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Abstract 

Background: Fetal hemoglobin (Hb F) is normal hemoglobin (Hb) that present in 

the fetus and usually almost absent in adults .The aim of this study was to 

determination of Hb F level in normal pregnancy at different stages of pregnancy 

and pattern of Hb F level change during pregnancy. 

Methods: This is Descriptive cross-sectional  study conducted at Dar Elber 

Specialize medical center in Jabel Awlya locality at southern of  Khartoum city to 

determine the level of Hb F in the normal pregnant women in period between 

( April to September 2018) the study included (60)samples who normal pregnant  

females,(20) at first trimester,(20) at second trimester and(20) at third trimester of 

gestation beside that  (20) samples of  healthy non pregnant females as control 

group at same ages . 

Blood samples were collected from all groups and Hb F levels were measured by 

using cation exchange high performance  liquid chromatography( HPLC)full 

automated method .Data were collected by using questionnaire and the (SPSS) 

program was used for data analysis. 

Results :The study reveal that the Hb F mean ± SD during pregnancy was 

(0.96±0.37) while in non pregnant control group was( 0.49±0.16), and  (p value˂ 

0.00),  that indicate  strong significant increase in the level of Hb F in pregnancy, 

the increase in Hb F shown in first  trimester  then  lower gradually  in second 

trimester then the third trimester refer to this finding  in discussion.  

Conclusions :The normal pregnancy associated with significant increase in Hb 

F ,the high level of Hb F during first trimester that declined gradually in second 

and third trimester ,there was significant difference in the level of Hb F between 

three trimester groups. 
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 يهخص انذساسح

الهيوىللىتيي الجٌيٌي عثاسج عي هيوىللىتيي طثيعي يىجذ في الجٌيي وغالثا يخرفي عٌذ : يقذيح

 .الثالغيي 

 الهذف هي هزٍ الذساعح  ذحذيذ هغرىي الهيوىللىتيي الجٌيٌي عٌذ الحول الطثيعي وًوط الرغيش 

.                                                                                       في هغرىي الهيوىللىتيي الجٌيٌي اشٌاء الحول

في هشكض داس الثش الطثي  (وصفيح همطعيح  دساعح) الذساعحاجشيد هز:يُهجُه انذساسح

 الخشطىم لرحذيذ هغرىي الهيوىللىتيي الجٌيٌي هذيٌحجٌىب هحليح جثل اولياء  الرخصصي ب

وهجوىعح الذساعح عثاسج    (2018عثروثش      الي اتشيل )في الحول الطثيعي في الفرشج تيي 

 في الصلس الصاًي هي 20 في الصلس الاول هي الحول و20 عيٌح هي الٌغاء الحىاهل 60عي 

 عيٌح هي الٌغاء الغيش حىاهل كوجوىعح 20 في الصلس الصالس هي الحول تجاًة رلك 20الحول و

                                                                           .ضاتطح  هي ًفظ الاعواس 

دام خ تأعدهاذن جوع العيٌاخ هي جويع هزٍ الوجوىعاخ وذن لياط هغرىي الهيوىللىتيي الجٌيٌي ل

ذن جوع الوعلىهاخ تىاعطح الاعرثياى و هي شن اعرخذام الحضم الاحصائيح ,(HPLC (جهاص

                                              .  لرحليل تياًاخ الذساعح  (SPSS)للعلىم الاجرواعيح الزي يعشف تثشاهج

 في هغرىي الهيوىللىتيي دج عاليح هزٍ الذساعح اى الحول الطثيعي  يرشافك هع صياكشفد: ئجانُتا

 0.96±0.37الجٌيٌي حيس وجذ الورىعط للهيوىللىتيي الجٌيٌي عٌذ الٌغاء الحىاهل حىالي 

 هزٍ الضيادج واضحح في الجضء  الاول هي 0.49±0.16والورىعط في الغيش حىاهل حىالي 

 .الصلس الصالس هي الحول  الحول تعذ رلك ذثذأ ذمل ذذسيجيا الصلس الصاًي  شن

الحول الطثيعي يرشافك هع صيادج عاليح في هغرىي الهيوىللىتيي الجٌيٌي وهزٍ الضيادج : انخلاصح

هٌالك ,الاول هي الحول تعذ رلك ذمل ذذسيجيا في الصلس الصاًي شن الصالس للحول  واضحح في الصلس

 .                                                                 فشق واضح في هغرىي الهيوىللىتيي الجٌيٌي في هخرلف هشاحل الحول الصلاز
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1.1. Introduction 

1.1.1.Fetal hemoglobin : 

Fetal hemoglobin protein structure formed by 2 alpha subunits and two gamma 

subunits . 

Fetal hemoglobin , or foetal hemoglobin( also hemoglobin F , HbF a2 y2 ) the main 

oxygen transport protein in the human fetus during the last seven months of 

development in the uterus and persists in the new born until roughly 6 months old 

functionally , fetal hemoglobin differs most from adult hemoglobin in that it is able 

to bind oxygen with greater affinity than adult form , giving the developing fetus 

better access to oxygen from the mothers blood stream . 

In new born, fetal hemoglobin in nearly completely replaced by adult hemoglobin 

by approximately 6 months post nattily, except in a few thalassemia cases in which 

there may be delay in cessation of Hb production until 3-5 years of age , in adults , 

fetal hemoglobin production can be reactivated pharmacologically. 
(1)

which is 

useful in the treatment of diseases such as sickle cell disease . 

After the first to 12 weeks of development , the fetus primary form of hemoglobin 

switches from embryonic hemoglobin to fetal hemoglobin at birth , fetal 

hemoglobin comprise 50-90% of  an infants hemoglobin . this levels decline after 

six months as adult hemoglobin synthesis is activated , while fetal hemoglobin 

synthesisdeactivated , Adult hemoglobin (Hb A) in particular takes over as the 

permanent form of hemoglobin in normal children , However hemoglobin F has 

been traced even in adult's blood ( < 1% of all hemoglobin ) . 
(2) 

pregnancy is associated with an increased rate of  erythropoiesis and this increased 

demand on the erythron may cause a transit increased in F cell production with 

increased Hb F in blood as seen in certain clinical condition with similar increased 

demand on the erythron .
(3)

 

1.1.2Defination of pregnancy: 

Pregnancy, also known as gestation, is the time during which one or more offspring 

develops inside a woman. 
(4)

Pregnancy can occur by sexual intercourse or assisted 
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reproductive technology. 
(6)

 Childbirth typically occurs around 40 weeks from the 

last menstrual period (LMP). This is just over nine months, where each month 

averages 29½ days. 
(4,5)

 When measured from fertilization it is about 38 weeks. An 

embryo is the developing offspring during the first eight weeks following 

fertilization, after which, the term fetus is used until birth. 
(13)

 Symptoms of early 

pregnancy may include missed periods, tender breasts, nausea and vomiting, 

hunger, and frequent urination. 
(7)

 Pregnancy may be confirmed with a pregnancy 

test. 
(8)

 

Pregnancy is typically divided into three trimesters.The first trimester is from week 

one through 12 and includes conceoption, which is when the sperm fertilizes the 

egg. The fertilized egg then travels down the fallopian tube and attaches to the 

inside of the uterus, where it begins to form the embryo and placenta. 
(4)

 During the 

first trimester, the possibility of miscarriage (natural death of embryo or fetus) is at 

its highest. 
(8)

The second trimester is from week 13 through 28. Around the middle 

of the second trimester, movement of the fetus may be felt. At 28 weeks, more than 

90% of babies can survive outside of the uterus if provided with high-quality 

medical care. The third trimester is from 29 weeks through 40 weeks. 
(4)

 Prenatal 

care improves pregnancy outcomes. Prenatal care may include taking extra folic 

acid, avoiding drugs and alcohol, regular exercise, blood tests, and regular physical 

examinations. 
(9)

 Complications of pregnancy may include disorders of high blood 

pressure, gestational diabetes, iron-deficiency anemia, and severe nausea and 

vomiting among others. 
(10)

 In the ideal childbirth labor begins on its own when a 

woman is "at term". 
(11)

 Pregnancy is considered at full term when gestation has 

lasted 39 to 41 weeks.After 41 weeks, it is known as late term and after 42 weeks 

post term. Babies born before 39 weeks are considered early term while those 

before 37 weeks are preterm. 
(4)

 Preterm babies are at higher risk of health 

problems such as cerebral palsy. Delivery before 39 weeks by labor induction or 

caesarean section is not recommended unless required for other medical reasons. 
(12)
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1.2. Rationale 

Pregnancy is associated with an increase rate of  erythropoiesis and this increased 

demand on the erythron  may cause a transient increase in F cell production with 

increased Hb F in blood .As seen in certain clinical condition with similar 

increased demand on the erythron .Very few studies have considered the level of 

Hb F in the normal pregnancy .The aim of this study  attempt to determine the 

level of Hb F in the normal pregnant  women in khartoum city   and pattern of  Hb 

F level change during pregnancy . 
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1.3.Objectives 

1.3.1General Objectives 

To determine the level of Hb F in normal pregnant women 

2.3.1Specific Objectives 

1-To compare the level of Hb F in normal pregnant women to non pregnant 

women  

2-To determine the level of Hb F in the different trimesters  
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2.Literature Review 

2.1. Definition of  hemoglobin 

Hemoglobin: The oxygen-carrying pigment and predominant protein in the red 

blood cells. Hemoglobin forms an unstable, reversible bond with oxygen. In its 

oxygenated state it is called oxyhemoglobin and is bright red. In the reduced state 

it is called deoxyhemoglobin and is purple-blue. Each hemoglobin molecule is 

made up of four heme groups surrounding a globin group. Heme contains iron and 

gives a red color to the molecule. Globin consists of two linked pairs of 

polypeptide chains. The development of each chain is controlled at a separate 

genetic locus. Changes in the amino acid sequence of these chains results in 

abnormal hemoglobins . For example, hemoglobin S is found in sickle-cell disease, 

a severe type of anemia in which the red cells become sickle-shaped when oxygen 

is in short supply. When red blood cells die, the hemoglobin within them is 

released and broken up: the iron in hemoglobin is salvaged, transported to the bone 

marrow by a protein called transferrin and used again in the production of new red 

blood cells; the remainder of the hemoglobin becomes a chemical called bilirubin 

that is excreted into the bile which is secreted into the intestine, where it gives the 

feces their characteristic yellow-brown colour .
 (13)

 

 

Fig.2.1 Structure of human hemoglobin. α and β subunits are in red and blue, and 

the iron-containing heme groups in green. 
(18) 
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2.2. Type of normal hemoglobin : 

The hemoglobins present during normal development—δ2γ2 (Hb Portland-1), 

δ2ɛ 2 (Hb Gower-1), and α2ɛ 2 (Hb Gower-2) during the embryonic period; α2γ2 

(fetal Hb or HbF) during the fetal stage; and α2β2 (adult Hb or Hb A) as well as 

small amounts of α2δ2 (HbA2) in adults ,have some different properties that confer 

specific advantages during the various stages of development. For example, even 

though these hemoglobins have very similar overall structural architectures, they 

have differences in O2 affinity and in their interactions with allosteric effectors. 

(14,15)
 That arise from amino acid substitutions at strategic positions to control the 

manner in which the subunits fit together . 
(16)

 Knowledge of how these subunit 

interactions differ for various hglobins is important in understanding their 

physiological properties and is reported here. 

Oxygenated blood is delivered to the fetus via the umbilical vein from the placenta , 

which is anchored to the wall of the mother's uterus the chorion acts as barrier 

between the maternal and fetal circulation so that where is no admixture of 

maternal and fetal blood , fetal hemoglobin's affinity for oxygen is substantially 

greater than that of adult hemoglobin , Notably the P50 value for fetal hemoglobin 

is lower than adult hemoglobin (i.e the partial pressure of oxygen at which protein 

is 50% saturated : lower values indicate greater affinity ) the P50 of fetal 

hemoglobin is roughly 19 mm Hg – where adult hemoglobin is approximately 26.8 

mm Hg . As result of  " oxygen saturation curve " left-shifted for oxygen is explain 

by the lack of fetal hemoglobin is interaction with 2,3-BPF or 2,3 DPG ) in adult 

red blood cells this substance decrease the affinity of hemoglobin for oxygen- 

2,3BPG is also present in fetal red blood cells , but interacts less efficiently with 

fetal hemoglobin , this due to a change in a single amino acid (residue 143) found  

in the 2,3-BPG binding pocket , from histidine to serine which gives rise to greater 

oxygen affinity than adult hemoglobin . 
(17)
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2.3. Structure and genetic of fetal hemoglobin : 

Most types of normal hemoglobin, including hemoglobin A, hemoglobin A2, as 

well as hemoglobin F, are tetramers composed of four protein subunits and four 

heme prosthetic groups. Whereas adult hemoglobin is composed of two α (alpha) 

and two β (beta) subunits, fetal hemoglobin is composed of two α subunits and two 

γ (gamma) subunits, and is commonly denoted as α2γ2. Because of its presence in 

fetal hemoglobin, the γ subunit is commonly called the "fetal" hemoglobin subunit. 

In humans, the gamma subunit is encoded on chromosome 11, as is the beta 

subunit. There are two similar copies of the gamma subunit gene: γG which has a 

glycine at position 136, and γA which has an alanine. The gene that codes for the 

alpha subunit is located on chromosome 16 and is also present in duplicate.iseases 

such as sickle-cell disease .
(18)

 

 

Fig.2.2 Fetal hemoglobin protein structure, formed by 2 alpha subunits (top) and 

two gamma subunits (bottom), as well as their four heme groups. Each polypeptide 

chain (ribbon) is rainbow-colored from blue to red (N- to C-termini) . 
(18)
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2.4.Clinical significance of Hb F: 

Treatment of sickle-cell disease 

Increasing the body's production of fetal hemoglobin is used as a strategy to treat 

sickle-cell disease. 

When fetal hemoglobin production is switched off after birth, normal children 

begin producing adult hemoglobin (HbA). Children with sickle-cell disease instead 

begin producing a defective form of hemoglobin called hemoglobin S which 

aggregates together and forms filaments that cause red blood cells to change their 

shape from round to sickle-shaped. These defective red blood cells have a greater 

tendency to stack on top of one another and block blood vessels. These invariably 

lead to so-called painful vaso-occlusive episodes, which are a hallmark of the 

disease. If fetal hemoglobin remains the predominant form of hemoglobin after 

birth, the number of painful episodes decreases in patients with sickle-cell disease. 

Hydroxyurea promotes the production of fetal hemoglobin and can thus be used to 

treat sickle-cell disease .
(1,19)

 

The fetal hemoglobin's reduction in the severity of the disease comes from its 

ability to inhibit the formation of hemoglobin aggregates within red blood cells 

which also contain hemoglobin S. Combination therapy with hydroxyurea and 

recombinant erythropoietin—rather than treatment with hydroxyurea alone—has 

been shown to further elevate hemoglobin F levels and to promote the 

development of HbF-containing F-cells . 
(20)
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2.5Causes of Increase Hemoglobin F in Adults:
 

Table (1) :Main pre-analytical subject-related factors that may increaseHb F levels 

(adapted and modified ref  . 
(21) 

Hereditary disorders Acquired conditions 

Homozygous β-thalassemia Pernicious anemia 

Heterozygous β-thalassemia Paroxysmal nocturnal 

hemoglobinuria (PNH) 

HPFH, homozygous Refractory normoblastic anemia 

HPFH, heterozygous Sideroblastic anemia 

δβ thalassemia, homozygous Pure red cell aplasia 

δβ thalassemia, heterozygous Aplastic anemia 

Sickle cell anemia Pregnancy 

Some other hemoglobinopathies (HbC, 

HbE, HbLepore, some unstable Hbs) 

(variable) 

 

Recovery after bone marrow 

transplant, marrow hypoplasia, 

leukemia chemotherapy and transient 

erythroblastopenia; treatment with 

hydroxyurea, 5-aza-2′-deoxycytidine, 

butyrates, ertythropoietin 

Trisomy D Hyperthyroidism 

Hereditary spherocytosis  Juvenile chronic myeloid leukemia 

 

Some Hb variants (Hb Rainier, Hb 

Bethesda) alkali resistant a 

 

Acute leukemias 

Erythroleukemia 

 

Hb variants with isolectric point 

identical to that of HbFb 

Benign monoclonal gammopathies 

Cancer with marrow metastases, 

Hepatoma 

Hb variants with retention time similar 

to that of HbF 

 

Chronic renal disease 
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2.6. Methods of determination of Hb F: 

The classical method for the determination of fetal hemoglobin is that based on the 

alkali denaturation.
(33) 

 This method relies on the resistance to denaturation by 

alkali of Hb F compared to Hb A, the denaturation being activated by the ionisation 

of buried, weakly acidic side chains (one tyrosine and two cysteines) present in Hb 

A and not in Hb F .
(34)

 This is only a relative difference, and the conditions have 

been there optimized over time in order that during the time of exposure to alkali 

most of the Hb A is denaturated while the Hb F is largely unaffected. Before the 

exposure to alkali, all the hemoglobin forms are transformed in the more stable 

cyanmethemoglobin form by means of treatment with Drabkin's reagent. An 

optimized version of the preliminary method has been proposed by Pembrey .
(35)

 It 

is important to remember that the alkali denaturation is a kinetic test to be 

performed only under well standardized conditions in order to obtain reproducible 

results. Today the most common approach to the quantification of HbF is based on 

the separation of this hemoglobin from other hemoglobin fractions by cation 

exchange HPLC on dedicated commercial apparatus .
(36,37)

 Often with direct 

loading from the primary tube. Capillary electrophoresis .
(38)

 Is becoming a valid 

alternative, while proposed immunochemical methods are still not sufficiently 

validated. As a matter of fact, it should be recalled that while the by the alkali 

denaturation resistance all Hb F is measured, in HPLC the acetylated fraction is 

eluted before the main fraction of HbF, thus leading to a value significantly lower. 

This fact, although not clinically relevant, may be important when performing 

method comparison analyses. The analysis of fetal Hb has been recently 

investigated by electrospray-ionization mass spectrometry (ESI-MS) .
(28)

Technique 

already widely diffused to the analysis of hemoglobin variants also in screening 

programs .
(29)

 The method has a good reproducibility (CV 5˂%) and can be used to 

accurately measure the fetal γ-chain masses in neonatal cord blood. 

The determination of red cell containing Hb F is used to detected cells containing 

fetal hemoglobin in mixtures of cells containing adult hemoglobin. This is useful to 
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define the distribution of fetal hemoglobin in red cells in presence of HPFH, in 

which the distribution of Hb F is almost pancellular, or for the detection of fetal 

erythrocytes in maternal blood following transplacental hemorrhages. The acid 

elution test originally proposed by Keihauer is still used. 
(30)

 although more 

sensitiveand specific method based on monoclonal antibodies and flow cytometry 

have been recently proposed .
(31)

 

Finally, estimation of Hb F in neonatal blood has been also proposed by 

hemoxymetry, through the determination of P50 on the HbO2 dissociation curve, 

based on linear assumption. This method has never been well validated, and 

showed significant overestimation respect to HPLC.
(32)

 

2.7.Haematological change during the pregnancy: 

2.7.1. Red Blood Cells: 

During pregnancy, the total blood volume increases by about 1.5 liters, mainly to 

supply the demands of the new vascular bed and to compensate for blood loss 

occurring at delivery .
(33)

 Around one liter of blood is contained within the uterus 

and maternal blood spaces of the placenta. Increase in blood volume is, therefore, 

more marked in multiple pregnancies and in iron deficient states. Expansion of 

plasma volume occurs by 10–15 % at 6–12 weeks of gestation. 
(34,35)

 

During pregnancy, plasma renin activity tends to increase and atrial natriuretic 

peptide levels tend to reduce, though slightly. This suggests that, in pregnant state, 

the elevation in plasma volume is in response to an under filled vascular system 

resulting from systemic vasodilatation and increase in vascular capacitance, rather 

than actual blood volume expansion, which would produce the opposite hormonal 

profile instead (i.e., low plasma renin and elevated atrial natriuretic peptide levels). 

(36,37)
 

Red cell mass (driven by an increase in maternal erythropoietin production) also 

increases, but relatively less, compared with the increase in plasma volume, the net 

result being a dip in hemoglobin concentration. Thus, there is dilutional anemia. 

The drop in hemoglobin is typically by 1–2 g/dL by the late second trimester and 
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stabilizes thereafter in the third trimester, when there is a reduction in maternal 

plasma volume (owing to an increase in levels of atrial natriuretic peptide). Women 

who take iron supplements have less pronounced changes in hemoglobin, as they 

increase their red cell mass in a more proportionate manner than those not on 

hematinic supplements. 

The red blood cell indices change little in pregnancy. However, there is a small 

increase in mean corpuscular volume (MCV), of an average of 4 fl in an iron-

replete woman, which reaches a maximum at 30–35 weeks gestation and does not 

suggest any deficiency of vitamins B12 and folate. Increased production of RBCs 

to meet the demands of pregnancy, reasonably explains why there is an increased 

MCV (due to a higher proportion of young RBCs which are larger in size). 

However, MCV does not change significantly during pregnancy and a hemoglobin 

concentration <9.5 g/dL in association with a mean corpuscular volume <84 fl 

probably indicates co-existent iron deficiency or some other pathology. 
(38)

 

Post pregnancy, plasma volume decreases as a result of diuresis, and the blood 

volume returns to non-pregnant values. Hemoglobin and hematocrit increase 

consequently. Plasma volume increases again two to five days later, possibly 

because of a rise in aldosterone secretion. Later, it again decreases. Significant 

elevation has been documented between measurements of hemoglobin taken at 6–

8 weeks postpartum and those taken at 4–6 months postpartum, indicating that it 

takes at least 4–6 months post pregnancy, to restore the physiological dip in 

hemoglobin to the non-pregnant values. 
(39) 

2.7.3. White Blood Cells: 

White blood cell count is increased in pregnancy with the lower limit of the 

reference range being typically 6,000/cumm. Leucocytosis, occurring during 

pregnancy is due to the physiologic stress induced by the pregnant state. 
(40) 

Neutrophils are the major type of leucocytes on differential counts .
(41)

This is likely 

due to impaired neutrophilic apoptosis in pregnancy. 
(42)

 

The neutrophil cytoplasm shows toxic granulation. Neutrophil chemotaxis and 
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phagocytic activity are depressed, especially due to inhibitory factors present in the 

serum of a pregnant female. 
(31)

 There is also evidence of increased oxidative 

metabolism in neutrophils during pregnancy. Immature forms as myelocytes and 

metamyelocytes may be found in the peripheral blood film of healthy women 

during pregnancy and do not have any pathological significance .
(44)

 They simply 

indicate adequate bone marrow response to an increased drive for erythropoesis 

occurring during pregnancy. 
(45)

 

Lymphocyte count decreases during pregnancy through the first and second 

trimesters and increases during the third trimester. There is an absolute 

monocytosis during pregnancy, especially in the first trimester, but decreases as 

gestation advances. Monocytes help in preventing fetal allograft rejection by 

infiltrating the decidual tissue (7th–20th week of gestation) possibly, through 

PGE2 mediated immunosuppression. 
(46)

 The monocyte to lymphocyte ratio is 

markedly increased in pregnancy. Eosinophil and basophil counts, however, do not 

change significantly during pregnancy. 
(47)

 

The stress of delivery may itself lead to brisk leucocytosis. Few hours after 

delivery, healthy women have been documented as having a WBC count varying 

from 9,000 to 25,000/cumm. By 4 weeks post-delivery, typical WBC ranges are 

similar to those in healthy non-pregnant women .
(48)

 

2.7.3. Platelets: 

Large cross-sectional studies done in pregnancy of healthy women (specifically 

excluding any with hypertension) have shown that the platelet count does decrease 

during pregnancy, particularly in the third trimester. This is termed as ―gestational 

thrombocytopenia.‖ It is partly due to hemodilution and partly due to increased 

platelet activation and accelerated clearance .
(47)

 

Gestational thrombocytopenia does not have complications related to 

thrombocytopenia and babies do not have severe thrombocytopenia (platelet count 

≤20,000/cumm). It has hence been recommended that the lower limit of platelet 

count in late pregnancy should be considered as 1.15 lac/cumm. 
(33)
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The platelet volume distribution width increases significantly and continuously as 

gestation advances, for reasons cited before. Thus, with advancing gestation, the 

mean platelet volume becomes an insensitive measure of the platelet size. 

Post delivery platelet count increases in reaction to and as a compensation for 

increased platelet consumption during the process of delivery. 

2.7.4. Hemostatic Profile: 

Pregnancy is associated with significant changes in the hemostatic profile. 

Fibrinogen and clotting factors VII, VIII, X, XII, vWF and ristocein co-factor 

activity increase remarkably as gestation progresses. Increased levels of 

coagulation factors are due to increased protein synthesis mediated by the rising 

estrogen levels. In in vitro experiments, pregnant plasma has been demonstrated to 

be capable of increased thrombin generation. 
(42)

 Thus, pregnancy is a 

prothrombotic state. In pregnancy, aPTT is usually shortened, by up to 4 s in the 

third trimester, largely due to the hormonally influenced increase in factor VIII. 

However, no marked changes in PT or TT occur. 
(47)

 

There are changes in the levels and activity of the natural anticoagulants also. 

Levels and activity of Protein C do not change and remain within the same range 

as for non-pregnant women of similar age. Levels of total and free (i.e., 

biologically available) Protein S, decrease progressively with the advancement of 

gestation. Antithrombin levels and activity are usually stable throughout the 

pregnancy, fall during labor and rise again soon after delivery. Acquired activated 

Protein C (APC) resistance has been found to occur in pregnancy, even when 

Factor V Leiden and antiphospholipid antibodies are not present .
(48)

 

This has been attributed to the high factor VIII and factor V activity and low free 

Protein S levels. Hence, APC sensitivity ratio does not serve as a screening test for 

Factor V Leiden during pregnancy. Coagulation factors remain elevated for up to 

8–12 weeks post partum and assays for them may be falsely negative during this 

period. Markers of hemostatic activity which are clinically relevant are thrombin–

antithrombin complexes (TAT) and prothrombin fragments (F 1 + 2), which reflect 
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in vivo thrombin formation, as also, tests which demonstrate plasmin degradation 

of fibrin polymer to yield fragments, namely D-dimer and fibrin degradation 

products (FDP) assay. TAT levels increase with gestation; in early pregnancy the 

upper limit of normal is similar to the adult range of 2.63 g/L, whereas by term, the 

upper limit of normal is 18.03 g/L. D-dimer levels are markedly increased in 

pregnancy, with typical reference range being tenfold higher in late pregnancy than 

in early pregnancy or in the nonpregnantstate .
(33)

 

The increase in D-dimers reflects the overall increase in total amount of fibrin 

during pregnancy consequent to increased thrombin generation, increased 

fibrinolysis or a combination of both. 
(47) 

 This also explains why the D-dimer assay is not reliable for predicting the 

possibility of venous thrombo-embolism in pregnant patients .
(45)
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2.2. Previous studies 

-In December 2009 Ibrahim M, Mohamed H Qari et al from hematology 

department collage of medicine King Abd ulaziz  university hospital conduct study 

found d significant increase (p value˂ 0.001)was observed in level of maternal  Hb 

F ,there was no significant difference in Hb F level in three trimester groups, 

correlation  studies between the gestation age of level of Hb F showed no 

significant increase of Hb F with advancing pregnancy (p˂o.081).
(49)

 

-In october2012 yamada , T. Morikawa ,M . et al  from jaban conducted study 

found on  Hb F value 0f 0.082%(0.47%) during first trimester decreased 

significantly to 0.66%(0.35%) during second trimester .
(50)

 

-Done by James RF,Szumski R et al Hb F fraction remain within  the normal range 

during the first trimester after 15 weeks of gestation increase in70% in pregnancy 

women .
(51)

 

-In 5015 Seaed R and  Babiker R in sudan from Alzaiem Alazhari university 

conducted study found on existence of slight increase at the first three months 

compare with the second and third three months (p value˂ 0.001),this increase 

lower gradually as the age of pregnancy rise because average of  Hb F at first three 

months is 1.156 while at second three months 0.9500 and at third three months is 

0.8866.
(52)
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3. Material and Methodology : 

3.1. Study Design : 

This is descriptive cross-sectional  analytical study to determination level of  Hb F 

in normal pregnant women reffered to Khartoum city during period of (April 2018 

to September 2018) . 

3.2. Study Area : 

The study area carried out at Dar Elber Specialize  Medical complex which located 

in southern of  Khartoum city. 

3.3 .Study Population : 

A total of( 60) samples collected of study group of normal  pregnant women and 

(20) samples of non pregnant women . 

3.4. Inclusion Criteria: 

 All normal pregnant women who not suffering from diabetes or other 

hemoglobinpathis. 

3.5. Exclusion criteria: 

 Diabetic , Sicklier pregnant women or other hemoglobinpathy . 

-Control Group non pregnant women. 

3.6. Sample Size : 

Required blood sample were collected from 80 women ,20 women at first trimester 

of pregnancy ,20 women in second trimester and 20 women in third trimester of 

pregnancy  in addition to 20 from non pregnant women. 

  

3.7. Data collection tools: 

 Data were collected using self –administrated pre-coded questionnaire to obtain 

information  which helped in study. 

3.8. Collected sample and preparation : 

Two and half milliliters  of venous blood were collected using sterile disposable 

plastic syringe after cleaning the venipuncture area with ethanol (70%),the blood 
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added to vacationer with EDTA anticoagulant and  centrifuge at 1200g 

(3000rev\min) for 30 min and supernatant was  discharge , then washed the packed 

cell with normal saline three time , centrifuge at 1200g (3000rev\min) for1 min 

every time, 2volumes of washed packed cell lysed in 1 volume of D.W then 

centrifuge at 1200g(3000rev\min)for 30 min . The proportions of Hb F in the 

hemolysate was measured by full automated cation exchange high pereformace 

liquid chromatography (HPLC-TOSOH G7 ̏ Jaban̋  ) . 
(53 ) 

3.9. Methods: 

Measurement of Hb F done by using HPLC G7Analyzer  

3.9.1. Principle: 

 HPLC-723G7, HLC-723G8 and HLC-723GX and HLC-723G11 are fully 

automated high performance The liquid chromatography instrument-reagent 

systems that rapidly and precisely separate hemoglobins found naturally in blood. 

Charged hemoglobins and other hemoglobin components are eluted at varying 

times depending upon the net charge of the molecule in relation to a gradient of 

increasing ionic strength passed through a non-porous cation exchange column 

(negatively charged beads). Cation exchange columns employ the differences in 

ionic interactions between hemoglobin components to separate them into a total of  

fractions  . 

A step gradient featuring three elution buffers with differing salt concentration is 

used to separate when assaying Hb F, s-A1c ,Total A1 and Hb A2 ,according to the 

manufacture catalog 

3.9.2. Procedure and Reagent: 

 Procedure and Reagent available at appendix no3 

3.10. Ethical consideration :     

The laboratory testing and data was collected after obtained oral informed consent 

from the study participations.  
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3.11. Data analysis: 

The collected data code in master sheet and proceed  using SPSS version 11.5. 

( mean , stander deviation and stander error mean , P. value by using independent T 

test . ANOVA test was used . The data were finally  presented in tables 
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4. Results:- 

-This is study included 60 pregnant  females and 20  un pregnant  females as 

control group at ages between 19-44 years from Khartoum city. 

The measurement of Hb F was carried out at the first three months ,  second  three  

months  and third  three  months of gestation by using full automated HPLC G7 in 

Elzaytouna specialized hospital. 

-In this study the level of Hb F during pregnancy showed a strong significant 

increase of Hb F level when compared to age matched un pregnant females (P 

value 0.00), the mean of Hb F during pregnancy 0.96±0.37% while in the un 

pregnant control group it was 0.49±0.16% . Table (4.1) 

-There was significant difference when the HbF level compared  between the three 

trimester groups using ANOVA test( p ˂0.05). Also  bivariate analysis between the 

first and  second and  third, and second and third groups showed  significant 

difference . Table (4.2) 

-According to an  age the case group divided into two groups one from 19 to 

31years and another from 32-44 years the level of Hb F when compared between 

this tow groups showed no significant difference   (p value 0.916). Table(4.3) 

 

Table ( 4.1) mean of HbF comparison across the study group 

Parameters  Group Mean±SD P-value 

Hb F Cases 0.96±0.37  

0.000 Control 0.49±0.16 
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Table ( 4.2) mean of HbF comparison across pregnancy trimester   

 

 

Table ( 4.3) mean of HbF comparison across age group  

Parameters  Age Mean±SD P-Value 

HbF 19-31 Years 1.02±0.33 0.916 

32-44 Years 1.01±0.39 

 

 

 

  

 

 

 

 

  

Parameters Group Mean ±SD P-Value 

First trimester with 

Second trimester 

First trimester 1.21±0.39  

0.028 Second trimester 

 

0.97±0.34 

First trimester with 

Third trimester 

First trimester 1.21±0.39  

0.001 Third trimester 

 

0.86±0.27 

Second trimester 

with third trimester 

 

 

Second trimester 0.97±0.34  

0.284 Third trimester 0.86±0.27 
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5.1. Discussion :- 

-In this study the average of Hb F during pregnancy was 0.96±0.37,while in non 

pregnant control group  was 0.49±0.16  this reflect  the fact pregnancy associated 

with significantly  higher of Hb F level .pregnancy accompanied by a marked 

increase in the circulating blood volume by 40%, an increase in the number of 

adult F cell production result of an  increased demand for red cells. 
(54)

 Same study 

conducted in 72 chinese women done by  George T.C.Chan  found significant 

increase in the level of Hb Fin the  normal pregnancy women  this increase showed 

in first trimester evidenced by greater stander deviation but second trimester 

comedown to non pregnant value and stays at this level throughout the third 

trimester. 

-The increase of Hb F shown in first trimester the mean 1.21±0.39 while decrease 

gradually  in second trimester to 0.97±0.34 then in third trimester  0.86±o.27that 

reflect the increase  level of Hb F during pregnancy  related to age of gestation, 

HbF level was significant increase during first trimester compared with those 

during second and third trimester consistent with result of previous studies in 

which the proportion of red cell containing Hb F peak during pregnancy between 

2and7 month of gestation ,the increase in the red cell containing Hb F during the 

earlier stages of pregnancy suggested to be due to an increase number of adult f 

cells. 
(55,56)

 

However fetal hemoglobin entering the maternal  circulation may contribute to 

some extent the elevated of HbF level in first trimester . 

-There was no significant difference Hb F level  when compare case group 

according to age that reflect the increase of Hb F level  related to pregnancy not to 

age . 
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5.2. Conclusion:-  

The finding of this study suggest that : 

-The fact normal pregnancy associated with significant increase in HbF , the high 

level of Hb F shown  during the first trimester that  declined gradually in second 

and third trimester .there was significant difference in the level of Hb F  between 

three trimester groups  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



25 

 

5.3. Recommendation :- 

Beside the finding of this study we recommended that : 

1-Another study with bigger sample size should be done. 

2-Molecular  technique should be used to detected the genetic variation. 

3- further investigation by Hb F electrophoresis should be done 

4-Other advance techniques should be done 
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Appendix I 

 

University of Shendi 

Faculty of Graduate studies 

Haematology  Department 

Questionnaire 

Title of Research: 

Determination of hemoglobin F level in normal pregnant women in 

Khartoum town During Period From April to September 2018. 

.This questionnaire used only for purpose of the research 

Patient No:………………………………. 

Age:………………………………………... 

Month of pregnancy:………………… 

Number of trimester:…………………. 

The result………………………………….. 
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Appendix II 

 إقشاس تانًىافقح 

:------------------------------------------------------------------الاسى  

--------------------------------------------------------------------انعًش  

-------------------------------------------------------------------انعُىاٌ  

أوافق تًحض اسادتً تهًشاسكح فً انثحث انعهًً انًتعهق ب دساسح تحذَذ يستىي 

.انهًُىقهىتٍُ انجًُُُ فٍ انحًم انطثُعً  نذي انحىايم فً يشكز داس انثش انطثً انتخصصً   

حُاٌ اتكش تُشاب يحًذ     :انثاحثح   

تعذ اٌ ششحت نٍ تاَه لا َتشتة عهُه إٌ أرٌ جسذي او َفسً واعهى أٌ انًشاسكح فً هزا 

انثحث نٍ تؤثش عهً تأي حال يٍ الاحىال فٍ انشعاَح انصحُح انتٍ أتهقاها كًا أَه َحق نً 

.                                                        تذوٌ اتذاء اسثاب الإَسحاب يٍ هزا انثحث   

:                                                                                            انثحث تئششاف  

حًزج أحًذ حسٍ يحًذ انتىو                                                          .د  

:---------------------------                                                                 انتىقُع  

:-------------------------------------------------------انتاسَخ  
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