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Introduction

Chronic Lymphocytic Leukemia is a clonal lymphoid 
disease characterized by progressive accumulation of small 
CD5/CD19/CD23-positive lymphocytes in the blood, 
lymph nodes, spleen, liver and bone marrow [1]. The clinical 
course and prognosis of patients with B-cell chronic 
lymphocytic leukemia display a marked heterogeneity [2]. 
The asymptomatic disease is seen in about 25% of patients 
[2]. Physical examination revealed lymphadenopathy, 
splenomegaly, and hepatomegaly in approximately 
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85%, 50%, and 14% of the patients, respectively [2]. 
Autoimmune complications, primarily hemolytic anemia 
and thrombocytopenia, occur in up to 25% of the CLL 
patients [3]. Two staging systems that have been proposed 
for CLL have led to significant progress in predicting 
survival and in planning therapeutic schedules [4, 5].

For many years, the diagnosis of CLL was made based 
on morphologic examination of the peripheral blood 
smear, which demonstrates mature lymphocytes with an 
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abundance of smudge cells. Despite rigorous morphology, 
many diseases can mimic CLL in both appearance and 
clinical presentation, resulting in incorrect diagnosis 
[6]. In recent years, the World Health Organization 
classified tumors in Hematopoietic and lymphoid tissues 
based on immunophenotype by Flow Cytometry [7]. 
The International Workshop of Chronic Lymphocytic 
Leukemia in 2008 require a peripheral blood B-cell 
count ≥5×109 /L to diagnosis CLL and the presence 
of monoclonal (kappa or lambda) B-cells which have 
typical Immunophenotype of CLL cells (CD19+, CD5+, 
CD23+ and decreased expression of surface Ig, CD20, 
and CD79b) [1].

CLL is a quite heterogeneous disease (both 
morphologically and immunophenotypically), which 
makes diagnosis difficult [8, 9]. However, to help 
discriminate between CLL and other lymphoproliferative 
disorders, by using international scoring systems which 
depending on phenotypic marker expression [8, 9].

To the best of our knowledge, this is the first study 
with a large sample size make comprehensive describe 
the clinical presentation, hematological profile, and 
immunophenotype pattern in Sudanese patients with 
CLL. The objective of this study was to characterize 
the clinical presentation, hematological profile, and 
immunophenotype pattern in Sudanese patients with CLL.

Materials and Methods

Study Population
This study was a prospective cross-sectional descriptive 

study, conducted in Khartoum state, Sudan, in the period 
from 10 April 2017 to 10 April 2018. A total of 110 blood 
samples were collected from patients with CLL. Patients 
were referred to Flow Cytometry Laboratory for Leukemia 
& Lymphoma Diagnosis Center, for immunophenotypic 
diagnosis.

All patients were diagnosed based on clinical history, 
physical examination, and complete blood count. 
Peripheral blood, immunophenotypic criteria, and B 
lymphocytes count ≥5×109/l, according to the IWCLL [1]. 
The stage of the CLL was assessed by Rai and Binet [4, 5]
classification. All patients were newly diagnosed without 
any previous CLL treatment. Patients with other lymphoid 
neoplasms (Both B and T-cell lineages) were excluded.

Blood count
Two ml of peripheral blood were withdrawn from 

each patient, collected in EDTA tubes, and preserved at 
room temperature (22-24℃). All samples were processed 
within 6-24h from the collection. Complete Blood Count 
was performed by using automated hematology analyzer 
(SYSMEX KX-21N, Japan), Total WBC, Absolute 
Lymphocyte Count, Hemoglobin level, RBC and Platelets 
Count were recorded. 

Immunophenotyping
The diagnosis of CLL was confirmed for each patient 

by Flow Cytometry (EPICS XL Beckman Coulter Flow 
Cytometer, Miami, FL, USA), standard protocol of 

Beckman Coulter was used in fluorescent dye-labeled 
monoclonal antibody for CD45, CD5, CD3, CD19, CD20, 
CD22, CD23, FMC7, CD79b, kappa, lambda light chain, 
CD38, and ZAP-70 (Immunostep-Spain).

A marker was considered positive at a cutoff level of 
≥ 30%. as recommended by the British Committee for 
Standards in Haematology guideline [10]. Depending 
on Matutes et al., [8], score system allocates one point 
for each following marker expression CD5, CD23, weak 
SmIg, absent or low expression of CD22 and FMC7. 
By replacing CD22 with CD79b Moreau et al., [9] score 
system was assessed. The scoring system, however, was 
defined as ≥ 30% cell surface expression.

Absolute counts of peripheral blood B-cells and T-cells 
were calculated by using double platform methodology 
[11]. Proportions of peripheral blood B-cells (percentage of 
CD19+ cells/ lymphocytes) and T-cells (percentage of 
CD3+ cells/lymphocytes), detected by Flow Cytometry, 
were combined with the absolute leukocyte count and 
lymphocyte differential. Light chain restriction (marker of 
clonality) was defined by an abnormal kappa-lambda ratio 
> 3:1 (kappa restricted) or >2 (lambda restricted) [12, 13].

 
Statistical analysis

Data was analyzed using the SPSS version 23.0 
(Chicago, IL, USA). Numerical data were summarized 
as mean and standard deviation and n (%) of study 
participants, respectively. Chi-Square test and Fisher‘s 
exact test were used for analyzing associations between 
categorical variables (Fisher‘s exact test was used when 
˃ 20% of cells have expected count < 5). An independent 
t-test and One-Way ANOVA were used to compare the 
means of two groups. All P-values were two-sided, and 
< 0.05 was considered as the significance level.

Results

Out of 110 patients, 71.8% were males while 28.2% 
were females (M/F ratio, 2.55:1) (Table 1). The mean 
age at the time of diagnosis was 62.97±12.06 years 
(range 22-85y). Mean age for males was 63.77±12.33 
years and for females 60.93±11.26 years and there are 
no significant difference in mean age between the sexes 
(p≤0.269). The most common age group was 61-70 years 
33.6% (Figure 1). 

Fatigue was the most common presenting symptom  
in 35.45% patients followed by fever, epigastric pain, 
abdominal pain and headache. On the other hand, 
lymphadenopathy was the most presenting sign (Figure 2).

The distribution of patients according to Rai stage 
system was 9.1% patients at stage 0, 20.9% patients 
at stage I, 20.9% patients at stage II, 32.7% patients 
at stage III, and 16.4% patients at stage IV. Regarding 
Binet staging system, 30% patients presented with stage 
A, 31.8% patients with stage B and 38.2% patients with 
stage C (Table 1). 

Mean white blood cell count was 92.86 ±75.43×103/ul, 
absolute lymphocyte counts was 82.23±70.88×103/ul, 
B lymphocyte count was 75.16±68.20×103/ul, T lymphocyte 
was 4.81±5.58×103/ul, Mean hemoglobin level was 
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mean positivity 87.92% and 85.66%, respectively. 
All the CLL cases were negative for the T-cell marker 
CD3. CD5 was expressed in 88 (80%) patients with overall 
mean positivity 74.60±32.9%; CD23 was expressed 
in 102 (92.7%) patients with overall mean positivity 
75.38±21.3%. CD22 was negative in 91.8% patients. 
CD79b was negative in 77.3% patients. FMC7 was 
negative in 96.4% patients (Table 3). According to the 
Matutes scoring system; the frequencies of scores 5, 4 and 

11.2±2.5g/dL and Mean platelet count was 189.24 
±104.91×103/ul. More details about hematological 
parameters in (Table 2). 

A limited panel of antibodies was used, which includes 
CD45, CD3, CD5, CD19, CD20, CD22, CD79b, CD23, 
FMC7, kappa, and lambda. All CLL samples expressed 
CD45 with the mean positivity of 87.53±9.2% (range:  
53.9-98.7%). All the 110 CLL samples have demonstrated 
a population of B lymphocytes (CD19+, CD20+) with 

Characteristic No. of cases Percentage %
Age (n=110)
     ≥63 (mean age) 62 56
     <63 (mean age) 48 44
Gender (n=110)
     Male 79 71.8
     Female 31 28.2
Binet Stage (n=110)
     A 33 30
     B 35 31.8
     C 42 38.2
Rai Stage (n=110)
     0 10 9.1
     I 23 20.9
     II 23 20.9
     III 36 32.7
     IV 18 16.4
CD38 (n=110)
     <30% 69 62.7
     ≥30% 41 37.3
ZAP70 (n=110)
     <20% 74 67.3
     ≥20% 36 32.7
Combined ZAP-70/CD38 (n=110)
     Concordant –ve 53 48.2
     Discordant 37 33.6
     Concordant +ve 20 18.2

Table 1. Clinical and Biological Characteristics of Chronic Lymphocytic Leukemia Patients

Figure 1. Age Distribution at Diagnosis
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3 were 54.5%, 40.9%, and 4.5% respectively. Regarding 
the Moreau scoring system; the frequencies of scores 
5, 4 and 3 were 48.2%, 40.9% and 10.9%, respectively 
(Figure 3). 

Discussion

CLL is a heterogeneous disorder characterized by 
variable clinical course; the disease is the most common 
form of adult leukemia in Western countries and is rare 
in Asian countries [7]. 

In this cross-sectional study male to female ratio was 

2.55:1. A nearly similar as ratio was previously reported 
[14, 15]. The higher male/female ratios in these studies 
may be due to high exposure to environmental and 
occupational hazards. In previous studies were reported 
that smoking [16] and quality of life [17] influence on 
development of CLL. 

The mean age of our patients at diagnosis was 63 
years. Nearly similar results (62, 62, 61 and 60 years) 
were reported in Sudan [18], Kenya [19], Senegal 
[20], and Nigeria [21], respectively. Other studies in 
Nigeria [22] and Ethiopia [23] revealed lower mean 
ages at diagnosis of 56 and 55 years, respectively. All 

Parameter Mean Median Minimum Maximum
TWBC×103/ul 92.86 67.75 9.7 350.7
RBCs×106/ul 3.7 3.85 1.19 6.18
Platelets×103/ul 189.24 172 13.7 587
Hemoglobin (g/dl) 11.15 11.05 4.4 18.1
Relative Granulocytes% 12.33 12 1 35
Relative Monocytes% 2.6 2 0 10
Relative Lymphocytes% 85.07 86 60 98
Absolute Lymphocyte×103/ul 82.23 56.68 7.76 325.5
Absolute B Lymphocyte×103/ul 75.16 49.98 7.29 302.06
Absolute T Lymphocyte×103/ul 4.81 3.81 0.23 52.04

Table 2. Hematological Finding in Chronic Lymphocytic Leukemia Patients

Figure 2. Frequency of the Most Presenting Symptoms and Signs in Chronic Lymphocytic Leukemia Patients

Figure 3. Frequency of Scoring Systems Depending on Matutes et al and Moreau et al in CLL Patients
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previous studies in different regions in Africa revealed 
lower mean age than in Western countries [1, 7, 24]. 
In this study, Lymphadenopathy is the most common 
presenting finding, followed by the Splenomegaly, and 
Hepatomegaly. These findings differed from those in  
studies conducted by Salawu et al. [21] and Agrawal 
et al.,[25] who found that splenomegaly predominated 
amongst other organ enlargements. In this study, about 
90% of patients displayed advanced Rai stages and 70% 
were at Binet stage B or C. Similar frequencies were 
reported by Ahmed and Osman [15] in Sudan and Gogia 
et al., [26] in India. As expected, reverse patterns with 
highest patient percentages at stage (Rai 0 and Binet A) 
and lowest percentages at advanced stages (III, IV and C) 
were reported in developed countries by Mauro et al., [27]
in Italy and Apelgen et al., [28] in Sweden. In this study 
did not find a significant association between men and 
women compared to Rai and Binet stages (P-values of 
0.051 and 0.213, respectively), our results were consistent 
with those of Ahmed and Osman [15], Sall et al., [20], 
and Mulwa et al., [19]. By contrast, Catovsky et al., 
[29] demonstrated that CLL ran a more benign clinical 
course in women than in men. Women were more likely 
to have Binet stage A than B or C. Furthermore, In this 
study did not find a significant association between mean 
age compared to Rai and Binet stages, these results were 
consistent with Sall et al., [20]. 

Mean total white blood cell count and mean absolute 
lymphocytes count in this study were 92.86×103/ul and 
82.23×103/ul, respectively. In contrast, Higher mean total 
white blood cell count and mean absolute lymphocytes 
were by Salawu et al., [21] from Nigeria and Mohammed 
and Osman [15] in Sudan (111×103/ul, 103×103/ul) 
and (107×103/ul, 87×103/ul), respectively, whereas two 
studies in India revealed that relatively low mean total 
white blood cell count and mean absolute lymphocytes 
(50×103/ul, 41×103/ul, respectively) by Gogia et al., [26] 
and (70×103/ul, 51×103/ul, respectively) by Agrawal et 
al., [25]. This variation may be due to the advanced stage 
at presentation, and patients avoid medical consultation 
and ignore general health practices. Shvidel et al., [30] 
demonstrated that CLL patients with hyperleukocytosis 

at diagnosis generally had an aggressive clinical course.
Absolute lymphocyte counts and percentage of 

lymphocytes in our patients were higher than the 
normal range in healthy Sudanese population [31]. 
The analysis of the relative distribution of B-cells and 
T-cells in lymphocyte population showed that higher 
mean of B-cells as well as the lower mean proportion of 
T-cells, compared to normal ranges in healthy Sudanese 
population [31]. 

This study showed that the expression of CD19 
occurred in all CLL patients, which was the same as that 
in other studies [31-35]. 

CD5 was expressed in 80% of diagnosed CLL patients. 
While, 20% of CLL patients were negative CD5, which  
agrees with studies found the expression of CD5- in CLL 
varied from 7 to 20% [13, 36-38]. In a few studies by 
Rame Khasawneh et al., [31], Ivancevic et al., [33], and 
Deneys et al., [39] the expression levels of 99%, 99%, 
and 98%were detected.

In the current study, CD23 was expressed in 92.7% 
patients, which agreed with the finding of Rame 
Khasawneh et al., [31] who showed CD23 positivity 
in 93%. DiRaimondo et al., [40] found the expression 
in nearly 94% of CLL patients. The results obtained by 
Geisler et al., [13] considered 30% cut-off for CD23 
expression in 71% of cases. On the contrary, Ahmad et al., 
[41] and Ivancevic et al., [33] reported higher expression 
levels of 100% and 98%, respectively. Earlier studies have 
reported that CD23 is a reliable marker in the distinction 
between CLL and MCL [33, 41]. According to the results 
of recent studies, CD23 alone is insufficient to make a 
differential diagnosis between CLL and MCL.

FMC7 antigen is considered a reliable marker for 
differential diagnosis of CLL; this antigen can also be  used 
to distinguish between CLL from other MBCN [41, 42]. 
Our results showed that only 3.6% of CLL patients 
expressed FMC7, which agreed with results of El-Sewefy 
et al., [34], Rame Khasawneh et al., [31], and Ivancevic 
et al.,[33] who reported FMC7 expression in 0%, 8% and 
8% of patients, respectively. Furthermore, some studies 
have shown a wide frequency range of FMC7 (12%–42%) 
positive in CLL cases [13, 14, 39, 42].

Marker % (n/N) Mean± SD (%)
CD45 100 (110/110) 87.53±9.2
CD3 0 (0/110) 8.31±6.5
CD5 80 (88/110) 74.60±32.9
CD19 100 (110/110) 87.92±8.0
CD20 100 (110/110) 85.66±8.1
CD22 8.2 (9/110) 11.01±16.8
CD23 92.7 (102/110) 75.38±21.3
CD79b 22.7 (25/110) 21.89±25.1
FMC7 3.6 (4/110) 6.99±13.0
Kappa 6.36 (7/110) 8.72±18.65
Lambda 4.5 (5/110) 5.71±16.46

Table 3. Immunophenotype Patterns of Chronic Lymphocytic Leukemia Patients

n- number of patients that are positive for the analyzed antigen; N-total number of the analyzed patients.
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The CD22 expression in our CLL patients was detected 
in 8.2% patients. A nearly similar result was found in a 
previous study conducted in Sudan, which found that only 
7% of CLL patients expressed CD22 [38]. Another report 
in Kenya revealed a nearly similar result [19]. Higher 
expression was reported by different reports [13, 14, 33, 
34], with values of 42%, 47%, 86% and 94%, respectively. 
Our result and that of a previous study in Sudan revealed 
low expression of CD22 in CLL Sudanese patients.

CD79b is an antigen that was incorporated into the 
CLL scoring system [9]. In this study CD79b was positive 
in 22.7% patients. This result was consistent  with the 
previous study in Sudan which found 29% of CLL patients 
had expressed CD79b [38]. Our result also agreed with that 
of a previous study reported by Schlette et al, who found 
that 18% of CLL patients expressed CD79b [43]. The 
expression levels of CD79b in different studies differed 
with values that ranges from 37%-82% [14, 31, 33, 34, 44]. 
Our result and that of a previous study in Sudan revealed 
low expression of CD79b in CLL Sudanese patients.

Amongst 110 CLL patients, 77.3% patients expressed 
κ immunoglobulin light chain and 22.7% expressed λ light 
chain. The frequency of sIgκ+ was higher than that of sIgλ+ 
cases (a ratio of 3.4:1). Our result was  consistent with 
that of previous studies that showed  higher expression of 
κ immunoglobulin light chain than that of λ light chain 
[45, 46]. Surface Ig light chains were undetectable in 
2.7% of our patients. Surface Ig negative CLL has been 
reported by many studies with a variable percentage that 
ranges from 0% to 23.3% [19, 32, 33, 47, 48].

By replacing CD22 with CD79b, improved Moreau et 
al. scoring system was applied. In this study revealed (89% 
of patients had score 4 or 5 and 11% of patients had score 
3). [9]. A similar distribution was found in the previous 
results reported by Moreau et al., [9]. This finding was 
opposite to that reported by by Falay and Özet [14] who 
who found that 60% scored 3.

Furthermore, a previous work conducted by Altayeb 
in Sudan revealed the sensitivity and specificity of the 
CD22 marker of 60.1% and 93.4%, respectively [38]. 
In the meantime, the sensitivity and specificity of the 
CD79b marker were 76.4% and 62.6%, respectively, in 
the differentiation between CLL and NHL. This finding 
indicated that the CD22 marker was highly specific 
in distinguishing between CLL and NHL in Sudanese 
patients. This result was also consistent with our findings 
that showed a highly typical CD22 expression in our 
patients. On the contrary, Moreau et al. revealed higher  
accuracy of CD79b 91.8% markers than CD22 82.1%  in  
the differential diagnosis of CLL versus NHL [9]. 

In conclusion, CLL in Sudan is a disease of the 
elderly according to mean age, and more frequently in 
males than females. The incidence at young patients was 
higher than those reported by Western studies. Most of 
our patients presented advanced Rai and Binet stages. 
CD22 may be a highly specific marker for diagnosing 
CLL in Sudanese patients and should be included in all 
diagnostic panels used to differentiate CLL from other B 
cell lymphoproliferative disorders in Sudan.
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