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Abstract 

 
Detection of Anti-Erythropoietin Antibodies among Hemodialysed 

Patients Treated with Recombinant Human-Erythropoietin in Gaza strip. 

 
   Anemia is a well-recognized complication of progressive renal failure. The 

etiology of anemia in renal failure patients is multifactorial, erythropoietin (EPO) 

deficiency is the most important factor. 

   The introduction of recombinant human EPO (rHuEPO) in 1986 represented a- 

revolution in the field of nephrology and provided a significant benefit to millions of 

patients.  Recombinant form of EPO is a sialoglycoprotein hormone that appears to 

be immunologically and biologically equivalent to the endogenous compound 

enhancing erythropoiesis . 

   The safety profile of rHuEPO had been considered to be excellent with possible 

exception of hypertension and increased risk of dialysis access thrombosis. However, 

pure red cell aplasia (PRCA) has been recognized as occurring in some patients in 

response to EPO therapy. The development of neutralizing anti-EPO antibodies was 

found to be associated with PRCA. These antibodies probably cross react with the 

patient’s endogenous EPO and lead to anemia that can be more severe than even 

before the onset of EPO therapy.  

Objectives: We aimed in our study to  detect and evaluate the presence of anti-EPO 

antibodies in patients with end stage renal disease (ESRD) on regular dialysis who 

are using rHuEPO and  investigate the relations between  serum anti-erythropoietin 

antibody  and some biochemical and hematological markers.  

Ethical considerations and Permission: An official letter of approval to 

conduct the study was obtained from the Helsinki Committee (Ethical Committee in 

Gaza Strip). Data and samples were collected without any harm to the patients and 

after explaining the aim of the study to the patients and having an informed consent 

from them. 
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Methods: The study was cross sectional study, we detect and evaluate the presence 

of anti-EPO antibodies in the blood of 80 patients with ESRD on regular dialysis 

who were using rHuEPO by enzyme-linked immunosorbant assay technique and  

investigated the relations between  serum anti-erythropoietin antibody  and some 

biochemical and hematological markers. The same apparently healthy persons were 

selected as control group.  Both qualitative and quantitative data analysis methods were 

used. The Data were analyzed utilizing (SPSS 20) and The following statistical tools were 

used: Shapiro-Wilk  test of normality, Frequency and Descriptive analysis, Chi-Square test, 

Independent Samples T-test Mann-Whitney T-test, and Logistic regression test.  

Results: Our results showed that 18 patients (22.5%) had the anti-EPO antibodies in 

their blood, while 62 patients (77.5%) did not. According to the presence or absence 

of the anti-EPO antibodies, Patients were divided into two groups There was no 

significant difference between the first and second groups regarding the gender. 

Group 1 included 7 male (38.9%) and 11 female (61.1%), while group 2 included  

33male (53.2%) and 29 female (46.8%). There was no significant difference between 

the first and second groups regarding duration of hemodialysis. Patients who were 

under hemodialysis for 6-12 months had more frequency of anti-EPO antibodies 

(33.3%) than the rest of patients. 

The mean age of patients was 55.1± 18.1 years and the mean of controls was 28.2 ± 

5.8 years., patients have significant larger mean score on age. 

According to hematological investigations of study population, the results revealed 

that the average of Hb of the patients was 8.5 ± 1.2 g/dl and its average controls was 

12.8± 1.7 g/dl, patients have significant smaller mean score on Hb. The average of 

HCT of patients was 26.8 ± 4.0 % and the average of HCT of control group was 36.9 

± 4.4%, patients have significant smaller mean score on HCT. While the average of 

RBCs count of the patients was 3.3 ± 0.6  million/µl and the average of RBCs  of the 

controls was 4.4 ± 0.5 million/µl,  patients have significant smaller mean score on 

RBCs. The average of PLT for patients was 217.4 ± 54.6 x10
9
/L  and for the control 

group was 248.9 ± 57.8 x10
9
/L, patients have significant smaller mean score on PLT. 

The average of WBCs of patients was 5.9 ± 1.9 x 10
9
 cell/L and for control group 

was 7.1 ± 1.9 x 10
9
 cell/L,  patients have significant smaller mean score on WBC. 
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The average of Retic. of patients was 0.4± 0.2 % and the average of Retic. of control 

group was 1.1 ± 0.3 %., patients have significant smaller mean score regarding Retic. 

 

According to chemistry profile of study population, the results revealed that the 

average of serum Urea of patients was 150.9 ± 42.4 mg/dl and for controls was 25.5 

± 8.3 mg/dl, patients have significant larger mean score on Urea. The average of 

serum Creatinine of patients was 9.5 ± 3.0 mg/dl, for controls it was 0.6 ± 0.2 mg/dl, 

patients have significant larger mean score on Creat. The average of serum Albumin 

of patients was 4.1 ± 0.6 g/dl and for controls was 3.9 ± 0.2 g/dl, patients have 

significant larger mean score on Albumin. Also the average of serum ALT of 

patients was 10.5± 7.1U/L and for controls it was 31.2 ± 27.6 U/L, patients have 

significant smaller mean score on ALT. Moreover the average of serum Iron of 

patients was 68.9 ± 54.3 µg/dl and the for controls it was 85.7± 17.9 µg/dl, patients 

have significant smaller mean score on Iron. The average of serum TIBC of patients 

was 427.0 ± 133.1 µg/dl and for controls it was 317.9 ± 83.5 µg/dl, patients have 

significant larger mean score on TIBC.   

 

Conclusion: . The incidence of anti-EPO antibodies is high  among hemodialysed 

patients treated with recombinant human-erythropoietin. Its presence is associated 

with increased incidence of anemia possibly due to immune-mediated inhibition of 

erythropoiesis as evidenced by reticulocytopenia. 

Keywords: Erythropoietin, Recombinant  human erythropoietin, Pure red cell 

aplasia, Anti erythropoietin antibodies, End stage renal disease, Gaza, Palestine. 
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 مستخلص

 الذٌن الكلوي الغسٌل مرضى لدي لإلرٌثروبٌوتٌن المضادة األجسام عن الكشف

   فً قطاع غزة وراثٌاً  المًصنع باإلرٌثروبٌوتٌن ٌعالجون

و  العوامل، متعددة الكلوي الفشل مرضً عند الدم فقر ومسببات الكلوي، الفشل مضاعفات أحد الدم فقرٌعتبر

. أهمٌة األكثر العامل اإلرٌثروبٌوتٌن فً النسبً النقصٌعتبر

 إفادة فً وساهم الكلى طب علم فً ثورة إحداث فً 1986 عام فً وراثٌاًا  المصنع اإلرٌثروبٌوتٌن ساهم تحضٌر

 سكري بروتٌن من ٌتكون هرمون عن عبارة هو لإلرٌثروبٌوتٌن وراثٌاًا  المصنع الشكلإن  المرضى، من المالٌٌن

 خالٌا تصنٌع وٌحفز الجسم داخل تصنٌعه ٌتم الذي المركب مع ووظٌفً مناعً توافق وٌظهر لعابً حامض و

. الحمراء الدم

 خطر وزٌادة الدم ضغط برفع التسبب احتمالٌة معجٌدا  وراثٌاًا  المصنع رٌثروبٌوتٌنلإل السالمة ملفٌعتبر 

 بٌن من النقً الحمراء الخالٌا تنسج عدم مرض و قد ظهرت بعض حاالت. الكلوي الغسٌل أثناء الدموي التخثر

 المصنع لإلرٌثروبٌوتٌن مضادة أجسام تشكل أن وجد. وراثٌاًا  المصنع باإلرٌثروبٌوتٌن ٌعالجون الذٌن المرضً

 تعادل أنها ٌحتمل المضادة األجسام هذه. النقً الحمراء الخالٌا تنسج عدم مرض مع عالقة ذو وراثٌاًا 

. باإلرٌثروبٌوتٌن العالج قبل الدم فقر من حدة أكثر دم بفقر وتتسبب الجسم داخل تصنٌعه ٌتم الذي اإلرٌثروبٌوتٌن

 الفشل مرضى عند وراثٌاًا  المصنع لإلرٌثروبٌوتٌن  المضادة األجسام وجود الكشف عن :الدراسة من الهدف

 وجود بٌن العالقة ودراسة وراثٌاًا  المصنع باإلرٌثروبٌوتٌن وٌعالجون الكلوي للغسٌل ٌتعرضون الذٌن الكلوي

 .الدموٌة الفحوصاتو الحٌوٌة الكٌمٌاء فحوصات وبعض وراثٌاًا  المصنع لإلرٌثروبٌوتٌن  المضادة األجسام

تم أخذ موافقة خطٌة رسمٌة من لجنة هلسنكً، البٌانات والعٌنات تم أخذها : اإلعتبارات األخالقٌة واألذونات

 .بدون أي أذى للمرضى وبعد توضٌح أهداف الرسالة وأخذ موافقة خطٌة منهم

 لإلرٌثروبٌوتٌن  المضادة األجسام وجود قٌمنا نوع الدراسة كانت عبارة عن دراسة مقطعٌة، :الفحص طرق

 المصنع باإلرٌثروبٌوتٌن وٌعالجون الكلوي للغسٌل ٌتعرضون الذٌن الكلوي الفشل مرضى عند وراثٌاًا  المصنع

 المصنع لإلرٌثروبٌوتٌن  المضادة األجسام وجود عالقة ودرسنا المرتبط باإلنزٌم المناعً الفحص بطرٌقة وراثٌاًا 

( spss20)المعلومات تم تحلٌلها بواسطة برنامج .الدموٌة والفحوصات الحٌوٌة الكٌمٌاء  فحوصات بباقً وراثٌاًا 

فحص التوزٌع الطبٌعً وفحص التحلٌل الوصفً والتكرار وفحص : و تم اسخدام الطرق اإلحصائٌة التالٌة

 .تشاي سكوٌر وفحص المتغٌر التابع ت وفحص مان وتنً باإلضافة لفحص اإلنحدار اللوجستً

 المصنع لإلرٌثروبٌوتٌن  المضادة األجسام دمهم فً ٌوجد%( 22.5 )ضاًا مري 18 أن دراستنا أظهرت :النتائج

 األجسام وجود حسب مجموعتٌن إلى المرضى تقسٌم تم%(. 77.5 )اًا مرٌض 62  ال ٌوجد فً أجسامبٌنما وراثٌاًا 
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 وعالقتهم المجموعتٌن بٌن إحصائٌة داللة ذات عالقة لنا ٌظهر ولم. وراثٌاًا  المصنع لإلرٌثروبٌوتٌن  المضادة

 المجموعة بٌنما احتوت%( 61.1 )النساء من 11 و %(38.9) رجال 7 على األولى احتوت المجموعة. بالجنس

 المجموعتٌن بٌن إحصائٌة داللة ذات عالقة ٌوجد ال%( . 46.8) النساء من 29 و.%( 53.2 )رجل 33علً الثانٌة

 بٌن%( 33.3 )تكراراًا  األكثر كانت شهرا 12-6 الغسٌل فترة أن لنا تبٌن بٌنما الكلوي للغسٌل التعرض ة وفتر

 . المجموعات باقً

 سنة 5.8±28.2 سنة بٌنما كان متوسط العمر المجموعة الضابطة 18.1±55.1كان متوسط العمر للمرضى 

. مما ٌظهر أن متوسط عمر المرضً أعلى من المجموعة الضابطة

 1.2±8.5بٌنت نتائج الفحوصات الدموٌة لمجموعة الدراسة أن معدل خضاب الدم عند المرضى كان 

دٌسٌلتر مما ٌدل على أن معدل خضاب الدم عند / جم1.7±12.8دٌسٌلتر وعند المجموعة الضابطة /جم

% 4±26.8بٌنما كان متوسط مكداس الدم عند المرضى. المرضى أقل من معدله عند المجموعة الضابطة

مما ٌدل على أن متوسط مكداس الدم عند المرضى أقل من المجموعة % 4.4±36.9وعند المجموعة الضابطة

مٌكرولٌتر وعند المجموعة الضابطة / ملٌون0.6±3.3ومتوسط عدد الكرٌات الحمراء عند المرضى . الضابطة

مٌكرولٌتر مما ٌعنً أن متوسط عدد الكرٌات الحمراء عند المرضى أقل من المجموعة / ملٌون4.4±5.5

لتر و عند  / x 109 54.6±217.4بٌنما كان متوسط عدد الصفائح الدموٌة عند المرضً . الضابطة 

لتر وهذا ٌعنً أن متوسط عدد الصفائح الدموٌة عند المرضى أقل  / x 109 57.8±248.9المجموعة الضابطة

لتر وعند /  خلٌةx 109 1.9±5.9ومتوسط عدد الكرٌات البٌضاء عند المرضى . من المجموعة الضابطة و

لتر مما ٌعنً أن متوسط عدد الكرٌات البٌضاء عند المرضى أقل /  خلٌةx 109 1.9±7.1المجموعة الضابطة 

وعند المجموعة  % 0.2±0.4من المجموعة الضابطة بٌنما متوسط عدد الخالٌا الشبكٌة عند المرضى كان 

مما ٌعنً أن المرضى متوسط عدد الخالٌا الشبكٌة عند المرضى أقل من المجموعة  % 0.3±1.1الضابطة 

. الضابطة

/  مٌلٌجرام42.4±150.9و قد أظهرت الفحوصات الكٌمٌائٌة أن متوسط قٌاس البولٌنا عند المرضى كان 

دٌسٌلتر مما ٌعنً أن متوسط قٌاس البولٌنا عند /  مٌلٌجرام8.3±25.5دٌسٌلتر أما المجموعة الضابطة فكان 

 3.0±9.0المرضى أعلً من المجموعة الضابطة و كذلك متوسط قٌاس الكرٌاتٌنٌن عند المرضى كان 

دٌسٌلتر مما ٌعنً أن متوسط قٌاس /  مٌلٌجرام0.2±0.6دٌسٌلتر و عند المجموعة الضابطة / مٌلٌجرام

الكرٌاتٌنٌن عند المرضى أعلً من المجموعة الضابطة و متوسط قٌاس فحص األلبٌومٌن عند المرضى كان 

دٌسٌلتر مما ٌعنً أن متوسط /  جم0.2±3.9دٌسٌلتر بٌنما متوسطه عند المجموعة الضابطة /  جم4.1±0.6

 عند المرضى كان ALTقٌاس فحص األلبٌومٌن عند المرضى أعلً من المجموعة الضابطة و معدل فحص 

لتر مما ٌعنً أن /  وحدة دولٌة27.6±31.2لتر ومعدله عند المجموعة الضابطة كان /  وحدة دولٌة10.5±7.1

 عند المرضى أقل من المجموعة الضابطة باإلضافة إلى أن فحص الحدٌد عند ALTمتوسط قٌاس فحص 
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 17.9±85.7دٌسٌلتر أما عند المجموعة الضابطة فكان / مٌكروجرام54.3±68.9المرضى كان 

دٌسٌلتر مما ٌعنً أن متوسط قٌاس فحص الحدٌد عند المرضى أقل من المجموعة الضابطة أما /مٌكروجرام

دٌسٌلتر و المجموعة / مٌكروجرام133.1±427قٌاس فحص القدرة الكلٌة لتشبع الحدٌد عند المرضً كان

دٌسٌلتر مما ٌعنً أن متوسط قٌاس فحص القدرة الكلٌة لتشبع الحدٌد / مٌكروجرام83.5±317.9الضابطة كان 

. عند المرضى أعلى من المجموعة الضابطة

 الكلوي الفشل مرضى عند عالٌة  بنسبةوراثٌاًا  المصنع لإلرٌثروبٌوتٌن  المضادة األجسام وجودإن  :الخالصة

 بتثبٌط الدم فقر حدوث بزٌادة عالقة له وراثٌاًا  المصنع باإلرٌثروبٌوتٌن وٌعالجون الكلوي للغسٌل ٌتعرضون الذٌن

. الشبكٌة الخالٌا من النقص فً ٌتضح والذي الحمراء الدم خالٌا لتشكل مناعً
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CHAPTER ONE                                                     INTRODUCTION 

1.1 Overview    

   Anemia is a well-recognized complication of progressive renal failure. It has been 

shown that anemia starts earlier than had previously been thought when creatinine 

clearance falls below 60 ml/min . Anemia aggravates the uremic toxicity and exerts  

a detrimental effect on cognitive functions, physical exercise capacity, and sexual 

activity of the patients . Although the etiology of anemia in renal failure patients is 

multifactorial, erythropoietin (EPO) deficiency is the most important factor[1]. 

    Erythropoietin ( EPO) is an extensively glycosylated protein hormone of 30 400 

Da consisting of 165 amino acids and four carbohydrate side chains.  All forms of 

oxygen deprivation act as a stimulus for the production of EPO, which enhances red 

blood cell production by stimulating growth and differentiation of erythroid 

progenitor cells. The main sites of production are specialized renal fibroblasts in 

adult mammals and hepatic cells in mammalian fetuses and neonates. Along this line 

increase EPO production due to anemia seems to be correlated with increased 

numbers of EPO-producing cells rather than with increased production by the 

existing individual EPO-producing cell [2]. 

Erythropoietin is secreted mainly from the kidneys and about 15% from the liver[3]. 

   The introduction of recombinant human EPO (rHuEPO) in 1986 represented 

revolution in the field of nephrology and provided a significant benefit to millions of 

patients with avoidance of blood transfusion, prevention of iron overload, correcting 

renal anemia, optimizing patient hemodynamic status and improving the quality of 

life [3].  Recombinant form of EPO is a sialoglycoprotein hormone that appears to be 

immunologically and biologically equivalent to the endogenous compound 

enhancing erythropoiesis [4]. 

   The safety profile of rHuEPO had been considered to be excellent with possible 

exception of hypertension and increased risk of dialysis access thrombosis. However, 

pure red cell aplasia (PRCA) has been recognized as occurring in some patients in 
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response to EPO therapy. The development of neutralizing anti-EPO antibodies was 

found to be associated with PRCA. These antibodies probably cross react with the 

patient’s endogenous EPO and lead to anemia that can be more severe than even 

before the onset of EPO therapy. Detecting these antibodies was a challenge till 

about a decade back, but with the advent of radioisotopically labeled EPO it has 

become possible to measure antibodies [5]. 

Pure Red Cell Aplasia: A Rare Hematological Disease, PRCA is an isolated disorder 

of erythropoiesis that leads to a progressive, severe anemia of sudden onset. Due to 

an almost complete cessation of red blood cell (RBC) production, the blood 

reticulocyte count is very low (10,000/mm
3
) [6]. The number of reported cases has 

increased dramatically in recent years. Antibody-mediated PRCA was extremely rare 

before 1998, and the incidence of this disorder increased sharply between 1998 and 

2002 predominantly in patients with chronic kidney disease (CKD) associated 

anemia receiving subcutaneous injections of one particular formulation of 

recombinant EPO [5]. 

Patients with antibody-mediated PRCA present with a rapid onset of EPO resistance 

and severe anemia that follows a period of successful erythropoietic response, and 

exhibit characteristic severe decreases in blood hemoglobin levels and in the number 

of circulating reticulocytes [7]. In the study of Casadeval et al strong neutralizing 

antibodies were found in all the 21 patients treated with rHuEPO who developed 

sudden resistant anemia and PRCA requiring red blood cell transfusion [8].Thus, 

prompt detection of such antibodies is absolutely necessary to determine circulating 

titer; and from the clinical point of view awareness about the presence of antibodies 

can serve as a guideline for the management of anemia by withdrawing rHuEPO 

therapy and the potential use of immunosuppressive therapy [9]. 

However, it is not yet possible to predict which patients will develop PRCA or when 

in the course of their treatments PRCA may develop. Laboratory diagnostic 

confirmation of antibody-mediated PRCA requires bone marrow examination, biopsy 

or aspirate, which demonstrates few or no erythroid precursors and/or red cell 

maturation arrest while counts of white cell and platelet precursors are normal. The 
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identification of serum anti-EPO antibodies circulating in the blood using a validated 

assay is also needed for established diagnosis [9]. 

Anti-EPO antibodies developing after the use of one EPO products may cross-react 

with one of the other commercially available recombinant erythropoietic products 

[8]. It has been found that up to 67% of patients treated with rHuEPO to correct 

anemia of chronic renal failure developed anti-EPO antibodies [1]. 

1.2 Overall objectives 

1.2.1 The main objectives 

The objectives of this study is to: 

1. Detect and evaluate the presence of anti-EPO antibodies in patients with end stage 

renal disease on regular dialysis who are using rHuEPO.    

2.  Investigate the relations between  serum anti-erythropoietin antibody  and some 

biochemical and hematological markers in ESRD patients on regular dialysis who are 

using rHuEPO . 

1.2.2 The specific objectives 

1. To detect anti-EPO antibodies level among hemodialysed patients treated 

with recombinant erythropoietin by using ELISA technique.    

2. To investigate the relation between  presence of anti-EPO antibodies among 

hemodialysed patients treated with recombinant erythropoietin and 

erythropoiesis by  measurement of complete blood count (CBC) and counting 

of reticulocytes.  

3. To measure some of kidney function tests (blood urea, serum creatinine, 

serum albumin),and serum Alanine aminotransferase (ALT), 

4. To measure serum Iron.   

5. To investigate the relation between  presence of anti-EPO antibodies among 

hemodialysed patients treated with recombinant erythropoietin and gender. 
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6. To compare the presence of anti-EPO antibodies between healthy individual 

and the  hemodialysed patients treated with recombinant erythropoietin.  

1.3 Significance 

   As there are many patients who suffer from ESRD in Gaza strip and receive 

rHuEPO on regular basis and many of them still suffering from anemia. So the 

results of this study will reveal how many patients have antibodies against synthetic 

erythropoietin. This finding will draw the attention of treating physicians to modify 

protocol of treatment. This is the first study in Gaza strip which is related to the 

detection of anti-erythropoietin antibodies.   
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CHAPTER TWO                                          LITERATURE REVIEW 

2.1 The kidneys 
 
   The kidneys are small, dark red organs lie against the dorsal body wall in a 

retroperitoneal position. They receive some protection from the lower part of the rib 

cage. An adult kidney is about 12 cm long, 6 cm wide, and 3 cm thick [10]. The 

kidney has three regions (Figure 2-1). The renal cortex is an outer, granulated layer, 

the renal medulla consists of cone-shaped tissue masses called renal pyramids, and 

the renal pelvis which is a central space, or cavity, that is continuous with the ureter 

[11]. 

 

Figure 2-1. Gross anatomy of the kidney. a. A sagittal section of the kidney showing 

the blood supply. b. The same section showing the renal cortex, the renal medulla, 

and the renal pelvis, which connects with the ureter. c. An enlargement showing the 

placement of nephrons [11]. 

   Each kidney contains over a million tiny structures called nephrons. Nephrons are 

the structural and functional units of the kidneys [10]. Each nephron is made up of 

several parts. First, the closed end of the nephron is pushed in on itself to form a 

cuplike structure called the glomerular capsule (Bowman’s capsule). Next, there is a 

proximal convoluted tubule (PCT), then the tube narrows and makes a U-turn called 
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the loop of the nephron (loop of Henle). Each loop consists of a descending limb and 

an ascending limb. Then the distal convoluted tubule (DCT). The distal convoluted 

tubules of several nephrons enter one collecting duct. Many collecting ducts carry 

urine to the renal pelvis[11]. 

 

   As shown in (Figure 2.1), the glomerular capsule and the convoluted tubules 

always lie within the renal cortex. The loop of the nephron dips down into the renal 

medulla [11]. Each nephron is associated with two capillary beds- the glomerulus 

and the peritubular capillary bed [10]. From the renal artery, an afferent arteriole 

leads to the glomerulus, a knot of capillaries inside the glomerular capsule. Blood 

leaving the glomerulus enters the efferent arteriole. The efferent arteriole takes blood 

to the peritubular capillary network, which surrounds the rest of the nephron. From 

there, the blood goes into a venule that joins the renal vein (Figure 2.2) [11]. 

 

Figure 2.2. Nephron anatomy. A nephron is made up of a glomerular capsule, the 

proximal convoluted tubule, the loop of the nephron, the distal convoluted tubule, and 

the collecting duct [11]. 
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2.2 Excretory function of the kidney 

   The three processes by which the kidneys adjust the composition of plasma are 

filtration, reabsorption, and secretion. 

A – Filtration : the glomerulus acts as a filter. Filtration is a non selective, passive 

process. Water and solutes smaller than proteins are forced through the capillary 

walls and pores of the glomerular capsule into the renal tubule [10]. 

B – Reabsorption : tubular reabsorption begins as soon as the filtrate enters the 

proximal convoluted tubule. Many useful substances including water, glucose, amino 

acids, and needed ions, are transported out of the filtrate into the tubule cells and then 

enter the capillary blood. Most reabsorption occurs in the proximal convoluted 

tubules but under certain conditions, the distal convoluted tubule and the collecting 

duct are also active [10]. 

C- Secretion : tubular secretion is essentially reabsorption in reverse. Some 

substances, such as hydrogen and potassium ions and creatinine, move from the 

blood of the peritubular capillaries through the tubule cells or from the tubule cells 

themselves into the filtrate to be eliminated in urine [10]. 

2.3 Other functions of the kidney 

 Regulate blood pressure, by producing the enzyme rennin. 

 Stimulate red blood cell production in bone marrow, by producing 

erythropoietin hormone. 

 Kidney cells also convert vitamin D to its active form, calcitriol [10]. 

2.4 Kidney disease 

   Renal disease may be acute or chronic. Acute renal failure is worsening of renal 

function over hours to days, resulting in the retention of nitrogenous wastes such as 

urea nitrogen and creatinine in the blood. Chronic renal failure results from an 

abnormal loss of renal function over months to years. Chronic renal disease is rarely 

reversible and leads to progressive decline in renal function. Reduction in renal mass 

leads to hypertrophy of the remaining nephrons with hyperfiltration, and the 

glomerular filtration rate in these nephrons are transiently at supranormal levels, that 

may worsen renal function [12]. 
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2.5  Stages of CKD 

The kidney disease outcomes quality initiative (KDOQI) published a classification of 

the stages of CKD, as follows: 

 Stage 1: Kidney damage with normal or increased GFR (>90 mL/min/1.73 

m2) 

 Stage 2: Mild reduction in GFR (60-89 mL/min/1.73 m2) 

 Stage 3: Moderate reduction in GFR (30-59 mL/min/1.73 m2) 

 Stage 4: Severe reduction in GFR (15-29 mL/min/1.73 m2) 

 Stage 5: Kidney failure (GFR <15 mL/min/1.73 m2 or undergoing dialysis) 

[13]. 

2.6 Principles involved in hemodialysis  

   Dialysis is a process which separates solutes dissolved in water across a 

semipermeable membrane. 

In hemodialysis the patient’s blood is let out of his body where it is treated with 

anticoagulant (heparin) to prevent it from clotting and passed over a semipermeable 

membrane in the dialyser (artificial kidney) through which exchange of solutes 

(dialysis) takes place. The exchange occurs across the membrane of the artificial 

kidney into a solution called the dialysate which has a composition similar to a 

solution of the body’s salts but without any of the waste products. By means of 

osmosis and diffusion the waste products of metabolism like urea, creatinine, and 

potassium which are at a higher concentration in the blood compartment of the 

artificial kidney pass across the membrane into the dialysate compartment since the 

latter has a lower concentration of these substances. During the process of 

hemodialysis the blood from the patient flows continuously through the dialyser 

while fresh dialysate is passed through it on the other side of the membrane so 

that a high gradient of toxic substance is always present on the blood side. The blood 

returning to the patient after passing through the dialyser is almost devoid of toxic 

substances accumulated in renal failure. 
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2.6.1 Hemofiltration 

Hemodiafiltration is a useful procedure for patients with unstable BP and fluid 

overload as we can remove excess fluid and dialyse the patient as well in spite of the 

low BP. 

 Excess water from the patient’s body is removed by means of hemofiltration using 

the artificial kidney machine. A pressure gradient is generated across the membrane 

using a pump which raises the pressure in the blood compartment, causing more 

water to be lost through the membrane and into the dialysis compartment [14]. 

2.6.2 Dialysate 

   Dialysate is the fluid or solution used for dialysis. For hemodialysis the 

concentrated dialysate is mixed with 30 to 40 times its volume of water by means of 

a proportioning pump. The dialysate after mixing is warmed to body temperature and 

its composition checked by special meters as it passes into the dialysis machine 

before going into the dialyser[14]. 

 

2.7 The effect of hemodialysis on the patient 

 

   For most patients hemodialysis remains the preferred form of dialysis. It provides a 

reliable and effective form of kidney replacement therapy. Hemodialysis is usually 

performed 3 times per week for 4 hours per session [14]. 

 Some pateints may feel unwell at the end of each dialysis. During dialysis they may 

have cramps, vomiting or hypotension. These effects are due to the changes 

occurring in the composition of body fluids. However, most patients get over these 

effects after  few weeks. The majority of patients will have the feeling that they have 

been given a new lease of life. The symptoms of end stage renal failure ends the 

worse being the nausea and vomiting, the shortness of breath, giddiness, tiredness 

and general malaise. Food takes on a new taste and everything in their body seems to 

be working again[14]. 
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2.8  Sites of Erythropoietin production  

   The body contains no significant stores of EPO, and there is no evidence that the 

clearance rate of the hormone is subject to any physiological regulation. This has led 

to the view that any change in the serum EPO concentration results from a change in 

the rate of production. Production, in turn, has been shown to be primarily 

determined by the expression level of EPO mRNA in liver and kidneys [15,16]. The 

relative contribution of liver and kidneys is primarily age dependent: the liver is the 

predominant production site during fetal, and in some species also early postnatal 

life, whereas the kidneys produce most EPO in adults [17]. Nevertheless, in adult 

animals, the contribution of the liver to EPO production under conditions of severe 

hypoxia may amount to more than one-third of the total. Despite such a significant 

production capacity, the liver does not normally compensate for loss or failure of the 

renal production of EPO [18] and in anephric patients, serum EPO concentrations are 

very low [19]. Small amounts of EPO mRNA have also been detected in other 

organs. 

   The cells producing EPO in the kidney are peritubular fibroblasts in the renal 

cortex [20, 21]. In the liver, the majority of the cells producing EPO are hepatocytes 

[22], but EPO production has also been found in nonepithelial cells in the sinusoidal 

spaces, most likely so-called fat-storing or Ito cells [23]. It is of interest that these 

cells share several properties with renal fibroblasts, in that they are in close contact 

with capillaries and parenchymal cells, are involved in matrix synthesis and 

transform into myofibroblasts in response to injury. 

 

2.9 The Structure of the Erythropoietin Gene 

   The human Epo gene was cloned by two groups within just a few weeks of each 

other, although the publications from each group were several months apart. Both 

groups obtained amino acid sequence from human urinary erythropoietin and 

screened libraries using mixed oligonucleotides. Jacobs et al. reported the isolation 

of both the gene and a human cDNA [24], whereas Lin et al. reported isolation of the 

gene only [25]. 
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   The human EPO gene spans approximately 2.2 kb from the ATG codon to the stop 

codon (Fig 2.3). It encodes a protein of 165 amino acids with a calculated Mr of 18, 

399 in its nonglycosylated form. The gene comprises 5 exons. No promoter-like 

sequences were originally identified. In the intron between exons 3 and 4, there is a 

member of the Alu family of repeated sequences. It is flanked by an imperfect direct 

repeat[25]. 

   A somewhat later report by Powell et al. also described cloning the human 

Epo gene as well as using high resolution dual laser sorting of human chromosomes 

to identify the gene’s location on human chromosome 7 [26]. An earlier report of the 

cloning of the human Epo gene did not provide any sequence information and was 

never confirmed [27]. 

 

 

Fig. 2.3 Early structure of the human erythropoietin gene with restriction map. 

The boxes show exons I–V and the solid boxes show regions that are translated. 

The restriction endonuclease sites are: B, Bgl II; D, HindIII; E, BstEII; K, 

Kpn I; M, BamHI; P, Pst I; S, Sma I; T, Sst I; X, Xba I. From reference [25]. 

 

 

2.10 EPO and the feedback control of erythropoiesis 

 

    The maintenance of the red cell mass -1% of which is destroyed each day- depends 

on continuous erythropoiesis. 

   EPO plays a dominant role in the proliferation of progenitor cells in the marrow, 

which are already committed to become erythroid cells. The main mechanism 

through which this is achieved is inhibition of apoptosis [28]. The essential role of 

EPO becomes obvious in patients developing neutralizing antibodies against EPO. 

The presence of such antibodies leads to an almost complete cessation of red cell 

production and a complete absence of erythroblasts from the marrow [6]. On the 

other hand, in the presence of increased EPO concentrations, the rate of red cell 

production can be enhanced more than 10-fold. 



 

12 

   The EPO receptor is a member of the cytokine receptor superfamily and consists of 

a single membrane-spanning domain, an extra-cytoplasmic N-terminal part, which 

contains the EPO binding site, and a C-terminal cytoplasmic domain, which is 

associated with signal transduction [29]. Dimerization of the receptor results in 

autophosphorylation and the activation of several kinases that initiate multiple signal 

transduction pathways (fig 2.4). These include, e.g. the Jak/ STAT5 pathway, a 

mitogen activated protein kinase pathway and protein kinase C pathways, which 

overlap or cross-talk to coordinate the expression of genes regulating differentiation 

and maturation of erythroid precursor cells [30]. 

 

 

Fig 2.4   The EPO receptor and the multiple signal transduction pathways[30]. 

 

    The cellular responses that can be observed following the addition of EPO to 

erythroid precursor cells include increases in RNA and DNA synthesis, glucose 
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uptake, globin gene expression, transferrin receptor expression and hemoglobin 

synthesis. 

   Normal serum EPO concentrations in humans are of the order of 10–30 mU/ mL
 
 as 

determined by radioimmunoassay, which corresponds to between 2 and 7 pmol /L . 

Assuming a mean serum half-life of 5–9 h and a mean distribution volume of 0·07 

l/kg , as determined in pharmacokinetic studies with human recombinant EPO, it can 

be estimated that the endogenous production of the hormone normally amounts to 

about 2–4 U/ kg/ 24 h
 
. 

   Erythropoietin concentrations are decreased or increased under a variety of 

conditions largely reflecting alterations of oxygen delivery to tissues (fig2.5). 

Anemia, of whatever cause, is the most powerful stimulus to an increase in serum 

EPO, with an inverse relationship between the concentration of the hormone and the 

hemoglobin concentration [31].  

 

 

Fig 2.5 EPO and the feedback control of erythropoiesis[31]. 
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In severely anemic patients up to 1000-fold increases in EPO can be found. The time 

course of serum EPO in response to an acute reduction in either oxygen-carrying 

capacity or alveolar pO2 is similar; EPO levels rise after about 60–90 min, reach a 

maximum value after about 20 h and then decline to a steady state level that is well 

below the peak concentration, but still elevated above baseline and related to the 

severity of hypoxia. 

   In addition to changes in oxygen delivery, metabolic factors also influence EPO 

production. Hypophysectomy and starvation are accompanied by decreased 

concentrations, whereas stimulation of metabolism by thyroxine increases EPO 

concentrations [31,32]. In a somewhat simplified way, it appears that conditions of 

reduced oxygen supply and increased oxygen demand lead to increased circulating 

EPO concentrations, whereas decreased concentrations are typical of conditions with 

increased oxygen supply or reduced oxygen demand. 

 

2.11 Tissue oxygen tensions as determinants of EPO production 

   The oxygen-dependent control of EPO formation requires sensing mechanisms that 

perceive changes in oxygen supply and translate them into alterations of EPO gene 

activity in liver and kidneys. These mechanisms are the key element in the feedback 

control of erythropoiesis and their function has attracted considerable interest. These 

oxygen-sensing mechanisms are sensitive to conditions that affect arterial pO2 and 

consequently also tissue and venous pO2 (hypoxic hypoxia) as well as conditions in 

which arterial pO2 is normal and only tissue and venous pO2 are reduced (anaemic 

hypoxia)[33]. 

   Under a variety of clinical and experimental conditions, no principal difference in 

EPO regulation has been found between these two types of hypoxia. Moreover, 

under normal ambient oxygen tensions and under hypoxic hypoxia the EPO response 

is attenuated when the hemoglobin concentration increases to above normal. 

Therefore, it is unlikely that the arterial pO2 can directly influence EPO formation. 

Rather, it appears to be the tissue oxygen tension that regulates production of the 

hormone. Several lines of evidence indicate that local tissue oxygen tensions at the 

sites of EPO production are being sensed. In the liver, for example, in situ 

hybridization has shown that EPO is preferentially expressed in pericentral areas of 
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the hepatic lobules [22]. Because tissue oxygen tensions in pericentral parts of the 

hepatic lobule are lower than in periportal areas, this is consistent with local oxygen 

gradients determining the expression. Furthermore, experiments with isolated liver 

cells showed that they can directly change the rate of EPO production in response to 

changes in their oxygenation in vitro[34,35], which confirms the presence of cellular 

oxygen sensing. 

    In isolated perfused kidneys, EPO mRNA and EPO secretion are modulated in 

response to alterations of the oxygen tension of the perfusate [36,37]. Thus, although 

humoral signals from extra-renal sensing systems may contribute to the renal control 

of EPO production under certain conditions, all the events necessary for detection of 

hypoxia and production of EPO can obviously operate intrarenally. In addition, 

observations in patients with renal transplants [38,39] and experimental data [40] 

indicate that no essential control of EPO production occurs via the renal nerves. 

 

2.12 Intrarenal control of EPO production 

   Despite enhanced understanding of cellular oxygen sensing, the intrarenal control 

of EPO formation remains incompletely understood. So far, attempts to induce EPO 

formation in isolated renal cell or tissue preparations have failed; therefore the 

hypothesis that EPO-producing cells are directly oxygen sensitive has not been 

formally proven. Interestingly, the exponential increase in EPO production in the 

kidney that occurs with reduction in renal oxygen supply is primarily the result of an 

increase in the proportion of peritubular fibroblasts that express the EPO gene and 

single cells respond in an almost all-or-none manner [41,42]. This recruitment occurs 

within the cortical labyrinth and is directed from deep to superficial regions. Under 

normoxia, EPO is produced by a few cells in the juxtamedullary parts of the 

labyrinth, and increasing severity of hypoxia leads to activation of the EPO gene also 

in midcortical and superficial areas of the cortex. However, even under severe 

hypoxia, only a minority of interstitial fibroblasts express EPO mRNA. It is tempting 

to speculate that local oxygen profiles determine this expression pattern of EPO. 

Although it has been shown that local oxygen gradients exist in the renal cortex 

[43,44], it has not been possible yet to align such gradients with the pattern of EPO 

synthesis. 
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   Oxygen gradients in the kidney cortex presumably result from both a restricted 

delivery of oxygen and a high rate of oxygen consumption. The major reason for a 

limited oxygen supply despite a large overall oxygen delivery to the kidney lies in 

the vascular architecture. Arteries and veins run in parallel over long distances and 

the close contact between preglomerular arterial and venous vessels allows oxygen to 

diffuse from arteries into veins before the blood reaches the peritubular capillaries. 

Therefore, local tissue oxygen tensions in the renal cortex can be much lower than in 

the renal vein [43,44]. 

   The major determinant of renal oxygen consumption, on the other hand, is the 

‘transport work’, i.e. sodium reabsorption, of the nephron, and this also appears to be 

relevant for the regulation of EPO production. Tubular sodium reabsorption is 

proportional to the amount of glomerular filtrate, and glomerular filtration rate, in 

turn, is linked to renal blood flow. Therefore, changes in renal blood flow can 

influence both oxygen supply and consumption of the kidney and may have little 

influence on the ratio of both parameters. This may explain why the kidney is able to 

adjust EPO production to alterations in blood oxygen content with only a modest 

confounding influence from changes in renal hemodynamics [45]. Experimental 

constriction of the renal arteries, for example, is only a minor stimulus for EPO 

secretion [46], and in patients with renal artery stenosis, the incidence of 

erythrocytosis is low. Among the different nephron segments that contribute to renal 

oxygen consumption, the convoluted part of the proximal tubule seems to be of 

particular importance for EPO regulation. This part of the nephron has almost no 

capacity for anaerobic glycolysis and is largely oxygen-dependent. EPO production 

occurs in cells that are located in close proximity to proximal tubular cells, and 

experimental inhibition of sodium reabsorption of proximal tubules reduces hypoxia 

induced EPO production [47]. 

  

2.13 Dysregulation of EPO production in renal disease 

    Inappropriately low EPO production is the major reason for the anaemia that 

develops during chronic renal disease [31]. In anephric subjects, who tend to have 

more severe anaemia, EPO concentrations are particularly low, but still measurable 

[19], their EPO is probably produced by the liver. 



 

17 

   The mechanisms of inadequate EPO production have not been completely 

resolved. Focal renal injury is associated with focal reduction in EPO expression, 

indicating that the mechanisms involved are predominantly local [48]. Interestingly, 

renal injury frequently leads to a transformation of peritubular fibroblasts into 

myofibroblasts, and this switch appears to be associated with a reduced capacity for 

EPO gene expression [48]. Other evidence suggests that a considerable production 

capacity for EPO is preserved in chronic renal disease, but that the main problem is a 

blunted response to the signals that normally stimulate EPO production. Thus, 

patients with chronic renal failure and anaemia can respond with a significant 

increase in EPO production in response to an additional hypoxic stimulus [49].              

Animals with experimentally induced kidney failure show a large rise in EPO mRNA 

and plasma EPO levels in response to severe hypoxic stimulation [18,50]. Possible 

reasons for this reduced response to low hemoglobin concentrations include: local 

accumulation of proinflammatory cytokines [51] and a lack of renal oxygen 

consumption preserving renal tissue pO2 [52]. 

   Although renal anaemia develops largely independent of the aetiology of kidney 

disease, there are some interesting associations. In some patients with diabetes, 

anaemia can occur at much lesser degrees of renal failure than in other types of 

chronic kidney disease [53]. Conversely, the degree of anaemia in patients with 

chronic renal failure caused by autosomal dominant polycystic kidney disease is 

generally less severe than for other diseases. Occasionally, patients with polycystic 

kidney disease may even become polycythemic. 

   Serum EPO concentrations in patients with autosomal dominant polycystic kidney 

disease are, on average, twofold greater than in end-stage renal disease of noncystic 

origin [39]. The mechanisms by which cysts stimulate EPO production have not been 

resolved, although it is conceivable that compression and remodelling of pericystic 

tissue lead to local hypoxia. In the cyst walls of patients with autosomal  polycystic 

kidney disease interstitial cells have been shown to express EPO mRNA, and cysts 

derived from proximal, but not those derived from distal tubules contain increased 

concentrations of bioactive EPO [54]. 

   Up to 5% of patients with renal carcinomas have an erythrocytosis [55] and 35% of 

tumour-associated erythrocytosis is caused by renal cancer [56]. Conflicting data 
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have been reported concerning serum EPO concentrations in patients with renal 

tumours, but in some, raised concentrations have been found [57]. Moreover, 

overexpression of EPO mRNA has been shown in single cases of renal tumours. In 

situ hybridization revealed that accumulation of EPO mRNA occurs in epithelial 

tumour cells, but not interstitial cells of the tumour stroma [58]. The recent discovery 

of the role of the VHL protein in the regulation of HIF has renewed the interest in the 

expression of hypoxia-inducible genes in kidney tumours, since the majority of clear 

cell renal carcinomas – the most frequent type of renal cancer   are associated with 

mutations of the VHL gene [59]. Indeed, clear cell renal carcinomas contain high 

concentrations of HIF, as a consequence of impaired degradation of the transcription 

factor [60,61]. Although stabilized HIF in renal tumours appears to be functionally 

active in inducing HIF target genes, it is yet unclear why over expression of EPO is 

comparatively rare. 

 

2.14  Extra-erythropoietic effects of EPO 

   Although EPO is considered to be a lineage-specific hemopoietic growth factor, it 

was found to bind to megakaryocytes and increased concentrations were found in 

some studies to stimulate thrombopoiesis in vivo [62] and in vitro [63]. 

In addition, there is increasing evidence that EPO and its receptors are widely 

expressed in embryonic and adult nonerythroid tissues, including brain, kidney, gut, 

muscle, uterus, pancreas, gonads and lung [64]. Although the small amounts of EPO 

mRNA produced outside liver and kidneys are unlikely to contribute significantly to 

circulating hormone concentrations, these findings raise the possibility that EPO and 

its receptors form local tissue-protective systems. 

   This is best demonstrated in the brain, where astrocytes are apparently the main 

production sites of EPO and EPO was found to protect neurons from ischaemic and 

hypoxic damage [65,66]. Apart from the nervous system, protective effects of 

pharmacological doses of EPO under certain conditions of ischaemic injury have also 

been demonstrated in the kidney [67] and the heart[68,69]. 
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2.15 Previous studies 

   Antibody mediated Pure red cell aplasia (PRCA) remained a clinical rarity prior to 

1998, the prevalence of this disorder increased sharply after 1998 in patients with  

renal anemia who were treated for various periods of time (3–90 months) with 

recombinant erythropoietic agents. In February 2002, Casadevall and colleagues 

reported 13 cases of Ab-mediated PRCA that occurred between May 1998 and 

November 2000 [8]. The number of cases increased to 21 by September 2001 [70]. 

The majority of patients had been treated subcutaneously (SC) with  recombinant 

erythropoietic agents  sold in Europe, Australia and Canada. 

    H. Kimata and others 1990, in their study  which designed to study the effect of 

recombinant human erythropoietin on human IgE production in vitro in Department  

of Pediatrics, Kyoto University Hospital, Japan, showed that Recombinant human 

erythropoietin enhanced spontaneous IgE production (200-300% enhancement) in 

cultures of peripheral blood mononuclear cells (MNC) from atopic patients. In 

contrast, IgG and IgA production were only slightly enhanced (30-50% 

enhancement), and IgM production was not affected by erythropoietin. The 

enhancement of IgE production by erythropoietin was indirect since it required T 

cells and monocytes. However, erythropoietin effect was specific since enhancement 

was blocked by anti-erythropoietin antibody but not by control antibody. Interleukin-

4 (IL-4) also enhanced spontaneous IgE production from atopic MNC. However, the 

enhancing effect by erythropoietin is different from that by IL-4, since the 

erythropoietin effect was not blocked by anti- IL-4 antibody, and conversely IL-4 

effect was not blocked by anti-erythropoietin antibody. In contrast to the enhancing 

effect on atopic MNC[71].  

   In August 1999 G. Castelli and others, studied the Detection of Anti-erythropoietin 

antibodies in hemodialysis patients treated with recombinant human- erythropoietin 

in Genoa, Italy working on  Forty ‘normal’ plasma samples from apparently healthy 

donors were obtained from the serum collection of their laboratory. Forty 

consecutive plasma samples, obtained in a period of 3 days from routine laboratory 

tests of dialyzed patients, showed that  normal donors had no antibodies to EPO, 

while 67% of treated patients were positive to the assay, and concluded that a 
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significant number of anemic patients with renal failure, treated with rh-EPO, raises 

an easily detected low-affinity immune response directed to the recombinant protein. 

Even if at present no data are available on the functional characteristics of these 

antibodies, the described enzyme immunoassay should be useful for the accurate 

analysis of long-term effects of rh-EPO on the erythropoiesis in dialyzed patients[2]. 

 

   G. Schett and others 2000 , in their study  which designed to assess erythropoietin 

levels and anti-erythropoietin antibodies in patients with systemic lupus 

erythematosus (SLE). In department of internal medicine III, University of Vienna, 

Austria, showed that erythropoietin levels were significantly decreased in SLE 

patients when related to individual hemoglobin and hematocrit values 

(P<0.001),suggesting an inadequate erythropoietin response in SLE. Anti-

erythropoietin antibodies were found in 46% of SLE patients, and erythropoietin 

levels ( but not hemoglobin or hematocrit values) were significantly decreased in 

these patients compared with patients without anti-erythropoietin antibodies. Serum 

erythropoietin concentration as determined by ELISA was reduced in the presence of 

anti-erythropoietin antibodies. Furthermore, anti-erythropoietin antibodies also 

correlated with younger age, decreased serum levels of complement factor C3 and 

C4 and elevated anti-double-stranded DNA antibodies. And concluded that anemia 

of SLE characterized by an inadequate erythropoietin response. Anti-erythropoietin 

antibodies are frequently present in SLE and interfere with the measurement of 

serum erythropoietin level. However, these antibodies are not associated with 

increased severity of SLE- associated anemia[72]. 

  By March 2002, 94 confirmed cases of Ab-mediated PRCA had been reported to 

health authorities and manufacturers, with the greatest number occurring in France 

(N = 28), Canada (N = 18), Spain (N = 17), UK (N = 15) and Australia (N = 9) [73]. 

   In November 2002, Johan Gross and others, in their study which designed to 

Detection and characterization of antibodies against recombinant human  

erythropoietin by RIPA, ELISA and neutralization assay in patients with renal 

anemia, in  Molecular Biology Research Laboratory, Department of 

Otorhinolaryngology, University Medicine Charite,  Berlin, Germany, working on 

Serum samples from 20 patients who were suspected of having anti-erythropoietin 
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antibodies were obtained from nephrologists and dialysis centers from Germany and 

abroad, showed that All of these patients had been treated with rHEPO for renal 

anemia, with twelve patients having received treatment with epoetin beta and eight 

patients with epoetin alpha and beta. The bone-marrow analysis resulted in PRCA 

diagnosed in 18 patients and the exclusion of PRCA in two patients with a normal 

morphology, The time between the start of rHEPO treatment and the diagnoses of 

PRCA varied between 191 and 2920 days (median 454 days). Generally, the 

detection of Anti-EPO Antibody formation coincided with that of PRCA. The Anti-

EPO Antibody levels measured for all these patients comprised a range of 3–37000 

ng/ml with a median of about 3000 ng/ml[74]. 

 

   By May 2004,Denis Cournoyer and others studied the relationship between 

incidence of Ab
+
_ PRCA and specific erythropoietin products in patients who had 

chronic kidney disease and receive recombinant erythropoietin in Canada. Their 

study showed that most cases of Ab+PRCA have been associated with Eprex  

(epoetin alfa; Ortho Biotech),with a global incidence of 13.8 cases per 100,000 

patients and NeoRecormon (epoetin beta; Roche) ,with a global incidence  of 1.6 

cases per 100,000 patient[75]. 

   In 2004 V Puri, studied  the Detection of circulating anti-erythropoietin antibodies 

in patients on recombinant erythropoietin therapy in  Hinduja National Hospital & 

Medical Research Centre Veer Savarkar Marg, Mahim, Mumbai , showed that  of the 

75 patients and 40 controls for anti EPO antibodies The control sera showed a mean 

binding percentage of 2.8±0.94 , 52 patients (69%) were tested positive for anti EPO 

antibodies, out of this, 61.3 % showed binding up to 10% and 8% had high antibody 

titre of up to 46%[76]. 

 

   Me-Ae Kim and others 2005, in their case report (Acquired Pure Red Cell Aplasia 

due to Anti-Erythropoietin Antibodies in a Patient Undergoing Hemodialysis  in 

Gyeongsang National University Hospital, Jinju) concluded that they should pay  

attention through monitoring of the reticulocyte count and anti-EPO Ab when 

confronted with an unexplained rHuEPO resistant anemia, especially with 

subcutaneous administration of rHuEPO[77].  
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   In 2005  The Pure Red Cell Aplasia Global Scientific Advisory Board (GSAB), in 

their study titled by Erythropoietin-induced, antibody-mediated pure red cell aplasia  

consider EPO-neutralizing Abs (Ab-mediated PRCA) one of the common etiologies 

of PRCA and concluded that, the rapid increase in Ab-mediated PRCA associated 

primarily with a single reformulated preparation of epoetin alfa outside of the USA 

over the past several years reflects the impact that product formulation may have on 

the immunogenic potential of pharmaceutical agents. The reasons for the increased 

immunogenicity of this recombinant EPO product remain unknown, but the 

incidence of this complication is low and Ab-mediated PRCA is not exclusively 

associated with Eprex use. Therefore, it is likely that other factors, such as product 

handling and storage, may also affect the immunogenicity of various products[78]. 

 

   In July 2009 M. El-din, showed that of the 90 ESRD patients, 35 patients (38.9%) 

had the anti-EPO antibodies in their blood, while 55 patients (61.1%) did not. 

According to the presence or absence of the anti-EPO antibodies, there was no 

statistically significant difference regarding the age, But  hemoglobin and 

reticulocyte count were correlated significantly with anti-EPO antibodies, and there 

was no statistically significant difference regarding HCV infection[1]. 
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CHAPTER THREE                           MATERIALS AND METHODS 

3.1 Study design 

    A cross sectional design was used in the present study. It has been selected 

because it is useful for comparative purposes, and data concerning more than one 

variable were collected. 

 3.2 Period of the study 

   The study started at the beginning February 2011 to August 2012. 

3.3 Setting of the Study 

    The study was carried out in Gaza City. Samples were collected from  patients in 

al-Shifaa hospital and all samples were analyzed in al-Shifaa central lab and Al remal 

central lab.  

 3.4 Study population 

    Patients on regular hemodialysis and on recombinant erythropoietin  2000-

4000 IU/week by subcutaneous (SC) route for more than 6 months. Patients with 

hematological diseases that cause bone marrow failure as leukemia and aplastic 

anemia and  children were excluded from the study. 

3.5 The sample size 

   A total of eighty eligible patients with ESRD were randomly selected from al-

Shifaa hospital in Gaza city. Eighty healthy individuals of the same gender were 

selected in parallel as control group. 

3.6 Ethical considerations and Permission 

    An official letter of approval to conduct the study was obtained from the Helsinki 

Committee (Ethical Committee in Gaza Strip). 

Data and samples were collected without any harm to the patients and after 

explaining the aim of the study to the patients and having an informed consent from 

them. 
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 3.7 Patients data  

   Patient's data were collected from their records in the Nephrology department in al-

Shifaa hospital. The data included personal, medical, management and family 

information (e.g. age, gender, disease duration, date of diagnosis of disease, cause of 

disease,  treatment , protocols of treatments, prognosis, and others). 

3.8 Pilot study 

    Pilot study was conducted  before starting the study to optimize the techniques. 

Ten cases with ESRD on regular  hemodialysis and on recombinant erythropoietin  

2000-4000 IU/week by subcutaneous (SC) route for more than 6 monthswere 

selected.  

 

 3.9 Blood sample collection 

1. The target population was determined, hemodialysis section was visited by the 

researcher, the study objectives were explained to the head of nephrology department 

in al-Shifaa hospital and the staff.   

2. Taking into consideration safety rules and quality assurance guidelines, 10 ml 

venous blood were collected from each subject in two plain vacationer tubes and two 

EDTA Tubes by the  researcher with helping from nursing staff.     

3. All blood samples were kept in ice before they were transported back to the 

laboratory for further processing. One EDTA tube was used for reticulocyte staining 

within three hours and the other EDTA tube for CBC after five hours, after 

centrifugation of   the two plain tubes the serum sample was split into two parts and 

stored at (-20 ºc ) to be examined later. 

 

3.10 Laboratory tests 

   All samples were tested for Anti EPO- Ab  using ELISA techniques, by using one 

portion of the sample, the other portion was used for testing chemistry profile (Urea, 

Creatinine, Albumin, Iron and ALT) by standard kinetic and colorimetric methods. 

 



 

25 

3.10.1 Hematological investigations 

 1.Complete blood count: 

   The complete blood count (CBC) screening test has many applications, and it can 

help identify a wide variety of diseases. It is used to measure red blood cell and white 

blood cell count, total amount of hemoglobin in the blood, hematocrit (the amount of 

blood composed of red blood cells) and mean corpuscular volume (the size of red 

blood cells). Results can help detect problems such as dehydration or loss of blood, 

abnormalities in blood cell production and life span, as well as acute or chronic 

infection, and problems with clotting. The test was performed by using blood cell 

analyzer (cell Dyn 1800, from Abbott Diagnostics Division Company, USA). 

2. Reticulocytes count 

 Principle 

   After the orthochromic normoblast loses its nucleus, a small amount of RNA 

remains in the red blood cell, and the cell is known as reticulocyte. To detect the 

presence of RNA, the red blood cells must be stained while they are still living. This 

process is called supravital staining. Whole blood is incubated with methylene blue. 

Smears of this mixture are then prepared and examined. The number of reticulocytes 

in 1000 red blood cells is determined. This number is divided by 10 to obtain the 

reticulocyte count in percent[79]. 

Procedure 

1. A volume of 0.2 ml of the staining solution placed in a small test tube 

2. Fresh blood (0.25 ml) was added, then after five to ten minutes the tube was 

agitated briefly so that a more uniform suspension of the cells was obtained. 

3. By means of a capillary pipette a drop of the mixture was transferred on to a slide 

and  a smear was made in the usual way. 

4.  Smears were allowed to dry in the air, then without further fixation or counter-

staining, they were examined under the oil immersion objective.    
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RESULTS 

Erythrocytes: pale greenish-blue. 

Reticulum: sharply outlined in deep blue. 

3.10.2 Biochemical investigations 

   Serum urea, creatinine, albumin, ALT, and Iron were analyzed automatically using 

Mindray chemistry analyzer BS-300(China) in Al Shifa Hospital Clinical Chemistry 

Laboratory. Quality control program was carried out by analyzing two levels of 

lyophilized multi control sera using commercial control purchased from 

(Diasys,Germany), normal and abnormal levels were analyzed with each run, For 

serum analysis we used deionized water as first calibrator and multicalibrator (Trucal 

U,Diasys,Germany) as 2nd calibrator for the determination of colorimetric tests. 

Calculation of colorimetric tests for albumin  and Iron were performed by the 

autoanalyzer automatically according to beer's law after calibration and adjustment 

of the photometers against water blank using a specific program of every test inserted 

to the instrument. 

 

The concentration of colorimetric test =   A Test x C CALS 

               A CALS 

Enzymatic Calculation for serum ALT   performed by the autoanalyzer 

automatically according to the following law after adjusting the photometers against 

water blank: 

 

∆A/min x TV x 106 

SV x ɛ x LP 

TV: Total volume (Reagent volume + Serum volume) 

SV: Sample volume            ɛ: Extinction Factor                LP: Light Path 
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1.  Determination of serum urea 

    Urea levels were determined with optimized UV-test  using commercial Kits 

purchased from (LABKIT). The samples were prepared and used according to the 

recommendations of the manufacturer. 

Test summary 

   Urea in the sample is hydrolyzed enzymatically into ammonia (NH4
+
) and carbon 

dioxide.   

   Ammonia ions formed reacts with α-ketoglutarate in the reaction catalysed by 

glutamate dehydrogenase (GLDH) with stimultaneous oxidation of NADH to NAD
+:

 

 Urea + H2O +  2H2    Urease  (NH4
+
)2 + CO2 

  
 

 NH4
+
 + α-ketoglutarate+ NADH    GLDH    H2O + NAD

+
  + L- Glutamate 

  The decrease in concentration of NADH, is proportional to urea concentration in the 

sample. 

Reagent composition  

R1  Buffer               TRIS PH 7.8                      80 mmol/L 

                               α-ketoglutarate                   6 mmol/L 

R2 Enzymes            Urease                              75000 U/L 

                                GLDH                                 60000U/L                          

                                NADH                                 0.32mmol/L 

Reagent preparation 

Working reagent (WR) 

Four volumes of R1 Buffer and 1volume R2 substrate were mixed. 

  Procedure 

Serum volume of 0.5 ml was transferred to the Mindray chemistry analyzer BS-300, 

to perform the test according to these parameters:                   
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Value Parameter 

300 Reagent volume (µl) 

3 Serum volume  (µl) 

0.0 Calibrator 1 (mg/dl) 

101 Calibrator 2 CALS (mg/dl) 

30 Incubation time (s) 

90 Reading time (s) 

340 Wavelength (nm) 

Fixed point Reaction type 

 

2. Determination of serum creatinine 

Serum Creatinine was determined by modified Jaffe method  using Cromatest 

kit, Spain. 

Principle 

   Creatinine under alkaline conditions reacts with picrate ions forming a reddish 

complex. The formation rate of the complex measured through the increase of 

absorbance in a prefixed interval of time is proportional to the concentration of 

creatinine in the sample. 

  Reagent composition  

R1 Picric acid               Picric acid     25mmol/L 

R2   Alkaline buffer    Phosphate buffer  300mmol/L     PH 12.7  

SDS                        2.0 g/L(W/V)                                     

Reagent preparation 

Working reagent (WR) 

One volume of R1 and one volume of R2 were mixed. 
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Procedure 

 

About 0.5 ml of serum was transferred to the Mindray chemistry analyzer BS-300, to 

perform the test according to these parameters:                   

 

Value Parameter 

300 Reagent volume (µl) 

30 Serum volume (µl) 

0.0 Calibrator 1 (mg/dl) 

4.66 Calibrator 2 CALS (mg/dl) 

30 Incubation time (s) 

90 Reading time (s) 

510 Wavelength (nm) 

Fixed point Reaction type 

 

3. Determination of serum albumin  

Serum albumin was determined by colorimetric method  using Globe 

kit, Italy. 

Principle of the method 

In citrate Buffer albumin forms with green bromocresol (BCG) a colored compound 

with a color intensity proportional to the albumin concentration present in the 

sample. 

  Reagent composition 

Reagent A    Citrate buffer 7.5 mmol/L 

                    BCG≥ 150µmol/L. 

                     Sodium azide 0.05 
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Reagent preparation 

Ready to use. 

      Procedure 

 

Serum volume of 0.5 ml  was transferred to the Mindray chemistry analyzer BS-300, 

to perform the test according to these parameters:                   

   

Value Parameter 

450 Reagent volume (µl) 

3 Serum volume (µl) 

0.0 Calibrator 1 (mg/dl) 

4.79 Calibrator 2 CALS (mg/dl) 

240 Incubation time (s) 

0.0 Reading time (s) 

546 Wavelength (nm) 

End point Reaction type 

 

4.  Determination of serum alanine aminotransferase(GPT/ALT)  

 Serum alanine aminotransferase levels were determined with optimized UV-test  

using commercial Kits purchased from (LABKIT). The samples were prepared and 

used according to the recommendations of the manufacturer. 

Test summary 

Alanine aminotransferase (ALT) or glutamate pyruvate transaminase (GPT) 

catalyses the reversible transfer of an amino group from alanine to α-ketoglutarate 

forming glutamate and piruvate. The pyruvate produced is reduced to lactate by 

lactate dehydrogenase (LDH) And NADH: 
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Alanine + α-ketoglutarate       ALT        Glutamate + piruvate 

Pyruvate + NADH + H
+   

  LDH           Lactate +NAD
+
 

The rate of decrease in concentration of NADH, measured photometrically, is 

proportional to the catalytic concentration of ALT present in the sample. 

Reagent composition 

R1 (Buffer)             TRIS PH 7.8                                  100 mmol/L 

                                L-Alanine                                      500 mmol/L 

                                Lactate dehydrogenase (LDH)      1200 U/L 

R2 (Substrate)       NADH                                          0.18 mmol/L 

                              α-ketoglutarate                           15 mmol/L 

      

Reagent preparation 

Working reagent (WR) 

One volume of R2 with four volumes of R1 were mixed. 
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Procedure 

 

Serum volume of 0.5 ml was transferred to the Mindray chemistry analyzer BS-300, 

to perform the test according to these parameters:                   

 

Value Parameter 

200 Reagent volume (µl) 

20 Serum volume (µl) 

0.0 Calibrator 1 (mg/dl) 

2091 Factor 

75 Incubation time (s) 

225 Reading time (s) 

340 Wavelength (nm) 

Kinetic Reaction type 

 

5.  Determination of serum iron 

Serum iron was determined by colorimetric method  using biosystems kit, spain. 

Principle of the method 

Transferrin-bound ferric ions in the sample are released by guanidinium and reduced 

to ferrous by means of hydroxylamine. Ferrous ions react with ferrozine to form a 

coloured complex that can be measured spectrophotometryically.  

Reagent composition 

Reagent A          Guanidinium chloride          1.0 mol/L 

                          Hydroxylamine                      0.3 mol/L 

                          Acetate buffer                        0.4mol/L 

                           PH                                         4.0 

Reagent B      Ferrozine                                   8.0 mmol/L  
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Reagent preparation 

Working reagent (WR) 

Transfer the content of one vial of reagent B into a reagent A bottle. Mix thoroughly. 

Procedure 

 

A volume of 0.5 ml serum was transferred to the Mindray chemistry analyzer BS-

300, to perform the test according to these parameters:                   

   

Value Parameter 

200 Reagent volume (µl) 

40 Serum volume (µl) 

0.0 Calibrator 1 (mg/dl) 

208 Calibrator 2 CALS (mg/dl) 

150 Incubation time (s) 

0.0 Reading time (s) 

546 Wavelength (nm) 

End point Reaction type 

 

6. Determination of serum total iron binding capacity 

 Serum iron binding capacity was determined by colorimetric method  using 

biosystems kit, spain. 

Principle of the method 

Excess of Fe
3+  

is added to the sample to saturate serum transferrin. Uncomplexed  

Fe
3+  

is precipitated with magnesium hydroxide carbonate and the iron bonded to 

protein in the supernatant is then spectrophotometrically measured. 
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Contents and composition 

Reagents A          1x50ml. Iron chloride(III)0.12mmol/L 

Reagent B            3.10g. Magnesium hydroxide carbonate (powder). 

                              To be dispensed using the enclosed  plastic spoon.
   

 

  
Procedure 

1. Serum sample (0.5ml) and1.0ml reagent A was added into labeled tubes.  

2. The mixture was let to stand for 5-30 minutes at room temperature after mixing 

  thoroughly.  

 3. One spoonful of reagent B was added. 

4. The tubes were let to stand for 30-60 minutes at room temperature after mixing 

thoroughly. During the incubation time the tubes were mixed thoroughly several 

time.  

5. The tubes were centrifuged at minimum of 3000 r.p.m. for 10 minutes. 

6.The supernatant was collected  carefully. 

7. The iron concentration in the supernatant was measured using the kit Iron-

ferrozine.  

Calculations 

Total iron binding capacity (TIBC) 

                  TIBC= Iron concentration in the supernatant x 3 (dilution)    
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7. Quality control for chemistry profile 

 Table 3.1  Result of chemistry profile control 

Confidence 
limits 

Abnormal 
Control 

Confidence 
limits 

Normal 
control 

Factor 

117-183 148 26.4- 41.3 35.4 Urea  mg/dl 

5.72-8.94 7.45 0.81-1.27 0.97 
Creatinine 

mg/dl 

3.21-5.13 4.33 2.75-4.39 3.45 Albumin g/dl 

70.7-113 92.1 29-46.4 39.9 ALT  U/l 

276-366 319 64.1-84.9 73.4 Iron µg/dl 

224-344 284 169-261 215 TIBC µg/dl  

 

 

3.11 Determination of anti-erythropoietin antibody 

 Prnciple: 

Enzyme-linked immunosorbent assay (ELISA). 

  Procedure: 

1.  Ninety-six-well
 
polystyrene microtiter plates (Costar, Cambridge, UK) were

 

coated with 10µg rHuEPO per well (Recombinant EPO was dissolved in 

phosphate-buffered saline( PBS), pH 7.4) and then
 
incubated overnight at 4 

˚C. 

2. The plates were emptied and
 
washed five times with PBS containing 0.5 

mL/L Tween 20.  

3. Subsequently,
 
the plates were postcoated with PBS containing 30 g/L bovine

 

serum albumin (BSA) for 4 h at room temperature. 

4.  The contents
 
of the wells were flicked out and 100 µL of serum dilutions 

(1:50) was added to the wells and incubated
 
for 1 h at room temperature. 
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5.  Plates were then washed five times
 
as described previously. 

6.  Subsequently, 100 µL of horseradish
 
peroxidase-conjugated goat anti-human 

IgG . (Sanofi, Chasca,
 
MN) was added to the wells and incubated at room 

temperature
 
for 1 h. 

7.  After washing, 100 µL of freshly prepared peroxidase
 
substrate solution (0.2 

g/L tetramethylbenzidine in a citrate
 
buffer containing 0.01% H2O2) were 

added to each well.  

8. After
 
30 min the reactions were stopped by adding 100 µL of

 
1.25 mol/L 

sulfuric acid. 

9. The absorbance was measured with a
 
microplate reader (Stat fax 4200,USA ) 

at 450 nm against a reference blank of 620 nm. 

10.  Sera from 80 healthy donors as controls. All
 
control samples were <0.6 

absorbance (The threshold for positive titers was absorbance 0.6 

corresponding to>3 standard deviation of the mean value of the control 

samples). 

 

3.12 Statistical analysis Tools  

Both qualitative and quantitative data analysis methods were used. The Data were analyzed 

utilizing (SPSS 20). 

The following statistical tools were used: 

1) Shapiro-Wilk  test of normality. 

2) Frequency and Descriptive analysis. 

3) Chi-Square test. 

4) Independent Samples T-test. 

5) Mann-Whitney T-test. 

6) Logistic regression test.  
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CHAPTER FOUR                                                       RESULTS 

The aim of the present study was to evaluate the presence of anti-erythropoietin 

antibodies against the exogenous recombinant erythropoietin given to patients with 

ESRD on regular hemodialysis in Al-Shifaa Hospital. A total of eighty eligible 

patients were randomly selected, they comprised into 40 (50%) males and 40 (50%) 

females and eighty healthy individuals of the same gender were selected in parallel 

as control group. All patients are currently on regular hemodialysis and on 

recombinant erythropoietin by SC route for more than 6 months. 

4.1 Comparison of the Results for Laboratory Investigations of the 

Studied Patients and Control groups 

Table (4.1) shows the results for a test of normality, the p-value for the variables 

RBCs, PLT, and WBC are greater than 0.05 level of significance for both patients 

and control groups, then the distribution for each of these variable is normally 

distributed. Consequently, Independent Samples T-test is used to examine the 

difference between the two means. While the p-value for the other variables are 

smaller than 0.05 level of significance for patients or control group, then the 

distribution for each of these variables is not normally distributed. Consequently, 

Mann-Whitney test is used to examine the difference between the two means. 
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Table (4.1):Test of Normality for Laboratory Investigations of the Studied Patients and 

Control groups 

Variable 
P-value Appropriate Test 

Patients Control 

Age (years) 0.130 0.000* Mann-Whitney 

Hb ( g/dl) 0.958 0.001* Mann-Whitney 

HCT % 0.705 0.012* Mann-Whitney 

RBCs   (million/µl)   0.194 0.200 T-test 

PLT   (x109/L) 0.132 0.200 T-test 

WBC   (x 109 cell/L) 0.723 0.200 T-test 

Retic.  % 0.005* 0.005* Mann-Whitney 

Urea   (mg/dl) 0.006* 0.200 Mann-Whitney 

Creat.  (mg/dl) 0.033* 0.000* Mann-Whitney 

ALT    (u/l) 0.005* 0.000* Mann-Whitney 

Albumin  (g/dl) 0.666 0.000* Mann-Whitney 

Iron  (µg/dl) 0.000* 0.160 Mann-Whitney 

TIBC  (µg/dl) 0.671 0.000* Mann-Whitney 

* The variable is not normally distributed at =0.05 of significance. Hb  = Hemoglobin;  HCT = Hematocrit;  

RBCs =   Red blood cells; PLT = Platelets; WBCs = White blood cells; Retic. = Reticulocyte; Creat. = Creatinine; ALT = 

Alanine aminotransferase; TIBC =  Total iron binding capacity. 

4.2 Results for Laboratory Investigations of the Studied Patients and Control 

groups 

Table 4.2 illustrates the following : 

The mean age of patients was 55.1± 18.1 years and the mean of controls was 28.2 ± 

5.8 years. The Mann-Whitney test results indicate that there is statistically significant 

difference between the mean of age between patients and control groups (p-value 

<0.0001).  In other words, patients have significant larger mean score on age. 
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According to hematological investigatons of study population, the results revealed 

that the average of Hb of the patients was 8.5 ± 1.2 g/dl and the average of Hb of 

controls was 12.8± 1.7 g/dl.    The Mann-Whitney test results indicate that there is 

statistically significant difference between the mean of Hb between patients and 

control groups (p-value <0.0001).  In other words, patients have significant smaller 

mean score on Hb.The average of HCT of patients was 26.8 ± 4.0 % and the average 

of HCT of control group was 36.9 ± 4.4%.   The Mann-Whitney test results indicate 

that there is statistically significant difference between the mean of HCT between 

patients and control groups (p-value <0.0001).  In other words, patients have 

significant smaller mean score on HCT. While the average of RBCs count of the 

patients was 3.3 ± 0.6  million/µl and the average of RBCs  of the controls was 4.4 ± 

0.5 million/µl.  The Independent Samples T-test results indicate that there is 

statistically significant difference between the mean of RBCs between patients and 

control groups (p-value <0.0001).  In other words, patients have significant smaller 

mean score on RBCs. The average of PLT of patients was 217.4 ± 54.6 x10
9
/L  and 

the average of PLT of control group was 248.9 ± 57.8 x10
9
/L. The Independent 

Samples T-test results indicate that there is statistically significant difference 

between the mean of PLT between patients and control groups (p-value = 0.037).  In 

other words, patients have significant smaller mean score on PLT. The average of 

WBCs of patients was 5.9 ± 1.9 x 10
9
 cell/L and the average of WBC of control 

group was 7.1 ± 1.9 x 10
9
 cell/L.    The Independent Samples T-test results indicate 

that there is statistically significant difference between the mean of WBC between 

patients and control groups (p-value = 0.018).  In other words, patients have 

significant smaller mean score on WBC. while  The average of Retic. of patients was 

0.4± 0.2 % and the average of Retic. of control group was 1.1 ± 0.3 %. The Mann-

Whitney test results indicate that there is statistically significant difference between 

the mean of Retic between patients and control groups (p-value <0.0001).  In other 

words, patients have significant smaller mean score on Retic. 

 

According to chemistry profile of study population, the results revealed that the 

average of serum Urea of patients was 150.9 ± 42.4 mg/dl and the average of serum 

Urea of controls was 25.5 ± 8.3 mg/dl. The Mann-Whitney test results indicate that 
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there is statistically significant difference between the mean of Urea between patients 

and control groups (p-value <0.0001).  In other words, patients have significant 

larger mean score on Urea. The average of serum Creatinine of patients was 9.5 ± 3.0 

mg/dl and the average of serum Creatinine of controls was 0.6 ± 0.2 mg/dl.   The 

Mann-Whitney test results indicate that there is statistically significant difference 

between the mean of Creat. between patients and control groups (p-value <0.0001).  

In other words, patients have significant larger mean score on Creat. The average of 

serum Albumin of patients was 4.1 ± 0.6 g/dl and the average of serum Albumin of 

controls was 3.9 ± 0.2 g/dl.  The Mann-Whitney test results indicate that there is 

statistically significant difference between the mean of Albumin between patients 

and control groups (p-value = 0.027).  In other words, patients have significant larger 

mean score on Albumin. Also the average of serum ALT of patients was 10.5± 

7.1U/L and the average of serum ALT of controls was 31.2 ± 27.6 U/L.   The Mann-

Whitney test results indicate that there is statistically significant difference between 

the mean of ALT between patients and control groups (p-value <0.0001).  In other 

words, patients have significant smaller mean score on ALT. Moreover the average 

of serum Iron of patients was 68.9 ± 54.3 µg/dl and the average of serum Iron of 

controls was 85.7± 17.9 µg/dl. The Mann-Whitney test results indicate that there is 

statistically significant difference between the mean of Iron between patients and 

control groups (p-value = 0.005).  In other words, patients have significant smaller 

mean score on Iron. The average of serum TIBC of patients was 427.0 ± 133.1 µg/dl 

and the average of serum TIBC of controls was 317.9 ± 83.5 µg/dl. The Mann-

Whitney test results indicate that there is statistically significant difference between 

the mean of TIBC between patients and control groups ( p-value = 0.001).  In other 

words, patients have significant larger mean score on TIBC.   
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Table (4.2): Results for Laboratory Investigations of the Studied Patients and 

Control groups 

Variable Patients Control Test 

Value 

P-value 

Value Min Max Mean SD Min Max Mean SD 

Age   (years) 18 84 55.1 18.1 22.0 51.0 28.2 5.8 4.942 <0.0001* 

Hb   ( g/dl) 6.6 10.8 8.5 1.2 8.2 15.5 12.8 1.7 -6.347 <0.0001* 

HCT   % 20.2 34.6 26.8 4.0 24.5 44.2 36.9 4.4 -5.937 <0.0001* 

RBCs (million/µl)   2.5 4.3 3.3 0.6 3.2 6.4 4.4 0.5 -8.271 <0.0001* 

PLT    (x109/L) 144.0 309.0 217.4 54.6 120.0 368.0 248.9 57.8 -2.111 0.037* 

WBC  (x 109 cell/L) 2.4 8.9 5.9 1.9 3.7 12.8 7.1 1.9 -2.401 0.018* 

Retic.  % 0.2 0.8 0.4 0.2 0.5 1.6 1.1 0.3 -5.944 <0.0001* 

Urea   (mg/dl) 103 282 150.9 42.4 10.0 51.0 25.5 8.3 6.611 <0.0001* 

Creat.   (mg/dl) 5.88 17.10 9.5 3.0 0.2 1.1 0.6 0.2 6.660 <0.0001* 

ALT    (u/l) 3 30 10.5 7.1 9.0 200.0 31.2 27.6 -5.274 <0.0001* 

Albumin   (g/dl) 2.8 4.9 4.1 0.6 3.5 4.4 3.9 0.2 1.924 0.027* 

Iron  (µg/dl) 13 254 68.9 54.3 43.0 136.0 85.7 17.9 -2.778 0.005* 

TIBC  (µg/dl) 190 666 427.0 133.1 225.0 612.0 317.9 83.5 3.290 0.001* 

HB  = Hemoglobin;  HCT = Hematocrit;  RBCs =   Red blood cells; PLT = Platelets; WBCs = White blood cells; Retic. = 

Reticulocyte; Creat. = Creatinine; ALT = Alanine aminotransferase; TIBC =  Total iron binding capacity. 

 

4.3 The frequency and the percent of patients who had Anti-EPO antibodies  

Sera from 80 healthy donors were used as controls. All
 
control samples values were 

<0.6 absorbance (The threshold for positive titers was 0.6 absorbance corresponding 

to>3 standard deviation of the mean value of the control samples). 

Table (4.3) shows the frequency and the percent of patients who had Anti-EPO 

antibodies  
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There are  18 patients (22.5%) who had the anti-EPO antibodies in their blood, while 

62 patients (77.5%) did not. According to the presence or absence of the anti-EPO 

antibodies. 

Table (4.3): The frequency and the percent of patients who had Anti-EPO antibodies  

Anti_EPO_AB Frequency Percent 

Positive (>=0.6) 18 22.5 

Negative (<0.6) 62 77.5 

Total 80 100.0 

Anti_EPO_AB = Anti erythropoietin antibody 

4.4 The proportions difference between the two groups (Positive and negative) 

regarding the gender  

According to the presence or absence of the anti-EPO antibodies, Patients were 

divided into two groups; the first group had the anti-EPO antibodies in their serum 

and the second group did not. The proportions difference between the two groups 

(Positive and negative) regarding the gender, Chi-Square value equals 1.147 with p-

value 0.284 which is greater than the level of significance 0.05  , so the 

proportions difference is not significant between the two groups (Positive and 

negative) regarding to gender (table 4.4). 

Table (4.4): The proportions difference between the two groups (Positive and negative) 

regarding the gender 

  

Anti_EPO_AB 

  

  

Gender 

Total 

Chi-Square 

Female Male Value P-value 

Positive 

(>=0.6) 

N 11 7 18 1.147 

  

  

  

0.284 

  

  

  

% 61.1% 38.9% 100.0% 

Negative 

(<0.6) 

N 29 33 62 

% 46.8% 53.2% 100.0% 

                 Anti_EPO_AB = Anti erythropoietin antibody 
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4.5 Results for Laboratory Investigations of the Studied population in relation 

to Anti erythropoietin antibodies. 

The results for a test of normality for the variables of positive and negative group 

show that, the p-value for the variables Hb, HCT and PLT are greater than 0.05 level 

of significance for both positive and negative groups, then the distribution for each of 

these variables is normally distributed. Consequently, Independent Samples T-test is 

used to examine the difference between the two means. But the p-value for the other 

variables are smaller than 0.05 level of significance for at least positive or negative 

group, then the distribution for each of these variables is not normally distributed. 

Consequently, Mann-Whitney test is used to examine the difference between the two 

means. 

Table (4.5) shows the relationship between different variables and the result of Anti-

EPO-AB in patients  

For Positive Anti EPO AB: The variable Retic. ranges between 0.2 and 0.8 % with 

mean 0.4% and standard deviation 0.2,while the negative Anti EPO AB: The 

variable Retic. ranges between 0.5 and 3.0% with mean 1.3% and standard deviation 

0.6. 

The Mann-Whitney test results indicate that there is statistically significant 

difference between the mean of Retic. between positive and negative Anti EPO AB 

(p-value <0.0001).  In other words, patients with positive Anti EPO AB have a 

statistically significantly smaller mean score on Retic. 

For the other variables, the tests results indicate that there is statistically insignificant 

difference between the mean of these variables between positive and negative Anti- 

EPO AB, because the p-value associated with each of these variable is greater than 

the level of significance 0.05  . 
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Table (4.5): Results for Laboratory Investigations of the Studied population in 

relation to Anti erythropoietin antibodies. 

Variable 
Positive Anti_EPO_AB Negative Anti_EPO_AB Test 

Value 

P-value 

Value Min Max Mean SD Min Max Mean SD 

Age  
(years) 

18.0 84.0 55.1 18.1 15.0 76.0 51.3 15.9 -0.894 0.372 

Disease 
duration 
(months) 

10.0 83.0 42.2 22.3 7.0 89.0 35.9 21.1 -0.997 0.319 

Hb    
 ( gldl) 

6.6 10.8 8.5 1.2 6.1 12.4 8.5 1.2 0.018 0.986 

HCT  % 20.2 34.6 26.8 4.0 19.3 39.3 26.9 4.1 -0.096 0.924 

RBCs  
(x109/L) 

2.5 4.3 3.3 0.6 2.1 5.5 3.2 0.6 -0.346 0.730 

PLT    
(x109/L) 

144.0 309.0 217.4 54.6 17.3 351.0 206.5 66.6 0.632 0.529 

WBC   
(x 109cell/L)    

2.4 8.9 5.9 1.9 2.7 406.0 13.0 50.8 -0.582 0.561 

Retic. % 0.2 0.8 0.4 0.2 0.5 3.0 1.3 0.6 -5.831 <0.0001* 

Urea  
(mg/dl)         

103.0 282.0 150.9 42.4 56.0 247.0 154.8 38.5 -0.830 0.407 

Creat.   
(mg/dl)         

5.9 17.1 9.5 3.0 4.1 18.4 10.2 2.7 -1.394 0.163 

ALT     
(u/l) 

3.0 30.0 10.5 7.1 2.0 151.0 16.4 22.3 -1.403 0.161 

Albumin  
(g/dl) 

2.8 4.9 4.1 0.6 3.0 5.8 4.0 0.5 -0.896 0.370 

Iron   
(µg/dl) 

13.0 254.0 68.9 54.3 15.0 213.0 57.6 37.3 -0.911 0.363 

TIBC  
(µg/dl) 

190.0 666.0 427.0 133.1 165.0 657.0 459.2 112.0 -1.458 0.145 

* The mean difference is significant at =0.05. Hb  = Hemoglobin;  HCT = Hematocrit;  RBCs =   Red blood cells; 

PLT = Platelets; WBCs = White blood cells; Retic. = Reticulocyte; Creat. = Creatinine; ALT = Alanine aminotransferase; TIBC 

=  Total iron binding capacity. 

 

4.6 The proportions difference between the two groups of patients (Positive and 

negative) regarding the duration of Hemodialysis. 

In the table (4.6) Chi-Square value equals 3.662 with p-value 0.300 which is greater 

than the level of significance 0.05  , so the proportions difference is not 
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significant between the two groups (Positive and negative) regarding the duration of 

Hemodialysis. 

Table (4.6):  The proportions difference between the two groups (Positive and 

negative) regarding the duration of Hemodialysis. 

Duration of Hemodialysis 
 

Anti_EPO_AB 
Chi-Square 

value 
P-value 

Positive Negative 

6m - 12m 

N 3 6 

3.662 0.300 

% 33.3% 66.7% 

13m - 18m 

N 0 8 

% 0.0% 100.0% 

19m - 24m 

N 1 7 

% 12.5% 87.5% 

More than 24m 

N 14 41 

% 25.5% 74.5% 

 

 

4.7 Logistic regression model of the studied factors correlated with 

antierythropoietin (anti-EPO) antibodies (as a dependent factor) for the studied 

population 

1. Reticulocytes 

Comparison of patients who have positive Anti_EPO_AB and patients who were 

negative Anti_EPO_AB, the probability of the Wald statistic (14.399) for the 

variable Retic is <0.0001. Since the probability is less than  the level of significance 

of 0.05, the null hypothesis that the b coefficient for Retic is equal to zero for this 

comparison is rejected. This result means the variable Retic is significant. 
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The value of Exp(B) is  6.60E-05 which implies that for each one unit increase in 

Retic. decreased the odds that patients have positive Anti_EPO_AB by 99.9934% 

(6.60E-05 - 1.0 = -0.999934).  

2.  Age: 

Comparison of patients who have positive Anti_EPO_AB and patients who were 

negative Anti_EPO_AB, the probability of the Wald statistic (0.729) for the variable 

age is 0.393. Since the probability is greater than the level of significance of 0.05, the 

null hypothesis that the b coefficient for age is equal to zero for this comparison 

cannot be rejected. 

The value of Exp(B) is 1.015 which implies that for each unit increase in age the 

odds increased by 1.5% (1.015 -1 = 0.015).  

3.  Disease duration: 

Comparison of patients who have positive Anti_EPO_AB and patients who were 

negative Anti_EPO_AB, the probability of the Wald statistic (1.186) for the variable 

Disease duration is 0.276. Since the probability is greater than the level of 

significance of 0.05, the null hypothesis that the b coefficient for Disease duration is 

equal to zero for this comparison cannot be rejected. 

The value of Exp(B) is 1.014 which implies that for each unit increase in Disease 

duration the odds increased by 1.4% (1.014 -1 = 0.014).  

4.  HCT: 

In the comparison of patients who have positive Anti_EPO_AB and patients who 

were negative Anti_EPO_AB, the probability of the Wald statistic (0.009) for the 

variable HCT is 0.923. Since the probability is greater than the level of significance 

of 0.05, the null hypothesis that the b coefficient for HCT is equal to zero for this 

comparison cannot be rejected. 

The value of Exp(B) is  0.994 which implies that for each one unit increase in HCT 

decreased the odds that patients have positive Anti_EPO_AB by 0.6% (0.994- 1.0 = -

006).  



 

47 

5.  RBCs: 

 Comparison of patients who have positive Anti_EPO_AB and patients who were 

negative Anti_EPO_AB, the probability of the Wald statistic (0.242) for the variable 

RBCs is 0.623. Since the probability is greater than the level of significance of 0.05, 

the null hypothesis that the b coefficient for RBCs is equal to zero for this 

comparison cannot be rejected. 

The value of Exp(B) is 1.253 which implies that for each unit increase in RBCs the 

odds increased by 25.3% (1.253 -1 = 0.253).  

6. PLT: 

Comparison of patients who have positive Anti_EPO_AB and patients who were 

negative Anti_EPO_AB, the probability of the Wald statistic (0.405) for the variable 

PLT is 0.524. Since the probability is greater than the level of significance of 0.05, 

the null hypothesis that the b coefficient for PLT is equal to zero for this comparison 

cannot be rejected. 

The value of Exp(B) is 1.003 which implies that for each unit increase in PLT the 

odds increased by 0.3% (1.003 -1 = 0.003).  

7.  Albumin: 

Comparison of patients who have positive Anti_EPO_AB and patients who were 

negative Anti_EPO_AB, the probability of the Wald statistic (0.241) for the variable 

Albumin is 0.624. Since the probability is greater than the level of significance of 

0.05, the null hypothesis that the b coefficient for Albumin is equal to zero for this 

comparison cannot be rejected. 

The value of Exp(B) is 1.285 which implies that for each unit increase in Albumin 

the odds increased by 28.5% (1.285 -1 = 0.285).  

8.  Iron: 

Comparison of patients who have positive Anti_EPO_AB and patients who were 

negative Anti_EPO_AB, the probability of the Wald statistic (1.000) for the variable 
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Iron is 0.317. Since the probability is greater than the level of significance of 0.05, 

the null hypothesis that the b coefficient for Iron is equal to zero for this comparison 

cannot be rejected. 

The value of Exp(B) is 1.006 which implies that for each unit increase in Iron the 

odds increased by 0.6% (1.006 -1 = 0.006).  

9.  WBC: 

Comparison of patients who have positive Anti_EPO_AB and patients who were 

negative Anti_EPO_AB, the probability of the Wald statistic (1.225) for the variable 

WBC is 0.268. Since the probability is greater than the level of significance of 0.05, 

the null hypothesis that the b coefficient for WBC is equal to zero for this 

comparison cannot be rejected. 

The value of Exp(B) is 0.867 which implies that for each one unit increase in WBC 

decreased the odds that patients have positive Anti_EPO_AB by 13.3% (0.867- 1.0 = 

-0.133).  

10.  Urea: 

Comparison of patients who have positive Anti_EPO_AB and patients who were 

negative Anti_EPO_AB, the probability of the Wald statistic (0.137) for the variable 

Urea is 0.711. Since the probability is greater than the level of significance of 0.05, 

the null hypothesis that the b coefficient for Urea is equal to zero for this comparison 

cannot be rejected. 

The value of Exp(B) is 0.997 which implies that for each one unit increase in WBC 

Urea decreased the odds that patients have positive Anti_EPO_AB by 0.03% (0.997- 

1.0 = -0.003).  

11.  Creatinine 

Comparison of patients who have positive Anti_EPO_AB and patients who were 

negative Anti_EPO_AB, the probability of the Wald statistic (0.985) for the variable 

Creat is 0.321. Since the probability is greater than the level of significance of 0.05, 
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the null hypothesis that the b coefficient for Creat is equal to zero for this comparison 

cannot be rejected. 

The value of Exp(B) is 0.903 which implies that for each one unit increase in Creat 

decreased the odds that patients have positive Anti_EPO_AB by 9.7% (0.903- 1.0 = -

0.097).  

12.  ALT: 

Comparison of patients who have positive Anti_EPO_AB and patients who were 

negative Anti_EPO_AB, the probability of the Wald statistic (1.196) for the variable 

ALT is 0.274. Since the probability is greater than the level of significance of 0.05, 

the null hypothesis that the b coefficient for ALT is equal to zero for this comparison 

cannot be rejected. 

The value of Exp(B) is 0.959 which implies that for each one unit increase in ALT 

decreased the odds that patients have positive Anti_EPO_AB by 4.1% (0.959- 1.0 = -

0.041).  

13.  TIBC: 

Comparison of patients who have positive Anti_EPO_AB and patients who were 

negative Anti_EPO_AB, the probability of the Wald statistic (1.053) for the variable 

TIBC is 0.305. Since the probability is greater than the level of significance of 0.05, 

the null hypothesis that the b coefficient for TIBC is equal to zero for this 

comparison cannot be rejected. 

The value of Exp(B) is 0.998 which implies that for each one unit increase in TIBC 

decreased the odds that patients have positive Anti_EPO_AB by 0.2% (0.998- 1.0 = -

0.002).  
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Table (4.7): Logistic regression model of the studied factors correlated with 

antierythropoietin (anti-EPO) antibodies (as a dependent factor) for the studied 

population 

Variables B Wald Sig. Exp(B) 

95.0% C.I.for EXP(B) 

Lower Upper 

Age   (years) 0.015 0.729 0.393 1.015 0.981 1.050 

Disease duration  

(months) 
0.013 1.186 0.276 1.014 0.989 1.038 

Hb   ( g/dl) 0.004 0.000 0.986 1.004 0.653 1.544 

HCT   % -0.007 0.009 0.923 0.994 0.871 1.133 

RBCs  

(million/µl) 
0.226 0.242 0.623 1.253 0.510 3.078 

PLT   (x109/L) 0.003 0.405 0.524 1.003 0.994 1.011 

WBC  (x 109 

cell/L) 
-0.143 1.225 0.268 0.867 0.674 1.116 

Retic  % -9.625 14.399 <0.0001* 6.60E-05 4.58E-07 0.010 

Urea   (mg/dl) -0.003 0.137 0.711 0.997 0.984 1.011 

Creat  (mg/dl) -0.102 0.985 0.321 0.903 0.738 1.105 

ALT  (u/l) -0.042 1.196 0.274 0.959 0.888 1.034 

Albumin  (g/dl) 0.251 0.241 0.624 1.285 0.472 3.502 

Iron   (µg/dl) 0.006 1.000 0.317 1.006 0.994 1.018 

TIBC   (µg/dl) -0.002 1.053 0.305 0.998 0.993 1.002 

Gender 0.581 1.131 0.287 1.788 0.613 5.218 

* The variable is significant at 0.05 level. HB  = Hemoglobin;  HCT = Hematocrit;  RBCs =   Red blood cells; PLT = 

Platelets; WBCs = White blood cells; Retic. = Reticulocyte; Creat. = Creatinine; ALT = Alanine aminotransferase; TIBC =  

Total iron binding capacity. 
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CHAPTER FIVE                                                            DISCUSSION 

Anemia is a well known complication of chronic kidney disease that is mostly due to 

diminished production of erythropoietin. It results in reduced quality of life and 

functional status, and an increased risk of left ventricular hypertrophy[80]. 

The introduction of recombinant human erythropoietin in 1986 represented a 

revolution in the field of Nephrology. It provided a significant benefit to millions 

of patients with avoidance of blood transfusion, prevention of iron overload, 

correcting renal anemia, optimizing patients hemodynamic status and improved 

quality of life[3]. 

Until recently the safety profile of this agent had been considered to be excellent 

with the possible exception of hypertension and increased risk of dialysis access 

thrombosis. However, in recent years a new complication, PRCA has been 

recognized as occuring in response to therapy with the development of neutralizing 

anti- erythropoietin antibodies. These antibodies probably cross react with the 

patient’s endogenous erythropoietin as well and lead to anemia that is more severe 

than even before the onset of erythropoietin therapy[76]. 

This study was designed as a cross sectional study to detect and evaluate the 

presence of anti-EPO antibodies in patients with ESRD on regular hemodialysis and 

receiving recombinant EPO therapy. Serum anti-EPO antibodies were detected by 

ELISA technique. 

 

The results showed that 18 patients (22.5%) had the anti-EPO antibodies in their 

blood, while 62 patients (77.5%) did not. According to the presence or absence of the 

anti-EPO antibodies, Patients were divided into two groups; the first group had the 

anti-EPO antibodies in their serum and the second group did not. There was no 

significant difference between the first and second groups regarding the gender. 

Group 1 included 7 male (38.9%) and 11 female (61.1%), while group 2 included  

33male (53.2%) and 29 female (46.8%). There was no significant difference among 

the patients groups regarding duration of hemodialysis. Patients who were under 
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hemodialysis for 6-12 months had more frequency of anti-EPO antibodies (33.3%) 

than the rest of patients.    

5.1 Anti-Erythropoietin Antibodies among Hemodialysed Patients Treated with 

Recombinant Human-Erythropoietin 

About 22.5% of our studied patients have positive anti-EPO antibodies. A recent 

study by M El-din, (2009) found the incidence to be significantly high (40%)[1].Puri, 

(2004) has analyzed a total of 75 patients receiving recombinant EPO for various 

renal complications and found that out of these 75 patients, 52 patients (69%) were 

tested positive for anti-EPO antibodies[76]. G. Castelli (1999) found the incidence to 

be significantly high (67%)[2]. The lower percentage of positive patients in the 

present  study may be explained by the relatively lower doses adminstration of EPO 

in the present study relative to the doses used in these studies. In our patients, All 

patients received 2000 IU/week. Commercial preparations of EPO differ in their 

effect on the immune system as well, the characteristics of each population is another 

factor. 

5.2 Correlation of age with result of Anti-Erythropoietin Antibodies 

In our study the mean age of patients was 55.1± 18.1 years and the mean of controls 

was 28.2 ± 5.8 years. The Mann-Whitney test results indicate that there is 

statistically significant difference between the mean of age between patients and 

control groups (p-value <0.0001).   

Comparison of patients who have positive Anti-erythropoietin antibodies and 

patients who were negative, for anti-erythropoietin antibodies showed that the 

variable age failed to reach significant values. 

This finding was in agreement with Al-din (2009) result who had analyzed a total of 

90 patients receiving recombinant human erythropoietin and found that the age is 

insignificant variable in correlation with anti-erythropoietin antibodies[1]. In addition 

the sample size in relatively small which may affect the final result. 

 

http://hinari-gw.who.int/whalecomonlinelibrary.wiley.com/whalecom0/doi/10.1111/j.1751-553X.2009.01186.x/full#b300
http://hinari-gw.who.int/whalecomonlinelibrary.wiley.com/whalecom0/doi/10.1111/j.1751-553X.2009.01186.x/full#b300
http://hinari-gw.who.int/whalecomonlinelibrary.wiley.com/whalecom0/doi/10.1111/j.1751-553X.2009.01186.x/full#b300
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5.3 Hematological parameters and Anti-Erythropoietin Antibodies 

The finding of this study showed that, there was statistically significant difference 

between the mean of Hb, HCT, RBC, PLT, WBC and Reticulocytes between patients 

and control groups (p-value <0.0001).  In other words, patients have significant 

smaller mean score on Hb, HCT, RBC, PLT, WBC and Reticulocytes. 

Comparison of patients who had positive Anti-erythropoietin antibodies and patients 

who had not with respect to hematological parameters showed that only the 

reticulocyte count was important factor that correlated significantly with Anti-EPO 

antibodies. 

Kulkarni et al. (2007), found  that Hb tended to be inversely proportional to the level 

of anti-EPO antibodies. Regarding the reticulocyte count, one of the indicators of 

bone marrow activity[81]. Al-din (2009) showed that the reticulocyte count was also 

significantly severely lower in the patients who had anti-EPO antibodies with mean 

of 1.99 (±1.14) vs. 3.15 (±0.89) in the first and the second group respectively. This 

means that positive anti-EPO antibodies may cause anemia through inhibition of 

bone marrow possibly through immune-mediated process[1]. Carracedo et al. (2005) 

investigated antibody-mediated PRCA in 12 Spanish patients treated with epoetin 

alfa alone; at diagnosis, patients had an average of 0.68% reticulocytes and Hb level 

of 7.13 g/dl. Reticulocytopenia is now considered to be one of the criteria in 

diagnosing EPO induced PRCA[82].The present finding is in agreement with all of 

previous studies regarding the reticulocyte count except  Kulkarni et al study. While 

the insignificant result of Hb result in this study in argue with the others may be as a 

result of  the continuous packed cell transfusion to the studied patients to improve the 

level of hemoglobin without more investigations to explore the cause of anemia.  

 

5.4 Kidney function tests and Anti-Erythropoietin Antibodies 

In this study the kidney investigations of the studied patients group showed that urea 

is between 103 and 282 mg/dl with a mean of 150.9 mg/dl and  the standard 

deviation is 42.4. While the value of Creat. is between 5.88 and 17.10 mg/dl with a 
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mean of 9.5 mg/dl and the standard deviation is 3.0. while the results of control 

group showed that  urea is between 10 and 51 mg/dl with a mean of 25.5 mg/dl and  

the standard deviation is 8.3. While the normal value of Creat. is between 0.2 and 1.1 

mg/dl with a mean of 0.6 mg/dl and the standard deviation is 0.2. 

 The Mann-Whitney test results indicated that there was statistically significant 

difference between the mean of Urea,Creatinine, and Albumin between patients and 

control groups (p-value <0.0001). . 

Comparison of patients who have positive Anti-EPO AB and patients who were 

negative Anti-EPO AB, showed that the variables Urea, Creatinine, and Albumin are 

insignificant variables. 

This result coincides with Al-din (2009) results who found that the variables Urea, 

Creatinine  are significant values in correlation of Anti-erythropoietin antibodies[1]. 

and that is expected since the target group was hemodialysed patients and suffer 

ESRD. 

5.5 ALT test and Anti-Erythropoietin Antibodies 

As we have a number of chronic liver disease patients we investigated if there is 

possible association between the liver function test and   Anti-erythropoietin 

antibodies. The value of ALT in patients group is between 3 and 30 u/l with a mean 

of 10.5 u/l and the standard deviation is 7.1. While in the control group the value of 

ALT is between 9 and 200 u/l with a mean of 31.2 u/l and the standard deviation is 

27.6. 

The Mann-Whitney test results indicated that there is statistically significant 

difference between the mean of ALT between patients and control groups (p-value 

<0.0001).   

Comparison of patients who had positive Anti_EPO_AB and patients who were did 

not showed that the variable ALT failed to reach significant values. 

This finding is similar to M.Al-din (2009) finding, in his results, 23 patients (65.7%) 

in the first group were positive for HCV infection, while 34 patients (61.8%) in the 
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second group were positive. There was no significant difference between both 

studied groups regarding HCV infection [1].However, testing for HCV was not 

included in our study and we cannot reach conclusion regarding this variable. 

  

5.6 Iron and TIBC levels with Anti-Erythropoietin Antibodies 

The Iron deficiency is one of the common causes of anemia thus association between 

the iron status (Iron,TIBC) and Anti_EPO AB was investigated. 

However the studied patients group showed that the value of Iron is between 13 and 

254µg/dl with a mean of 68.9 µg/dl and the standard deviation is 54.3.And the value 

of  TIBC is between 190 and 666 µg/dl with mean 427 µg/dl and standard deviation 

133.1. While in the normal people  the value of Iron is between 43 and 136 µg/dl 

with a mean of 85.7 µg/dl and the standard deviation is 17.9.And the value of TIBC 

is between 225 and 612 µg/dl with mean 317.9 µg/dl and standard deviation 83.5. 

The results indicated that there was statistically significant difference between the 

means of Iron and TIBC between patients and control groups (p-value = 0.005).   

Comparison of patients who had positive Anti_EPO_AB and patients who were not 

showed that the variables Iron and TIBC failed to reach significant values. 

This result in similar to Eschbach et al (1992) in their study on Twenty-four 

hemodialysis patients were part of the clinical trials in the United States with epoetin 

alfa found that the CRF patients all had adequate Iron stores[83] And our finding is 

also similar to  the study of  A.V. Kharajitsingh (2005)  who found that no patients 

had absolute iron deficiency[84]. However, this issue needs more investigations as it 

is well known that iron stores are affected in many types of anemia. 

5.7 Duration of hemodialysis and Anti-Erythropoietin Antibodies in 

the patients group 

Comparison of patients who have positive Anti_EPO_AB and patients who were not 

showed that the duration variable of hemodialysis failed to reach significant values. 
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This result was similar to Al-din (2009) result who had analyzed a total of 90 patients 

receiving recombinant human erythropoietin and investigated if there is possible 

association between duration of hemodialysis  and anti-EPO antibodies, There was 

no significant difference between first and second groups regarding the duration of 

hemodialysis (P > 0.05) [1]. 

5.8 Conclusion 

 Our study showed that anti EPO antibodies were found to be present in 

significant number of hemodialysed patients treated  with recombinant human 

EPO. 

 The development of neutralizing anti EPO antibodies was found to be 

associated with Anemia among hemodialysed patients treated with 

recombinant human EPO.  

 Our study showed that there is statistically significant difference between the 

mean of Hb, HCT, RBC, PLT, WBC and Retic between patients and control 

groups. 

 Our hematological investigations showed that only the reticulocyte count was 

important factor that correlated significantly with Anti-EPO antibodies. 

 Comparison of patients who have positive Anti_EPO_AB and patients who 

were negative Anti_EPO_AB, showed that the variables Urea, Creatinine, 

ALT and Albumin are insignificant variables. 

 Age, duration of hemodialysis, Iron and TIBC failed to reach asignificant 

value. 

5.9 Recommendations 

1.  Launching awareness program of the possible side effect of rHuEPO. 

2. Physicians should be aware of decreasing hemoglobin values in patients being 

treated with rHuEPO, as clinical sign of PRCA. 
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3.  Patients who develop neutralizing antibodies to any type of recombinant human 

erythropoietin  no longer have the opportunity to benefit from erythropoietic protein 

therapy and may become transfusion dependent. 

4 . Sudden onset of refractory PRCA anemia must be managed by rHuEPO course 

cessation followed by diagnostic procedures for PRCA and immunosuppressive 

therapy. 

5. Physicians should be aware of using a less immunogenic type of  recombinant 

human erythropoietin. 

6. More studies should be conducted regarding the effects of rHuEPO. 
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Annex 3 

بسم هللا الرحمن الرحٌم 

 

إقرار موافقة بالمشاركة في بحث 
 

 :................................................أقر أنا الموقع أدناه 

قد أطمعني عمى طبيعة البحث الذي يقوم  (الجامعة اإلسالمية)من  درويش بشير القيوجي :بأن الباحث 

وقد أجاب عن كل استفساراتي و أسئمتي بوضوح , بو ومجرياتو وفوائده المحتممة وكذلك سمبياتو المتوقعة 

ذلك بسحب عينة دم  ) و حرًا ومختارًا أوافق عمى المشاركة بالبحثفإننيوبناًء عميو . وعمى أكمل وجو

 كما أعمم تمامًا بأنني حر في االنسحاب من ىذا البحث متى شئت ولو بعد ,من أجل إتمام البحث  ( مني

وسيزودني الباحث بنسخة من ىذه الموافقة . يالموافقة التحريرية ومصادقتيا من دون أن يؤثر ذلك عل

. الخطية

 

  /     /     أسم المشارك                                    التوقيع                              التاريخ  

                                                أو توقيع ولي أمره   

 

إذا كان المشارك أميًا 

(  2)         الشاىد               (                                             1) الشاىد 

 


