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ABSTRACT 

Chronic MyeloidLeukaemia (CML) is consistently associated with a characteristic chromosome 

translocation called the Philadelphia (Ph) chromosome. This translocation fuses sequences of 

theBreakpoint Cluster Region(BCR) gene from band q11 on chromosome 22 with regions of 

theAbelson(ABL) gene from band q34 on chromosome 9, resulting in the production of a 

chimeric molecule, the BCR-ABL fusion mRNA product. The Philadelphia chromosome, t(9;22) 

(q34; q11), is the hallmark of CML, and the discovery of this molecular pathway has resulted in 

more accurate diagnosis, more targeted drug therapy and the application of molecular 

methodologies for post-therapy follow-up for the presence of minimal residual disease (MRD). 

Demonstration of the t(9;22) chromosomal aberration confirms the diagnosis. PCR is the most 

sensitive technique available for detecting BCR-ABL gene fusion in the diagnosis of CML as 

well as monitoring of CML patients on therapy and as such molecular diagnosis and monitoring 

of CML patients has become clinically very important. The aim of this study was to evaluate the 

utilisation of Xpert BCR-ABL Ultra, a commercially available real time quantitativeReverse 

Transcriptase Polymerase Chain Reaction(RT-PCR) assay for detection and measurement of 

Major BCR-ABL(p210 BCR-ABL mRNA), to routine molecular diagnosis of CML, 

demonstrating that the same assay could be used both for diagnosis and monitoring in the routine 

management of CML patients. A cross sectional descriptive laboratory study was undertaken at 

the University Teaching Hospital in Lusaka, Zambia. The GeneXpert BCR-ABL Assay was used 

with the GeneXpertDx System designed to detect the BCR-ABL p210 (b2a2 and b3a2) major 

break point translocation transcript in peripheral blood specimens.  A total of 15 samples were 

analysed, of which 8 were known positive confirmed to have BCR-ABL by conventional PCR 

assay collected from known CML patients, and 7 negative taken from healthy blood donors 

using Xpert BCR-ABL Ultra Assay. Our results showed100% sensitivity, 85.7% specificity, 

99.9%positive predictive value, 100% negative predictive value and 93.3% test efficiency. This 

study showed that the Xpert BCR-ABL Ultra, quantitative RT-PCR assay could also be reliably 

used as a diagnostic tool in the diagnosis and management of CML. This study showed that the 

Xpert BCR-ABL Ultra, a commercially available real time quantitative RT-PCR assay, designed 

for quantitative monitoring of CML patients undergoing Tyrosine Kinase Inhibitors therapy, can 

also be reliably used as a diagnostic tool, for detection of Major BCR-ABL (p210 BCR-ABL 

mRNA), in the diagnosis and management of CML. That means the same assay could be adopted 

for both diagnosis and monitoring in the routine management of CML patients in Zambia.  

 

 

 

 



v 
 

ACKNOWLEDGEMENTS 

First and foremost, I would like to thank my principal supervisor, Dr. Hamakwa Mantina for his 

dedication, guidance and support towards the production of this research paper.I would also like 

to thank Professor Trevor Kaile, in his capacity as the Head of Department Pathology and 

Microbiology, as well asco-Supervisor, for his guidance. His emphasis on high level of discipline 

was a motivation for me.I would also like to thank Professor Bellington Vwalika for his quick, 

timely and valuable guidance. There have been many graduate students and laboratory staff, who 

have contributed to the work of my research, to them I give gratutide: Mpanga Kasonde, Webby 

Mbuzi, Pauline Okuku, Magdalene Mpoyo, Ephraim Chikwanda, Augustine Chilandoamong 

others.I would like to take this opportunity to thank the Ministry of Health for granting me 

sponsorship and study leave, Kitwe Central Hospital Management for all the support rendered 

during my studies. 

 

 

 

 

 

 

 

 



vi 
 

     TABLE OF CONTENTS 

COPYRIGHT………………………………………………………………………………..i 

DECLARATION…………………………………………………………………………....ii 

CERTIFICATE OF APPROVAL…………………………………………………………iii 

ABSTRACT…………………………………………………………………………………iv 

ACKNOWLEDGEMENTS………………………………………………………………...v 

TABLE OF CONTENTS…………………………………………………………………..vi 

LIST OF FIGURES………………………………………………………………………. .viii 

LIST OF TABLES………………………………………………………………………......ix 

LIST OF APPENDICES…………………………………………………………………....x 

LIST OF ABBREVIATIONS ……………………………………………………………...xi 

CHAPTER ONE: INTRODUCTION……………………………………………………1 

1.1         Background…………………………..…………………………………….......1 

1.2         Statement of the problem ……………………..…………………………….…3  

1.3         Study justification…………………………………..………………….………3 

1.4         Research question……………………………...…….………………………...4 

1.5 Objectives….…………………………………………………………………..4 

1.5.1 General Objective……………………………………………………………...4 

1.5.2 Specific Objectives ……………………………………………………………4 

CHAPTER TWO: LITERATURE REVIEW……………………………………………5 

CHAPTER THREE: METHODOLOGY…………………………………………………...9 

  3.1 Study design…………………………………………………………………...9 

 3.2 Study site………………………………………………………………………9 

 3.3 Target population……………………………………………………………...9 

 3.4 Study population………………………………………………………………9 

 3.4.1 Inclusion criteria………………………………………………………………9 



vii 
 

 3.4.2 Exclusion criteria…………………………………………………………......9 

 3.5 Sample size……………………………………………………………..…….9 

 3.6 Sampling method………………………………………………………..…...10 

 3.7 Data collection…………………………………………………………..…...10 

 3.7.1 Demographic and clinical data……………………………………………....10 

 3.7.2 Specimen collection………………………………………………………....10 

 3.7.3 Specimen handling and analysis for BCR-ABL detection……………….…11 

 3.8 Data Processing and Statistical analysis………………………………….…13 

 3.9 Ethical considerations and permissions……………………………………..13 

CHAPTER FOUR: RESULTS………………………………………………………..…14 

 4.1 Epidemiological data………………………………………………………..14 

 4.1.1 Proportion of New CML Cases among Leukaemias at UTH……………….14 

 4.1.2 Age distribution of CML…………………………………………………....15 

 4.2 BCR-ABL Specimen analysis results……………………………………….15 

 4.3 Test performance characteristics……………………………………………18 

CHAPTER FIVE: DISCUSSION……………………………………………………...19 

CHAPTER SIX: CONCLUSION AND RECOMMENDATIONS………………...24 

             6.1 Conclusion………………………………………………………………….19 

 6.2 Recommendation…………………………………………………………...23 

 6.3 Limitations………………………………………………………………….23 

 6.4 Future direction……………………………………………………………..23 

REFERENCES…………………………………………………………………………….25 

APPENDICES……………………………………………………………………………..28 

 



viii 
 

LIST OF FIGURES 

            

Figure 1A: New Leukaemia Cases at UTH      14 

Fugure 1B: Age Distribution of CML       15 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ix 
 

LIST OF TABLES 

Table 2A:  Expected vs Xpert BCR-ABL Ultra Results     16 

Table 2B: Summary of Expected and BCR-ABL Ultra Results    17 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



x 
 

LIST OF APPEDICES 

Appendix A: Approval of Amendments for the study     28 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xi 
 

ABBREVIATIONS 

ALL    : Acute Lymphoblastic Leukaemia 

AML      :        Acute Myeloid Leukaemia 

BM         :    Bone Marrow 

CML  : Chronic Myeloid Leukaemia 

PCR           :    Polymerase Chain Reaction 

SOP   :  Standard Operating Procedures 

UTH       :       University Teaching Hospital 

WHO  : World Health Organization 

RT-PCR  : Reverse Transcriptase Polymerase Chain Reaction 

cDNA  : Complementary Deoxyribonucleic Acid 

TKI  : Tyrosine Kinase Inhibitors 

BCR   : Breakpoint Cluster Region 

ABL   : Abelson oncogene 

FBC                 :          Full Blood Count 

MRD               :           Minimal Residual Disease 

PCC                 :          Probe Check Control 

Ct                     :          Cycle threshold   

IS                    :          International Scale 

 



 

1 
 

CHAPTER ONE 

INTRODUCTION 

1.1 Background 

The current pathological approach to the diagnosis of chronic myeloid leukaemia is a 

multifaceted one involving morphology, cytochemistry, cytogenetic and other molecular 

diagnostic tests for the detection of chromosomal aberrations. Each of these components is 

central to appropriate diagnostic evaluation.However, there is increasing evidence that major 

disease-defining, prognostically relevant, and therapy-determining data are provided by the latter 

two genetic analyses. Although conventional cytogenetic studies remain the cornerstone of 

genetic testing, molecular-based technologies have emerged as the most useful tool for the 

detection of disease-defining genetic lesions. Most translocations, when evaluated at the 

molecular level, are detected by reverse transcriptase-polymerase chain reaction (RT-PCR) in the 

routine diagnostic setting. RT-PCR detection of the major leukaemia translocations has 

numerous advantages over conventional cytogenetics, including shorter turn-around time, no 

requirement for dividing cells, detection of translocations that may be missed by conventional 

cytogeneticsand providing a sensitive marker for subsequent minimal residual disease testing 

(Salto-Tellez et al 2003). The genetic analysis of leukaemias has prognostic and therapeutic 

implications. This, together with the advent of targeted therapy, underscores the need for an 

accurate genetic diagnosis that can be rapidly obtained by molecular approaches, and which is a 

key to rational risk stratification and institution of appropriate therapy (Salto-Tellez et al 2003, 

Chietal2015). 
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The Philadelphia chromosome is an acquired cytogenetic anomaly that is characterized in all 

leukaemic cells in CML.It involves a reciprocal translocation of chromosome 22 and 

chromosome 9, in which the BCR (breakpoint cluster region) gene on chromosome 22 is fused to 

the ABL (Ableson leukaemia virus) gene on chromosome 9.The Philadelphia chromosome, 

t(9;22) (q34; q11), is the hallmark of CML (Sercanet al2012).This translocation results in the 

production of a BCR-ABL chimeric oncogene p210 with aberrant kinase activity. Three main 

variants of the BCR-ABL gene have been described, depending on the length of the sequence of 

the BCR gene included, encode for the p190BCR-ABL, p210 BCR-ABL, and p230 BCR-ABL 

proteins. These three main variants are associated with distinct clinical types of human 

leukaemias(Pane et al 2002, Chasseriauet al 2004). The discovery of this molecular pathway has 

resulted in more accurate diagnosis, more targeted drug therapy and the application of molecular 

methodologies for post-therapy follow-up for the presence of minimal residual disease  (MRD) 

(Jobbagy 2007). Demonstration of the t(9;22) chromosomal aberration confirms the diagnosis 

(Baccaranni and Dreyling 2010; Hoteit and Mafouz 2011).  

Accurate and sensitive testing for the detection of abnormal transcripts(BCR-ABL fusion) allows 

the correct stratification treatment of patients (Chi et al 2015). This study sought toevaluate the 

utilisation of the Xpert BCR-ABL Ultraassay, designed for monitoring of previously diagnosed 

CML patients undergoing tyrosine kinase inhibitors(TKI) therapy, for the detection of Major 

BCR-ABL (M-BCR-ABL) mRNA (p210) for the diagnosis of CML. This is to facilitate the 

application of this RT-PCR assay to our routine diagnosis of CML, as well as monitoring of 

Minimal Residual Disease (MRD) in CML patients on treatment or post-therapy follow-up, 

without seeking to procure a qualitative one for diagnosis only.   
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1.2 Statement of the Problem  

The Philadelphia chromosome (Ph) – t(9;22) (q34;q11) – is the hallmark of CML (Sercanet al 

2012). This translocation results in production of a BCR-ABL chimeric oncogene with aberrant 

kinase activity.Diagnosis of CML rests on the microscopic examination of peripheral blood 

smear and bone marrow biopsy/aspirate.Confirmation of diagnosis depends on demonstration of 

Ph chromosome by karyotypic analysis or the presence of BCR-ABL translocation by Southern 

blot, Flourescent in situ Hybridisation (FISH) or PCR assays. However, to date PCR is 

considered the most sensitive technique available for detecting BCR-ABL gene fusion in the 

diagnosis of CML as well as monitoring of CML patients on therapy (Jobbagy 2007). As such, 

molecular diagnosis and monitoring of CML patients has become clinically very 

important(Salto-Tellez et al 2003).However, currently no hospital in Zambia is providing PCR 

services in the diagnosis and monitoring of CML patients. Only microscopic examination of 

peripheral blood smears and bone marrow is performed. 

 

1.3 Study Justification 

There are several commercially available PCR based BCR-ABL detection methodologies. The 

Xpert BCR-ABL Ultra assay is an automated real time RT-PCR designed to quantitatively 

monitor previously diagnosed CML patients, known to have p210 expression, undergoing TKI 

therapy. This means that to use this assay, one needs first to have a qualitative PCR assay for 

detection(diagnosis) only, then use Xpert BCR-ABL Ultra to quantify(as baseline) as basis for 

monitoring therapy.This study aimed to evaluate and extendthe utilisation of the Xpert BCR-

ABL Ultra assay for the detection of M-BCR-ABLmRNA (p210) for the diagnosis of CML. This 

would facilitate the application of this RT-PCR assay to our routine diagnosis of CML, so that 
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the same assay can be used for both diagnosis and monitoring, thereby facilitating patients’ 

timely access to appropriate TKI treatment, as well as monitoring CML patients on treatment, 

without seeking first to procure a qualitative assay for diagnosis only.  The cost of using same 

assay for diagnosis and monitoring is lower than using two separate, one for diagnosis and 

another for monitoring, and as such patients will benefit. 

 

1.4 Research Question 

Can Xpert BCR-ABL Ultra Assay designed for quantitative monitoring of CML patients 

undergoing TKI therapy be reliably used also as a diagnostic tool in the diagnosis of CML? 

 

1.5 Objectives 

1.5.1 General Objective 

To evaluate the utilisation of Xpert BCR-ABL Ultra RT-PCR assay for the detection of BCR-

ABL (p210) in the diagnosis of Chronic Myeloid Leukaemia. 

1.5.2 Specific Objectives 

1. To determine the proportion of CML among haematology malignancies at UTH 

2. To calculate the sensitivity and specificity of the Xpert BCR-ABL Ultra test in 

the detection of t(9;22) BCR-ABL fusion mRNA in the diagnosis of CML 

3. To calculate the positive and negative predictive values of the Xpert BCR-ABL 

Ultra test in the detection of t(9;22) BCR-ABL fusion mRNA in the diagnosis of 

CML  
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CHAPTER TWO  

LITERATURE REVIEW 

The Leukaemias are a group of disorders characterised by the accumulation of malignant  white 

blood cells in the bone marrow and blood (Hoffbrandet al 2006). Using both the cell lineage and 

the maturity of the cells that predominate, leukaemias can be categorized into four broad groups- 

(1) Acute myeloid leukaemia(AML), (2) Acute lymphoblastic leukaemia(ALL), (3) Chronic 

Myeloidleukaemia(CML) and (4) Chronic lymphocytic leukaemia(CLL) (Ciesla, et al, 

2007).The crude incidence of all leukaemias is about the same in tropical and non-tropical 

regions, but there are differences in the age and gender distribution of the four main types 

(Gordon et al 2009).  

 

Chronic MyeloidLeukaemia (CML) is a myeloproliferative neoplasm that originates in an 

abnormal pluripotent bone marrow (BM) stem cell and is consistently associated  with the BCR-

ABL fusion gene located in the Philadelphia (Ph) chromosome (WHO 2008). It has a worldwide 

annual incidence of 1-2 cases per 100,000, population. It can occur at any age, but the median 

age at diagnosis is in the 5
th

 and 6
th

 decades of life. There is a slight male predominance (WHO, 

2008). It is uncommon in children and accounts for  less than 5% of all childhood leukaemias 

(Greer et al 2000) with a yearly incidence of 1 in 100,000 in Western countries. In Africa 

between 10 and 20% of cases occur in patients below the age of 15 years. (Gordon 2009). In 

Kenya, CML occurs in younger age group, median age of 35 years (Othieno-Abinya 2000). 

CML was found to be the commonest type of leukaemia (57.8%) in 180 adult Ethiopian 

leukaemia cases analysed (Shamebo 1990) 
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At diagnosis, more than 95% of CML cases have the characteristic t(9;22)(q34;q11.2) reciprocal 

translocation that results in the Ph chromosome (WHO, 2008). This translocation fuses 

sequences of the BCR gene from band q11 on chromosome 22 with regions of the ABL gene 

from band q34 on chromosome 9, resulting in the production of a chimeric molecule, the BCR-

ABL fusion mRNA product. This new gene produces a 210-kDa protein (p210) with enhanced 

tyrosine kinase activity, which may induce clonal cell proliferation secondary to a reduction of or 

loss of sensitivity to protein regulators (Greer et al 2000). More than 99% of CML patients have 

the BCR-ABL fusion gene and produce the fusion protein p210.Three breakpoint cluster regions 

in the BCR genehave been described to date: major (M-BCR), minor (m-BCR) and micro (µ-

BCR) (Chasseriauet al 2004). The ABL transcribed portion, when in its normal location on 

chromosome 9 codes for p125, with normal tyrosine kinase activity. The activated p210 causes 

deregulation of tyrosine kinase, which results in auto phosphorylation of other proteins. 

Increased protein phosporylation alters signal transduction path ways, leading to constitutive 

tyrosine kinase activity and increased cellular proliferation. (Greer et al 2000). Three 

clinicopathologic entities of CML with BCR-ABL fusion proteins p210(M-BCR), p190(m-BCR) 

and p230(µ-BCR); two acute Ph (+) – p 210 AML and p190 ALL are identified. Both childhood 

and  adult CML are almost always of the p210 type. (Greer et al 2000; Hoteit and Mahfouz 

2011). 

 

Approximately 1 percent of patients with acute Myeloidleukaemias have the Ph chromosome 

t(9;22)(q34;q11) in a significant proportion of leukemic blast cells. The occurrence of AML with 

t(9;22)  represents CML presenting in myeloid blast crisis (Lichtmanet al2007). Approximately 3 

percent of cases of childhood ALLand 20 percent of cases of adult ALL cells contain the Ph 
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chromosome. The p210
BCR-ABL

-positive adult ALL patients are thought to represent presentation 

of CML in lymphocytic blast crisis, whereas ALL patients, whose cells encode a p190
BCR-ABL

 

mutant tyrosine kinase, may represent de novoALL(Lichtmanet al 2007). 

 

In patients with CML, remission is conventionally measured by the normalization of total WBC 

count and the achievement of complete cytogenetic response. Nevertheless, more  than 2.5 x 

10
7
leukaemia cells may still be present in the patient’s body. Thus, a technique more sensitive 

than cytogenetics and morphology is essential to detect and estimate the number of residual Ph 

positive cells in a patient in complete morphological and cytogenetic response. Between 15 and 

20% of patients on tyrosine kinase inhibitors (TKIs) may evolve to blastic phase. Therefore, 

measurement of low level or MRD using molecular tests (PCR) is becoming the gold standard 

approach to measure response to therapy due to its higher sensitivity compared to other routine 

techniques (Foroniet al 2009).  Nested DNA PCR using BCR-ABL DNA was found to be more 

sensitive than single stage RT-PCR using mRNA (Bartley 2010), and could be used for the 

monitoring of patients with CML with very low levels of MRD. Nested PCR is not indicated for 

testing cDNA from a patient suspected of having CML. Diagnosis is made by expression of 

BCR-ABL1 by multiplex RT-PCR (Dacie 2012).Multiplex-PCR is useful in detecting 

simultaneously different transcripts which are present at high levels, as it is the case at diagnosis 

in untreated patients, allowing the follow-up of MRD by nested PCR (Sastreet al). 

Repeat experimentation showed that an in-house RT-PCR methodology was able to detect one 

(1) BCR-ABL- positive cell from among 10
5
 cells, and Cortes et al and Luthraet al (Sercan 2012, 

p 352) reported that this is the level of sensitivity generally accepted for BCR-ABL detection and 

monitoring. A study carried out in Lebanon highly recommended a test algorithm using a simple 
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and inexpensive gel-based PCR screening assay for initial  diagnosis and confirmation of CML, 

followed by real time quantitative RT-PCR assay (Hoteit and Mahfouz 2011). Jinawath (Hoteit 

and Mahfouz 2011, p 227) states that Reverse Transcription Polymerase Chain Reaction (RT-

PCR) has a lower limit of detection of BCR-ABL than FISH or Southern blot (i.e more 

sensitive). Therefore, PCR is sensitive enough to detect one BCR-ABL positive cell in 10
7
 

BCR/ABL negative cells (Anguita 1998).   

 

Residual disease can be detected by qualitative and quantitative RT-PCR in most  patients 

treated with imatinib, and concordant quantitative PCR (Q-PCR) results were observed in 

samples obtained from peripheral blood and bone marrow (Paschka 2003,  Martinelli2006). 

Thus, CML patients on therapy can be monitored using peripheral blood samples rather than 

marrow, permitting more frequent and less invasive analysis. The development of a 

comprehensive set of recommendations with an emphasis on diagnosis, investigation, treatment 

and monitoring of disease, giving careful attention to circumstances unique to given settings, 

allows appropriate disease management and thus patients with CML can live a reasonable 

normal life (Louw 2011) 
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CHAPTER THREE 

METHODOLOGY 

 

3.1 Study Design 

The study was a cross sectional descriptive laboratory study  

3.2 Study Site 

The study was conducted at the University Teaching Hospital, Hematology laboratory. 

3.3 Target Population 

Patients with chronic myeloid leukaemia presenting to UTH 

3.4 Study Population 

All persons diagnosed with CML who met the inclusion criteria. 

3.4.1 Inclusion Criteria 

  CML patients confirmed to be BCR-ABLpositive, and not yet on TKI treatment 

were included in the study. 

3.4.2 Exclusion Criteria 

 CML patients who did not test for BCR-ABL were not included in the study. 

3.5 Sample Size 

Based on the fact that, at diagnosis about 99% of CML cases have the characteristic 

t(9;22)(q34;q11.2) reciprocal translocation that results in the Ph chromosome with BCR-ABL 

fusion gene(Chasseriau et al 2004), a sample size of 15will be needed in order to detect  the 

BCR-ABL fusion gene with a precision of +/- 5% and 95% confidence interval. 

N  = Z
2
 x P(1-P) =  1.96

2
 x 0.99(1 - 0.99)    = 15 

          d
2
            (0.05)

2 
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This consisted of 8 known BCR-ABL positive obtained from CML patients, and 7 negative 

samples obtained from normal health blood donors.   

N=sample size z=statistic for 95% (1.96), p=expected prevalence of BCR-ABL detection (99%) 

d=0.05(acceptable accuracy range) 

3.6 Sampling Method 

Convenience samplingwas used 

 

3.7 Data Collection 

3.7.1 Demographic and Clinical Data 

Participants were recruited after they hadtheir CML diagnosis confirmed by molecular testing, a 

reverse transcriptase polymerase chain reaction (RT-PCR) assay. An explanation of the purpose 

of the study was given. If patients willingly agreed, they wererequested to sign a consent form, 

and then demographic datacollected on the form. 

To determine the proportion of chronic myeloidleukaemia among haematology malignancies at 

UTH, laboratory records were reviewed for the period August 2013 to 30
th

June 2016. Data was 

also categorized as gender and age groups. 

 

3.7.2 Specimen Collection 

Peripheral blood specimens were collected according to local routine Standard Operating 

Procedures (SOPs) for collection of diagnostic blood specimens by vein puncture, or specimens 

collected from participants at the time of review for routine review purposes were retrieved from 

the routine workload after all clinically indicated analyses were performed, and 

used.Thespecimens were collected in tubes containing ethylenediaminetetra acetic acid(EDTA). 
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When not in use, the whole blood specimens were stored at 2-8 ºC for up to 72 hours (3 

days).Normal samples, from healthy blood donors were obtained from routine work load samples 

at the blood bank. 

 

3.7.3 Specimen handling and analysis for BCR-ABL detection 

Specimen Analysis 

A total of 15 samples were analysed using Xpert BCR-ABL Ultra assay. The samples consisted 

of 8 known positive confirmed to have BCR-ABL by conventional PCR assay collected from 

known CML patients, and 7 negative taken from healthy blood donors.The GeneXpert BCR-

ABL Ultra Assay designed to detect the BCR-ABL p210 (b2a2 and b3a2) major break point 

translocation mRNA transcript in peripheral blood specimens was used with the GeneXpertDx 

System instrument. The GeneXpertDx System automates and integrates sample purification, 

nucleic acid amplification, and detection of the target sequence in samples using real-time RT-

PCR (RRT-PCR).The system uses single-use disposable GeneXpert cartridges, vessels that hold 

the PCR reagents and host the PCR process. Whole blood was used.  No prior RNA extraction 

was required as this is done automatically in the cartridge. 

Assay Procedure: 

Before starting the procedure, blood specimens and sample preparation reagents were allowed to 

come to room temperature for 20 minutes, and Proteinase K (PK) reagent was briefly span in a 

micro centrifuge. 
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Specimen Preparation 

To the bottom of a new 50 mL conical tube, 100 μL of Proteinase K was added, followed by 4 

mL of well mixed blood specimen, vortexed at maximum setting for 3 seconds and incubated at 

room temperature for 1 minute. To the same tube, 2.5 mL of Lysis Reagent (LY) was added, 

vortexed at maximum setting for 10 seconds and incubated at room temperature for 5 minutes. 

The mixture was vortexed again for 10 seconds,and incubated at room temperature for 5 minutes. 

1 ml of the prepared sample was transferred into a new 50 ml conical tube, followed by 1.5 mL 

of Lysis Reagent (LY), vortexed at maximum setting for 10 seconds and incubated at room 

temperature for 10 minutes. Then 2 mL of reagent grade absolute ethanol was added, vortexed at 

maximum setting for 10 seconds and set aside.  

Cartridge Preparation 

The cartridge lid was opened, then the entire contents of the Wash Reagent ampoule was 

transferred to the Wash Reagent Chamber and pipetted the entire contents of the prepared sample 

into the Sample Chamber.  The cartridge lid was closed.  

 

Running the Test 

The cartridge was scanned, loaded into the GeneXpertDx instrument and test started following 

instructions from the GeneXpertDx System Operator Manual. 

Quality Control 

Each test contains an Endogenous Control (ABL) and a Probe Check Control. No external 

controls are required. The Endogenous Control normalizes targets and ensures sufficient sample 

is used in the test. Because of its low variability, the endogenous control can also be used to 

indicate sample-inhibitor contamination. The Probe Check verifies the presence and the integrity 



 

13 
 

of the labelled probes. A probe-check status of Pass indicates that the probecheck results meet 

the acceptance criteria. 

3.8 Data processing andstatistical analysis 

Data were analysed by calculating the test specificity,sensitivity as well as positive and negative 

predictive values using Baye’s Theorem statistical package. 

 

3.9 Ethical considerations and permissions 

Participant information and results were kept confidential. Access to this information was 

restricted to the researcher, supervisors and attending clinicians only. The participant’s name or 

file numberswere not linked to the specimen or research results in any way. The study 

participants were given a thorough explanation of the research after which informed consent 

wasobtained without duress.  This was done in private on a one to one basis to avoid undue 

influence.There were no ethical issues arising from the study with regard to the diagnosis and no 

direct benefit on the part of the participants since participants were confirmed CML patients with 

BCR-ABL. 

The research proposal for this study was submitted for ethical approval and was approved by the 

University of Zambia Biomedical Research Ethics Committee (UNZA-BREC, Ref. No. 006-06-

15). Permission to conduct the study, and to use equipment and facilities at UTH Pathology and 

Microbiology Laboratory, was sought from the head of department and Senior Medical 

Superintendent. 
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CHAPTER FOUR 

RESULTS 

4.1 Epidemiological Data 

4.1.1 Proportion of New CML Cases among Leukaemias at UTH 

Between August 2013 and 30 June 2016, 127 new cases of leukaemia were diagnosed at UTH. 

. Out of these, 44 representing 34.6%were chronic myeloid leukaemia, 32 (25.2%) were acute 

myeloid leukaemia, 29 (22.8%) were acute lymphoblatic leukaemia and 22(17.3%) were chronic 

lymphocytic leukaemia. This shows that in the period under review, the commonest newly 

diagnosed leukaemia presenting at UTH was CML.(Figure 1A). 

 

 

               Figure 1A: New Leukaemia Cases at UTH 

Between August 2013 and 30 June 2016, 127 new cases of leukaemia diagnosed. 
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4.1.2 Age Distribution of CML 

Out of the 44CML cases, it was found more common between the age group 20 to 49 years, with 

a peak (12, representing 27.3%) at 30 to 39 years. Chronic myeloid leukaemia cases were 9 

(20.4%) in the age groups 20 to29 years and 40 to 49 years, 7 (15.9%) in the age group 60 to 69 

years, while 2 (4.5%) in the age group 80 to 89 years and 1 (2.3%) in the age groups 10 to 19, 50 

to 59 and 70 to 79 years(Figure 1B). 

 

 

Figure 1B: Age Distribution of CML 

M:F 1.8:1 

4.2 BCR-ABL Specimen Analysis Results 

A total of 15 samples were analysed, 8 known to be positive confirmed to have BCR-ABL by 

conventional PCR assay collected from known CML patients, and 7 negative taken from healthy 

blood donors using Xpert BCR-ABL Ultra. BCR-ABL was detected in all the 8 known positive 
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samples. In addition, one of the 7 negative samples was also found positive. BCR-ABL was not 

detected in Six (6) of the 7 negative samples (Table 2A and Table 2B). 

Table 2A: Expected and Xpert BCR-ABL Ultra Results 

    EXPERT BCR - ABL ULTRA ASSY 

Sample 

ID 

Expected 

Results 

Assay 

Results 

Detected  

at level 

%(IS) 

Not 

detected 

at 

detection 

limit % 

IS) 

ABL Cycle 

Threshold 

Probe 

Check 

Results 

  

    

Positive Negative   

BCR 

0202 

Positive Positive 59  10.4  Pass 

BCR 

9299 

Positive Positive 57  11.5  Pass 

BCR 

2016 MC 

Positive Positive 2.2  11.6  Pass 

BCR 

9296 

Positive Positive 72  11.9  Pass 

BCR 

9279 

Positive Positive 71  10.8  Pass 

BCR 

0194 

Positive Positive 50  11.9  Pass 

BCR 

0888 

Negative Positive 0.0026  13.1  Pass 

BCR 

2016AS 

Negative Negative  0.00015  11.6 Pass 

BCR 

1216 

Negative Negative  0.00052  13.4 Pass 

BCR 

1169 

Negative Negative  0.001  14.4 Pass 

BCR 

1250 

Negative Negative  0.0006  13.6 Pass 

BCR 

6565 

Negative Negative  0.00039  13 Pass 

BCR 

9476 

Positive Positive 2.4  11.5  Pass 

BCR 110 Negative Negative  0.00015  13.2 Pass 

BCR 120 Positive Positive 2.1  11.2  Pass 

                                             Average ABL Cycle Threshold 11.5 13.4   
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The Xpert BCR-ABL Ultra detects BCR-ABL fusion genes resulting from two major 

breakpoints, translocation e13a2 (b2a2) and e14a2 (b3a2) and the ABL transcript as an 

endogenous control in peripheral blood specimens. The endogenous control normalizes the BCR-

ABL target and ensures that sufficient sample is used in the assay. The amount of BCR-ABL 

transcript is quantified as the ratio of BCR-ABL/ABL. Besides an endogenous control (ABL), a 

Probe Check Control (PCC) is also included in the cartridge. The PCC verifies reagent 

rehydration, PCR tube filling in the cartridge, probe integrity, and dye stability (Cepheid 2015) 

When BCR-ABL has been detected or not detected, it means BCR-ABL transcript was detected 

or not and has a cycle threshold (Ct) within the valid range and endpoint above the threshold 

setting.  When the ABL Ct value is below 15, a minimum of 32,000 ABL copy number was 

present in the reaction, and when the ABL Ct value is below 13.5, a minimum of 100,000 ABL 

copy number was present in the reaction. ABL – PASS means ABL transcript was detected and 

has a cycle threshold (Ct) within the valid range and endpoint above the threshold setting. Probe 

Check – PASS means all probe check results passed. As shown in table 2A above, the average 

ABL Ct is below 13.5 indicating that a minimum of 100,000 ABL copy number was present in 

the reaction. 

Table 2B: Summary Of Expected and Xpert BCR-ABL Ultra Results 

                        RT-PCR Assay (Expected Results) 

    

 

 

Xpert BCR-

ABL Ultra 

  Positive Negative Total  

 
 Positive 8 1 9 

 Negative 0 6 6 

 Total 8 7 15 
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4.3 Test Performance Characteristics 

The above results gave test sensitivity of 100%, specificity of 85.7%, positive predictive value of 

99.9%, and negative predictive value of 100%. 
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CHAPTER FIVE 

DISCUSSION 

A review of laboratory data for the period August 2013 to 30
th

 June 2016 showed that a total of 

127new cases of leukaemia were diagnosed.Out of these, 34.6% (N = 44) were chronic 

myeloidleukaemia, being highest with a male predominance, in a male to female (M:F) ratio of 

1.8:1.During the period under review, there were more cases of CML in the age group 20 to 49 

years with a peak at 30 to 39 years.  

The epidemiological findings in this study are comparable to whatJemal et al (Cepheid Xpert 

BCR-ABL Ultra kit insert 2015, p. 1) stated, thatchronicmyeloidleukaemia (CML) is one of the 

most common hematologic malignancies and accounts for 15-20% of all cases of leukaemia. The 

incidence of CML is approximately 1.6/100,000, meaning 1 out of every 62,500 men and women 

will be diagnosed with CML during their lifetime.CML can occur at any age, but the median age 

at diagnosis is in the 5
th

 and 6
th

 decades of life with a slight male predominance (WHO, 2008). It 

is uncommon in children and accounts for  less than 5% of all childhood leukaemias (Greer et 

al 2000). In Africa, between 10 and 20% of cases occur in patients below the age of 15 years. 

(Gordon 2009). In Kenya, CML was found to occur in younger age groups, median age of 35 

years (Othieno-Abinya 2000). This is similar to our study which found a peak at 30 to 39 year. 

 

Chronic myeloidleukaemia (CML) is a myeloproliferative neoplasm that originates in an 

abnormal pluripotent bone marrow (BM) stem cell and is consistently associated  with the BCR-

ABL fusion gene located in the Philadelphia (Ph) chromosome, which resultsin the production of 

a chimeric molecule, the BCR-ABL fusion mRNA product (p210)(WHO 2008).The Philadelphia 

chromosome, t(9;22) (q34; q11), is the hallmark of CML (Sercanet al2012), and the discovery of 
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this molecular pathway has resulted in more accurate diagnosis, more targeted drug therapy and 

the application of molecular methodologies for post-therapy follow-up for the presence of 

minimal residual disease  (MRD) (Jobbagy 2007). Demonstration of the t(9;22) 

chromosomal aberration confirms the diagnosis (Baccaranni and Dreyling 2010; Hoteit and 

Mafouz 2011). 

 

The test characteristics considered for the Xpert BCR-ABL Ultra included the following: 

Test performance:Test sensitivity andspecificity, and the positive and negativepredictive values 

of a test, are important considerations for a good diagnostic test.Sensitivity is the probability that 

the test will correctly identify disease in people who truly have the disease. Specificity is the 

probability that non-diseased subjects will test negative by the test. On the other hand, positive 

predictive value is the probability that participants with a positive screening test truly have the 

disease, and negative predictive value is the probability that participants with a negative 

screening test truly do not have the disease.In this study, the test performance characteristics 

were 100% for sensitivity, 85.7% specificity, 99.9% positive predictive value, and 100% 

negative predictive value.With this sensitivity and specificity, it means that all (100%) CML 

patients will correctly test positive for BCR-ABL onthe Xpert BCR-ABL Ultra assay, while 86% 

of people without CML will test negative on this assay. These findings show that the Xpert 

BCR-ABL Ultra assay is sensitive and specific enough to produce accurate and reliable results in 

the diagnosis of CML.Accuracy is the quality or state of being correct or true, and reliability 

means the rests can be trusted.  On the other hand,from the clinician’s point of view, a positive 

predictive value of 99.9% means that there is a 99.9% probability thatpatients with positive 

BCR-ABL result tested by Xpert BCR-ABL Ultra RT-PCR assay truly have CML, and 100% 
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negative predictive value means that there is a 100% probability that patientswith a negative 

BCR-ABL result on this assay truly do not have CML. Accurate and sensitive testing for the 

detection of abnormal transcripts (BCR-ABL fusion) allows the correct stratification treatment of 

patients (Chi et al 2015). Studies conducted to evaluate the automated Cepheid Gene Xpert 

BCR-ABL Assay have reported similar performance characteristics to other conventional PCR 

assays, including limit of detection, sensitivity, specificity and precision. (Jobbagy et al 

2007,Lopez-Jorge et al 2012). A study using commercially available K562 cell spiking serial 

dilution experiments determined that the limit of detection for the Xpert assay was 1 leukaemic 

cell out of 10
5 

white blood cells, which was very similar to those reported for other RT-PCT 

based assays, while sensitivity and specificity were at 91.2% and 95% respectively.(Jobbagy et al 

2007) 

Ease of use:The test is easy to use and user friendly. The GeneXpertDx System automates and 

integrates sample purification, nucleic acid amplification, and detection of the target sequence in 

samples using real-time RT-PCR (RRT-PCR). The system uses single-use disposable GeneXpert 

cartridges, vessels that hold the PCR reagents and host the PCR process. Whole blood is used 

and no prior RNA extraction is required as this is done automatically in the cartridge. 

Conditions of use and storage: There are no special conditions required to perform the test 

beyond what is common in routinediagnostic laboratories in Zambia. For example, whole blood 

specimens in EDTA containers are used. These including reagents and cartridges can be stored at 

2 – 8
0
C, while prepared lysate can be stored at -20

0
C and below if not in use immediately.  

Cost and Accessibility of the Test:The cost of one kit of Xpert BCR-ABL Ultra containing ten 

cartridges is approximately K 5000.00. This means about K500.00 per test. This is reasonable 

compared to about K1, 500.00 per test that patients pay when they do the test from private 
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laboratories. The assay is readily available and accessible as suppliers are there within the 

country.   

Accuracy and Reliability of the Test: The test performance characteristics – test sensitivity, 

specificity, positive and negative predictive values show that the Xpert BCR-ABL Ultra assay 

can produce accurate and reliable results comparable to other (conventional) PCR assays as 

shown in tables 2A and 2B above.In addition, it has a relatively short turnaround time, with 

results being obtained within 2 hours.The use of selfcontainedsingle-use disposable GeneXpert 

cartridges, vessels that hold the PCR reagents and host the PCR processgreatlyreduces the risk of 

contamination. 
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CONCLUSION AND RECOMMENDATIONS 

6.1 Conclusion 

The proportion of chronic myeloid leukaemia among haematology malignancies was determined 

for the period August 2013 to June 2016. A total of 127 new leukaemias were found, with 34.6% 

(N = 44) being CML. It was the commonest newly diagnosed leukaemia presenting at UTH. The 

test performance characteristics were determined as 100% for sensitivity, 85.7% specificity, 

99.9% positive predictive value, 100% negative predictive value.This study showed that the 

Xpert BCR-ABL Ultra, a commercially available real time quantitative RT-PCR assay for 

detection and measurement of Major BCR-ABL(p210 BCR-ABL mRNA), designed for 

quantitative monitoring of CML patients undergoing Tyrosine Kinase Inhibitors therapy can also 

be reliably used as a diagnostic tool in the diagnosis and management of CML. Thus, the same 

assay could be used both for diagnosis and monitoring in the routine management of CML 

patients in Zambia. 

6.2 Recommendations 

Although the Xpert BCR-ABL Ultra RT PCR Assay only detects major BCR-ABL fusion protein 

mRNA (p210), it will be useful to be considered for use in the diagnosis and monitoring of CML 

in Zambia since the majority of CML patients (more than 95%) have the translocations resulting 

in p210 expression. 

6.3 Limitations 

The study had financial constraints to carry out comparison studies. Serial dilution could have 

also been done to assess and verify or determine the test limit of detection.In addition, the sample 
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size of 15 may not have been representative enough for definite conclusions and 

recommendations to be made. 

  

6.4 Future Direction 

The abnormal Ph. chromosome resulting from a reciprocal translocation between chromosome 9 

and 22 resulting in the fusion gene BCR-ABL can encode for several breakpoints. The 

breakpoints resulting in p210 type proteins are referred to as Major breakpoints and are found in 

more than 95% of CML patients. Since the Xpert BCR-ABL Ultra assay is designed to detect 

and measure only the p210 BCR-ABL mRNA (Major break point), follow up studies may be 

necessary todetermine the incidence of minor and rare break point expressions, the p190 and 

p230. Further studies with a larger sample size may be necessary in order to make definite 

conclusions and recommendations. 
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APPENDICES 

Appendix A: Approval of Amendments for the study 

 

 

 

 

 

 

 

 

 



 

29 
 

 


