
Ain shams University 
Faculty of Science 
Microbiology Department 

Real Time PCR and Serological Assays for diagnosis 
and monitoring of Human Cytomegalovirus Infection in 
Immunocompormised Pediatric Cancer Patient 

A Thesis 

Submitted In the partial fulfillment of the requirements for the degree of 
Master of Science (M.Sc.)In Microbiology 

By 

Nasra Fathy Abd el fattah 

Supervised by 

Prof.Dr. Ahmed Barakat Barakat 
Prof. of Microbiology 

Faculty of Science, Ain shams University 

Prof. Dr. Samah Aly Loutfy 
Prof. of Virology and Immunology 

Cancer Biology Department

National Cancer Institute

Cairo University 

Prof. Dr.Mohamed Fawzy Ibrahim 
Professor of Pediatric oncology 

Department - National Cancer Institute 

Cairo University 

(2016) 



                                             

 

/01

   

  

  

 
 

 

 
 

                                                                              

 

 
 

 

 

 

 89/ الله ا56123 ا0123/

 

ا2َIْأْ FْGِ9ِ/ رBَِّ9َ ا3َِّ@ي َ=>َ;َ 

 ٍ;َ<Kَ 5ْLِ َنG8َNْ ِOْGَPَ<=َ 

  ا2َIْأْ وَرBَُّ9َ ا2َSَْTْمُ 

  /َِ<َP3ْGِ9 /ََّ<Kَ ا3َِّ@ي  

  /َْ<WَْX /َْ3 GLَ َنG8َNْ ِOْا /ََّ<Kَ
 

)/0YW3ق الله ا[\(  

›› ;<W3رة ا_F٥ -١ « 

        

Gِ9 ْ2َأIْا



                                                                                                                   

 

 
  
 
Ain sham University 
Faculty of Science 
Microbiology Department  
 

Approval Sheet  
 
Real Time PCR and Serological Assays for diagnosis 
and monitoring of Human Cytomegalovirus Infection in 
Immunocompormised Pediatric Cancer Patient 

 
 

Submitted By 
 

Nasra Fathy Abd el fattah 
 
                                                

 

This thesis is approved by 

Supervisor Profession Signature 

Prof.Dr. Ahmed Barakat Barakat Prof. of Microbiology 

Faculty of Science, Ain shams 

University 

 

Prof. Dr. Samah Aly Loutfy Prof. of Virology and Immunology 

Cancer Biology Department, National 

Cancer Institute, Cairo University 

 

Pro.Dr. Mohamed Fawzy Ibrahim Professor of Pediatric oncology 

  Department - National Cancer Institute  

           Cairo University 

 

  

 

  



                                                                                                                   

 

 
DEDICATION 

 

 رب أوز	
� أن أ��ر 
���ك ا��� أ
��ت 	�� و 	�� وا�دى
�ن و ان أ	�ل ����� �ر��ه����و أد!�
� �ر���ك  � 	��دك ا�  

 
 
 

My work is dedicated to: 

Allah and I hope to accept it from me and to my father and my 

mother to whom I owe my life. 

Also I dedicate this work to my sisters and my brothers. 

 

 

 

Nasra fathy Abd el fattah 
 

 
 
 
 
 
 
 
 
 



                                                                                                                   

 

ACKNOWLEDGEMENTS 

 
 

 

All gratitude is due to ALLAH who guided and aided me to bring-

forth to light this thesis. 

 

Appreciation and gratitude are due to Prof. Dr. Ahmed Barakat Barakat, 

Microbiology Department, Faculty of Science, Ain shamsUniversity, for his 

pioneering supervision, his constant guidance, sincere help, reading 

circularly the manuscript, and for his continuousencouragement.Sincere 

appreciation is expressed to Prof. Dr. Samah Aly Loutfy,  Virology and 

Immunology Cancer Biology Department, National Cancer Institute, Cairo 

University, for her supervision, many informative discussions, valuable 

assistance, critical  review of the manuscript, and also to Prof. Dr 

.Mohamed Fawzy Ibrahim, Professor,Pediatric 

oncologyDepartment,National Cancer Institute,Cairo University for his 

supervision,help in  Collection the clinical data and review the manuscript, 

and I would to thank all the workers in Virology Unit,Cancer biology 

department,National Cancer Insititute,Cairo University. 

 
 

Thank you 

Nasra fathy Abd el fattah 

 

  

                                                                            



I 

Page List of contents

III List of Tables ………………………………………………….. 
VList of figures………………………………….. 
VIII LIST OF ABBREVEATION…………………………………. 
XIV Abstract  ………………………………………………………       
1 CHAPTER I Introduction ……………………………………..    
4        Aim of the work …………………………………… 
5 CHAPTER II: Review of  Literature …………………………. 

Part 1 

5 Cytomegalovirus   ……………………………………………….    
51. Historical review ……………………………………………… 
62.Defination ……………………………………………………... 
73.Viral Structure …………………………………………………. 
114.Biological Classification ………………………………………. 
115.Morphology …………………………………………………… 
126.Viral Replication ………………………………………………    
167.Epidemiology and Transmission of CMV……………………..    
177.1.Routes of transmission ……………………………………. 
17  7.1.1. Intrauterine …………………………………………. 
17  7.1.2. Perinatal …………………………………………….. 
18  7.1.3. Postnatal ……………………………………………. 
198.Pathogenesis …………………………………………………… 
219.Immune response to CMV …………………………………….. 
21  9.1.humoral response ………………………………………….. 
22  9 .2. Cell Mediated immunity (CMI) …………………………..  
2210.Clinical Manifestations ……………………………………….  
2311.Diagnosis …………………………………………………….. 
24       11.1.Serology ………………………………………………...  
24      11.2.Tissue culture or shell vial ……………………………… 
24       11.3.Antigenemia ……………………………………………   
25      11.4. Molecular methods ……………………………………. 
27 12.Treatment of CMV Infection/Disease ……………………….. 
27       12.1.Prophylactic treatment ………………………………….  
27  12.1.1.Ganciclovir………………………………….........  
28        12.1.2.Valganciclovir …………………………………….  
28   12.1.3.Foscarnet  …………………………………………  
28  12.2.Preemptive treatment ………………………………….. 
29  12.3.Treatment of symptomatic CMV infections and diseases 



II 

Part 2

30 Acute Leukemia …………………………………………………. 
301.Overview………………………………………………………. 
302.Epidemiology …………………………………………………. 
313.Pathogenesis …………………………………………………… 
334.Peridsposing factors …………………………………………… 
355.Diagnosis ……………………………………………………… 
386.Prognostic Features of ALL …………………………………… 
397.Treatment ……………………………………………………… 
397.1.Induction Therapy…………………………………………..  
39  7.2.Early Intensification ............................................................ 
40 7.3.Consolidation/ Central Nervous System PreventiveTherapy... 
40    7.4.Delayed Intensification ……………………………………  
41    7.5.Maintenance Therapy ……………………………………... 

41 
8.Cytomegalovirus Infection in Patients with Hematological
Malignancies…………………………………………………….. 

43 CHAPTER III :PATIENTS and Methods…………………… 

43    1-Patients ……………………………………………………… 
43       Medical History …………………………………………….. 
45       Routine clinical investigation ………………………………. 
472. Methods …………………………………………………….. 
47Laboratory Investigations …………………………………. 
633. Statistical analysis …………………………………………. 
644. Appendix of patients ………………………………………. 
73 CHAPTER IV:Results ………………………………………… 
74  Section 1:Demographics, Clinical and Laboratory Data……. 
83  Section 2:Virological Findings……………………………….. 

 Section 3:Relation between presence of HCMV and some   100 
 clinical, biochemical and hematological parameters………….

   CHAPTER V :Discussion ………………………………………114
CHAPTER VI : Conclusion and Recommendation..…………    120

English Summary...........................................................................122
CHAPTER VII :Referances...........................................................126

 Arabic Summary.............................................................................1-4

 
  



                                                                                                                   

III 

 List of Tables 

38       Table a. The ALL prognostic features 

44       Table b. System for scoring severity of CMV disease 

60       Table c. Sequences of primers used for both qualitative and 

quantitative PCR 

74      Table 1. Distribution of age and sex among all subject group 

76      Table 2. Demographic patient's profile of the leukemia group 

82      Table 3. Relation between outcome of disease and phase of therapy 

84     Table4 : Distribution of  CMV as detected by ELISA (IgM&IgG) in  
all studied groups: 

 

91      Table 5.Results of  conventional PCR in different samples in all 
studied groups. 

 

92      Table 6. Results of   Quantitative real time PCR in different samples 

in all studied groups. 

94       Table 7. Distribution of active CMV infection in studied groups as 

      detected by ELISA (IgM& H.IgG), qualitative & quantitative 

 PCR in serum: 

96 Table 8. Comparison between qualitative PCR and serological assays           

for detection of HCMV in studied groups 

98     Table 9. Sensitivity, specificity, positive predictive value, 

      negative predictive value and accuracy of CMV results: 

 

100     Table 10. Presence of CMV active infection in relation to 
demographic profile in leukemia patients. 

 



                                                                                                                   

IV 

101            Table 11. Presence of active CMV infection and its correlation 

with some biochemical findings of  leukemia patients 

 

103 Table 12. Relation between  presence of CMV and some clinical  and      

hematological parameters. 

106       Table 13. Receiver operating characteristic (ROC) curve as a diagnostic      

test for severe disease in leukemia children. 

110     Table 14. Overall survival and it is relation to Risk factors, hematological 

and biochemical parameters. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

            



V 

List of figures 

8  Figure a.  Structure of the CMV virion 

10  Figure b. Diagrammatic comparison of herpes viruses DNA’s 

14  Figure c. Summary of replication functions carried out by  

 betaherpes virus 

23  Figure d. Summary of clinical manifestations of cytomegalovirus in 

       Immune suppressed patients   

 73 Figure 1. Distribution of the two study group 

 76 Figure 2. High risk clinical manifestations present among 

       leukemia patients 

 77 Figure 3.High risk hematological findings in leukemia group 

 82 Figure 4.Detection of HCMV by conventional PCR 

 83 Figure 5. Sensitivity of PCR assay for detection of CMV 

       DNA at240 bp 

 84 Figure 6. Specificity of PCR assay for detection of CMV 

       DNA at 240 bp 

 85 Figure 7. Standard curve for the quantitative PCR assay 

 86 Figure 8. Specificity of PCR assay for detection of CMV DNA at 

       240 bp by Real time PCR 

 86 Figure 9. Sensitivity of PCR assay for detection of CMV DNA at 

       240 bp by Real time PCR 

 92 Figure 10. Distribution of active CMV infection in study groups as 

       detected by different techniques 

 96 Figure 11. Sensitivity, specificity and accuracy of CMV results 

 104 Figure 12. Receiver operating characteristic (ROC) curve of active 

 CMV load cutoff between high and low risk duration of 



VI 

 febrile neutropenia. 

 104 Figure 13. Receiver operating characteristic (ROC) curve of active 

 CMV load cutoff differentiating between high and low risk 

       absolute neutrophiliccount. 

 105Figure 14 . Receiver operating characteristic (ROC) curve of active  CMV 

load cutoff differentiating between high and low risk total 

leukocytic count. 

 105 Figure 15. Receiver operating characteristic (ROC) curve of active CMV 

 load cutoff differentiating between high and low risk 

       absolute lymphocytic. 

 106Figure 16. Receiver operating characteristic (ROC) curve of active CMV 

 Load cutoff differentiating between mild and severe CMV 

diseases according to CMV Scoring system. 

 108 Figure 17. Relation of overall survival (OS) with febrile neutropenia in 

pediatric ALL patients 

 109 Figure 18. Relation of overall survival with absolute neutrophilic 

count (ANC) in pediatric ALL patients 

 109 Figure 19. Relation of overall survival with platelet count in pediatric 

ALL patients. 

 110 Figure 20. Relation of overall survival with absolute lymphocytic 

 Count in pediatric ALL patients 

 Figure 21. Relation of overall survival with severe CMV disease (score>7)  in  103 

pediatric ALL patients 



VII 

LIST OF ABBREVEATIONS 

AB Antibody 

AL Acute leukemia 

ALC Absolute lymphocytic count 

ALL acute lymphoblastic leukemia 

ALT Alanine aminotransferase 

AMC Absolute  Monocytic Count 

AML acute myeloid leukemia 

ANC Absolute neutrophil count 

AST Aspartate  aminotransferase 

AUC Area Under Curve 

AVE Viral elution buffer 

AVL Viral lysis buffer 

AW1 Wash buffer 1 

AW2 Wash buffer 2 

BFM (German Berlin-Frunkfurt-Muenster 95) Treatment protocol 

BMA Bone marrow aspirate 

BMT bone marrow transplantation 

CBC Complete blood  count 

CD13 Cluster of Differentiation 13 

CD33 Cluster of Differentiation 33 

CI Confidence Interval 

CNS Central Nerves Sytem 

CSF Cerebrospinal Fluid 

CT Cycle Threshold 

DFN Duration of febrile neutropenia 



VIII 

DFS Disease free survival 

DI Delayed Intensification 

DNA Dexoyribonucleic acid 

∆Rn Delta of normalized reporter value is the fluorescent signal 
from SYBR Green  

DS Down syndrome 

EBV Epstein-Barr virus 

EDTA Ethylene Diamine Tetra Acetic acid 

EG Early gene 

ELB Erythrocyte Lysis Buffer 

ELIZA enzyme-linked immune sorbent assay 

ESR Erythrocyte sedimentation rate 

 et al et alter 

FN Febrile Neutropenia 

GCV Ganciclovir 

 g/dl gram per deciliter 

Gp Glycoproteins 

HCMV human Cytomegalovirus 

HGC Hemoglobin concentration 

HHV5 human herpes virus type 5 

HHV7 human herpes type 7 virus 

HIV human immunodeficiency virus 

HSV1 Herpes simplex type1 

HSV2 Herpes simplex type2 

IE Immediate early gene 

IG Immunoglobulin 

IGF Insulin Growth Factor 

IgG Immunoglobulin G 



                                                                                                                   

IX 

IgM Immunoglobulin M 

IPT Immunophenotyping 

IU/L International unit per liter   

Kbp kilobase pairs 

KFT kidney function test 

KSHV Kaposi’s sarcoma virus(herpes virus type 8 )  

LDH lactic dehydrogenase 

LFT liver function test 

Log CO Logarthim of Concentration 

MDACC The university of Texas M.D.Anderson Cancer Center 

    mg/dl           milligram per deciliter 

MRD Minimal Residual Disease 

mRNA messenger ribonucleic acid 

NC Negative control 

NPV Negative Predictive Value 

OS Overall survival 

PBS phosphate buffer saline 

PC Positive control 

PCR Polymerase chain reaction 

PLT Platelet 

PPV Positive Predictive Value 

Pp65 phosphoprotein 65 

RBCs Red blood cells 

ROC Receiver Operating Characteristic Curve 

RTQ-PCR    Real-time quantitative polymerase chain reaction 

SCT Stem Cell Transplantation 

St. error   Statistic error 



X 

SGOT Serum Glutamic Oxaloacetic Transaminase 

SGPT Serum Glutamic Pyruvic Transaminase 

TAE Tris-Acetate EDTA buffer 

T. Bil Total bilirubin 

TLC Total Leukocyte count 

TMB Tetra methyl Benzidine 

VZV varicellazoster virus 

WBCS White Blood Cells 

WHO World Health Organization 


