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2.1 Materials  

2.1.1 Laboratory equipment and instruments. 

  

 Table (2-1) The Laboratory equipment and instrument used in the 

present study  

Country Company  Equipments and Instruments NO. 

Germany Hettich Centrifuge 1 

USA RTC TIKO Deep freeze 2 

Jordan Afco 
Blood collection EDTA tubes (10 ml) 

and gel tubes 
3 

USA 
Fisher 

Scientific 
Electrophoresis system 4 

USA 
Fisher 

Scientific 
Eppendorf tube 5 

Germany Sartorious Electronic balance 6 

Germany Biometra Hotplate 7 

China Mindray 
Mindray-BC 5300 Haematological 

analyzer  
8 

USA 
Tuttnauer 

Brinkman 
Autoclave 9 

Germany Eppendorf 
Finn tips with different size(20µl, 

100 µl , 500 µl, 1000 µl) 
10 

Germany Eppendorf PCR tube 11 

Germany 
Analytik Jena 

AG 
PCR UV/HEPA workstation  12 

Germany Biometra Thermocycler PCR 13 

USA BD BD  FACS lyric 14 

Germany Karl Klob UV-light Transluminator 15 

china Dragonlight Vortex  16 

Germany Eppendorf PCR tubes 17 

Japan 
Sanyo 

electric 
Gloves and face masks 18 

Denmark Ecopipette 
Micropipette(Automatic) 0.5-10 µl,  

20-200 µl, 100-1000 µl 
19 

Germany Roche Cobass e411 analyzer 20 

USA Abbott 
Architect C 4000 immunoassay 

analyzer 
21 

Singaphore Biosan Mini Rocker  shaker 22 
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2.1.2   Reagent and diagnostic kits 

2.1.2.1 Reagents 

 

Table (2-2) Chemicals and solutions used in the present study 

NO. Reagents Company Country 

1 TBE Buffer 10x  Promega USA 

2 Agarose Promega USA 

3 Master mix Promega USA 

4 DNA ladder 100pb Promega USA 

5 Distal water  
Saudia 

arabia 

6 Diamond nucleic acid dye part #TM388 Promega USA 

7 Nuclease free water   Promega USA 

8 Primers 
Alpha 

Macrogen 

Canada 

Korea 

9 
BD FACS TM Lysing solution 

REF 349202 
BD USA 

 

2.1.2.1 Kits 

Table (2-3) kits used in the present study 

NO. Kits Company Country 

1 
Elecsys CMV IgM, Cobas REF 04784618 

190  
Cobas Germany 

2 
Elecsys CMV Avidity, Cobas REF 

05909798 119 
Cobas Germany 

3 Relia Prep Blood gDNA miniprep system  Promega USA 

4 
Diluent Universal cobas e analyzers REF 

03183971 122 
Cobas Germany 

5 Elecsys CMV IgG, Cobas Lot 48131401 Cobas Germany 

6 Immunoglubulin G  lot 99882UN20 Abbott USA 

7 Immunoglubulin M lot# 48106un21  Abbott USA 

8 Anti-Human CD45 V500 (Lot# 560777 ) BD USA 

9 Anti-Human CD4 FITC (Lot# 555346  ) BD USA 

10 Anti-Human CD8 APC (Lot# 560179) BD USA 

11 Anti-Human CD19 APC (Lot# 555415) BD USA 

12 Anti-Human CD3percpCy5.5 (lot#560835) BD USA 

13 Anti-Human CD16 PE (Lot#560995 ) BD USA 

14 Anti-Human CD80 BV421  (Lot#566263 ) BD USA 

15 Anti-Human CD28 PE-Cy7 (Lot#560684 )  BD USA 
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2.2   Methods  

 2.2.1 Subjects  

    The present study was conducted on the following study groups during the 

period from June 2019 to April 2021. 

    A total of 367 individuals of both sexes, comprising 280 individuals as 

patients group diagnosed by specialized physician, 184 of them are males and 

96 females with age range 16 to 76 years old. Patients’ groups are classified 

into three categories: Haemodialysis (HD) group (116), Kidney transplant 

(KT) patients (62) and oncology patients (102). Kidney transplant recipient 

group (KT) are from Basrah Centre for Kidney Diseases and Transplantation, 

of them 15 patients were studied before and after transplantation period (after 

one month from transplantation for all patients) who represent the follow up 

group. Oncology group patients are recruited from Oncology and Hematology 

Center, Al-Sadr Teaching Hospital, Basrah. Negative Control group are 87 

individuals, 58 of them are males and 29 females with age range 16 to 56 

years, who are apparently normal with normal renal function test, recruited 

from diverse sources.  

Inclusion criteria: 

All patients attending the above-mentioned centers who are diagnosed with 

terminal kidney disease on regular haemodialysis, patients undergoing kidney 

transplantation and oncology patients with any malignant condition requiring 

chemotherapy.  

Exclusion criteria: 

No specific exclusion criteria was followed unless the patient is critically ill 

and who was unable to cooperate.   

Ethical Issues: 

Consent was taken from each patient before being enrolled in the study. 

Health authorities in Basrah are notified about the research project and written 
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agreement was taken from the Research and Development Center belonging 

to Basrah Health Office.  

2.2.2 Collection of samples 

A sample of 5ml blood from each participant was collected by 

venipuncture; 2ml in EDTA tube and the 2 ml in gel tube. EDTA sample is 

then centrifuged for 4 min. at 4000 rpm to obtain the buffy coat used for DNA 

extraction for molecular detection of human cytomegalovirus (HCMV), BK 

virus and Epstein-Barr virus (EBV). Gel tubes were centrifuged at 3000 rpm 

for 5 min. The serums were divided into several aliquots and immediately 

stored at -60 
0
C until used in serological and immunological studies (Figure, 

2-1). Patients  included in the lymphocyte subset study, an additional 1ml of 

blood sample was collected in EDTA tube and was transferred immediately to 

the laboratory, flow cytometry unit. A questionnaire form (Appendix-1) was 

used to record especial note.  
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Figure (2-1) Study protocol 

 

 

 

 

Molecular detection for HCMV, BK and EBV viruses 

HD(116),KT (62), onco(102) and Control(87) 

Immunological study; measurement of total serum Immunoglobulin (IgG and 

IgM) 

HD(23),KT (24) and Control(31) 

 

Serological diagnosis; Measurement of anti-HCMV IgM, anti-HCMV IgG and 

anti-HCMV IgG avidity  

HD(23),KT (24), onco(22) and Control(31) 

 

Immunological study for Lymphocyte subset (CD3+, CD4+,CD8+,CD4+/CD8+, 

B-cell (CD3-CD19+), NK( CD3-CD16+), and CD28+CD80+ 

HD(18), follow up KT before and after 1 month from transplantation  (15), (12) 

KT patients after transplantation (separated group) and Control(16) 

 

367 

individuals 

Control 87 

group 
HD group 

116 

KT group 

62 

Oncology 102 

 



Chapter Two                                                              Materials and Methods 
 

35 
 

2.2.3 Molecular detection 

2.2.3.1 Extraction of viral DNA 

     Viral DNA was extracted from blood samples of 367 divided : 

HD(116),KT (62), onco(102) and Control(87)using a DNA extraction Kit 

(Relia Prep Blood gDNA miniprep kit, Promega, USA) according to the 

manufacturers’ instructions, as the protocol below: 

2.2.3.1.1.Protocol 

Three hundred and sixty seven were enrolled to DNA extraction  

As the protocol below: 

1. A 200µl of blood or buffy coat was added to a 1.5ml microcentrifuge 

tube containing the Proteinase K (20µl) solution, and briefly mix. 

2. A 200µl of Cell Lysis Buffer (CLD) was added to the tube, then 

vortexing for at least 10 seconds. 

3. The tube was incubated for 10 minutes at 56°C 

4. A ReliaPrep™ Binding Column was combined with a new collection 

tube. 

5. A 250µl of Binding Buffer (BBA) was added, then vortexing for 10 

seconds, then centrifugation for 1 min. at 13000 rpm 

6. the collection tube containing flow through was removed  and discard 

the liquid as hazardous waste.  

7. binding column was placed into a fresh collection tube. 500µl of Column 

Wash Solution (CWD) were added to the column, and centrifuge for 

3minutes at maximum speed. the flow through was discarded. 

8. Step7 was repeated  twice for a total of three washes.  

9. the column was placed  in a clean 1.5ml microcentrifuge tube.  

10.  About  50–200µl of Nuclease-Free Water were added  to the column. 

Centrifuge for 1minute at maximum speed.  

11. the Relia Prep™ Binding Column was added and saved eluate.  
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2.2.3.2 Gel electrophoresis after DNA extraction 

The method was used for prepared agarose gel was followed with three steps 

given below (Sambrook et al., 1989): 

1. A 30 ml  1X  TBE  buffer was put in a beaker, then, 0.6g  of agarose 

was added into the buffer , later , the mixture was heated till boiling by 

microwave until dissolved all gel particles, finally 10μl of safe Dye was 

added then allowed to cool down . 

2. Horizontal agarose gel casting: The agarose solution was left at room 

temperature till solidified as a gel and tray and the comb were 

positioned at one end of the tray, the comb was removed carefully and 

tray to place in electrophoresis, later the chamber was filled with 1X 

TBE buffer until they reached up to 3-5 mm over the surface of the gel. 

3. Loading and running the  extracted DNA in agarose gel: seven  µl of 

extracted DNA was mixed with three µl of bromophenole Blue then 

was loaded into wells for agarose gel, then the cathode and anode were 

linked to the both wells sides, at 60 V for 30 minutes. The gel was till 

the bromophenol blue migrated and examined under UV 

trasilluminator.  

 

2.2.3.3 Amplification of extracted DNA  

   All the DNA was initially  amplified by the use of conventional PCR based 

to specific primers (Table, 2-4) to detect BK , nested PCR for detect HCMV 

and EBV according to Jin et al., 1993,  Alwan et al ., 2019 and Ayee  et al., 

2020 , respectively. 

   The amplified DNA of HCMV and EBV was amplified over two rounds by 

nested PCR. The PCR products of all viruses were amplified according to 

PCR reaction mix (Table, 2-5 for BK; Table, 2-6 and Table, 2-7 for HCMV 

and EBV), and condition (Table, 2-8 for BK; Table, 2-9 for HCMV; Table, 2-

10 and Table, 2-11 for EBV).  
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 Table (2-4) Primers sequence of BKV, HCMV and EBV 

 

 

BKV 

VP1 gene 

 

Primers Primer sequences 
Product size 

(bp) 

F 5'-CAA GTG CCA AAACTA CTA AT-3'  

327 
 

R 5'-TGC ATG AAG GTT AAG CAT GC-3' 

 

 

 

 

 

HCMV 

gB gene 

First round 

Outer primers 1724gB 5-GAGTAGCAGCGTCCTGGCGA-3 
478 

Outer primers 1246 gB 5-GGAAACGTGTCCGTCTT-3 

Second  round 

Inner primers gB 5-TGGAACTGGAACGTTTGGCC-3 
305 

Inner primers  1604 gB 5-GAAACGCGCGCGGCAATCGG-3 

 

 

 

 

EBV 

EBNA-2 

gene 

First round 

EBNA-2F (sense) TGG AAA CCC GTC ACT CTC 
801 

EBNA-2I (anti-sense) TAA TGG CAT AGG TGG AAT G 

Second  round 

EBNA-2C (common 

sense primer) 
AGG GAT GCC TGG ACA CAAGA  

EBNA-2G (type -1 

antisense) 
GCC TCG GTT GTG ACA GAG 250 

EBNA-2B (type -2 

antisense) 
TTG AAG AGT ATG TCC TAA GG 300 

 

 

 

  Table (2-5) The Reaction Mixture (25 μl) for PCR amplification of BK  

No. Chemical Amount (μL) 

1 Master Mix 12.5 

2 Primer Forward 1 

3 Reverse primer 1 

4 Template of DNA 5 

5 free nuclease water 5.5 

Total 25 
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Table (2-6) The Reaction Mixture (50μL) first round of nested PCR of HCMV 

 and EBV 

No. Chemical Amount (μL) 

1 Master Mix 25 

2 Primer Forward 2 

3 Reverse primer 2 

4 Template of DNA 10 

5 free nuclease water 11 

Total 50 

 

Table (2-7) The Reaction Mixture (25μL) second round of nested PCR of HCMV  

and EBV 

No. Chemical Amount (μL) 

1 Master Mix 12.5 

2 Primer Forward 1 

3 Reverse primer 1 

4 Template of DNA 5 

5 free nuclease water 5.5 

Total 25 

 

Table (2-8) The PCR amplification condition of BKV 

No. of 

cycles 

Time(mi

n.) 

Temperatu

re (
0
C) 

Steps 

1 2  94 1- Denaturation 

35 

1 

1 

1 

91 

55 

72 

2-Denaturation 

3 -Annealing 

4 -Extension 

1 4 72 5 -Elongation 
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 Table (2-9) first and second rounds of nested PCR amplification 

condition for HCMV 

No. of 

cycles 

Time 

(min.) 

Temperature(
0

C) 

Steps 

1 5 min. 
95 

1-

Denaturation  

35      30 sec. 

      40 sec. 

      60 sec 

95 

55 

72 

2-enaturation 

3-Annealing 

4-  Extension  

1 5 min. 72 5-Elongation 

 

Table (2-10) first round of nested PCR amplification condition of EBV 

No. of 

cycles 

Time 

(min.) 

Temperature(
0

C) 
Steps 

1 2 min. 94 1-Denaturation 

35 

60 sec. 

90 sec. 

4 min. 

94 

52 

72 

2-Denaturation 

3 -Annealing 

4- Extension 

1 10 min. 72 5-Elongation 

 

Table (2-11) second round of nested PCR amplification condition of EBV 

No. of 

cycles 

Time 

(min.) 

Temperature(
0

C) 

Steps  

1 2 min. 94 1-

Denaturation  

35      30 sec. 

      60 

sec. 

      2 min. 

94 

52 

72 

2-

Denaturation 

3-Annealing 

4-Extension  

1 10 

min. 

72 5-Elongation 

 

2.2.3.4 Gel electrophoresis after PCR 

    The method was used for prepared agarose gel was followed with three steps 
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given below (Sambrook et al., 1989): 

4. A 30 ml  1X  TBE  buffer was put in a beaker, then, 0.6g  of agarose was 

added into the buffer , later , the mixture was heated till boiling by 

microwave until dissolved all gel particles, finally 10μl of safe Dye was 

added then allowed to cool down . 

5. Horizontal agarose gel casting: The agarose solution was left at room 

temperature till solidified as a gel and tray and the comb were positioned 

at one end of the tray, the comb was removed carefully and tray to place 

in electrophoresis, later the chamber was filled with 1X TBE buffer until 

they reached up to 3-5 mm over the surface of the gel. 

6. Loading and running the DNA in agarose gel: five µl of PCR product 

DNA was loading into wells for agarose gel, then the cathode and anode 

were linked to the both wells sides, at 60 V for 60 minutes. The gel was 

till examined under UV trasilluminator. PCR markers (100bp 

ladder)were electrophorased to verify the size of the amplicon.   

 

2.2.4.Serological diagnosis of HCMV 

   Out of (100)  serum samples from studied group divided : HD(23),KT (24), 

onco(22) and Control(31) were tested for anti-HCMV IgG Ab ,IgM Ab  and 

Avidity 

2.2.4.1 Measurement of anti-HCMV IgM antibody  

    Quantitative determination of IgM antibodies to Cytomegalovirus in tested 

serum was done by using Elecsys®,CMV IgM (CMV IgM Roche Diagnostics 

GmbH. Germany) kit by using electrochemiluminescence immunoassay 

(ECLIA), an ECLIA, is intended for use on the Cobas e 411 (Figure, 2-2). 
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Figure (2-2) Cobas e 411 system 

 

2.2.4.1.1  Test Principle 

Automated assay duration: 18 minute.  

1. First incubation: automatic pre-dilution 1:20 of 10 μL of the serum 

sample with Diluent Universal followed by the addition of biotinylated 

monoclonal anti-h-IgM-specific antibodies.  

2. Second incubation: addition of recombinant antigen labeled with 

ruthenium complex and streptavidin coated microparticles. Reaction 

will occur between anti-CMV IgM antibodies present in the sample 

and the ruthenium labeled CMV-specific recombinant antigen. The 

biotin and streptavidin enhance the attachment of the complex to the 

solid phase.  

3. The reaction mixture then aspirated into the measuring cell where the 

microparticles are magnetically captured onto the electrode`s surface. 

Unbound substances are then removed with ProCell/ProCell M.  
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4. A voltage then applied to the electrode induces chemiluminescent 

emission which is measured by a photomultiplier.  

5. Results are automatically determined by the software by comparing the 

electrochemiluminescence signal of the reaction product with the 

previously obtained signal of the cutoff value by calibration.  

2.2.4.1.2 Kit`s reagents 

Table (2-12) Kit`s reagents of anti-CMV IgM antibody diagnosis used in 

the present study 

Reagents Content 

M Microparticles coated with Streptavidin 0.72 mg/mL 

R1 Biotinylated Anti-h-IgM antibody, > 500 μg/L 

R2 
CMV-specific recombinant antigen labeled with ruthenium 

complex > 50 μg/L 

CMV IgM 

Cal-1 
Negative calibrator 

CMV IgM 

Cal-2 
Positive calibrator 

 

2.2.4.1.3 Assay Procedure  

1. The micro particles were automatically re-suspended in the bottle  

2. The system then automatically regulated the reagents temperature and 

the opening closing of the bottles.  

3. Before analysis of the test samples, calibration was done using the 

calibrators (CMV IgM Cal 1 and CMV IgM Cal 2) with the same 

sample zone of the analyzer to calculate the cutoff value.  

4. After calibration, in a special test tube, the serum sample was added 

and loaded onto the automated analyzer. Then the start bottom was 

pressed for automated analysis to proceed.  

5. Calculation: the cutoff was automatically calculated by the analyzer 

based on calibrator's measurement. The result of the test sample was 
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given as reactive, non-reactive or intermediate and as a cutoff index 

(signal sample/cutoff).  

6. Interpretation of the results: The Elecsys CMV IgM assay were 

interpreted as follows: 

 

 

 

 

 

2.2.4.2 Measurement of anti-CMV IgG antibody  

    Quantitative determination of IgG antibodies to Cytomegalovirus in tested 

serum was done using the Elecsys® CMV IgG (CMV IgG Roche Diagnostics 

GmbH. Germany) kit by using electrochemiluminescence immunoassay 

(ECLIA), an ECLIA, is intended for use on the Cobas e 411. 

2.2.4.2.1  Test Principle 

Total duration of assay: 18 minutes 

1. First incubation: A sandwich complex was formed by mixing 20μL of 

the sample, biotinylated CMV-specific recombinant antigens, and 

ruthenium complex labeled CMV-specific recombinant antigens.  

2. Second incubation: microparticles coated with Streptavidin, the 

interaction of biotin and streptavidin were added  enhance bounding of 

the complex to the solid phase. 

3. The reaction mixture then aspirated into the measuring cell, where the 

microparticles are magnetically captured onto the electrode`s surface. 

Unbound substances are then removed with ProCell/ProCell M.  

4. A voltage was applied to the electrode then induces chemiluminescent 

emission was measured by a photomultiplier.  

Non-reactive   < 0.7 Cutoff (COI) 

In terminate      ≥ 0.7 - < 1.0 COI 

Reactive      ≥ 1.0 COI 
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5. Results are determined by the calibration curve specifically generated 

by the instrument via 2-point calibration and a master curve provided 

via the reagent barcode.  

2.2.4.2.2 Kit`s reagents  

Table (2-13) Kit`s reagents of anti-CMV IgG antibody diagnosis used in 

the present study 

Reagents Content 

M Microparticles coated with Streptavidin 0.72 mg/mL 

R1 Biotinylated CMV-specific recombinant antigen > 400 μg/L 

R2 Ruthenium complex labeled CMV-specific recombinant 

antigen > 400 μg/L 

CMV IgG 

Cal-1 

Negative calibrator 1 

CMV IgG 

Cal-2 

Positive calibrator 2 

 

2.2.4.2.3  Assay Procedure  

1. The microparticles were automatically re-suspended in the bottle  

2. The system then automatically regulates the reagents temperature and 

the opening closing of the bottles.  

3. Before analysis of the test samples, calibration was done using the 

calibrators (CMV IgG Cal 1 and CMV IgG Cal 2) with the same 

sample zone of the analyzer to calculate the cutoff value.  

4. After calibration, in a special test tube, the serum sample was added 

and loaded onto the automated analyzer. Then the start bottom was 

pressed for automated analysis to proceed.  

5. Calculation: the cutoff was automatically calculated by the analyzer 

based on calibrator's measurement. The result of the test sample was 
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given as reactive, non-reactive or intermediate and as a cutoff index 

(signal sample/cutoff).  

6. Interpretation of the results: The Elecsys CMV IgG assay were 

interpreted as follows: 

 

 

 

        

 

2.2.4.3 Measurement of Anti-CMV IgG avidity antibody  

    Quantitative determination of the avidity of IgG antibody to 

cytomegalovirus in the tested serum sample was done by the 

electrochemiluminescence immunoassay “ECLIA” (CMV IgG Avidity Roche 

Diagnostics GmbH. Germany) kit by using electrochemiluminescence 

immunoassay (ECLIA), an ECLIA, is intended for use on the Cobas e 411. 

 

2.2.4.3.1 Test Principle 

The CMV IgG Avidity assay based on sandwich principle with two 

measurements of the same sample is run in parallel   

1. The first measurement is called the reference measurement, 

determined a standard CMV IgG antibody.  

2. The second measurement is called the CMV avidity diluent 

(DilCMVAv) treated measurement of the sample using an automated 

sample specific dilution function of the analyzer. The avidity diluent 

contains components which interfere with the binding of low avidity 

CMV IgG antibodies. This measurement determined the CMV IgG 

Avidity.  

Non-reactive: < 0.5 U/mL 

      Indeterminate: 0.5‑< 1.0 U/mL 

      Reactive: ≥ 1.0 U/mL 
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Assessment of the avidity percentage (Avi%) is done manually by 

calculating the ratio between the reference measurement and the 

DilCMVAv treated measurement.  

The total duration of CMV IgG Avidity assay is 18 minutes for both 

measurements. 

3. First incubation: a sandwich complex formed by adding 20 μL of 

sample (automatically diluted. with DilCMVAv or undiluted. 

reference), biotinylated recombinant CMV-specific antigens and 

ruthenium complex labeled CMV specific recombinant antigens. In 

case of the DilCMVAv treated measurement, the sandwich complex is 

formed with high avidity CMV antibodies only, while with low avidity 

CMV antibodies the complex is dissolved.  

4. Second incubation: After streptavidin-coated. Micro particles were 

added  the complex become bound to the solid phase via interaction of 

biotin and streptavidin.  

5. The reaction mixture then aspirated into the measuring cell where the 

microparticles magnetically captured. onto the electrode`s surface. 

Unbound substances are then removed with ProCell/ProCell M.  

6. Application of a voltage to the electrode induces chemiluminescent 

emission which. is measured by a photomultiplier.  

7. Results are determined as a calibration curve specifically generated by 

the instrument.  

 

2.2.4.3.2 Assay Procedure  

1. The microparticles were automatically re-suspended in the bottle prior 

to use.  

2. The system then automatically regulated the reagents temperature and 

the opening and closing of the bottles.  
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3. Before test samples analysis, calibration was done using the calibrators 

(CMV IgM Cal1 and CMV IgM Cal2) with the same sample zone of 

the analyzer. The analyzer is automatically read all the information 

necessary for calibrating the assay.  

4. After calibration, each sample and the controls were ordered twice 

(reference measurement and DilCMVAv treated measurement) to 

calculate the avidity (Avi%). This is applicable for samples found to be 

reactive in the CMV IgG immunoassay with concentrations between 1-

500 U/ml. For samples with CMV IgG concentration > 500 U/ml, the 

samples were pre-diluted manually 1:20 with Diluent Universal and 

then splited up into two aliquots.  

5. Reference measurement: the first aliquot of a given sample was placed 

on the analyzer in position n and ordered for a CMV IgG avidity 

measurement.  

6. DilCMVAv treated measurement: the second aliquot of the above 

mentioned sample was placed on the analyzer in position n+1 and 

orders a CMV IgG avidity measurement with a “sample specific 

d.ilution” of 1:2. This mean, the analyzer will mix 50μl DilCMVAv 

with 50 μl sample prior to the CMV IgG avidity measurement..  

7. Then the start bottom was pressed for automated analysis to proceed.  

2.2.4.3.3   Reagents - working solutions  

Table (2-14) working solutions of anti-CMV IgG avidity antibody used in the present 

study 

Reagents Content 

M Microparticles coated with Streptavidin 0.72 mg/mL 

R1 Biotinylated CMV-specific recombinant antigen > 400 μg/L 

R2 CMV-specific recombinant antigen, labeled with ruthenium complex > 400 

μg/L 

CMVAV Cal 1 Negative calibrator 1 

CMVAV Cal 2 Positive calibrator 2, 40 μ/ml Avidity diluent M Guanidine chloride, CMV-

specific 

DilCMVAv recombinant antigen, buffer 50 mmol/L, pH 6.5 and preservative 
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2.2.4.3.4   Calculation and interpretation of results 

   The analyzer automatically calculates the analyte concentration of each 

sample in U/mL:  

1) The CMV IgG result of the reference measurement.  

2) The result of the DilCMVAv treated measurement.  

    Then the Avi % was calculated manually using the following equation:  

𝐴𝑣𝑖%= 𝐷𝑖𝑙𝐶𝑀𝑉𝐴𝑣 𝑡𝑟𝑒𝑎𝑡𝑒𝑑 𝑚𝑒𝑎𝑠𝑢𝑟𝑚𝑒𝑛𝑡𝑟𝑒𝑠𝑢𝑙𝑡/𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑚𝑒𝑎𝑠𝑢𝑟𝑚𝑒𝑛𝑡   

𝑥100% 

The CMV avidity was interpreted as shows in table (2-15): 

Table (2-15) Interpretation of the CMV IgG avidity results 

Numeric result Result message Further action 

< 45.0 Avi% Low Avidity None 

45.0-54.9 Avi% Intermediate 

(Gray Zone ) 

Follow-up and repeat testing after 

2-4 weeks 

≥ 55.0 Avi% High Avidity None 

2.2.5 Immunological study 

2.2.5.1 Measurement of total serum Immunoglobulin 

   Total IgG Ab and IgM Ab were measured by nephlometry technique using 

Architect C 4000 immunoassay analyzer (Abbott, USA) as shown in figure 

(2-3).  

2.2.5.1.1 Total IgG Ab Assay 

 2.2.5.1.1.1 Protocol 

   The IgG Ab assay is an immunoturbidimetric procedure that measures 

increasing samples turbidity caused by the formation of insoluble immune 

complexes when antibody to IgG is added to the sample.  

    Serum samples should be stored at -30
0
C, (78)samples of  studied group 

divided : HD(23),KT (24)and Control(31)  then thawing before use, the 

sample automatically diluted (1:5). Sample containing IgG Ab was incubated 



Chapter Two                                                              Materials and Methods 
 

49 
 

with buffer R1 (Polyethyleneglycol 30g/L and Tris 100 mmol/L) and a 

sample blank determination was performed prior to the addition of IgG 

antibody R2 (Anti -human IgG goat serum 20% and Tris 100mmol/L) in the 

presence of appropriates antibody in excess. The IgG concentration was 

measured as function of turbidity. Reference ranges according to 

WWW.abbottdiagnostic.com, table (2-16) shows normal values of IgG. 

 

           Figure (2-3) Architect C 4000 immunoassay analyzer 

 

                       Table (2-16) normal values of IgG 

Age 

(2 to 80 years) 
Range (mg/dL) Range (g/L) 

Male 540 to 1.822 5.4 to 18.22 

Female 552 to 1.631 5.52 to 16.31 

 

 

http://www.abbottdiagnostic.com/
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.2.5.1.2 Total Ig M  Ab Assay 

 2.2.5.1.2.1 Protocol 

         The IgM AB assay is an immunoturbidimetric procedure that measures 

increasing samples turbidity caused by the formation of insoluble immune 

complexes when antibody to IgM is added to the sample. 

Serum samples should be stored at -30C, (78)samples of  studied group 

divided : HD(23),KT (24)and Control(31) then thawing before use, the 

sample automatically diluted (3:1). Sample containing IgM was incubated 

with buffer R1 (Polyethyleneglycol 25g/L and Tris 100 mmol/L) and a 

sample blank determination was performed prior to the addition of IgM 

antibody R2 (Antihuman IgM goat serum 30% and Tris 100mmol/L) in the 

presence of appropriates antibody in excess. The IgM concentration was 

measured as function of turbidity. Reference ranges according to 

WWW.abbottdiagnostic.com, table (2-17) shows normal values of IgM.  

             Table (2-17) normal values of IgM 

Age 

>12 years 

Range (mg/dL) Range (g/L) 

Male 22 to 240 0.22 to 2.4 

Female 33 to 293 0.33 to 2.93 

 

2.2.5.2 Calculation of lymphocyte subsets using Flow Cytometry 

In this study , using flow cytometry technique (LYRIC FACS BD, USA) and 

software version ( BD, software FACS V1.2.1.5667) as shown in Figure (2-4) 

to determine differentiation of lymphocyte subsets between studied groups. 

Each group using markers for surface staining: CD45
+
 V 500, CD3

+ 
Per. Cp 

5.5
,
 CD4

+ 
FITC

  ,
CD8

+ 
APC

 
Cy7, CD19

+ 
APC, CD16

+
 PE, CD28

+
 PE-Cy7 and 

CD80
+
 BV  421. 
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Also, complete blood count (CBC); including hemoglobin level, WBC count 

(total and differential) using hematology analyzer (Mindray-BC 5300) were 

calculated(by specialized doctor). 

During analysis in the flow cytometer, lymphocytes were identified and 

electronically gated on light scatter and fluorescence signals. Cells binding 

the relevant markers were identified by their fluorescence signals.  

2.2.5.2.1 Principle 

    Flow cytometry can be used to provide accurate measures of relative 

cellular abundance of various cell subtypes in heterogeneous samples such as 

peripheral blood. For each specimen, values were determined as 

cells/microlitre of blood expressing a particular phenotype. In addition to 

determining the absolute lymphocyte counts the panel of tests contained 

monoclonal antibodies identifying cells bearing the following phenotype 

markers: CD3+, CD16+, CD8+, CD4+, CD45+, CD28+CD80+ and CD19+. 

During analysis in the flow cytometer, lymphocytes were identified and 

electronically gated on light scatter and fluorescence signals. Cells binding 

the relevant markers were identified by their fluorescence signals.  

 

 

 

 

 

 

 

 

  Figure (2-4 )Flow cytometer 
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2.2.5.2.2 Procedure  

   The machine is calibrated using 6 peaks and 8 peaks calibration beads (BD, 

USA). Panel of monoclonal anti-human IgG fluorescent-labelled antibodies 

presented in Table (2-3) was used according to the manufacturers’ 

instructions, as the protocol below: 

 2.2.5.2.3 Surface staining protocol  

1. Add I ml of lysis buffer to10µl of whole blood in can tube 

2. Can tube was gently  vortexed and incubated 15 to 30 minutes in the 

dark at room temperature.  

3. One ml of lysing solution was added.  

4. Vortex gently and incubated for 10 minutes in the dark at room 

temperatures.  

5.  Can tube was Centrifuged at 3000 rpm for 5 minutes and the 

supernatant was removed.  

6. One ml of washing solution was added and centrifuge at 3000 rpm for 5 

minutes and then the supernatant removed.  

7. take 5μL from each following markers for first tube: 

CD19,CD16,CD4,CD3,CD8,CD45 And for second tube: 

CD4,CD3,CD8,CD28,CD80,CD45  

8. Vortex 2-5 sec, and keep in dark for 20 min.    

9. 1-2 ml normal saline were added to the pellet, Vortex 2-5 sec, then 

centrifuged 3000 rpm for 5 min. and discarded the supernatant 

10. 1-2 ml normal saline were added to the pellet and read the T B NK 

tube.  
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2.2.6. Statistical analysis  

   The data of this study were analyzed according to the program of analysis 

variance, which were significantly different under probability P≤ 0.05 using T 

–test , Chi square test and ANOVA test by SPSS software statistical program 

(SPSS for windows ver.26.00).   


