
Laboratory Diagnosis of
Hereditary Spherocytosis:
Literature Review and Case
Report

Sum mary

He red i tary spherocytosis is the most com mon in her ited red blood cell
mem brane dis or der in in di vid u als of north ern Eu ro pean an ces try with
an in ci dence of 1 case per 2000–5000 in di vid u als. De fi ciency or dys func -
tion of eryth ro cyte mem brane pro teins (ankyrin, band 3, a and
b spectrins, pro tein 4.2) re sult in weak ened in ter ac tions be tween the
lipid bilayer and mem brane skel e ton lead ing to for ma tion of spherocytes 
with de creased deformability and in creased os motic fra gil ity. Pre ma -
ture splenic de struc tion of ab nor mal spherocytes is a pri mary cause of
hemolysis in he red i tary spherocytosis. The dis or der is typ i cally char ac -
ter ised by ane mia, jaun dice and splenomegaly, how ever, the clin i cal
presention and course of dis ease is highly vari able rang ing from asymp -
tom atic forms with fully com pen sated hemolysis to oc ca sion ally se vere
forms, re quir ing pe ri odic blood trans fu sions and/or splenectomy. A di ag -
nos tic work out is based on a fam ily his tory, phys i cal ex am i na tion, gen -
eral lab o ra tory tests (com plete blood count, reticulocyte count, ex am i na -
tion of eryth ro cyte mor phol ogy) and a com bi na tion of cause-ori ented
spe cial di ag nos tic tests (os motic fra gil ity tests, flow cytometry, ekta -
cytometry, cryohemolysis test, elec tro pho re sis of red blood cell mem -
brane pro teins and mo lec u lar test ing for ge netic mu ta tions within genes 
en cod ing eryth ro cyte plasma mem brane pro teins. This re view high -
lights cur rent un der stand ing of dis ease pathophysiology, ge net ics and
clin i cal fea tures. Par tic u lar at ten tion is given to a wide spec trum of lab -
o ra tory as says (screen ing as well as con fir ma tory) em pha siz ing their ad -
van tages and dis ad van tages. Herein we also pres ent a clin i cal case of
aplastic cri sis due to hu man par vovi rus in fec tion in a child with he red i -
tary spherocytosis.

Keywords: hemolytic ane mia, he red i tary spherocytosis, lab o ra tory di -
ag no sis, flow cytometry, os motic fra gil ity, par vovi rus.

INTRODUCTION

Red blood cell mem brane dis or ders (so
called membranopathies) com prise a
heterogenous group of con gen i tal
hemolytic anemias re sult ing from struc -
tural mem brane de fects. His tor i cally,
the clas si fi ca tion of these dis or ders has
been based on the al ter ations of eryth -
ro cyte mor phol ogy seen on the pe riph -

eral blood smear and in clude he red i tary 
spherocytosis (HS), he red i tary ellipto -
cytosis (HE), he red i tary stomato cytosis
(HSt), he red i tary pyro poi kilo cytosis
(HPP) and South east Asian ovalo cytosis 
(SAO) [1]. The ma jor em pha sis is given
on he red i tary sphero cytosis (also known 
as Min kow ski–Chauffard dis ease), the
most fre quently en coun tered red blood
cell membrano pathy by cli ni cians.
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History

He red i tary spherocytosis was first de -
scribed in 1871 by two Bel gian phy si -
cians Vanlair and Masius, as micro -
cythemia, re fer ring to the small spher -
i cal cells in the pe riph eral blood
smear. The dis ease was re dis cov ered
by Wil son and Min kow ski in the late
19th cen tury, who de scribed con gen i tal 
type of icterus by re port ing 8 cases of
HS in three gen er a tions of one fam ily.
Min kow ski was the first to show that
icterus was as so ci ated with the
hemolytic ane mia and pos tu lated that
hemolysis was due to the splenic dam -
age. Chauffard and co-work ers were
the first to de scribe the in creased
eryth ro cyte os motic fra gil ity and
reticulo cytosis in con gen i tal hemolytic 
icterus. The 1934 stud ies of Haden
pro posed that struc tural ab nor mal ity
of the eryth ro cyte mem brane could be
the ba sis for hemolysis. The next im -
por tant con tri bu tions were re ports of
cor rec tion of hemolytic ane mia by
splenectomy and the stud ies of Ham
and Cas tle in volv ing the spleen in the
con di tion ing of spherocytes. Later on
var i ous mo lec u lar de fects of eryth ro -
cyte mem brane pro teins and their
genes were iden ti fied [2, 3].

Epidemiology

He red i tary spherocytosis is con sid -
ered to be the most com mon in her ited
hemolytic ane mia in North ern Eu ro -
pean coun tries and North ern Amer ica, 
af fect ing ap prox i mately 1 in 2000 to
5000 in di vid u als, al though gen er ally
HS is a rare dis ease world wide. In fact
the real prev a lence is likely to be even
higher due to underdiagnosis of ex -
tremely mild or asymp tom atic forms
of HS [4]. Dis ease oc curs world wide in
all eth nic and ra cial groups. How ever
the in ci dence among South east Asian
and Af ri can peo ple is thought to be
lower, al though de fin i tive in for ma tion 
re gard ing the ep i de mi ol ogy of HS is
un avail able. HS af fects fe males and
males equally and can pres ent at any
age, partly de pend ing on the se ver ity
of dis ease [5].

Pathophysiological aspects

The eryth ro cyte mem brane is a highly
dy namic struc ture which is both ex -
tremely flex i ble and struc tur ally re sil -
ient. Dur ing the typ i cal life span of
120 days the red blood cell (RBC)
passes through the cir cu la tion ap prox -
i mately 300 000–500 000 times and
faces tre men dous chal lenges – me -
chan i cal, bio chem i cal as well as os -
motic. A com bi na tion of mem brane

strength, deformability and sta bil ity
al lows eryth ro cytes to adapt to these
chal lenges and with stand the stress of
the cir cu la tion [6].

The RBC mem brane is com posed of 
three main com po nents: the lipid
bilayer punc tu ated with transmem -
brane pro teins and an un der ly ing
spectrin-based mem brane cytoskele -
ton, which is at tached to the bilayer by 
link ing pro teins (Fig. 1).

The struc tural in teg rity of the
eryth ro cyte mem brane is de ter mined
by ver ti cal in ter ac tions be tween the
lipid bilayer to gether with its trans -
membrane pro teins and un der ly ing
cytoskeleton as well as by hor i zon tal
in ter ac tions be tween var i ous cytoskel -
etal pro teins. The most im por tant ver -
ti cal link ages in the pathogenesis of
HS in clude:  ankyrin- spectrin-
 band 3-protein 4.2 in ter ac tions and
spectrin-protein 4.1-glycophorin
C-p55 in ter ac tions [7]. De fi ciency or
dys func tion of one or more pre vi ously
men tioned mem brane pro teins is re -
spon si ble for the loss of co he sion be -
tween lipid bilayer and spectrin-based
skel e ton. As a re sult, mem brane is
destabilized, lead ing to re lease of skel -

e ton- free lipid ves i cles and re duc tion
of both mem brane sur face area and
the sur face area to vol ume ra tio
(SA/V). Such mech a nism leads to the
changes in erythrocyte shape and
formation of spherical RBCs [5, 8].

The spleen plays very im por tant
role in the pathogenesis of HS. Be -
cause of the mem brane sur face area
re duc tion and im paired flex i bil ity
eryth ro cytes are un able to ef fec tively
pass through con stricted re gions of the 
cir cu la tion. In ad di tion to trap ping
spherocytes, the spleen also “con di -
tions” such cells (so called splenic con -
di tion ing) (Fig. 2) by caus ing fur ther
dam age on the eryth ro cyte mem brane. 
Ul ti mately ab nor mal red blood cells
are ex posed to splenic macrophages
that even tu ally lead to erythro phago -
cytosis. This cur rently pro posed mech -
a nism of pre ma ture extravascular
eryth ro cyte de struc tion is re spon si ble
for ane mia and splenomegaly [8].

Molecular genetics

The mo lec u lar de fects re spon si ble for
qual i ta tive and/or quan ti ta tive ab nor -
mal i ties of eryth ro cyte mem brane pro -
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Fig. 1. A sche matic rep re sen ta tion of the red blood cell mem brane struc ture

Fig. 2. Pathophysiological ef fects of eryth ro cyte de struc tion



teins show sig nif i cant het er o ge ne ity
and are typ i cally caused by their cor -
re spond ing gene mu ta tions. There are
5 HS-re lated genes: ANK1, SPTB,
SPTA1, SLC4A1 and EPB42 (Ta ble 1)
[9]. It is be ing re ported that most of
the gene mu ta tions are ‘pri vate’,
mean ing that nearly ev ery fam ily has
an iso lated mu ta tion or it ap pears in a
few fam i lies from dif fer ent coun tries.
In ap prox i mately three-thirds of HS
pa tients, mu ta tions are in her ited in
an autosomal dom i nant man ner (e.g. a 
sin gle mu tant al lele is suf fi cient for
HS to ap pear) [10]. Ac cord ing to the
guide lines for the di ag no sis and man -
age ment of HS, pri mary mu ta tions are 
found most of ten in the genes en cod ing 
ankyrin, b-spectrin or band 3 with mu -
ta tions in the ANK1 gene be ing the
most com mon cause of HS in the Eu -
rope and USA [11]. In the re main ing
25% of cases, in her i tance is non-dom i -
nant and the par ents of these pa tients
are both clin i cally and hematologically 
nor mal. Non-dom i nant HS (nd-HS)
cases can be fur ther di vided in two
groups. About half of them are caused
by spon ta ne ous new mu ta tions (de
novo), par tic u larly in the ANK1 and
SPTB genes. The rest of the cases are
due to re ces sively in her ited HS typ i -

cally as so ci ated with ab nor mal i ties in
the a-spectrin or pro tein 4.2 genes.
The highly vari able clin i cal man i fes ta -
tions de pend partly on the mode of in -
her i tance. In gen eral, hemolytic ane -
mia is more se vere and some times
even trans fu sion-de pend ent in pa -
tients with non-dom i nant HS [5, 9,
12].

LABORATORY INVESTIGATION

Ac cord ing to the cur rent guide lines for 
the di ag no sis and man age ment of HS
from the Brit ish Com mit tee for
Standarts in Haema tol ogy, the di ag -
nos tic work out of  he red i  tary
spherocytosis should be based on a
com bi na tion of fam ily and clin i cal his -
to ries, typ i cal clin i cal pre sen ta tion
(e.g. pal lor, jaun dice, splenomegaly)
and lab o ra tory find ings (e.g.
spherocytes on blood smear, el e vated
MCHC, reticulo cytosis) with no fur -
ther test ing needed. In case of equiv o -
cal di ag no sis, two tests with a high
pre dic tive value are rec om mended –
flow cytometric EMA-bind ing test and
cryohemolysis test both pre sent ing
grade 1 rec om men da tion and grade A
ev i dence [11].

GENERAL DIAGNOSTIC TESTS

Complete blood count

All pa tients with sus pected HS should
have a com plete blood count (CBC)
with reticulocyte count and eryth ro -
cyte in di ces. On the ba sis of ane mia
ex tent and mark ers of hemolysis (bil i -
ru bin and reticulocyte count) se ver ity
of the dis ease is clas si fied as mild,
mod er ate, mod er ately se vere and se -
vere (Ta ble 2). In a ma jor ity of HS
cases ane mia var ies from mild to mod -
er ate (Hb 80–120 g/L) or there is no
ane mia at all (be cause of com pen sated
hemolysis due to bal ance be tween
eryth ro cyte de struc tion and reticulo -
cyte pro duc tion). The el e va tion of both
mean cor pus cu lar he mo glo bin con cen -
tra tion (MCHC >360 g/L) and red
blood cell dis tri bu tion width (RDW
>14%) is of high rel e vance to iden ti fy -
ing HS be cause of the sat is fac tory sen -
si tiv ity and spec i fic ity [5, 13]. On the
other hand, mean cor pus cu lar vol ume
(MCV) do not have sig nif i cant di ag -
nos tic value as it is of ten low nor mal or 
only slightly de creased. Reticulocyte
count and au to mated reticulocyte in -
di ces might be help ful in the di ag no sis
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Ta ble 1. Mo lec u lar clas si fi ca tion of he red i tary spherocytosis

Type Gene Lo ca tion Mem brane pro tein Prev a lence in pa tients with HS In her i tance Se ver ity of dis ease OMIM

1 ANK1 8p11.21 Ankyrin-1 Eu rope and USA 40–65% AD, AR,
de novo

Mostly mod er ate #182900

5–10% in Ja pan

2 SPTB 14q23.3 b-spectrin 15–30% AD, de novo Mild to mod er ate #182870

3 SPTA1 1q23.1 a-spectrin ~5% AR Mostly se vere #270970

4 SLC4A1 17q21.31 Band 3 20–35% AD Mild to mod er ate #109270

5 EPB42 15q15.2 Pro tein 4.2 Eu rope and USA <5% AR Mild to mod er ate #612690

Ja pan 40–50%

AD – autosomal dom i nant, AR – autosomal re ces sive, HS – he red i tary spherocytosis, OMIM – On line Men de lian In her i tance in Man

Ta ble 2. Clas si fi ca tion of he red i tary spherocytosis

Mild Mod er ate Mod er ate to se vere Se vere

GEN ERAL IN FOR MA TION

Prev a lence 20–30% 60–70% ~10% 3–5%

In her i tance AD AD, de novo mu ta tion AD, de novo mu ta tion AR

Main clin i cal fea tures Usu ally asymp tom atic Fa tigue, pal lor, (in ter mit tent) jaun dice

Splenomegaly Ab sent or mild Mod est Sig nif i cant

LAB O RA TORY DATA

He mo glo bin (g/L) Nor mal 80–110 60–80 <60

Reticulocyte count (%) <6% >6% >10% >10%

Bil i ru bin (mmol/L) 17.1–34.2 >34.2 >34.2–51.3 >51.3

Blood smear Mild spherocytosis Spherocytes Spherocytes Abun dant spherocytes,
poikilocytosis, anisocytosis

MAN AGE MENT

Splenectomy Usu ally not nec es sary In some cases Nec es sary >5 years-old Nec es sary >2–3 years-old

Trans fu sions 0–1 0–2 In ter mit tent need (>2) Reg u lar

AD – autosomal dom i nant, AR – autosomal re ces sive



of HS. Ac cord ing to the guide lines for
RBC mem brane dis or ders from the In -
ter na tional Coun cil for Stan dard iza -
tion in Haema tol ogy (ICSH), high
reticulocyte count with out an equally
el e vated im ma ture reticulocyte frac -
tion (IRF), e. g. high RET/IRF ra tio,
has a high pre dic tive value for HS [13,
14]. Cur rently, au to mated he ma tol ogy 
an a lyz ers are able to pro vide new data 
con cern ing RBC and reticulocyte anal -
y sis, e.g. mean sphered cor pus cu lar
vol ume (MSCV), hyperchromic RBC
per cent age (% Hy per), mean reticulo -
cyte vol ume (rMCV or MRV), reticulo -
cyte MHCH (rMCHC), reticulocyte he -
mo glo bin equiv a lent (Ret-Hb),
reticulo cyte dis tri  bu tion width
(rRDW), etc. [13, 15, 16]. Al though
these pa ram e ters might be of great in -
ter est for HS screen ing, they are still
un fa mil iar and rarely used by lab o ra -
to ries. For a cor rect in ter pre ta tion of
red cell and reticulocyte in di ces the de -
pend ance on the tech nol o gies used by
dif fer ent he ma to log i cal an a lyz ers
should be taken into ac count [15].

Blood smear microscopic
examination

Eryth ro cyte mor phol ogy in HS is quite 
di verse. Typ i cally round, dense, hy -
perchromic red cells with out a cen tral
pal lor (so called spherocytes) are
found on pe riph eral blood smear
(Fig. 3). The num ber of spherocytes is
highly de pend ent on the form of HS
and var ies from only a few cells in mild 
forms to large num bers of spherocytes
as well as bi zarre mor phol ogy with
poikilocytosis and anisocytosis in se -
vere cases of dis ease. Vary ing de grees
of polychromasia, re flect ing reticulo -
cytosis, is also noted. Mo lec u lar stud -
ies have also iden ti fied the as so ci a tion
be tween ab nor mal eryth ro cyte shapes
and some mem brane pro tein de fect,
e.g.  spherocytic acanthocytes
(b-spectrin), “mush room” shaped red
cells (band 3), spherostomatocytes
(pro tein 4.2). How ever, many other
hemolytic anemias can show sphero -
cytes on the pe riph eral blood smear,
there fore a di ag no sis of HS can not be
es tab lished by their iden ti fi ca tion
alone [5, 8, 17].

Biochemical markers of
hemolysis

Lab o ra tory find ings of on go ing ex -
travascular hemolysis in HS in clude
vari ably in creased lac tate dehydro -
genase (LDH) as well as in di rect bil i -
ru bin and de creased or ab sent se rum
haptoglobin. It should be noted, that

such ab nor mal i ties can be ab sent in
pa tients with a mild form of the dis -
ease.

CAUSE-ORIENTED SPECIAL
DIAGNOSTIC TESTS

EMA-binding test

A rapid flow cytometric anal y sis for
the di ag no sis of HS was pre sented al -
most two de cades ago by King et al.
EMA (eosin-5-maleimide) is an
eosin-based flu o res cent dye that co va -
lently binds band 3, a most abun dant
in te gral pro tein of red cell mem brane.
There fore a quan ti ta tive de crease of
band 3 pro tein re sults in a re duc tion of 
flu o res cence in ten sity. To a lesser ex -
tent EMA also binds other RBC mem -
brane pro teins, par tic u larly Rh-re -
lated transmembrane pro teins and
CD47. If HS is due to de fects in other
mem brane pro teins, e.g. spectrin or
pro tein 4.2, EMA-bind ing test can also 
be use ful. A de crease in flu o res cence
in ten sity is thought to ap pear be cause
of mod i fied EMA bind ing site on
band 3. On the other hand, test is less
ef fec tive in cases of HS caused by
ankyrin deffects partly due to dis tal
ankyrin lo ca tion in re la tion to the
EMA bind ing site [17, 18]. Clas si cally,
a com par i son be tween mean flu o res -
cence in ten sity (MFI) of pa tient eryth -
ro cytes and MFI of red cells from
5–6 healthy age- and MCV-matched
con trols is made. Pri mary gating for
both – con trols and pa tient – is based
on side scat ter vs. for ward scat ter. Red 

blood cells are gated in gate “Eryth ro -
cytes” (Fig. 4 A and B). As EMA bound
cells’ flu o res cence is mea sured, it is
pre sented as mean flu o res cence in ten -
sity (Fig. 4 C and D). Two ways of re -
sult pre sen ta tion are in use. The first
one, the cut-off value of MFI ra tio that
is cal cu lated by the fol low ing for mula:
MFI pa tient / mean of 5–6 MFI’s for
nor mal con trols. MFI ra tio of £0.8 is
con sid ered to be def i nitely pos i tive for
HS [19, 20]. The sec ond one, used at
Vilnius Uni ver sity Hos pi tal Santaros
Clin ics, is a per cent age of MFI re duc -
tion (% re duc tion) be tween sus pected
HS pa tient and nor mal con trols. The
re duc tion in MFI is cal cu lated by the
fol low ing for mula:

( )MFIcontrols MFIpatient

MFIcontrols

- ´100

The EMA-bind ing test is con sid -
ered to be pos i tive for HS when re duc -
tion is ³21%, neg a tive when £16% [15,
17, 19]. Per cent age of MFI re duc tion
from 16% to 21% (so called “gray
zone”) is prob a ble for HS, but a thor -
ough cor re la tion be tween fam ily his -
tory, clin i cal pre sen ta tion, fam ily
study and ad di tional tests are needed
ei ther to con firm or to rule out the di -
ag no sis of HS [14, 17]. How ever, de -
spite the high pre dic tive value of the
test, the lack of uni ver sal ref er ence
ranges for both nor mal con trols and
HS pa tients as well as standartization
of the test across dif fer ent lab o ra to -
ries, is an on go ing is sue. The dis crep -
an cies are most likely to be as so ci ated
with the dif fer ent MFI scales from dif -
fer ent flow cytometer mod els and
unstandartised sofware, used for the
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Fig. 3. Pe riph eral blood smear of the pa tient with he red i tary spherocytosis



eval u a tion of the re sults [14, 15, 18].
Nev er the less, EMA bind ing test is
char ac ter ized by a high de gree of spec -
i  f ic  ity (99.1%) and sen si tiv ity
(92.7–96.6%). Other ad van tages of
this test in clude its short turn around
time (app. 2–3 h), min i mal amount of
blood (~5 mL) (es pe cially im por tant in
ne o nate test ing), pos si bil ity of de layed 
test ing (up to 6–7 days) as the abil ity
of RBCs to bind an EMA dye is not af -
fected or the fact that test re sults are
not af fected by re cent blood trans fu -
sions [15, 17]. It is also in de pend ent
from the clin i cal man i fes ta tion of HS
be ing pos i tive even in com pen sated
forms of dis ease [17]. It is im por tant to 
note that in case of ab nor mal EMA-
 bind ing test re sults other red blood
cell mem brane dis or ders should be
taken into ac count, namely South east
Asian ovalocytosis (SAO), cryohydro -
cytosis (one type of he red i  tary
stomato cytosis), some cases of con gen -
i tal dyserythropoeitic ane mia type II
(CDA II) and he red i tary pyro poikilo -
cytosis (a se vere form of he red i tary
ellipto cytosis). The dif fer en ti a tion of
pre vi ously men tioned dis or ders from
HS should in clude clin i cal fea tures as
well as red cell mor phol ogy and
SDS-PAGE of red blood cell pro teins.
Main dis ad van tages of the test are the
lack of uni ver sal ref er ence ranges and

pos si bil ity of false neg a tive re sults in
mild forms of HS that should be taken
into ac count [14, 15, 18, 19].

The osmotic fragility tests
(OFT)

Os motic fra gil ity (OF) is tested by the
mea sure ment of  red blood cell
hemolysis rate in a se ries of hypotonic
sa line so lu tions of var i ous osmol ari -
ties. The deformability
of a healthy dis coid
shape eryth ro cyte is
de ter mined by the
abun dant sur face area
rel a tive to cell vol ume
(so called SA/V ra tio).
Placed in hypotonic so -
lu tion swell ing of such
eryth ro cyte takes
place lead ing to cell
lysis when a crit i cal
vol ume is reached. On
the other hand,
sphero cytes have de -
creased SA/V ra tio, re -
sult ing in a dis abil ity
to ab sorb hypotonic so -
lu tion and ex pand. As
a con se quence, they
are prone to hemolysis
at higher con cen tra -
tions of NaCl (are os -

mot i cally more frag ile) [13, 20, 21].
Eval u a tion of red blood cell os motic
fra gil ity can be made by means of dif -
fer ent meth ods.

Con ven tional or clas si cal OFT
(cOFT) was first de scribed in 1947 by
Parpart et al. Briefly, pa tients eryth -
ro cytes are sus pended in in creas ing
so lu tions of NaCl (con cen tra tions
rang ing from 0.1% to 0.8%). Sphero -
cytes, be ing os mot i cally frag ile, burst
re leas ing he mo glo bin that is mea -
sured spec tro pho to met ri cally. The
test re sults show the con cen tra tion of
NaCl needed to lyse 50% of RBCs. As
the per cent of hemolysis for each of the 
so lu tions is mea sured, it is plot ted
against sa line con cen tra tions and OF
curve is drawn (Fig. 5) [13, 20, 21]. It is 
es ti mated that up to 25% pa tients
with HS have nor mal OFT re sults
when freshly col lected blood is tested
[5, 15]. To in crease the sen si tiv ity of
the test, in cu bated OFT (iOFT)
should be per formed – blood sam ple is
pre- in cu bated for 24 h at 37 °C in or -
der to en hance the de gree of RBCs
hemolysis [15, 21]. Ac cord ing to the
cur rent guide lines for the di ag no sis
and man age ment of HS, OF test is no
lon ger rec om mended for rou tine prac -
tice [11]. The main dis ad van tage of the 
test is its rel a tively low sen si tiv ity and 
spec i fic ity. On the one hand, a test re -
sult can be pos i tive not only in HS but
also in cases of sec ond ary sphero -
cytosis as so ci ated with other con di -
tions, e.g. au to im mune hemolytic ane -
mia (AIHA) [14, 15]. In ad di tion, a
false neg a tive test re sult should be
taken into ac count in case of mild HS
forms or when a new born pa tient is
tested (due to high con cen tra tions of
fe tal Hb red blood cells are less prone
to hemolysis) [15, 20].
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Fig. 4. EMA-bind ing test

Fig. 5. The os motic fra gil ity curve



Sub se quently, three mod i fi ca tions
of the clas si cal OFT were in tro duced,
e.g. glyc erol lysis test (GLT), acid i -
fied glyc erol lysis test (AGLT) and
the Pink test. Based on a sim i lar
prin ci ple as OFT, they mea sure the
time needed for 50% of eryth ro cytes to
lyse in a buf fered so lu tion of hypotonic 
sa line and glyc erol [20, 21]. A large
study of 150 HS pa tients by Bianchi et
al. com pared per for mances of glyc -
erol- based eryth ro cyte fra gil ity tests
and NaCl-OF on fresh and in cu bated
blood to gether with EMA-bind ing test. 
Re search ers found out that AGLT and
Pink test were more sen si tive than
clas si cal OFT or GLT with sen si tiv i -
ties of 95% and 91% re spec tively.
How ever, it was con firmed that each
of the tests per formed alone fails to di -
ag nose a por tion of HS cases due to
com pli cated dif fer en ti a tion from sec -
ond ary spherocytosis as so ci ated
mainly with AIHA. Re search ers con -
cluded that the com bi na tions of
AGLT + EMA-bind ing test and
Pink + EMA- bind ing test were re -
ported to iden tify nearly all pa tients
with HS with the sen si tiv ity of 100%
and 99% re spec tively [22].

Flow cytometric osmotic
fragility test

A de cade ago the most re cent os motic
fra gil ity test was in tro duced by Won
and Suh [23]. The flow cytometry-
 based method mea sures the pro por -
tion of re sid ual red blood cells (% RRC) 
in a 0.9% NaCl so lu tion af ter the in -
duc tion of hemolysis with deionized
wa ter (DW). The as sess ment of red
cell count in real-time takes place
twice – be fore and af ter DW was
spiked to a red cell sus pen sion dur ing
flow cytometric ac qui si tion. In creased
os motic fra gil ity is in di cated by lower
% RRC val ues. The key ad van tages of
the test are as fol lows: 1) high sen si tiv -
ity and spec i fic ity up to 85.7% and
97.2% re spec tively; 2) quan ti ta tive
and ob jec tive; 3) costeffective; 4) no
pre- in cu ba tion of blood sam ples
needed; 5) time and la bor-sav ing [15,
23, 24]. More over, Shim and Won
showed that flow cytometric os motic
fra gil ity test (FCM OFT) re sults do
cor re late with the clin i cal se ver ity of
dis ease [25]. Inspite still be ing un der
re search, FCM OF test could be used
as a screen ing tool for HS in he ma tol -
ogy lab o ra to ries with the flow
cytometric equip ment.

Cryohemolysis test

Os motic fra gil ity tests also in clude the 
cryohemolysis test (CHT) pro posed by

Streichman et al. in 1990. Mea sure -
ment of red blood cell hemolysis is
based on the greater fra gil ity of
sphero cytes sus pended in a hypertonic 
sa line so lu tion and ex posed to sud den
cool ing from 37 °C to 0 °C. Orig i nally,
the sen si tiv ity and spec i fic ity of CHT
for the di ag no sis of HS was an nounced 
to be higher in com par i son with con -
ven tional OFT as as say is likely to be
in flu enced by RBC mem brane de fect
rather than spherocytic shape and
sur face to vol ume ra tio de crease.
Whereas the sen si tiv ity and spec i fic ity 
of an as say re ported in many stud ies
over the years var ied greatly, the CHT 
is now con sid ered to be very spe cific
but mod er ately sen si tive. It is worth
not ing that false pos i tive re sults of
CHT in pa tients with widely spread
iron de fi ciency ane mia should be
taken into ac count [20, 26].

Erythrocyte membrane
protein electrophoresis

The un der ly ing de fect in he red i tary
spherocytosis is an iso lated or com -
bined de fi ciency of main eryth ro cyte
mem brane pro teins, e.g. ankyrin,
spectrin (a and b), band 3, pro tein 4.1
and/or pro tein 4.2. Iden ti fi ca tion of a
de fec tive pro tein is based on the so -
dium dodecyl sul fate-polyacrylamide
gel elec tro pho re sis (SDS-PAGE) per -
formed on dis in te grated RBC ghosts
fol lowed by densitometric quan ti fi ca -
tion [13, 27].

Ac cord ing to the lat est guide lines
for the di ag no sis and man age ment of
HS, if both rec om mended screen ing
tests, i.e. EMA-bind ing test and cryo -
hemolysis, pro duce un cer tain re sults,
the rec om mended method of choice is
SDS-PAGE. It is also rec om mended in
cases of un clear di ag no sis prior to

splenectomy as sur gi cal man age ment
is con tra in di cated in pa tients with
some forms of he red i tary stomato -
cytosis [11]. Un for tu nately, false neg -
a tive re sults in up to 20% of cases
should be taken into con sid er ation, es -
pe cially in pa tients with asymp tom -
atic or very mild forms of dis ease [27].
De tec tion of the ankyrin de fi ciency
can be also chal leng ing due to the
pres ence of reticulocytosis as young
red blood cells have higher amounts of
ankyrin than mature erythrocytes
[17].

Osmotic gradient
ektacytometry

A pre cise de ter mi na tion of os motic fra -
gil ity caused mainly by the re duc tion
of spherocyte mem brane sur face area
is avail able by means of os motic gra di -
ent ektacytometry (OGE). De spite the
fact, that for many years OGE has
been the ref er ence method for di ag no -
sis of he red i tary spherocytosis as well
as other red blood cell membrano -
pathies, it has not been in cluded in the 
guide lines be cause of lim ited avail -
abil ity in the rou tine lab o ra tory prac -
tise. Re cently, the broader clin i cal ap -
pli ca tion of the test has be come pos si -
ble with the in tro duc tion of the next
gen er a tion os motic gra di ent ekta -
cytometry (NG-OGE). Ektacytometry
de ter mines eryth ro cyte deformability
un der a known shear stress but grad u -
ally chang ing osmolality. Briefly, red
blood cell deformability de pends on
SA/V ra tio, to tal mem brane sur face
area and cy to plas mic vis cos ity, all re -
flected by 3 im por tant pa ram e ters of
the OGE pro files: Omin, deformability 
in dex DImax and O’ or Ohyper (Fig. 6). 
The Omin point cor re sponds to the
osmolality at the min i  mal
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deformability re gion where ½ of the
eryth ro cytes are hemolyzed in the con -
ven tional OFT pro vid ing with the in -
for ma tion on the RBCs SA/V ra tio.
Max i  mal deformability  in dex
(DImax) or elon ga tion in dex (EImax)
rep re sents the max i mal eryth ro cyte
deformability near 300 mOsm/kg and
de pends mostly on the cell sur face. O’
or hy per point cor re sponds to the
osmolality at 50% DImax at the
hypertonic re gion pro vid ing with the
in for ma tion about intracellular vis cos -
ity, i.e. hydration sta tus of the red
cells. An ektacytometry pro file in the
case of HS shows fol low ing char ac ter -
is tic fea tures: ¯ DImax with ­ Omin
(re flects os motic fra gil ity) and/or
¯ Ohyper (re flects RBC de hy dra tion)
(Fig. 7). Im por tantly, by gen er at ing
dif fer ent ektacytometry pro files,
NG-OGE is a pow er ful tool in the dif -
fer en tial di ag no sis of in her ited RBC
mem brane dis or ders [14, 28]. Re cently 
Llaudet-Planas et al. pointed out that
achiev ing 100% sen si tiv ity for di ag no -
sis of HS is pos si ble with the com bi na -
tion of two di ag nos tic tests, namely
NG-OGE and EMA-bind ing test [29].
How ever, the main draw back of the
test re mains the lim ited avail abil ity of 
the in stru men ta tion.

Molecular diagnostics

De ter mi na tion of the un der ly ing ge -
netic mu ta tions within HS-re lated
genes (ANK1, SPTA1, SPTB, SLC4A1
and EPB42) al lows ap pro pri ate ge -
netic coun sel ling or pre na tal di ag no sis 
and is of great im por tance prior to
splenectomy. Un til re cently, mo lec u -
lar ap proach for mu ta tion screen ing in 
HS in cluded con ven tional Sang er se -
quenc ing based on sin gle gene se -
quenc ing. How ever, the util ity of this
method in di ag nos ing HS was con sid -
ered to be lim ited be cause of sig nif i -

cant het er o ge ne ity of pos si ble mo lec u -
lar de fects. In or der to over come di ag -
nos tic short com ings, the ad vanced
genomic sur vey – next-gen er a tion se -
quenc ing (NGS) in clud ing exome se -
quenc ing, whole ge nome se quenc ing
and gene pan els – has been in tro duced 
[30–32]. Cur rently par tic u lar at ten -
tion is payed to NGS pan els in clud ing
large num bers of com mon HS caus -
ative genes. Be ing ac cu rate, time- and
cost- ef fec tive method it could be ap -
plied to rou tine mo lec u lar test ing [10]. 
Nev er the less, ac cord ing to the guide -
lines for RBC mem brane dis or ders
from the In ter na tional Coun cil for
Stan dard iza tion in Haema tol ogy
(ICSH), mo lec u lar test ing should be a
last op tion test in the di ag nos tics of
HS, re served for the cases when fam ily 
his tory is un in for ma tive or rou tine
screen ing tests give ei ther neg a tive or
equiv o cal re sults [14].

CONCLUSION

The spe cific sur vey in 26 Eu ro pean
cen ters was car ried out by ENERCA
(Eu ro pean Net work for Rare Red Cell
Anemias) in or der to as sess which lab -
o ra tory di ag nos tic pa ram e ters and/or
tests were used for the di ag no sis of he -
red i tary spherocytosis. It was re -
vealed, that next to red blood cell mor -
phol ogy and reticulocytes, the most
fre quently used tests are EMA-bind -
ing test (per formed in 60% of cen ters)
as well as OFT and AGLT (per formed
in 50% of cen ters). The ma jor ity of cen -
ters prefered to use a com bi na tion of
three pre vi ously men tioned di ag nos tic 
tests rather than one as no sin gle test
can iden tify all cases of HS. In fact a
con sen sus on which di ag nos tic test(s)
have high est sen si tiv ity as well as
spec i fic ity is still a mat ter of de bate.
Cryohemolysis test de spite the rec om -

men da tion sub mit ted in the guide -
lines for HS is used in less than 20% of
cen ters. Spe cific con fir ma tory as says
for HS (SDS-PAGE, ektacytometry or
mo lec u lar test ing) were mostly per -
formed in atyp i cal cases by few cen ters 
[4, 33]. In con clu sion, the di ag no sis of
he red i tary spherocytosis is a stepwise
pro cess in clud ing pa tient’s fam ily his -
tory, clin i cal fea tures, phys i cal ex am i -
na tion, lab o ra tory tests and the ex clu -
sion of other causes of sec ond ary
sphero cytosis, e.g.  au to im mune
hemolysis, sys temic he ma to log i cal
dis eases, con gen i tal dyserythropoietic
ane mia (CDA) type II, etc.

CASE REPORT

An 11 year-old girl was ad mit ted to
Vil nius Uni ver sity Hos pi tal Santaros
Clin ics Pe di at ric hos pi tal with gen eral 
com plaints of fe brile fe ver, drows i -
ness, yel low ish dis col or ation of skin
and sclerae. She also pre sented with
nau sea, vom it ing and ab dom i nal pain
since 3 days. Three weeks prior ad mis -
sion to the hos pi tal she had an acute
re spi ra tory tract in fec tion, which was
com pli cated by pu ru lent otitis af ter -
wards. Pa tient has also had past med i -
cal his tory of microspherocytic ane mia 
for ap prox i mately 6 years. Her fam ily
his tory was pos i tive as older sis ter was 
di ag nosed with he red i tary sphero -
cytosis and un der went splenectomy at
the age of 8 years be cause of fre quent
hemolytic cri ses.

The pa tient was con scious on an
ar rival to the hos pi tal, but her gen eral
con di tion was con sid ered to be se vere
be cause of ane mia, fluid and elec tro -
lyte imbalance.

On phys i cal ex am i na tion, the
tem per a ture was 37.3 °C, the ar te rial
blood pres sure 107/67 mmHg, the
heart rate 120 beats/min, the re spi ra -
tory rate 13 breaths/min, lung sounds
rep re sent ve sic u lar breath ing. The pa -
tient was pale with mild skin and
scleral icterus pres ent. Ab dom i nal ex -
am i na tion re vealed that liver and
spleen were both en larged and pal pa -
ble 2 cm and 6 cm be low the costal
mar gin re spec tively.

The lab o ra tory data were as fol -
lows: WBC 3.16 × 10

9
/L (¯) (the dif fer -

en tial count showed no sig nif i cant
changes), RBC 1.76 × 10

12
/L (¯¯),

Hb 46 g/L (¯¯), MCV 73.9 fL (¯),
MCH 26.1 pg,  MCHC 354 g/L,
RDW 21.8% (­), PLT 109 × 10

9
/L (¯),

RET 0.54% (¯), RET 0.01 × 10
12

/L (¯),
IRF 1.4% (¯). The pe riph eral blood
smear was not per formed. The pa -
tient’s liver func tion tests were as fol -
lows: LDH 332 U/L (up per limit of nor -
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Fig. 7. Ektacytometry in di cat ing typ i cal curves for con trol and pa tient with he -
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mal), to tal bil i ru bin 39.2 mmol/L (­)
with di rect bil i ru bin of 14.7 mmol/L (­). 
CRP level 15 mg/L.

On the ba sis of fa mil ial and clin i cal 
his tory, phys i cal and lab o ra tory in ves -
ti ga tions, the pa tient was fi nally di ag -
nosed as hav ing he red i tary sphero -
cytosis. To con firm the di ag no sis, an
EMA-bind ing test was per formed.
Flow cytometric de ter mi na tion of
EMA- la beled red blood cells re vealed
de creased mean flu o res cence in ten sity 
by 35% (Fig. 4), which def i nitely con -
firmed the di ag no sis of he red i tary
spherocytosis.

The pa tient has re ceived red blood
trans fu sions, fluid in fu sions and
antipyretics. She re cov ered well and
was dis charged 8 days af ter ad mis sion 
with rec om men da tions of reg u lar
follow-up.

COMMENTS

He red i tary spherocytosis, as well as
other chronic hemolytic dis or ders,
may be com pli cated by three types of
cri ses, namely aplastic, hemolytic or
megaloblastic [5]. Our case re port il -
lus trates a typ i cal pre sen ta tion of
aplastic cri sis in a case of he red i tary
spherocytosis.

Aplastic cri ses are mainly due to
virally-me di ated bone mar row sup -
pres sion. The most fre quent etiologic
agent of aplastic cri ses in pa tients
with HS is hu man par vovi rus B19
(HPV B19) (the cause of er y thema
infectiosum in gen eral). It se lec tively
in fects bone mar row erythroid pro gen -
i tor cells re sult ing in their apoptosis
and se vere red cell aplasia. In di vid u -
als with chronic hemolytic ane mia, be -
ing highly de pend ent on the ac cel er -
ated erythropoiesis, can ex pe ri ence a
pro found fall in he mo glo bin level (in
this case Hb 46 g/L) due to bone mar -
row in abil ity to com pen sate for
hemolysis. Thus the char ac ter is tic
lab o ra tory find ing is a low reticulocyte 

count (in this case Ret 0.54%,
Ret 0.01 × 10

12
/L) de spite se vere hemo -

lytic ane mia [3, 34]. Re gard less of the
pre di lec tion for erythroid pre cur sors,
less of ten par vovi rus B19 can also af -
fect other cell lin eages (e.g. neu tro -
phils, lym pho cytes, plate lets) lead ing
to pancytopenia on pe riph eral blood
(also seen in this case) [35].

Par ents should be ad vised to watch 
for the fol low ing par vovi rus B19 in fec -
tion re lated symp toms such as fe ver,
chills, mal aise, nau sea, vom it ing, ab -
dom i nal pain with oc ca sional di ar -
rhea, re spi ra tory symp toms or char ac -
ter is tic maculopapular rash (slapped
cheek ap pear ance) [5].

The di ag no sis of par vovi rus B19 in -
duced aplastic cri ses is of ten pre sump -

tive (as in this case), based on pre vi -
ously men tioned lab o ra tory data e.g.
pro found de crease of Hb value with
reticulocytopenia. Other lab o ra tory
means of di ag nos ing par vovi rus B19
in fec tion in clude ei ther iden ti fi ca tion
of HPV B19 DNA us ing PCR in the
blood sam ple or as pi rate of bone mar -
row or serological tests for anti- HPV
B19 IgM and/or IgG an ti bod ies [34].

Usu ally be ing a self-lim it ing,
aplastic cri sis re quires mainly a sup -
port ive care and blood trans fu sions to
ful fil the in ter val be tween bone mar -
row sup pres sion and re cov ery (typ i -
cally 1–2 weeks) [34]. u
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Santrauka

PAVELDIMOS SFEROCITOZËS LABORATORINË DIAGNOSTIKA: LITERATÛROS
APÞVALGA IR ATVEJO PRISTATYMAS

Eglë Petrik, Agnë Barzinskienë, Rëda Matuzevièienë, Dovilë Karèiauskaitë

He mo li zi në ane mi ja dël erit ro ci tø memb -
ra nos ano ma li jø daþ niau siai pa si reið kia
sergant pa vel di màja sfe ro ci to ze. Di -
dþiau sias ser ga mu mas yra re gist ruo ja -
mas Ðiau rës Ame ri ko je ir ðiau ri në je Eu -
ro pos da ly je, kur 2000–5000 gy ven to jø
ten ka vie nas ser gan tis as muo. Erit ro ci tø
memb ra nos bal ty mi niø kom po nen tø (an -
ki ri no, band 3 kom plek so, a ir b spek tri -
no, bal ty mo 4.2) sto ka ar ba de fek tas su -
sil pni na ry ðius tarp li pi dø dvi sluoks nio ir 
memb ra nos ci tos ke le to, le mia os mo sið -
kai tra piø ir ri gi dið kø sfe ro ci tø for ma vi -
mà si. Ser gant pa vel di mà ja sfe ro ci to ze,
pir mi në he mo li zës prie þas tis yra prieð -
lai ki në sfe ro ci tø de struk ci ja bluþ ny je. Li -
ga daþ niau siai pa si reið kia ane mi ja, gel ta
ir sple no me ga li ja. Kli ni ki niai simp to mai
ir li gos ei ga ga li ávai ruo ti nuo be simp to -
miø for mø, kai vy rau ja vi sið kai kom pen -
suo ta he mo li zë, iki la bai sun kiø for mø,
ku rioms gy dy ti rei kia erit ro ci tø ma sës
trans fu zi jø ir (ar) sple nek to mi jos. Pa vel -
di mo sios sfe ro ci to zës diag nos ti ka grin -
dþia ma ðei mi ne anam ne ze, li go nio ap þiû -

ros duo me ni mis, ben drai siais la bo ra to ri -
niais ty ri mais (au to ma ti zuo tu krau jo ty -
ri mu he ma to lo gi niu ana li za to riu mi, re ti -
ku lo ci tø skai èiaus, erit ro ci tø mor fo lo gi -
jos nu sta ty mu) ir ávai riø spe cia li zuo tø
diag nos ti niø tes tø (os mo si nio tra pu mo
tes to, tëk mës ci to met ri jos, ek ta ci to met ri -
jos, krio he mo li zës tes to, erit ro ci tø memb -
ra nos bal ty mø elek tro fo re zës ir erit ro ci tø 
memb ra nos bal ty mus ko duo jan èø ge nø
mu ta ci jø nu sta ty mo) de ri niu. Straips ny -
je ap þvel gia ma pa vel di mo sios sfe ro ci to -
zës pa to lo gi në fi zio lo gi ja, ge ne ti niai as -
pek tai ir li gos simp to mai. Ið skir ti nis dë -
me sys ten ka la bo ra to ri nës diag nos ti kos
me to dams – ben drie siems ir li gà pa tvir ti -
nan tiems, ðiø me to dø pri va lu mams ir
trû ku mams. Straips ny je ap ra ðo mas kli -
ni ki nis at ve jis – par vo vi ru so su kel ta ap -
la zi në kri zë vai kui, ser gan èiam pa vel di -
mà ja sfe ro ci to ze.

Reikð mi niai þo dþiai: he mo li zi në ane -
mi ja, pa vel di mo ji sfe ro ci to zë, la bo ra to ri -
në diag nos ti ka, tëk mës ci to met ri ja, os -
mo si nis tra pu mas, par vo vi ru sas.

LIT ER A TURE

1. Wintrobe MM, Greer JP. Wintrobe’s
clin i cal he ma tol ogy. 12th ed. Phil a del -
phia:  Wolters Kluwer Health/
Lippincott Wil liams & Wilkins, 2009.

2. Freed man J. Au to im mune hemolysis: a 
jour ney through time. Transfus Med
Hemother 2015; 42: 278–85.

3. Kaushansky K, Lichtman MA,
Beutler E, Kipps TJ, Seligsohn U,
Prchal JT. Wil liams he ma tol ogy. 8th ed. 
McGraw-Hill, 2010.

4. Vives-Corrons JL, Manú Pereira MM,
Ro meo-Casabona C, Nicolás P,
Gulbis B, Eleftheriou A, et al. ENERCA 
rec om men da tions for cen ters of ex per -

tise in rare anaemias. A White Book
2013. Internet ac cess: www.enerca.org

5. Perrotta S, Gallagher PG, Mohan -
das N. He red i tary sphero cytosis. Lan -
cet 2008; 372(9647): 1411–26.

6. Benz EJ, Ber liner N, Schiffman FJ.
Ane mia. Pathophysiology, di ag no sis
and man age ment. Cam bridge Uni ver -
sity Press, 2018.

7. An X, Mohandas N. Dis or ders of red
cell mem brane. Br J Haematol 2008;
141: 367–75.

8. Gallagher PG. Red cell mem brane dis -
or ders. He ma tol ogy Am Soc Hematol
Educ Pro gram 2005; 13–8.

9. He BJ, Liao L, Deng ZF, Tao YF,
Xu YC, Lin FQ. Mo lec u lar ge netic
mech a nisms of he red i tary sphero -
cytosis: cur rent per spec tives. Acta
Haematol 2018; 139: 60–6.

10. Kim Y, Park J, Kim M. Di ag nos tic ap -
proaches for in her ited hemolytic ane -
mia in the ge netic era. Blood Res 2017;
52: 84–94.

11. Bolton-Maggs PH, Langer JC,
Iolascon A, Tittensor P, King MJ.
Guide lines for the di ag no sis and man -
age ment of he red i tary spherocytosis –
2011 up date. Br J Haematol 2012;
156(1): 37–49.

http://www.enerca.org


64 LABORATORINË MEDICINA � 2019, t. 21, Nr. 2(82)

Eglë Petrik, Agnë Barzinskienë, Rëda Matuzevièienë, Dovilë Karèiauskaitë

12. Iolascon A, Avvisati RA. Ge no type/phe -
no type cor re la tion in he red i tary
sphero cytosis. Haematologica 2008;
93(9): 1283–8.

13. Ciepiela O. Old and new in sights into
the di ag no sis of he red i tary sphero -
cytosis.  Ann Transl Med 2018;
6(17): 339.

14. King MJ, Garçon L,  Hoyer JD,
Iolascon A, Picard V, Stew art G, et al.
ICSH guide lines for the lab o ra tory di -
ag no sis of nonimmune he red i tary red
cell mem brane dis or ders. Int J Lab
Hematol 2015; 37(3): 304–25.

15. Farias MG. Ad vances in lab o ra tory di -
ag no sis of he red i tary spherocytosis.
Clin Chem Lab Med 2017; 55(7): 944–8.

16. Lazarova E, Pradier O, Cot ton F,
Gulbis B. Au to mated reticulocyte pa -
ram e ters for he red i tary spherocytosis
screen ing. Ann Hematol 2014;
93: 1809–18.

17. Da Costa L, Galimand J, Fenneteau O,
Mohandas N. He red i tary sphero -
cytosis, elliptocytosis, and other red
cell mem brane dis or ders. Blood Rev
2013; 27(4): 167–78.

18. Agarwal AM, Liew MA,
Nussenzveig RH, Sangle N, Heikal N,
Yaish H, et al. Im proved har mo ni za -
tion of eosin-5-maleimide bind ing test
across dif fer ent in stru ments and age
groups. Cytometry Part B 2016;
90B: 512–6.

19. Hunt L, Green wood D, Heimpel H,
Noel N, Whiteway A, King MJ. To ward
the har mo ni za tion of re sult pre sen ta -
tion for eosin-5’-maleimide bind ing test 
in the di ag no sis of he red i tary sphero -
cytosis. Cytometry Part B 2015;
88B: 50–7.

20. Ledesma Achem E, Haro C, Teran MM, 
Mo naco ME, Issé BA, Lazarte SS.
Cryohemolysis, eryth ro cyte os motic
fra gil ity and sup ple men tary hema ti -
metric in di ces in the di ag no sis of he red -

i tary spherocytosis. Blood Res 2018;
53(1): 10–7.

21. Paleari R, Mosca A. Con tro ver sies on
the os motic fra gil ity test. Internet ac -
cess: www.enerca.org

22. Bianchi P, Fermo E, Vercellati C,
Marcello AP, Porretti L, Cortelezzi A,
et al. Di ag nos tic power of lab o ra tory
tests for he red i tary spherocytosis: a
com par i son study in 150 pa tients
grouped ac cord ing to mo lec u lar and
clin i cal char ac ter is tics. Haematologica
2012; 97(4): 516–23.

23. Won DI, Suh JS. Flow cytometric de tec -
tion of eryth ro cyte os motic fra gil ity.
Cytometry Part B 2009; 76B: 135–41.

24. Arora RD, Dass J, Maydeo S, Arya V,
Radhakrishnan N, Sachdeva A, et al.
Flow cytometric os motic fra gil ity test
and eosin-5’-maleimide dye-bind ing
tests are better than con ven tional os -
motic fra gil ity tests for the di ag no sis of
he red i tary spherocytosis. Int J Lab
Hem 2018; 40: 335–42.

25. Shim YJ, Won DI. Flow cytometric os -
motic fra gil ity test ing does re flect the
clin i cal se ver ity of he red i tary sphero -
cytosis. Cytometry Part B 2014;
86B: 436–43.

26. Park SH, Park CJ, Lee BR, Cho YU,
Jang S, Kim N, et al. Com par i son study 
of the eosin-5’-maleimide bind ing test,
flow cytometric os motic fra gil ity test
and cryohemolysis test in the di ag no sis
of he red i tary spherocytosis. Am J Clin
Pathol 2014; 142: 474–84.

27. Debaugnies F, Cot ton F, Bou tique C,
Gulbis B. Eryth ro cyte mem brane pro -
tein anal y sis by so dium dodecyl sul -
phate- cap il lary gel elec tro pho re sis in
the di ag no sis of he red i tary sphero -
cytosis. Clin Chem Lab Med 2011;
49(3): 485–92.

28. Da Costa L, Suner L, Galimand J,
Bonnel A, Pascreau T, Couque N, et al.
Di ag nos tic tool for red blood cell mem -

brane dis or ders: as sess ment of a new
gen er a tion ektacytometer. Blood Cells
Mol Dis 2016; 56(1): 9–22.

29. Llaudet-Planas E, Vives-Corrons JL,
Rizzuto V, Gómez-Ram írez P,
Sevilla Navarro J, Coll Sibina MT, et
al. Os motic gra di ent ektacytometry: a
valu able screen ing test for he red i tary
spherocytosis and other red blood cell
mem brane dis or ders. Int J Lab Hem
2018; 40(1): 94–102.

30. He Y, Jis S, Dewan RK, Liao N. Novel
mu ta tions in pa tients with he red i tary
red blood cell mem brane dis or ders us -
ing next-gen er a tion se quenc ing. Gene
2017; 627: 556–62.

31. Del Orbe Barreto R, Arrizabalaga B, De 
la Hoz AB, García-Orad Á, Tejada MI,
Gar cia-Ruiz JC, et al. De tec tion of new
patho genic mu ta tions in pa tients with
con gen i tal haemolytic anae mia us ing
next-gen er a tion se quenc ing. Int Jnl
Lab Hem 2016; 38(6): 629–38.

32. Agarwal AM, Nussenzveig RH, Read -
ing NS, Patel JL, Sangle N,
Salama ME, et al. Clin i cal util ity of
next- gen er a tion se quenc ing in the di -
ag no sis of he red i tary haemolytic
anemias.  Br J Haematol 2016;
174: 806–14.

33. Bianchi P. Cur rent di ag nos tic ap -
proach and screen ing meth ods for he -
red i tary spherocytosis. Thalassemia
Re ports 2013; 3(1s): e32.

34. Balaji  D, Vinay V, Shankar
Vangalpudi V, et al. Aplastic cri sis in a
child with he red i tary spherocytosis
with s strong fam ily his tory re solv ing
with sup port ive care. Int J Contemp
Pediatr 2018; 5(3): 1150–2.

35. Frotscher B, Salignac S, Morlon L,
Bonmati C, Jeulin H, Venard V, et al.
Neutropénie et/ou thrombopénie
associée(s) à une in fec tion aiguë
par le par vovi rus B19. Ann Biol Clin
2009; 67: 343–8.

http://www.enerca.org

