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involving blood and bone marrow (BM). It can affect both B and T cell lineage.  Here we studied 
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Abstract- Background: Acute lymphoblastic leukemia (ALL) 
develops rapidly, creating immature white blood cells (WBCs) 
called lymphoblasts. This type of hematological malignancy is 
cancer involving blood and bone marrow (BM). It can affect 
both B and T cell lineage.  Here we studied T & B markers in 
100 Sudanese ALL patients attending the Radiation & Isotopes 
Center Khartoum versus 180 Egyptian ALL patients attending 
the Alksr Aani, oncology center, Cairo between October 2009 
and August 2014. 
The study aimed to detect the frequency of B and T lineages 
subclass in ALL among the Sudanese versus Egyptian 
population in correlation with their clinical symptoms, 
hematological parameters, gender and, age.  

Materials and methods: A questionnaire was use to collect 
geographical information and, clinical data. Initially, full blood 
count (FBC), peripheral blood morphology and BM 
examination was done to diagnose patients.  FBC was done 
by a haematolgy analyzer and Leishman stain was use for the 
cell morphology. Immunophenotype CD markers, TdT, 
CD3cyt, CD3 surf, CD5, CD7,CD2 , CD10, CD19, CD20, Ig , 
sIg, and ,CD2 antigens were looked for to determine the B and 
T  subclasses of ALL using flow cytometry. Mononuclear cells 
were prepare for flow  cytometry and labeled with fluorescence 
conjugated antibodies. Analyzing gated populations with 
EPICS XL using three-color protocols, fluorescence intensity 
and peak width were calculate for each antigen. TdT, CD10 
and, CD19 were positive in all subclasses of B lineage 
ALL.(((sIg and Ig-cyto  were  detected in B ALL  and Pre B ALL  
were detected the former was sIg .In contrast, sIg and Ig-cyto 
markers were not detected in cases with Pro B ALL. Panel T 
CDs were detect in thymocyte and post thymocyte ALL, as the 
former was positive CD3 (cyto) and the latter was positive CD3 
(suf). TdT, CD2 and CD5 immunophenotypes were positive in 
all subclasses of T-ALL))).   Pro B ALL was diagnosed in 24% 
(n=43) and 23% (n=23) of cases, 51% (n=91) and 29 % 
(n=29) were Pre B ALL, 9% (n=16) and 29% (n=29) BALL, 4% 
(n=8) and 11% (n=11) thymocyte ALL and, post thymocyte 
ALL was 12% (n=22) and 9 % (n=9) among Egyptian and, 
Sudanese patients respectively. 

Result: Patients were classified into three categories based on 
their ages, (1-4 Yrs), (5-8 Yrs)  and (9-12 Yrs). The frequency of 
ALL in the  first group was  significantly higher in Egyptian than

in Sudanese children (p<0.05) ,while in the last group (9-12 
yrs) , it was significantly higher in Sudanese children (p<0.05).  
Pre-B ALL was significantly higher in Egyptian than in 
Sudanese (p<0.05),  particularly in those less than 8Yrs, 
whereas BALL was significantly higher in Sudanese in 
comparison with Egyptian (p<0.05). With regards to 
prevalence of T lineage ALL (thymocyte and post thymocyte) 
and, cases of B lineage ALL cases (Pro, Pre and B ALL), there 
was no significant variation (p>0.05) between the two ethnic 
groups Sudanese and Egyptian. Their significance is 
represented in parenthesis. You mentioned a significant 
difference. Regarding hematological parameters, the means of 
Hb concentration, TWBC, platelets and, lymphoblasts for 
patients with ALL were 9 and 8 g/dl, 37X I03/cm and 32XI03, 
64X103/cm and 65X103 /cm and, 75%and 72% in the 
Sudanese and, Egyptian respectively. The presence or 
absence of lymph node were stratified this way, pro B ALL, pre 
B ALL, B ALL, thymocyte ALL and post thymocyte. Their 
presence were  (12%) , (13%), (14%),  (5%) and (8%) In the 
Sudanese patients while in the Egyptians it was (19.5%), 
(44%), (7%),(9.5%) and  (4.5%). Flow cytometry has a 
distinctive role in the diagnosis and differentiation of ALL. 
Diverse flow cytometric parameter use helps minimize marker 
numbers leading to reduced cost without reduced accuracy.

Conclusion: Age ranging from one year to 12 years with a 
mean of 6.5 years. The male to female ratio was 1:37 High age 
group in Egyptian ethnic group was 1—4 Yrs while in the 
Sudanese ethnic group, the higher age group was 9-12 Yrs. In 
this study, B lineage origin is the most common type than T 
lineage origin in two ethnic groups: the T lineage had a better 
prognosis than B lineage. In this study, also thymocyte ALL 
with cytoplasmic CD3 in the pediatric group below two years 
showed with the high total leucocytic count. Flow cytometry 
has a distinctive role in the diagnosis and differentiation of 
ALL.using of certain flow cytometric  parameters can helps in 
minimization of cost without reduced accuracy. There is 
significant variations in ALL subclassification between 
Sudanese and Egyptian Patients that may be due to genetic 
background.
Keywords: sudanese. egyptian childern, acute 
lymphoblastic leukemia , flowcytometry.   

I. Introduction

ontemporary research on childhood acute 
lymphoblastic leukemia (ALL) has focused on the 
identification of biological and clinical prognostic 

markers to generate better risk- adapted treatment 
strategies (1) The identification of several cluster 
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differentiation markers and early diagnosis allowed the 
definition of patient subsets with distinct prognostic 
features (1) Nevertheless, treatment itself remains one of 
the strongest prognostic factors, as has been shown in 
several well-designed large clinical trials (2). Cytometry 
has evolved from a promising new technology to an 
indispensable tool in the diagnosis of hematologic 
malignancies. Many new antibodies, improved gating 
strategies, and routine use of multiparameter techniques 
have dramatically improved the diagnostic utility of flow 
cytometry. This review will focus on the use of flow 
cytometry in the routine clinicopathologic approach to 
the diagnosing of leukemias and lymphomas, 
emphasizing the relevant literature of the past ten years. 
Some of the recent advances in flow cytometric 
monitoring of disease and treatment are shown in the 
last section. We will review the use of flow cytometry in 
the diagnosis of major disorders highlighting the 
prognostically important subgroups defined either 
morphologically or genetically. The discussion will focus 
not only on the use of flow cytometry in the differential 
diagnosis of a particular disorder, but also correlate 
immunophenotypic, with clinical features, HB, TLC. 
Platelets and accumulation of blast cells. In the 
delineation of biologically important subgroups. We 
intent that this review supports a combined modality 
approach to the daily practice of hematology-oncology 
and hematopathology. A working knowledge of the 
basics of flow cytometry is assumed; thus, technical 
aspects of instrumentation, normal distribution of 
surface antigens, and methodologies. leukemia is a 
group of neoplastic diseases of blood- forming cells of 
the bone marrow, which result in the proliferation and 
accumulation of immature and generally defective blood 
cells in both the blood-stream and the bone marrow (3). 
This may result in anemia, thrombocytopenia, and 
granulocytopenia  and,  infiltration of other sites such ,as 
lymph nodes, kidney, spleen, testes, and the central 
nervous system (CNS). The cells involved are usually 
leukocytes, but several different forms of the disease 
may be manifested; according to which leukocyte cell 
line is involve, the leukemia are universally fatal if 
untreated, generally due to complications resulting from 
the leukemic infiltration of the bone marrow and 
replacement of normal hematopoietic precursor cells. 
These fatal complications are usually hemorrhage and 
infection (3). Leukemia is the most common childhood 
cancer, accounting for one- third of malignancies in
children under 15 years of age in Europe and North 
America. The annual incidence in the United Kingdom is 
3 0-40 cases per million children. About 80% are acute 
lymphoblastic leukemia (ALL) and 18% acute myeloid 
leukemia (AML) (4) . Acute lymphoblastic leukemia, with a 
sex ratio of 1 .2 males to females, shows a peak 
incidence in childhood between the ages of 3 and 
5years and is due to cases of early B cell ALL. T-ALL, 
with a male predominance, is more common in older 

children (‘Stiller and Draper 1998). Both incidence and 
mortality are slightly higher in males (5). A peak of age 
occurs between 2-4 years (Margolin and Popolack 
1997). in Egypt, acute leukemia is the most common 
pediatric malignancy accounting for about 40% of 
childhood cancer, with ALL counting for 70% of the 
cases (5). the peak incidence is between 3-7 years (6) .  

II. Materials and Methods

Study Participants; This study included 180 Egyptian 
children and 100 Sudanese children newly diagnosed 
with acute lymphoblastic leukemia, 158 males and 122 
females. Their age ranged from one year to 12years. 

Sample preparation and methods
For each patient, the following samples were 

collect: 4ml EDTA blood sample was collected under 
complete aseptic conditions for CBC and BM aspirate 
for morphological examination and immunophenotyping 
on EDTA containers.  BM samples were processed 
within a few hours because CD antibodies monoclonal 
have short stabilities even if stored in the refrigerator. In 
most cases, samples were processed within 6 hours of 
collection.

Methods; Complete blood count Was done by 
using Sysmex  KX-21N, Kope, Japan. Principle of smear 
preparation A small drop of blood is place near the 
froste end of a clean glass slide.  A second slide is used 
as a spreader.  The blood is streaked in a thin-film over 
the slide. The slide is allow to air-dry and is then 
stained.(7). Staining of thin film Leishman stain was  used 
in staining of all blood smears and bone morrow in this 
study., Flowcytometry, The EDTA anticoagulated BM 
sampled were diluted 1.3 with PBS  then the cells were 
stained by adirect immuno-florescent technique by 
addition of monoclonal antibodies (microwell Test Kit 
contains) which contains T lineage panel monoclonal
antibodies (CD2, CD5, CD3 cyt, CD7 and, CD3surf) and 
B lineage panel monoclonal antibodies (CD10, CD9, 
CD20, CD19 Ig cyt and, Ig surf.) and Leukocyte marker 
(TdT). Sample staining be carried out as soon as 
possible after the nucleated cell suspension has been 
prepared. Delaying this step will only reduce viability and 
induce cell clumping, especially if the tubes holding the 
cell suspensions will be stored in an upright position (7).

Direct immune fluorescence double staining Tubes was 
labeled with the name of patients, type of the specimen, 
laboratory number and combination of fluorochrome. 
100 µl of specimen (whole peripheral blood or bone 
marrow) was placed in a labeled tube., 2ml of 
phosphate buffered saline PBS, (PH 7.3) was added 
containing 0.02% sodium azide 0.02% Bovine albumin.,
Tube was centrifuged at 2000 rpm for 5 minutes and,
the supernatant were removed., The cells was 
resuspended in 02-0.5 ml of fluid sheath solution (e.g . 
isotonic). Then the tube was readied on a flow cytometer 
instrument.(8). Detection of surface Immunoglobulin,



 

 

 
 

 

  

 

 

 
 

 

 

 

 
 

 

 

 
 

 
 

  

 
  

 
 

 

 

 

 

 

 

 

 

 

 

11

Y
e
a
r

20
21

G
lo
ba

l 
Jo

ur
na

l 
of
 
M

ed
ic
al 

R
es
ea

rc
h 

 
V
ol
um

e 
X
X
I 
Is
su

e 
IV

 V
er
sio

n 
I

  
 

(
DDDD
)

F

© 2021 Global Journals

Immunophenotyping of Acute Lymphoblastic Leukemia in Sudanese Children’s Versus Egyptian Children’s 
using Flowcyometery

Surface 1g heavy and light chain can be detected using 
Double or triple immune staining the object in to 
demonstrate clonality of a B cell population. Double 
staining was done by  Combination of an FTC labeled B 
cell, marker e.g, CD19  and,  PE Labeled anti -light 
chain. The tube was labele with the name of the patient, 
type of specimen, laboratory number and MCAP. 100 µL 
of the specimen (whole peripheral blood or bone 
marrow) was pipette. 2 ml of lysine solution was added, 
then incubate for 10 minutes at room temperature. The 
tube was washed twice in PBS aside from BSA. An 
appropriate Volume of MC Ab was add according to the 
manufactures recommendation. The tube was re 
incubated for 10 minutes at room temperature. 2ml of 
PBS aside BSA or Henks Solution was added. tube was 
centrifuged at 2000 rpm and, the supernatant was 
remove. The cell was re suspended in 0.2.0.5 ml of 
sheath fluid (isotonic) and inserted on a flow cytometer. 
Detection of intracellular antigens, There are several 
commercially available kits containing solutions to fix 
and stabilize cells in to detect cytoplasmic and or 
nuclear antigens, overall, these reagents have little or no 
effect on the light scatter pattern. Also, their reliability 
and consistency for detecting particular nuclear and 
cytoplasmic antigens may vary. The kits contain two 
solution. A is a fixing solution. B is a stabilizing agent.
The tube was labele with the name of the patient, type of 
specimen laboratory number and, the MC Ab. 100 µL of 
the specimen was pipette into the tube. 100µL of 
Solution A (fixative) was added and incubated at room 
temperature for 10 minutes. Tube was washed twice in 
PBS and BSA by centrifuging for 5 minutes at 2000 pm. 
100µL of solution B (stabilizing) and the appropriate 
amount of fluoromecen conjugated Mc Ab were added.
Cell was incubated at room temperature for 15 minutes 
.The cell was washed twice in PBs azide BSA by
Centrifuging for 5 minutes at 2000 rpm. The cell was 
resuspended in 0.2-0.5 ml of sheath fluid solution 
(isotonic) and the tube was inserted on flow cytometer. 

Statistical Analysis: Statistical assessment was carried 
out with statistical package for social sciences (SPSS) 
version 17.0 for windows statistical software.

III. Results

Age comparison within the study population
In this study, Sudanese and, Egyptian patients 

with ALL were classified into three categories based on 
their ages, (1 to 4) Yrs, (5 to 8) Yrs and, (9 to 12) Yrs. 
Two hundred eighty study participants with ALL, of 
whom 36% (n=100) were Sudanese and, 64% (n=180) 
were Egyptian. The frequency of (1-4 yrs) age group 
was significantly higher in Egyptian than in Sudanese 
(p<0.05). In contrast, the prevalence of (9-12 yrs) age 
group was significantly higher in Sudanese compared to 
Egyptian (p<0.05). The Pre-BALL was significantly 
higher in Egyptian than in Sudanese (p<0.05), 

particularly in those less than 8Yrs, whereas BALL was 
significantly higher in Sudanese in comparison with 
Egyptian (p<0.05). With regards to the prevalence of T 
lineage ALL (thymocyte and post thymocyte) and cases 
of B lineage ALL cases (Pro, Pre and BALL), there was 
no significant variation (p>0.05) between the two ethnic 
groups. Sudanese and, Egyptian. Their significance is 
represente in  parenthesis . Table (1).

Gender comparison within the study population
In this study the majority of children with ALL were males 
n=170(61% ), 66 (66%) were Sudanese and 104(58%) 
were Egyptian compared to females no=80(39%), 
where 34 (34%) were Sudanese and 76 (42%) were 
Egyptian. The Pre-B ALL cases among Egyptian females 
(patients) were significantly higher than in Sudanese 
females (patients) (p<0.05), in contraste the prevalence 
of B-ALL was significantly higher in Sudanese compared 
to Egyptian (p<0.01). Their significance is represented 
in parenthesis. Table (2).

Subclasses of B and T acute lymphoblastic leukemia 
and their frequencies within the study population

The frequency of B lineage ALL subclasses for 
the two ethnic groups was 82% out of all studied 
samples, which was approximately five times higher 
than those with T lineage ALL subclasses. Pro-BALL 
was diagnosed in 24% (n=43) and 23% (n=23) of 
cases, 51% (n=91) and 29 % (n=29) were Pre B ALL, 
9% (n=16) and 29% (n=29) BALL, 4% (n=8) and 11%. 
Table (3).

Immunological findings in the study population 
TdT, CD3cyt, CD3 surf, CD5, CD7,CD2, CD10, 

CD19, CD20, Ig cyt and, sIg antigens were investigate in 
the differential diagnosis of B-ALL and T-ALL. TdT, CD10 
and, CD19 were positive in all subclasses of  B lineage 
ALL. sIg and Ig-cyto are crucial in identifying B ALL  and, 
Pre B ALL as the former is sIg positive and the latter is 
positive for  Ig-cyto. In contrast,  sIg and Ig-cyto-markers 
were not detect in cases with Pro B  ALL. Panel T CDs 
were important in identifying thymocyte and post 
thymocyte ALL, as the former is positive for CD3 (cyto) 
and the latter is positive for CD3 (suf). TdT, CD2 and,
CD5 immunophenotypes were positive in all sub-
classes of T-ALL. Table (4).

Hematological parameters of study population; Four 
hematological parameters were estimated; Hb, blast 
cells, TLC and, Plts. This study shows comparative 
statistics between B and T lineage ALL patients of 
Sudanese and Egyptian ethnicities. The results were not 
within the published normal range among study 
population, as Hb, PLt were low in both ethnic groups 
and TLC, blast cells were high among them. The 
difference in these parameters was not significant in 
Sudanese   versus   Egyptian   patients   p = >0.05.
Table (5).
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French American British classification: Patients were 
classified based on the FAB classification: 27% and 
17.2% asL1; 62% and  77% as L2 and  11% and  5% as 
L3 in Sudanese and ,Egyptian respectively. Of Egyptian 
patients,   L2 was highly significant (p < 0.05) compared 
to other classes, L1, of Sudanese patients, L2 was 
highly significant (p < 0.05) compared to other classes 
while L3 no significant variation in Sudanese and 
Egyptian. Table (6).

Lymph node in study population: To detect either 
presence or absence of lymph node. Stratified this way, 
pro B ALL, pre B ALL, B ALL, thymocyte ALL and. post 
thymocyte. Their presence in Sudanese were  (12), 
(13%), (14%) ,13 (13%), ( 5%) and  (8%) while in 
Egyptian  were (19.5%), (44%) ,(7%) ,(9.5%)  and (4.5%).
table (7).

Bleeding; To detect either presence or absence of 
lymph node and, to bleed for participants. Its presence 
was stratified this way, pro B ALL, pre B ALL, B ALL, 
thymocyte ALL and post thymocyte. table (8).

IV. Discussion

A cross-sectional case-control study was 
carried out at the Radiation & Isotopes Center, 
Khartoum and the Alksr Aani, oncology center, Cairo to 
compare the prevalence of ALL immuophenotypes 
amongst the Sudanese and, the Egyptian population 
using flow-cytometry. Blood cell morphology, 
cytochemistry stains, cytogenetic studies and 
immunophenotyping are basic methods for ALL 
diagnosis (1, 2). These techniques have been used 
extensively over several years in different parts of the 
world and, a wide distribution of hematological 
malignancies found for different regions (3-5). The data 
report here are based on flow-cytometry results from 
blood samples taken from diagnosed Sudanese and 
Egyptian ALL patients (figure1). Flow cytometry was 
used to evaluate the different types of ALL, B and, T 
lineages in the peripheral venous blood and, the 
detection of their subclasses, based on the Cell ‘Cluster 
of differentiation (CD) markers (6, 7). Here, TdT, CD3cyt, 
CD3 surf, CD5, CD7, CD 2,  CD10, CD19, CD20, Ig cyt 
and, sIg antigens were investigated in the differential 
diagnosis of B-ALL and T-ALL lineages and their 
immunophenotypes, as discussed in Table (4). CD 
markers are a helpful method to recognize a specific cell 
population, however; they might be express on more 
than one cell type (8, 9). This was also found here 
among study patients with T lineage, as the CD7+ was 
detected in 47% and 51% of Sudanese and, Egyptian, 
respectively (See Figure 3). Thus flow-cytometry 
methods have been develop for immunophenotyping 
cells with two or more antibodies simultaneously to 
diagnose subpopulations of ALL effectively (10, 11). Of 
these markers, sIg, CD10, CD19, CD20 and Ig cyto were 
used in this study is the differential diagnosis of B 

lineage ALL immunophenotypes. Similar markers have 
been used in reported studies in the literature review (7, 
12, 13). The immunophenotypes of B lineage ALL can 
be differentiate by analyzing the results for just five CD 
markers, sIg, Ig-cyto, CD10, CD19 and, TdT. As the TdT 
is positive in all immunophenotypes of ALL, the current 
study used the first four CD markers in differentiating 
subclasses of B lineage ALL as follows: CD10+ and 
CD19+werefound in all subclasses of B lineage-ALL, 
but they were not found in all immunophenotypes of T 
lineage ALL; sIg+ was found only in B-ALL and Ig-cyto+ 
was found only in Pre B ALL. In contrast, sIg+ and    Ig-
cyto+markers were not found in cases with Pro B ALL, 
as discuss in Table .4. This classification is important for 
the identification of the outcome of the ALL 
immunphenotypes (14, 15). The immunological sub 
classification of B and T lineages ALL is important in 
diagnosis in correlation with clinical features and 
molecular cytogenetic for management of patients for 
instance pro-BALL in children is associated with t(4,11) 
(16), pre-BALL consider coarse prognosis when is 
accompanied with t(9;22) & t(1;19) (Philadelphia 
chromosome) (17) and, BALL with translocation of 
(8;14) (Burket lymphoma) (18, 19). Regarding panel T 
lineage CD markers in the current study, CD2+ and 
CD5+ were found in both thymocyte and post 
thymocyte ALL sub populations but CD3 (cyto) + was 
found to be positive only for thymocyte ALL and CD3+ 
(suf) was positive only for post thymocyte ALL (See 
Table 4). In contrast, this finding was similar to the study 
by Yoneda, N. and co-workers concerning the presence 
of the CD2+ and CD5+ in T lineages ALL
subpopulations (7). Of the study samples with T ALL, 
CD7+ was found in approximately half cases of 
Sudanese and Egyptian. This marker was found in all 
cases with bad outcomes for T ALL subpopulations, 
thymocyte and, post thymocyte (13, 20). T lineage ALL 
(thymocyte &post thymocyte) also has considered with 
bad prognosis when is associated with t(11;14) & 
t(10;14) respectively (19, 21). All cases had TdT at the 
time of initial diagnoses, but other CDs marker 
significantly increased during the staging of the 
diseases, such as Ig and CD7.  Immunophenotypes 
also appear to affect the prognosis of ALL (figure 1). It is 
hoped this study may act as a pilot study to highlight the 
need to implement a flow cytometry for ALL and other 
hematological malignancies in Sudan. In the current 
study, B lineage ALL subclasses were detected more 
than T lineage ALL, but the former was a little bit more in 
Egyptian compared to Sudanese, 84% and 80%, 
respectively. Controversially, T lineage ALL subclasses 
were detected higher among Sudanese (20%) than
Egyptian ethnicities (16%). (See Figures 2 and 3). This 
finding is in disagreement with other ethnicities, as in 
patients with ALL from Brazil and Japan. In Brazil, the B 
lineage ALL was detected in lower frequency 56.7% and 
the T lineage ALL in higher frequency 43.3% (22), while 
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in Japan, the T-lineage ALL accounted for lower 
frequency (13%) and B-lineage ALL accounted for 
higher frequency (87%)(37) compared to the current 
study groups. The higher percentage of B lineage ALL in 
this study might explain that the outcome of ALL might 
worsen in Egyptian and Sudanese; as it was reported to 
have a significantly poor event; low survival compared 
with patients with B lineage ALL (20). Accurate 
immunophenotyping of ALL is essential to evaluate the 
value of treatment in early diagnosis and to individualize 
treatment protocols, as described in the literature review 
(22), the frequency of ALL subclasses constitutes the 
theme of this study, using CDs markers (See Table 4). 
Pro-B-cell ALL in all age groups is associated with an 
unfavorable prognosis Patients with pro-B cell 
phenotype had a more favorable prognosis compared 
to those patients with pre-B cell phenotype, based on 
their clinical symptoms (36). Another study reported that 
there was a significant correlation between 
immunophenotying at diagnosis and higher complete 
remission rate and longer survival (24). Of Egyptian 
patients with B- lineage ALL, the commonest 
immunophenotype was pre-BALL compared to other B-
lineage ALL. In contrast, out of Sudanese patients with 
B- lineage ALL, the prevalence of B- lineage ALL 
immunophenotypes was approximately similar with 
some varying degrees (See Table 3). Accordingly, most 
Egyptian cases with B- lineage ALL may have bad 
prognosis, as most of their cases were pre B ALL as 
opposite of Sudanese cases with B- lineage ALL. 
Therefore, from the above-mentioned studies and the 
current findings, the immunophenotyping at diagnosis 
may predict the a good outcome. The quantity of CD 
marker was used to evaluate the outcome and staging 
of ALL, it found that cases with positive CD10 had a 
good prognosis (25). In this study, the CD10 was detect 
positive qualitatively in all cases with B lineage ALL. 
Hence, further researchers might be useful to detect 
CD10 quantitatively in these ethnicities. The flow 
cytometry technique was preferred over alternative 
techniques in this study because of its accuracy and 
reliability.  It is currently reported as one of the most 
reliable methods for hematological malignancies; it also 
has the advantage of diagnosing patients with ALL and 
other hematological malignancies (15, 24). Several 
antibodies must be used together to evaluate unique 
cell markers (35), Therefore eleven CD markers were 
use in the current study to immunophenotype ALL, B 
and T populations and subpopulations, as 
demonstrated in Tables 3 and 4.  Although flow-
cytometry is currently the best available method for ALL 
immunophenotypes determination, it is expensive of 
equipment purchase and maintenance.  The study is 
also concern with the high prevalence of ALL in Sudan, 
as reported previously (25, 26). The data collected was 
also intended to instigate the relationship between 
immunophenotypes of ALL between Sudanese and, 

Egyptian patients (See Table 3). Interviews and 
questionnaires were designed to collect demographic: 
age, sex, ethnicity (tribe), family history and clinical data 
(See Appendix-1). This information was taken from the 
patients’ parents and, information on clinical symptoms, 
family history and geographical data. ALL is very 
prevalent in Sudan and Egypt with, high mortality and 
morbidity rates (25-28). It is worth searching of ALL in 
Sudan, as it is a fertile and , virgin area due to a lack of 
researches and the last international published study 
was done approximately three decades ago by Ahmed 
and, co workers (25). Thus, the current research 
intended to identify the frequency of B and T lineages 
ALL and their subpopulations in Sudanese children with 
ALL. Of Sudanese cases here, 17% had T lineage ALL 
and 81.5% had B lineage ALL (See Table 3). In contrast, 
this finding was similar to the study by A. Redalliand co-
workers, concerning the widespread presence of the B 
and T lineages ALL in Italy, the United States (US), 
Switzerland, and Costa Rica, where ALL was report with 
the highest incidence (29). Furthermore, in the current 
study, the prevalence of ALL subclasses among 
Sudanese was slightly different from the Egyptian 
findings, 20% were T ALL and 80% had B ALL (See 
Table 3). The former was marginally higher in Egyptian 
than in Sudanese, whereas the latter was vice versa. 
Generally, in both ethnic groups, Sudanese and, 
Egyptian, the frequency of ALL was nearly similar with 
some varying degrees compared to the previously 
reported studies (29, 30). In general, the prevalence of B 
lineage ALL was higher than T lineage ALL phenotypes 
(31) (32), as a study found that its frequency was 76.8% 
pre B and 6% as pro B and 2.3% as T ALL (19) what 
about the rest ?? and , another study was detected the T 
ALL only 1.3% in newly diagnosed ALL patients which 
was slightly lower than the previous study. In the current 
study, T ALL was 20% in Sudanese and 16% in 
Egyptian, which was higher compared to the above two 
studies (12) (15) and a little bit than in a study reported 
by Pieter Van and coworkers (31).  BALL was 80 % in 
Sudanese and 84% in Egyptian, which was slightly lower 
than were found in the previous studies (31) (20) (16).  
This prospective study included all newly diagnosed 
children with ALL less than 15 years of age registered 
from October 2009 to August 2014 at Radiation & 
Isotopes Center Khartoum versus 180 Egyptian ALL 
patients attending the Alksr Aani, oncology center, 
Cairo. Besides epidemiological data, the objective of the 
current study was to look for the age, sex, clinical 
features and, laboratory findings at presentation and 
compare it with reported literature. Approximately 75% 
of ALL cases are in children and its after other nervous 
system and brain tumors (29). The relationship between 
ALL and, age was report from the published sources 
found within this Literature Review (30, 32, 33). As the 
ALL is the most common leukemia among children and 
the second most common cancer of childhood after 
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other nervous system and brain tumors, the current 
study was carried out in Sudanese and Egyptian 
children with ALL (29) .A higher mortality rate was report 
among children with ALL, who were younger than two 
Yrs and older than 10 Yrs (34) Another study found that 
2-6 Yrs children with ALL survived more than those who 
were less than 2 Yrs and older than 10 Yrs (Ref). ALL in 
pediatric is treat based on risk factors, which is defined 
by laboratory and clinical features, therapeutic approach 
can be provided for patients who have a lower 
probability of long-term survival (14, 32), so that this 
study highlight and interpreted the frequency of ALL 
subclasses among Sudanese and Egyptian population 
in correlation with their ages, as discussed in (Table 1)
With regards to B lineage, the prevalence of BALL in 9-
12 yrs group was significantly higher in Sudanese 
compared to Egyptian (p<0.05), whereas the frequency 
of Pre B subclass among those who were less than 8Yrs 
was higher in Egyptian than in Sudanese (p<0.05) (See 
Table 3.2). This finding is similar to a reported study by 
(Smibert 1996 and co- workers, (34) 2-6 Yrs children 
with ALL were survival more than those who were less 
than 2 Yrs and older than 10 Yrs (34). This poor 
outcome in infants may be related to the common 
occurrence of other poor prognostic features in this 
group of patients, such as higher leucocytic counts, 
higher incidence of hepatosplenomegaly and, 
immunophenotype (13). Patients under the age of three 
years were found to have significantly lower intelligence 
quotients than patients who received the same 
treatment at an older age and a group of healthy 
children matched for age, sex and, parental occupation. 
As the intensity of treatment required for favorable 
outcome varies substantially among subsets of children 
with ALL, the participant’s ages of the two ethnic groups 
were compared to identify the prognosis of the ALL in 
each one.  

With regards to the ages of patients with T 
lineage ALL (thymocyte and post thymocyte), there was 
no significant variation (p>0.05) between the two ethnic 
groups, Sudanese and Egyptian.(Table 2)  summarized 
gender differences in incidence rates of childhood B-
and T precursors ALL. Of B lineage ALL, males had 
higher susceptibility to having ALL rather than females in 
both ethnic groups, still, in T lineage ALL, the frequency 
was nearly the same in males and, females of both 
ethnic groups without significant variation (p-value > 
0.05) [See Table 2]. Ching-Hon Pui and , coworkers 
were reported that boys had higher susceptibility to 
having T-cell ALL than girls (20.9% v 10.7%) (35). This is 
in agreement with the current data, as males were more 
likely to have T-cell ALL than females (66% v 34%, 
P<.001), in both subclasses of T-lineage ALL, 
thymocyte and post-thymocyte. Acute lymphoblastic 
leukemia (ALL) develops at a rapidly, creating immature 
white blood cells (WBCs) called lymphocytes. This type 
of hematological malignancy is cancer involving blood 

and bone marrow (BM) (36).With regards to laboratory 
data, the Egyptian population showed severe anemia 
(Hb < 8.8 g/dl), thrombocytopenia (68X103/cm) and, ~ 
%69 of them had blast cells. Interestingly, the B-ALL 
subclass had a higher number of blast cells than other 
subclasses of ALL and, the thymocyte subclass had a 
higher percentage of blast cells rather than the post 
thymocyte subclass (See Table3.5). This data was in 
agreement with a study of (14), as they found a high 
percentage of blast cells in cases with thymocyte & pre 
B ALL compared with other subclasses of ALL. This may 
reflect that Egyptian patients with ALL have severe 
clinical symptoms, as they might have a bleeding 
tendency because of low platelet and anemia as due to 
low Hb concentration.  Recurrent infection is not 
unexpected in those patients as they had a high number 
of blast cells in their blood circulation. In contrast, Hb 
and platelets were found low among Sudanese cases, 
< 9 g/dl and 65X103/cm, respectively which were the 
same as in the Egyptian population without significant 
variation (p> 0.05). Blast cells were detect slightly 
higher among the Sudanese compared to the Egyptian, 
~ %78 without significant variation (p> 0.05) [See Table 
5].The presence of lymphadenopathy is usually found in 
cases with poor prognosis and, patients who have a 
diagnostic problem (37). Thus it is important to 
distinguish between cases of ALL with lymphadenitis 
from others.  Clinical features such as lymph node (LN) 
enlargement and bleeding were taken from each patient 
using a questionnaire. The presence of LN enlargement 
was detect significantly higher (p-value <0.05) in 
Egyptian 85% (N=153) than in Sudanese 52% (N=52). 
Of Egyptian cases, its presence in B lineage was found 
high pre B ALL phenotype 44% followed by pro B ALL 
19.5% (N=35) and  B ALL 7% (N=14) and  its presence 
in T lineage ALL was detected in all cases with post 
thymocyte and, its approximately three-quarters of
cases with thymocyte. Regarding lymphadenopathy 
among Sudanese, it was found that its presence and 
absence were nearly the same, 52% and 48%, 
respectively. There was no significance variation in the 
presence of lymph node enlargement between the B 
lineage ALL phenotypes in Sudanese. Interestingly, 
patients with post thymocyte are possible to have 
lymphnode enlargement, as found that all Egyptian with 
post thymocyte had lymphadenopathy and Sudanese 
patient with post thymocyte had lymphadenopathy 
except one case (See Table3.6). Therefore, patients with 
thymocyte ALL phenotype might have a better 
outcomes in comparison with post thymocyte ALL 
phenotype. The presence of bleeding was nearly equal 
in ethnic groups, 53% in Sudanese and 54% in Egyptian.
Regarding to bleeding in the study, population, the high 
frequency was found mostly in the early phenotypes of 
B lineage ALL in Egyptian and, vice versa in Sudanese 
patients. Of T lineage ALL, the presence of bleeding was 
common among Sudanese in both phenotype equally, 

http://jco.ascopubs.org/search?author1=Ching-Hon+Pui&sortspec=date&submit=Submit�
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thymocyte and post thymocyte, but its presence in 
Egyptian was found mostly in thymocyte (See Table 7). 
In this study Sudanese and Egyptian patients with ALL 
were classified into three categories based on their 
ages, (1-4 Yrs), (5-8 Yrs) and the (9-12 Yrs). This Table 
describes two hundred eighty study participants, with 
ALL, of whom 36% (n=100) were Sudanese and 64% 
(n=180) were Egyptian. The frequency of (1-4 yrs) age 
group was significantly higher in the Egyptian than in the 
Sudanese (p<0.05). In contrast, the prevalence of (9-12 
yrs) age group was significantly higher in Sudanese 
compared to Egyptian (p<0.05). The Pre-BALL was 
significantly higher in Egyptian than in Sudanese 
(p<0.05), particularly in those less than 8Yrs, whereas 
BALL was significantly higher in Sudanese in 
comparison with Egyptian (p<0.05). With regards to the 
prevalence of T lineage ALL (thymocyte and post 
thymocyte) and cases of B lineage ALL cases (Pro, Pre 
and, BALL), there was no significant variation (p>0.05)
between the two ethnic groups Sudanese and Egyptian. 
Their significance is represent in parenthesis.

V. Conclusions

This study concluded that:- Age ranging from 
one year to 12 years with a mean of 6.5 years. The male 
to female ratio was 1:37 High age group in Egyptian 
ethnic group was 1—4 Yrs while in the Sudanese ethnic 
group the , higher age group was 9-12 Yrs. In this study, 
B lineage origin is most common type than T lineage 
origin in two ethnic groups; In the T lineage had a better 
prognosis than B lineage. In this study, also thymocyte 
ALL with cytoplasmic CD3 in the pediatric group below 
two years showed with a high total leucocytic count. 
Flow cytometry has a distinctive role in the diagnosis 
and differentiation of ALL. using of certain flow 
cytometric parameters can helps in minimization of cost 
without reduced accuracy.  There is significant variations 
in ALL sub classification between Sudanese and 
Egyptian Patients that may be due to genetic 
background.
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FAB French-American-British classification
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NK Natural killer
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Figure Legends 

Figure 1: Shows T lineage acute lymphoblastic 
leukaemia
Figure 2: Shows B lineage acute lymphoblastic 
leukaemia

Figure 3: Result of CD7 in study population
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