwadmanilanne
fatiumsdond Brilliant cresyl blue iflunm
Ny daudazelviinamsesndladues HbH
Tdnndu wazneafiufianznoudungiuuend
meluradlafaauiu (Fig. 3B uaz 4B)
uadanalvitiamsidonaasueasad lng@we

s aa o a o Ay X
iradnig ulnaduesdungiuveddldnniumu
Wde Feervazihlugmsiianaaviaenlalu
R Ao S o ' o o
dihenifsinansaddndndnnuties

UeNNUA Brilliant cresyl blue a3l

wa s Aaaa . . %
AoENTAdoNBaAUMLNNTIA (supravital stain) ‘1A

q

v
[ Y]

S < A . =< 4
aufuradiliaiienund reticulocyte 9gndon
AntinQuaouazlslulesy vise RNA fidany

1 < @ | '
aglulalananan Avzanazneuauiuiuiaum

a

Aadh@udy (Fig. 3A, blue arrow) @9iu

)Y

R

9257

. IS E) a a @ 2 4
mA reticulocyte Nalulnaduteydungiuvend
v sy < = = a% A
agmoluwadaiy Avziuazneulianandil(u

e e .
FINMYLFUNUY A9 Fig. 3 uaz 4 44 reticulocyte
' % v
aziduinaIulugihelsa HbH fe datiu
IS o o J o IS d A
wilomanusadaanannunnluaiieiiaen
k%4 IS & A = o I Vv = s
Hasadeineadsdiudediimsdanaua
a | Ay A g oy v A Y]
WnsanedatIuelv linamsasianigndes
wazudud FaunITAIIvALNeSAendne
] P yyaa o
aaeaganssrudnduaeslydniianuiunglu
o s a a s A J
m3nuunesaaiglulnatuiesdungiuvend
uaz reticulocyte Tudunpumsnanddounuidon
[ Y Y v Zj 1 v 1 d'
A i funsdeunazrdanisgun 37
DIFNLBALTYA LWIITNITAINADANANLADAR L
Ay < 3 Y < =& A
dBdhnannuasihlviwaddin@eauninnazneu
Y 1 4 o 3 S ] Y Y @
agduadld daiumnliiasalidniu
1 ) IS & A o v 1 ™
AputaseNdieFaenazmviinanonsnTIL
o v
nuula
tagtiuldnmsiannszuy  Artificial
Intelligent (AD hmnsrelumsasiamsad
< oA A a a o N ¢
Watdeauninialulnatuteydungiuvenduu
= rd = A
dutes Tngmannmsanswunianyhvazany
o o o U = Y
Tumzlumanamnwaddandngedaiesas 91
waz 99 muddu’'® Tasansaananuwad
I A 4’44 a a o a Y
Watdeauaanidlulnadueydungiuvend’a
faudnisnusadiies 1 Ty 100,000 §atiy
Tuewan mniimslszgndlFmaluladaandn

o
=1

saufdunsdivaanatdenmunisAnuinsg
' o ¢ = A A
z%2819n15AIIINILsaaLinLaoALAINN
a a a s A o % <
slulnadueydungduveadmlanaiy waz
HszanSanaunngady ausaanszesIan
anuAanaaluMIaTILAZTLUAEAS IND
o as v Y = :fl 1 QI
masaulanie dnnasvvzigninanyuay
ANNTUNZADMTAANTDINHE O-thalassemia 1

T@anale



9258

asy

Q

msdvaaiaimsdon Brilliant cresyl
blue Wuna 30 Wi WWinaminsiadenndsa
Aumsfexdil¥nm 120 i lsa HbH nnay
linuwatinuazNaaulasy LAZATIINLIIUIU
SR A A a a o A
iraduiadenunsniglulnabuesdungiuuend
ldgand1 120 1 Aenfumsdendmsmdanan
a a a s a
ansaasamalulnaiueydungiuveadly
[~ - vV [ I a a = Z s ]
Wintaeaunalaegatilszansnwn danvadare
ANTTYZIIAINITATIVUALNTIONDYNA LA dIna
v SN Vo A X v
Wiunnglasunamsasnanive  axnsolims

aa o o A v < A X
]uﬁ]ﬂﬂLLaz’J’NLLNUﬂ1ﬁ§ﬂH']N“1J'Jlelﬂ§'JﬂLﬁ')f]\‘i"llu

a 2
naanssulszma
HiTevevouamAmMdnIBAIdAS
wMIngdenzio faivaumidelumsanei
(MIfgtavh  AHS-RD-66007) veveuan
509dn1159 as.andde Taanld o1asd
Uszimadsnatiamsunnd anzannveans
a o Hq v o (= <
wvmInndenzien AlraUSnulumsifivuas
M3daszideya AaeAIUNIIIUAUDTY
vovauAn viEM lulewsu e Nadvayuy
1 4
inseadisuazihendimivanadanzisiauaz

153 adlulnativ

LONA1591984

1. Harteveld CL, Higgs DR. Alpha-
thalassaemia. Orphanet J Rare Dis 2010;
5:13.

2. Modell B, Darlison M. Global epidemio-
logy of haemoglobin disorders and derived
service indicators. Bull World Health
Organ 2008; 86: 480-7.

ANIA VYA uaz wauwde uauld

Wickramasinghe SN, Hughes M, Higgs
DR, et al. Ultrastructure of red cells
containing haemoglobin H inclusions
induced by redox dyes. Clin Lab Haema-
tol 1981; 3: 51-60.

Adirojnanon P, Wasi P. Levels of
haemoglobin H and proportions of red cells
with inclusion bodies in the two types of
haemoglobin H disease. Br J Haematol
1980; 46: 507-9.

Galanello R, Paglietti E, Melis MA, et al.
Hemoglobin inclusions in heterozygous
alpha-thalassemia according to their alpha-
globin genotype. Acta Haematol 1984;
72: 34-6.

Pan LL, Eng HL, Kuo CY, et al.
Usefulness of Brilliant cresyl blue staining
as an auxiliary method of screening for
alpha-thalassemia. J Lab Clin Med 2005;
145: 94-7.

Lafferty JD, Barth DS, Sheridan BL,
et al. A multicenter trial of the
effectiveness of zeta-globin enzyme-linked
immunosorbent assay and hemoglobin H
inclusion body screening for the detection
of alphaO-thalassemia trait. Am J Clin
Pathol 2008; 129: 309-15.

Chan AY, So CK, Chan LC. Comparison
of the HbH inclusion test and a PCR test
in routine screening for alpha thalassaemia
in Hong Kong. J Clin Pathol 1996; 49:
411-3.



szanznmveanisdou Brilliant Cresyl Blue agn53ai51 tWeassamalulnaiuevdungsuve

huwadiindenuag

10.

11.

12.

13.

Turley E, McFarlane A, Halchuk L, et al.
Hemoglobin H identification by high-
performance liquid chromatography in
confirmed hemoglobin H disease. Int J Lab
Hematol 2015; 37: 668-72.

Wild BJ, Bain BJ. Investigations of
abnormal haemoglobins and thalassemia.
In: Dacie and Lewis Practical
Haematology. 1t ed, Edinburgh,
Scotland: Churchill Livingstone; 2011:
301-32.

Kuptamethi S, Pravatmuang P, Fucharoen
S, et al. Modified technique for detecting
red cells containing inclusion bodies in
alpha-thalassemia trait. Birth Defects Orig
Artic Ser 1987; 23: 213-21.
Maungsapaya W, Winichagoon P,
Fucharoen S, et al. Improved technic for
detecting intraerythrocytic inclusion
bodies in alpha thalassemia trait. J Med
Assoc Thai 1985; 68: 43-5.

Sabath DE, Cross ST, Mamiya LY. An
improved method for detecting red cells
with hemoglobin H inclusions that does
not require glass capillary tubes. Clin Lab

Haematol 2003; 25: 87-91.

14.

15.

16.

)Y

R

9259

Satthakarn S, Panyasai K, Phasit A, et al.
Reliability of hemoglobin A2 value as
measured by the Premier Resolution
system for screening of B—thalassemia
carriers. Clin Chem Lab Med 2023; 62:
453-63.

Wongkrajang P, Chinswangwatanakul W,
Mokkhamakkun C, et al. Establishment
of new complete blood count reference
values for healthy Thai adults. Int J Lab
Hematol 2018; 40: 478-83.

Lee SY, Chen CME, Lim EYP, et al.
Image analysis using machine learning for
automated detection of hemoglobin H
inclusions in blood smears - a method for
morphologic detection of rare cells. J
Pathol Inform 2021; 12: 18.



