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﷽

نَساَن ِمْن َعَلٍق* اْقرَأْ َوَربَُّك   اْقرَأْ ِباْسمِ َربَِّك الَِّذي َخَلَق* َخَلَق اإْلِ
نَساَن َما َلْم يَْعَلْم اأْلَْكرَُم* الَِّذي َعلََّم ِباْلَقَلمِ* َعلََّم اإْلِ

يٌـِمـ ظَِ ٍصـدَّقَْ اٌلِـلِـٌه اٌلِـٍعَ
سورة العلق : اية (١-٥) 
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اإلهداء
إلى من علَّمني كيف أقف بكل ثبات فوق األرض

أبي املحترم
إلى نبع املحبة واإليثار والكرم 

أمي املوقَّرة
إلى من أمدَّتني بالنصح واإلرشاد... أختي الكريمة

إلى نفسي العزيزة املثابرة والطموحه 
إلى القلوب التي احبتني  بقلب صادق وكانت معي في رحله 
التقلبات وآمنت بي وساندتني واضائت بصيرتي أحبابي  
وأصدقائي، وجميع من وقفوا بجواري وساعدوني بكل ما 

يملكون

أُهدي لكم بحث تخرُّجي
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Aim of study  

Know the virus structure and its mechanism effect on humans 
immunity inside the human body  
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Summary 

The virus causes chronic and fatal diseases characterized by long incubation 

periods in humans and other mammalian species such as Host monkeys, 
cows, goats, horses, cats, sheep, rabbits and rodents. HIV was generally 

discovered in 1983 by Luc Montagnier's


As HIV gradually weakens the body’s natural defenses,
HIV destroys CD4 cells (also called T cells or helper cells), which are critical 
to the immune system. CD4 cells are responsible for keeping people healthy 

and protecting them from common diseases and infections.

The main source of transmission of HIV "AIDS" is chimpanzees and gorillas 
that live in the southwest of Cameroon. Where it contains four types (M, N, 

O, and P) and the two types "M,N" were transmitted to humans


In humans HIV is transmitted in limited ways, and this is “one of the factors 
that helped limit its spread”.. For adults it is transmitted by sexual contact 

(semen, vaginal fluid), in addition to contamination with the blood of infected 
people “Most of these cases are among the health sector workers because 
they are in direct contact with patients”.. For children, an infected mother's 

milk is a carrier of the virus, and it is possible to infect the fetus during 
childbirth by exposure to the fluids of the infected mother.. HIV can also be 

contracted due to the transfer of rectal fluids from an infected patient to 
another healthy patient.


*There are three stages that a patient goes through during infection with the 
virus. We will address these stages in a simple way ..


Stage 1: acute HIV infection

Stage 2: chronic HIV infection:-


Stage 3: acquired immunodeficiency syndrome (AIDS)


untreated, HIV leads to AIDS. AIDS can weaken the immune system and 
cause many opportunistic diseases. 


medications that can control HIV and prevent complications. These 
medications are called antiretroviral therapy (ART)


ART is usually a combination of three or more medications from several 
different drug classes that combine three HIV medications into one pill


HIV/AIDS effects  

the immune system and other body systems like the nervous system

And digestive system and Integumentary system and Respiratory and 

cardiovascular systems

As it follow in .. 
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Acquired immunodeficiency syndrome 
Introduction  

(AIDS) is a chronic and a potentially life-threatening condition caused by 
human immunodeficiency virus (HIV). And is defined by an absolute CD4* cell 
count of less than 200 cells/µL 

*CD4* are White blood cells that constitutes an essential part of the human immune 
system. They are often referred to as CD4 cells, T-helper cells or T4 cells.  

A Glimpse of the Disease (History and Discovery) 

HIV (Human Immunodeficiency Virus)  
HIV attacks the cells of the immune system “CD4+ cells”. When the number 

of these cells is reduced, the human body becomes less resistant; and the consequence 
is the vulnerability to other infections and diseases. 

The main source of transmission of HIV to humans is chimpanzees and monkeys that 
live in the southwest of Cameroon..HIV was generally discovered in 1983 by Luc 
Montagnier's team at the Pasteur Institute in Paris, In 2008, Luc Montagnier and 
Francoise Barry-Senussi of his team were awarded the Nobel Prize for HIV isolation 
and characterization. 
The	human	immunode+iciency	viruses	(HIV)	are	two	species	of	Lentivirus	(a		
subgroup	of	retrovirus)	that	infect	humans.	Over	time,	they	cause	acquired	
immunodeCiciency	syndrome	(AIDS),	a	condition	in	which	progressive	failure	of	
the	immune	system	allows	life-threatening	opportunistic	
infections	and	cancers	to	thrive	,	Without	treatment,	average	survival	time	after	
infection	with	HIV	is	estimated	to	be	9	to	11	years,	depending	on	the	HIV	
subtypeThe	human	immunodeCiciency	viruses	1	and	2	(HIV-1,	HIV-2)	originated	
from	the	simian	immunodeCiciency	viruses	(SIVs)	of	primates.	Thus,	HIV-1	and	
HIV-2	each	had	a	zoonotic	origin	but	now	spread	directly		
from	human	to	human.	
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The	SIV	of	chimpanzees	(SIVcpz)	gave	rise	to	HIV-1	in	humans,	and	the	SIV	of	the	
sooty	mangabey	monkey	(SIVsm)	to	HIV-2	in	humans	 	It	is	still	uncertain	exactly	
how	 the	 transmission	of	 these	SIVs	 to	humans	occurred,	but	 it	may	have	been	
during	the	hunting	and	preparation	of	these	primates	for	food,	by	the	indigenous	
people	of	these	areas	in	Central	and	Western	Africa,	where	these	primate	species	
live.	 Studies	 using	 molecular	 clock	 evolutionary	 assumptions	 have	 suggested	
that	the	ancestor	virus	for	HIV-1	appeared	in	around	1931	and	that	of	HIV-2	in	
around	1940.	After	this	initial	transmission	event,	it	is	likely	individuals	infected	
with	 these	 primate	 SIVs	 then	 transmitted	 the	 human	 form	 of	 the	 viruses	
(HIV-1,HIV-2)	to	other	people	in	their	communities,	from	where	it	spread,	world-
wide. 

Classification of HIV-1 and HIV-2  
The	two	human	immunodeMiciency	viruses,	HIV-1	and	HIV-2,	are	members	of	the	
family	 of	 Retroviruses,	 in	 the	 genus	 of	 Lentiviruses.	 Retroviruses	 have	 been	
found	in	various	vertebrate	species,	associated	with	a	wide	variety	of	diseases,	in	
both	 animals	 and	 humans.	 Inparticular,	 retroviruses	 have	 been	 found	 to	 be	
associated	 with	 malignancies,	 autoimmune	 diseases,	 immunodeMiciency	
syndromes,	 aplastic	 and	 haemolytic	 anaemias,	 bone	 and	 joint	 disease	 and	
diseases	of	 the	nervous	system.	The	many	different	 strains	of	HIV-1	have	been	
separated	into	major	(M),	new	(N)	and	outlier	(O)	groups,	which	may	represent	
three	separate	zoonotic	transfers	from	chimpanzees.	Groups	N	and	O	are	mainly		
conMined	 to	 West	 and	 Central	 Africa	 (Gabon	 and	 Cameroon),	 though	 cases	 of	
Group	O	have	been	 found	world-wide	due	 to	 international	 travel,	 after	 contact	
with	infected	individuals	from	these	areas. 
The similarities between HIV-1 and HIV-2 include :- their intracellular replication 
pathways, transmission modes, and clinical effects leading to acquired immune 
deficiency syndrome (AIDS). 

 While the differences consist of the following: 
1. HIV-1 is the most common type of HIV and accounts for 95% of all infections,  
2. Patients infected by HIV-1 progress faster and contract AIDS, 
3. HIV-2 is relatively uncommon and less infectious, 
4. HIV-2 is less likely to progress into AIDS because of its lower transmissibility. 

Thus, individuals infected by HIV-2 mostly remain non-progressors for a long 
period of time,  

5. HIV-2 infections are characterized by lower viral loads of over 10,000 copies/
mL compared to millions of copies/mL of HIV-1 

6. The human body’s immune response is more protective in the case of HIV-2 
infection thus slowing down disease progression, 

7. HIV-2 is less fatal and progresses more slowly than HIV-1, 
8. HIV-2 is mainly concentrated in West Africa and the surrounding countries. 
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Virology 
HIV is a retrovirus. Retrovirus is any group of RNA viruses that has the 

ability to reverse transcript its RNA and to insert a DNA copy of their genome into 
the host cell in order to replicate. 

 It carries a single-stranded RNA as its genetic material rather than the double-
stranded DNA which human cells carry. Retroviruses also possess the enzyme reverse 
transcriptase, which allows it to catalyze an RNA template to generate a DNA 
molecule which is utilized to infect human, or host, cells.  

When HIV infects a cell, it first attaches to and fuses with the host cell wall. 
Then, the viral RNA is reverse-transcripted into DNA and the virus uses the host 
cell’s machinery to replicate itself . The reproduced HIV progeny then shed from the 
host cell and move on to infect other cells. HIV has the capability to attack a specific 
cells in the human body which is the CD4 cells of the immune system and to destroy 
them. HIV uses the CD4 cell mechanism to multiply and spread throughout the body. 
This process, which takes place in seven steps or stages, is called the HIV life cycle  

HIV structure  
 HIV Structurally a lipid bilayer envelope surrounds the cylindrical core of HIV,
 which contains the RNA genetic information and the machinery that promotes viral
 replication and integration during initial cellular infection. Externally, the virion
 .appears spherical, with a diameter of 110 nm
HIV contains a variety of structural 
and nonstructural proteins that 
determine the interaction of the virus 
with the host's immune system and 
cellular components. 

 the HIV virus attaches to the 
host cell by the association of a surface 
glycoprotein gp120 to the CD4 
molecule; therefore, it primarily infects 
CD4+ lymphocytes and macrophages. 
Once the virus core enters the cell 
cytoplasm of the host, viral reverse 
transcriptase coverts viral RNA to 
DNA. The viral DNA is then 
transported into the nucleus and 
integrated into the DNA of the host 
cell. If activated, viral expression can 
result into new viral RNA and proteins. New viral core proteins, enzymes, and viral 
RNA molecules can induce budding, with additional cell infection. 
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pathogenicity	
		

Tropism  
The	term	viral	tropism	refers	to	the	cell	types	a	virus	infects.	HIV	can	infect	a	
variety	of	immune	cells	such	as	CD4+	T	cells,	macrophages,	and	microglial	cells.	
HIV-1	entry	to	macrophages	and	CD4+	T	cells	is	mediated	through	interaction	of	
the	virion	envelope	glycoproteins	(gp120)	with	the	CD4	
molecule	on	the	target	cells'	membrane	and	also	
with	chemokine	co-receptors.		
The	pathogenesis	of	HIV	is	basically	a	struggle	between	
HIV	replication	and	the	immune	responses	of	the	
patient,	via	cell-mediated	and	immune-mediated	
reactions.The	HIV	virus	burden	directly	and	indirectly	
mediates	CD4	T-cell	destruction	of	mature	CD4	cells,	
CD4	progenitor	cells	in	bone	marrow,	the	thymus	and	
peripheral	lymphoid	organs,	as	well	as	CD4	cells	with	
nervous	system,	the	result	of	this	destruction	is	failure	of	T-cell	production	and	
eventual	immune	suppression.There	are	many	mechanism	of	CD4	cell	depletion	
by	HIV	infection,	direct	HIV	mediated	cytopathic	effects	including	single	cell	
killing	as	well	as	cell	fusion	or	syncytium	formation.The	syncytium	is	a	fusion	of	
multiple	uninfected	CD4	cells	with	one	HIV	infected	CD4	cell	via	CD4-gp120	
interaction.	The	host	natural	immune	response	also	
play	a	role	in	CD4	cell	depletion	mainly	through	
cytotoxicity	and	natural	killer	cell	(NK),	other	
mechanism	include	programmed	cell	death	
(apoptosis)Upon	entry	into	the	target	cell	
viral	RNA	genome	is	converted	(reverse	
transcribed)	into	double-stranded	DNA	by	a	virally	
encoded	enzyme,	reverse	transcriptase,	that	is	
transported	along	with	the	viral	genome	in	the	
virus	particle.	The	resulting	viral	DNA	is	then	
imported	into	the	cell	nucleus	and	integrated	into	
the	cellular	DNA	by	a	virally	encoded	enzyme,	integrase,	and	host	co-
factors.	Once	integrated,	the	virus	may	become	latent,	allowing	the	virus	and	its	
host	cell	to	avoid	detection	by	the	immune	system,	for	an	indeterminate	amount	
of	time.	The	HIV	virus	can	remain	dormant	in	the	human	body	for	up	to	ten	years	
after	primary	infection;	during	this	period	the	virus	does	not	cause	symptoms.	
	Alternatively,	the	integrated	viral	DNA	may	be	transcribed,	producing	new	RNA	
genomes	and	viral	proteins,	using	host	cell	resources,	that	are	packaged	and	
released	from	the	cell	as	new	virus	particles	that	will	begin	the	replication	cycle	
anew. 



 13

Immunity  
HIV	is	present	as	both	free	virus	particles	and	virus	within	infected	immune	
cells.HIV	infects	vital	cells	in	the	human	immune	system,	such	as	helper	T	
cells	(speciCically	CD4+	T	cells),	macrophages,	and	dendritic	cells.	HIV	infection	
leads	to	low	levels	of	CD4+	T	cells	through	a	number	of	mechanisms,	
including	pyroptosis	of	abortively	infected	T	cells	(Pyroptosis	is	an	inClammatory	
form	of	programmed	cell	death	that	occurs	most	frequently	upon	infection	with	
intracellular	pathogens.	In	contrast	to	apoptosis	and	
necrosis,	pyroptosis	requires	the	function	of	the	enzyme	caspase-1.	Caspase-1	is	
activated	during	pyroptosis	by	a	large	supramolecular	complex	termed	the	
pyroptosome	(inClammasome)	and	subsequently	mediates	the	maturation	and	
secretion	of	interleukin-1	beta	and	interleukin-18	),	apoptosis	of	uninfected	
bystander	cells,	direct	viral	killing	of	infected	cells,	and	killing	of	infected	CD4+	T	
cells	by	CD8+	cytotoxic	lymphocytes	that	recognize	infected	cells.	When	CD4+	T	
cell	numbers	decline	below	a	critical	level,	cell-mediated	immunity	is	lost,	and	
the	body	becomes	progressively	more	susceptible	to	opportunistic	infections,	
leading	to	the	development	of	AIDS.	

CD4 cell count 
HIV has a particular tropism for cells with the CD4 surface protein, to which it 

binds using the gp120* envelope glycoprotein. Cells that have CD4 on their surface 
include: 
• Macrophages,  
• Glial cells in the brain,  
• T-helper and T-regulatory cells. 

Macrophages are the site of a long-lived HIV proviral reservoir that makes 
eradication practically impossible. Loss of glial cells is thought to be related to AIDS-
related encephalopathy. 

CD4 cells are lost through numerous mechanisms; HIV itself is directly 
cytotoxic to T-cells, but cell death also occurs as part of the natural immune response 
and cell activation that occurs with any chronic infection. In the case of HIV; 
however, T-cell replacement from the thymus is adversely affected, thus an increased 
T-cell turnover is not compensated for by a concomitant increase in production. 

As a result of CD4 cells loss, several areas of the immune system are affected. 
Because of the lack of T-cells’ aid, B-cells, conversely, tend to overproduce IgG, 
leading to hypergammaglobulinemia, but the specificity of this antibody is poor, and 
this leads to impairment in antibody-mediated protection overall. Eventually, without 
treatment, immune dysfunction progresses to the point that life-threatening 
opportunistic infections (OIs) can occur. 
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Neurologic Effects 
Neuronal damage is due to the interaction between HIV-1 and different cell types. 
The primary cell targets for HIV infection, in the CNS, are resident macrophages, 
neurons, and astrocytes. The role of macrophages is essential in the 
neurodegeneration process; indeed, these cells are resistant to HIV-1 cytopathic 
effects and thus can sustain a viral infection for prolonged periods of time. In the 
CNS, four major types of macrophages  were identified: meningeal macrophages, 
macrophages of the choroid-plexus, perivascular macrophages, and microglia. 
Among them, microglia and perivascular macrophages seem to have a fundamental 
role in neurological damage. Their role in the inflammatory process is to release viral 
proteins, inflammatory cytokines, and neurotoxins, and to induce astrocyte 
differentiation, apoptosis, and the alteration of the normal neurogenesis. 
Microglial resident cells play an important role in the HIV-associated 
neurocongnitive disoeder ( HAND) pathogenesis, contributing to the 
neurodegenerative events through various mechanisms. In fact, glial cells infected by 
HIV are able to release factors and toxins which cause damage in neurons and 
astrocytes altered	tissue;	(1c)	the	migration	into	the	brain		of	HIV-1	infected	CD4+	T	cells.	(2)	
CNS	resident	cells	susceptible	to	HIV-1	infection	are	microglia,	neurons,	astrocytes,	and	
oligodendrocytes.	The	activation	of	these	cells	plays	a	key	role	in	the	release	of	
proinClammatory	cytokines,	and	can	amplify	the	alteration	and	permeability	of	the	BBB,	thus	
promoting	the	neuroinvasion	of	HIV	and	other	viruses. 
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Hematopoietic Effects 

Although HIV infects hematopoietic stem cells, the importance is minor. 
Hematopoietic disturbances are believed to occur as a consequence of changes in the 
microenvironment of the marrow and of deficiencies in local and systemic growth 
factors. In typical conditions, the stroma of the marrow promotes stem cell 
proliferation and differentiation by producing granulocyte colony-stimulating factor 
(G-CSF) (granulocyte colony-stimulating factor)  and interleukin (IL)-3 (interleukin). 
 HIV-infected stroma produces less G-CSF (granulocyte colony-stimulating 
factor) and IL-3 (interleukin) than normal and produces excessive tumor necrosis 
factor TNF-alpha and IFN-gamma. This cytokine dysregulation halts the production 
of badly needed hematopoietic cell lines and causes apoptosis of committed 
progenitor cells. 

Other Associated Development Diseases  

- Thrombocytopenia occurs in 40% of patients with HIV infection during the course 
of the disease. It is most common in people with advanced disease, 
Such as individuals that use IV drugs, African Americans, and those with a history of 
anemia or lymphoma. The presence of thrombocytopenia suggests a 
shortened survival time. 

- Anemia may be present in as many as 20% of patients at the time of diagnosis; in 
addition, Patients with clinical AIDS are more likely than others to have anemia 

- Neutropenia is observed in 10% of patients with early asymptomatic HIV 
infections and in 50% of patients with AIDS. Neutropenia results from the 
aforementioned mechanisms, as well as from medication. Granulocyte-macrophage 
colony-stimulating factor (GM-CSF) and G-CSF deficiencies not only reduce 
neutrophil production but also reduce granulocytic and monocytic function. 

Symptoms of HIV 

Symptoms of HIV are diverse. It depends on the person and what 
stage of the disease they are in. Early symptomatic HIV infection includes 
persistent generalized lymphadenopathy, often the earliest symptom of primary HIV 
infection. Other symtpms include oral lesions such as thrush and oral hairy 
leukoplakia, hematologic disturbances such as hypoproliferative anemia and 
thrombocytopenia, neurologic disorders such as aseptic meningitis, and dermatologic 
disorders such as varicella-zoster virus (shingles) 
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Stage 1: Acute HIV Infection 

Acute HIV infection is defined as 
the period between exposure to the virus 
and completion of the initial immune 
responses. This period varies but 
generally lasts 2-3 months. During this 
time, antibody tests may be negative for 
HIV, but the serum viral load (the amount 
of HIV virus in the blood) is detectable 
and can be quite high (millions of copies 
per milliliter). 
Within 2 to 4 weeks after infection with 
HIV, about two-thirds of people will have 
a flu-like illness. This is the body’s 
natural response to HIV infection. 

Chronic HIV disease can be divided 
empirically based on the degree of 
immunodeficiency into the following 
stages: 

Early stage - CD4+ T-cell count >500/µL 
Flu-like symptoms can include: 
● Fever 
● Chills 
● Rash 
● Night sweats 
● Muscle aches 
● Sore throat 
● Fatigue 
● Swollen lymph nodes 
● Mouth ulcers 

These symptoms can last anywhere from a few days to several weeks. But some 
people do not have any symptoms at all during this early stage of HIV. 
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Stage 2: Clinical Latency  
(CD4+ T-cell count 200-500/µL) 

In this stage, the virus still multiplies, but at very low levels. People in 
this stage may not feel sick or have any symptoms. This stage is also called 
chronic HIV infection. After the initial symptoms disappear, HIV may not 
cause any further symptoms for many years. During this time, the virus 
continues to be active and causes progressive damage to the immune 
system. This process can vary from person to person, but may take up to 10 
years, during which you'll feel and appear well. In addition, without HIV 
treatment, people can stay in this stage for 10 or 15 years, but some move through 
this stage faster. 

Less common symptoms may include: 
● Joint pain, 
● Nausea and vomiting 

Symptomatic HIV  
The longer you live with HIV without treatment, the greater the risk of 

developing infections that the weakened immune system cannot fight such as 
certain cancers and the direct effects of HIV. Getting ill in one of these ways 
means that the person has symptomatic HIV. 

Late-stage HIV 
If HIV has a chance to cause a lot of damage to your immune system, you may 

become ill from certain serious opportunistic infections and cancers. These illnesses 
are also known as AIDS-defining. 
 HIV destroys cells in the immune system called CD4 cells or T cells. 
Without CD4 cells, the body has a hard time fighting off diseases. This makes 
the body more likely to get really sick from infections that usually would not 
cause any harm. Over time, the damage HIV does to the immune system leads 
to AIDS. One sign of a person having AIDS is when they get rare infections 
(called opportunistic infections) or types of cancer, or if they have lost a certain 
number of CD4 cells. 
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Stage 3: AIDS  
When the CD4 cell count falls 

below approximately 200 cells/µL, 
the resulting state of 
immunodeficiency places the 
individual at high risk for 
opportunistic infections and 
neoplasms (clinically apparent HIV 
disease). If a person is infected with 
HIV and is not receiving treatment, 
eventually the virus will weaken the 
body’s immune system and the person 
will progress to AIDS which is the 
late stage of HIV infection 

Symptoms of AIDS can include: 
● Rapid weight loss 
● Fever that lasts more than 10 

days 
● Night sweats 
● Extreme and unexplained 

tiredness 
● Prolonged swelling of the lymph glands in the armpits, groin, or neck 
● Diarrhea that lasts for more than a week 
● Weight loss with no obvious reason 
● Sores of the mouth, anus, or genitals 
● Pneumonia 
● Yeast infections in your mouth, throat, or vagina 
● Red, brown, pink, or purplish blotches on or under the skin or inside the 

mouth, nose, or eyelids 
● Memory loss, depression, and other neurologic disorders. 

AIDS-defining illnesses: 
● cancer 
● tuberculosis (TB) 
● pneumonia 
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What are the symptoms of AIDS in women? 
There are few signs that happen only in women, 
often in the later stages of infection: 
● Thrush — a thick, whitish coating the tongue or 

mouth that’s caused by a yeast infection and 
sometimes accompanied by a sore throat 

● Severe or frequent vaginal yeast infections 
● Chronic pelvic inflammatory disease 
● Menstrual fluctuations 

Women with HIV can experience changes to 
their menstrual cycle. Their periods may be lighter or heavier than normal, or 
they may not have a period at all. HIV-positive women may also have more 
severe premenstrual symptoms. HIV can cause these issues but they may 
also happen because of the virus's effects on the immune system, which may 
change the hormones. Lower belly pain which is one of the signs of an infection of 
the uterus, ovaries, and fallopian tubes, called pelvic inflammatory disease (PID). 
PID can also cause: 
• Unusual vaginal discharge 
• Fever 
• Irregular periods 
• Pain during sex 
• Pain in upper belly 
• Vaginal yeast infections.  

What are the symptoms of AIDS specific to men? 
One HIV symptom that is unique to men is an ulcer on the penis. HIV may 

lead to hypogonadism, or poor production of sex hormones, in either sex. However, 
hypogonadism’s effects on men are easier to observe than its effects on women. 
Symptoms of low testosterone, one aspect of hypogonadism, can include erectile 
dysfunction (ED). 



 20

HIV/AIDS effects on body systems 
Respiratory and cardiovascular systems
Without treatment for HIV, advanced disease puts an HIV-positive person at 
an even greater risk for infectious complications, such as tuberculosis and a 
fungal infection called pneumocystis jiroveci pneumonia (PJP).
PJP causes trouble breathing, cough, and fever.
The risk of lung cancer also increases with HIV. This is due to weakened 
lungs from numerous respiratory issues related to a weakened immune 
system.
HIV also raises the risk of pulmonary arterial hypertension (PAH). PAH is a 
type of high blood pressure in the arteries that supply blood to the lungs. 
Over time, PAH will strain the heart and can lead to heart failure.

Digestive system
Problems with the digestive tract can also decrease the appetite and make it 
difficult to eat properly. As a result, weight loss is a common side effect of 
HIV.
A common infection related to HIV is oral thrush, which is a fungal infection 
that causes inflammation and white patches on the tongue and inside of the 
mouth.
It can also cause inflammation of the esophagus, which can make it difficult 
to swallow and eat.
Another viral infection that affects the mouth is oral hairy leukoplakia, which 
causes white lesions on the tongue.
Consuming contaminated food or water can also result in a parasitic intestinal 
infection called cryptosporidiosis.
This infection affects the bile ducts and intestines and can be particularly 
severe. It can cause chronic diarrhea in people with AIDS.

Integumentary system
One of the more visible signs of HIV and AIDS can be seen on the skin.
A weakened immune response leaves a person more vulnerable to viruses 
such as herpes. Herpes can cause people to develop sores around their 
mouth or genitals.
A viral skin infection called molluscum contagiosum involves an outbreak of 
bumps on the skin. Another condition called prurigo nodularis causes crusted 
lumps on the skin as well as severe itching.
HIV can also make people prone to other skin conditions, such as:

• eczema
• seborrheic dermatitis
• scabies
• skin cancer 
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Transmission of AIDS 

As the virus lives in the blood of the infected person and some body fluids, and 
therefore infection results when these fluids are transferred from a person infected 
with the virus to another person’s blood,  
It include:  

• Body fluids that contain sufficient 
amount of the virus to transmit 
the infections,  

• Semen and vaginal secretions, 
including menstrual blood, 

• Breast milk,  
• Blood, and anal secretions  

Infection occurs only when these fluids come into contact with damaged tissues or 
mucous membranes in the anus, vagina, orifice of the penis or mouth while it may be 
transmitted directly into the blood by injections other body fluids. On the other hand, 
saliva, sweat, and urine do not contain a sufficient amount of virus to transmit the 
infection between people. It is important to note that the virus may be transmitted 
between people, whether the symptoms of infection are apparent or not.  

The methods of transmission 
• Sexual practices :- having vaginal or anal sex with someone who has HIV  
• Sharing syringes and needles :- are the most common way to transmit HIV the virus 

can live in a used needle for a period of up to 42 days, depending on several 
factors, including temperature 

•  Receiving blood transfusions, blood products, or organ/tissue transplants 
that are contaminated with HIV., 

• Having oral sex:-  the chance that an HIV-negative person will get HIV from oral 
sex with an HIV-positive partner is extremely low, 

• Being bitten by a person with HIV.  
• Deep, open-mouth kissing , if both partners don’t have  sores or bleeding gums and 

blood from the HIV-positive partner gets into the bloodstream of the HIV-negative 
partner. 
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Ways that HIV is not transmitted  
The virus that causes AIDS cannot live outside the host human body – for 

example – on surfaces for a very long time in addition to its inability to reproduce 
also outside 

• Air or water, 
• Mosquitoes, ticks or other insects, 
• Saliva, tears, or sweat that is not mixed with the blood of a person with HIV, 
• Shaking hands; hugging; sharing toilets; sharing dishes, silverware, or drinking 

glasses; or engaging in closed-mouth or “social” kissing with a person with 
HIV, 

• Drinking fountains, 
• Other sexual activities that don’t involve the exchange of body fluids (for 

example, touching) 
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Diagnosis of HIV  

There are certain tests to detect the virus, which are: 

1. Antibody test: The sample is blood or oral fluid 
2. antigens test: The sample is blood  
3. Nucleic acid test:  The sample is blood 

HIV viral load testing is also beneficial. Viral load can be considered a quantitative 
measure of viral RNA genomes in the peripheral circulation. HIV viral load testing is 
used  
• To measure the number of HIV copies in a milliliter of blood 
• The HIV viral load test evaluates the presence of the virus itself, 
• HIV viral load testing is used to monitor response to antiretroviral therapy in 

people living with HIV infection 
Viral load testing can be performed Also in suspected cases of acute HIV infection 
(presence of flu-like symptoms, risk for HIV infection, and a negative HIV antibody 
test result). HIV viral load testing should be performed every 3-6 months in people 
living with HIV infection. 

Does HIV Viral Load Affect Getting or Transmitting HIV? 
Viral load is the amount of HIV in the blood of someone who has HIV. People 

with HIV who take HIV medicine daily as prescribed and get and keep an 
undetectable viral load have effectively no risk of transmitting HIV to an HIV-
negative partner through sex or any other activity. This is effective only as long as the 
HIV-positive partner gets and keeps an undetectable viral load. Not everyone taking 
HIV medicine has an undetectable viral load. To stay undetectable, people with HIV 
must take HIV medicine every day as prescribed and visit their healthcare provider 
regularly to get a viral load test. 
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Treatment of AIDS 

There are many medications that can control HIV and prevent complications.  
These medications are called antiretroviral therapy (ART). Everyone diagnosed 
with HIV should be started on ART, regardless of their stage of infection or 
complications. ART is usually a combination of three or more medications from 
several different drug classes. This approach has the best chance of lowering the 
amount of HIV in the blood. There are many ART options that combine 
three HIV medications into one pill, taken once daily. Each class of drugs blocks the 
virus in different ways. 

The classes of anti-HIV drugs include: 
1. Non-nucleoside reverse transcriptase inhibitors (NNRTIs) turn off a protein 

needed by HIV to make copies of itself, examples include efavirenz (Sustiva), 
Nucleoside or nucleotide reverse 

2. Transcriptase inhibitors (NRTIs) are faulty versions of the building blocks 
that HIV needs to make copies of itself. Examples include abacavir (Ziagen), 

3. Protease inhibitors (PIs) inactivate HIV protease, another protein 
that HIV needs to make copies of itself. Examples include atazanavir 
(Reyataz), Integrase inhibitors work by disabling a protein called integrase, 
which HIV uses to insert its genetic material into CD4 T cells Examples 
include bictegravir sodium 

4.  Entry or fusion inhibitors block HIV's entry into CD4 T cells. Examples 
include enfuvirtide (Fuzeon)  

Starting and Maintaining Treatment  

Everyone with HIV infection, regardless of the CD4 T-cell count or symptoms, 
should be offered antiviral medication. Remaining on effective ART with an  
undetectable HIV viral load in the blood is the best way for the person to stay healthy. 

Staying on ART with an undetectable viral load helps to: 
• Keep the immune system strong, 
• Reduce the chances of getting an infection, 
• Reduce the chances of developing treatment-resistant HIV, 
• Reduce the chances of transmitting HIV to other people 
For ART to be effective, it's important to take the medications as prescribed, without 
missing or skipping any doses. 
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Treatment side effects include: 
1. Nausea, vomiting or diarrhea 
2. Heart disease 
3. Kidney and liver damage 
4. Weakened bones or bone loss 
5. Abnormal cholesterol levels 
6. Higher blood sugar 
7. Cognitive and emotional problems, as well as sleep problems 

Treatments for age-related diseases: 
Some health issues that are a natural part of aging may be more difficult to 

manage with HIV. Some medications that are common for age-related heart, bone or 
metabolic conditions, for example, may not interact well with anti-HIV medications. 
It's important to maintain regular medical check-ups. This will allow the doctor to 
make sure there are no interactions between the medications. 

Treatment response 
The doctor will monitor the viral load and CD4 T-cell counts to determine the 

response to HIV treatment. These will be initially checked at two and four weeks, and 
then every three to six months. Treatment should lower the viral load so that it is 
undetectable in the blood. That does not mean HIV is gone. Even if it cannot be 
found in the blood, HIV is still present in other places in the body, such as in lymph 
nodes and internal organs. 

Viral Resistance 

HIV resistance develops because of low antiretroviral drug (ARD) levels due 
to several factors including variations in drug absorption and metabolism and 
noncompliance because of adverse effects or a poor understanding of the importance 
of the medication. Viral sanctuary sites may be exposed to low levels of ARDs, and 
resistant viral quasispecies may develop. 

In terms of the mechanisms of resistance development, the rapid turnover rate 
and high error rate of reverse transcriptase induces 3300 new single mutations per 
day. When a mutation improves the survival of the virus in an existing drug 
environment, that quasispecies is selected to reproduce. The higher the viral load and 
the higher the rate of replication, the greater the number of resistant quasispecies. 
Quasispecies can be transmitted to a fetus or neonate 
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Prevention of the Disease 

1. Use a clean needle when using needles to inject drugs, and must ensure that it 
is sterilized well and not shared with anybody 
 

2. If the mother is pregnant, medical attention should be obtained immediately.  
Because she can transmit infection to the baby, but when receiving treatment 
during pregnancy, the risk of infection to the child is greatly reduced. 
  

3. Male circumcision, as there is evidence that it helps reduce a man's risk of 
contracting HIV and reduces the risk of HIV transmission from women to men 
by approximately 60%.    

4. Not having multiple sexual partners, without using protection or having STD 
checks  

5. Examination of blood, plasma, semen, or any of the body's organs before 
making donation to ensure their safety. 

6. Not sharing personal items that may be contaminated with blood or semen 
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Recommendation  



 29

 Conclusion
 Hiv is  a life threatening  if left untreated  can develop for  AIDS , and have the
  ability to effect all body system and leads to serious illness and as so death
 treatment and monitoring are effective to control  and reduce the viruses
  mobility inside the host
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Recommendation  

The Department of Health and Human Services should produce and 
disseminate a report at least once every 2 years on the care of 
people with HIV. This report should characterize trends and 
identify gaps in coverage and care during and following the 
implementation of the Patient Protection and Affordable Care Act. 
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113. 34.	Coiras,	M.;	López-Huertas,	M.R.;	Pérez-Olmeda,	M.;	Alcamı,́	J.	Understanding	HIV-1	
latency	provides	clues	for	the	eradication	of	long-term	reservoirs.	Nat.	Rev.	Microbiol.	2009,	

7,	798–812.	[CrossRef]	[PubMed]		
114. 35.	Cassol,	E.;	Alfano,	M.;	Biswas,	P.;	Poli,	G.	Monocyte-derived	macrophages	and	myeloid	

cell	lines	as	targets	of	HIV-1	replication	and	persistence.	J.	Leukoc.	Biol.	2006,	80,	1018–
1130.	[CrossRef]	[PubMed]	36.	Aquaro,	S.;	Bagnarelli,	P.;	Guenci,	T.;	De	Luca,	A.;	Clementi,	
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	الملخص
	یتسبب	الفیروس	في	أمراض	مزمنة	وقاتلة	تتمیز	بفترات	حضانة	طویلة	في	اإلنسان	وأنواع	الثدییات	األخرى	مثل
	القرود	المضیفة	واألبقار	والماعز	والخیول	والقطط	واألغنام	واألرانب	والقوارض.	تم	اكتشاف	فیروس	نقص

	.المناعة	البشریة	بشكل	عام	في	عام	1983	من	قبل	لوك	مونتانیھ
	نظرا	ألن	فیروس	نقص	المناعة	البشریة	یضعف	تدریجیا	الدفاعات	الطبیعیة	للجسم	،	فإن	فیروس	نقص	المناعة
	والتي	تعد	ضروریة	لجھاز	المناعة.	،	(تسمى	أیضا	الخالیا	التائیة	أو	الخالیا	المساعدة)	CD4	البشریة	یدمر	خالیا

	.مسؤولة	عن	الحفاظ	على	صحة	الناس	وحمایتھم	من	األمراض	وااللتھابات	الشائعة	CD4	خالیا
	المصدر	الرئیسي	النتقال	فیروس	نقص	المناعة	البشریة	"اإلیدز"	ھو	الشمبانزي	والغوریال	التي	تعیش	في	جنوب
	.إلى	البشر	"N	و	M"	وانتقل	النوعان	(P	و	O	و	N	و	M)	غرب	الكامیرون.	حیث	تحتوي	على	أربعة	أنواع
	ینتقل	فیروس	نقص	المناعة	البشریة	في	البشر	بطرق	محدودة	،	وھذا	"من	العوامل	التي	ساعدت	في	الحد	من
	انتشاره"	..	وینتقل	الفیروس	للبالغین	عن	طریق	االتصال	الجنسي	(السائل	المنوي	،	السائل	المھبلي)	،	باإلضافة
	إلى	تلوثھ	بدم	المصابین.	"معظم	ھذه	الحاالت	من	بین	العاملین	في	القطاع	الصحي	ألنھم	على	اتصال	مباشر
	بالمرضى"	..	بالنسبة	لألطفال	،	فإن	حلیب	األم	المصابة	ھو	حامل	للفیروس	،	ومن	الممكن	إصابة	الجنین	أثناء
	الوالدة	عن	طریق	التعرض	للجرثومة.	سوائل	األم	المصابة	..	یمكن	أن	ینتقل	فیروس	نقص	المناعة	البشریة	أیضا

	.بسبب	نقل	سوائل	المستقیم	من	مریض	مصاب	إلى	مریض	آخر	سلیم
	ھناك	ثالث	مراحل	یمر	بھا	المریض	أثناء	اإلصابة	بالفیروس.	سنتناول	ھذه	المراحل	بطریقة	بسیطة..	المرحلة	1:

	.عدوى	فیروس	نقص	المناعة	البشریة	الحادة
	.المرحلة	2:	االصابة	بفیروس	نقص	المناعة	البشریة	المزمنة
	.المرحلة	3:	متالزمة	نقص	المناعة	المكتسب	(اإلیدز)

	یؤدي	عدم	عالج	فیروس	نقص	المناعة	البشریة	إلى	اإلیدز.	یمكن	أن	یضعف	اإلیدز	جھاز	المناعة	ویسبب
	.العدید	من	األمراض	االنتھازیة

	األدویة	التي	یمكن	أن	تتحكم	في	فیروس	نقص	المناعة	البشریة	وتمنع	المضاعفات	,	ھؤالء	تُسمى	األدویة	العالج
	المضاد	للفیروسات	القھقریة	وھي	عادة	مزیج	من	ثالثة	أدویة	أو	أكثر	من	عدة	فئات	عقاقیر	مختلفة	تجمع	بین	ثالثة

	.أدویة	لفیروس	نقص	المناعة	البشریة	في	حبة	واحدة
	یؤثر	فیروس	نقص	المناعة	البشریة	/	اإلیدز	على	جھاز	المناعة	وأنظمة	الجسم	األخرى	مثل	الجھاز	العصبي

	.والجھاز	الھضمي	والجھاز	الالصق	والجھاز	التنفسي	والقلب	واألوعیة	الدمویة
	..كما	موضح	بالبحث	ادناه*
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		وزارة	التعلیم	العالي	و	البحث	العلمي
	جامعة	دجلة	االھلیة

	كلیة	التقنیات	الطبیة/قسم	تقنیات	التحلیالت	المرضیة

	متالزمة	العوز	المناعي	المكتسب

	تم	تقدیمھ	إلى	جامعة	دجلة	كاستیفاء	جزئي	لمتطلبات	نیل	درجة	البكالوریوس	في
	تقنیات	التحلیالت	المرضیة

		من	قبل

	مفاز	فؤاد	فاروق
	روز	منتصرمجید	
	حیدر	نجاح	عبد	
	اكرم	اوسم	اكرم	

	بأشراف	الدكتور	حامد	ھراطھ

٢٠٢٠/٢٠٢١	م
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 االهداء
 

    ونصح اْلمة إلى نبي الرحمة ونور ... الى من بلغ الرسالة وادى اْلمانة 
 هللا عليه وسلم ( . یالعالمين سيدنا محمد ) صل
 

الى عبق الروح التي استلهم منها اْلحرار والتحدي وتتساقط الكلمات خجال 
 اكالما له

 ... والدي الذي أنار امام عيني شموع االمل
الى التي فرشت دربي بربيع عمرها ورعتني بنور قلبها وافهمتني بعفوية 

 صادقة ان العلم هو الحياة ..... والدتي
 

و من كانوا رمز للعطاء واالخالص التي تشرق شمسي من بين يديهم 
 ...... اخوانيويتوهج نهاري بنورهم 

 الى اساتذتي الكرام وكل رفقاء الدراسة اخواني

 
 
 



  

 
 

 

 

 

 الشكر و التقدير
 
 

لما لها من فضل كبير في دجلة  جامعةاتقدم بشكري وتقديري الى عمادة 
 .مساعدتي على التخرج

 
لما رفدتني من كتب ومعلومات  الجامعةالى مكتبة  واتوجه بشكري ايضا  

 .اعانتني في اتمام بحثي
 

 (سيف علي محمدم.م واتوجه بالشكر وبالغ التقدير الى االستاذ العزيز )
 
 

 ا  لما قدمه لي من مساعدة كبيرة وجهد ووقت حيث كانت توجهاته العلمية منار
 وبذلك ال يسعني اال ان اقول اضاءت طريقي في كتابة هذا البحث

 ) جزيل الشكر لك استاذي (
 

 والى كل من قدم لي يد العون
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ABSTRACT 

 
Autism spectrum disorder (ASD) is a behaviorally defined neurodevelopmental 

disorder associated with the presence of social communication deficits and restricted 

and repetitive behaviors. In the latest conceptualization of ASD,these two behavioral 

dimensions represent the core defining features of ASD, whereas associated 

dimensions, such as intellectual and language ability, provide a means for describing 

the ASD heterogeneity. 

In addition, the characterization of ASD subgroups, defined by the presence of known 

medical, genetic, or other psychiatric disorders, furthers our under-standing of ASD 

heterogeneity. This study reviews the history of autism, describes its core defining 

features, and provides an overview of the clinically and etiologically relevant 

subgroups that add to the complexity of this condition 
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CHAPTER ONE 
 

 

1.1 Introduction 

 

Autism spectrum disorder is a condition related to brain development that 

impacts how a person perceives and socializes with others, causing problems in social 

interaction and communication. The disorder also includes limited and repetitive 

patterns of behavior (1),(2). The term "spectrum" in autism spectrum disorder refers 

to the wide range of symptoms and severity. Autism spectrum disorder includes 

conditions that were previously considered separate — autism, Asperger's syndrome, 

childhood disintegrative disorder and an unspecified form of pervasive developmental 

disorder. Some people still use the term "Asperger's syndrome," which is generally 

thought to be at the mild end of autism spectrum disorder. (2),(3). 

Classic autism is at one end of the autism spectrum. This is associated with delayed 

or absent spoken language, and sometimes with cognitive delay. 

Autism spectrum disorder begins in early childhood and eventually causes problems 

functioning in society — socially, in school and at work, for example. Often children 

show symptoms of autism within the first year. A small number of children appear to 

develop normally in the first year, and then go through a period of regression between 

18 and 24 months of age when they develop autism symptoms. (4). 

Generally, people on the autism spectrum have great difficulty making friends and 

understanding social rules. They typically have one or a few interests, activities or 

physical movements, which they engage in repeatedly. They may or may not have 

mental retardation and/or a marked delay in language, although even those using 
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superficially “normal” language will have problems using language in a socially fluent 

and appropriate way. (1),(4). 

Generally, people on the autism spectrum have great difficulty making friends and 

understanding social rules. They typically have one or a few interests, activities or 

physical movements, which they engage in repeatedly. They may or may not have 

mental retardation and/or a marked delay in language, although even those using 

superficially “normal” language will have problems using language in a socially 

fluent and appropriate way(5),(2). 

While there is no cure for autism spectrum disorder, intensive, early treatment can 

make a big difference in the lives of many children 

1.2 Research Objectives 

 

The principal object in this study to 

 
1- focus on the magnitude of the problem of autism 

2- highlight research conducted in this field 
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CHAPTER TWO 
 

 
 

LITERATURE REVIEW 

 
2.1 Historical definition of autism 

 
Bleuler defined the concept of autism in 1911, believing it was not a separate 

condition but one of the secondary effects of schizophrenia. 

Thirty-two years later, in 1943, Leo Kanner described autism as a rare psychiatric 

disorder with onset before age two-and-a-half years of age. 

By the late 1950s, current thinking about autism was changing. In 1959, for 

example, Bender characterized autism not as an inborn impairment of the central 

nervous system, but as a defensive reaction to one—a disorder whose basis is an 

inability to shield self from unbearable anxiety. A year later, C.E. Benda wrote that 

the autistic child is “not mentally retarded in the ordinary sense of the word, but 

rather is a child with an inadequate form of mentation which manifests itself in the 

inability to handle symbolic forms and assume an abstract attitude.” 

During the mid-1960s, In 1964 Bernard Rimland published a biogenic theory of 

autism: “The basis of the autism syndrome is the child’s impaired ability to relate 

new stimuli to remembered experience. Hence, the child does not use speech to 

communicate because he cannot symbolize or abstract from concrete particulars. 

And he is unresponsive to his parents because he does not associate them with 

previous pleasurable experiences.” Rimland thought that the underlying cause of 

autism was an impairment in the brain’s reticular formation. 
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This viewpoint is still very much with us. Speaking at the 1999 National Conference 

of Autism, James Ball referred to autism as a complex developmental disability 

resulting from a neurological disorder that affects the functioning of the brain. 

Beginning in the mid-1960s and carrying forward through the 1980s to 2000, 

researchers have turned to genetics, searching for the genetic error, perhaps 

inherited, underlying the development of autism. The roles of several candidate 

genes are being studied. (6),(7),(8). 

 

 

2.2 Autism 

 
Autism, also called autism spectrum disorder (ASD), is a complicated condition that 

includes problems with communication and behavior. It can involve a wide range of 

symptoms and skills. ASD can be a minor problem or a disability that needs full- 

time care in a special facility. 

People with autism have trouble with communication. They have trouble 

understanding what other people think and feel. This makes it hard for them to 

express themselves, either with words or through gestures, facial expressions, and 

touch. 

People with autism might have problems with learning. Their skills might develop 

unevenly. For example, they could have trouble communicating but be unusually 

good at art, music, math, or memory. Because of this, they might do especially well 

on tests of analysis or problem-solving (2). 
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More children are diagnosed with autism now than ever before. But the latest 

numbers could be higher because of changes in how it’s diagnosed, not because 

more children have a disorder. (7) 

 

 

2.3 Types of Autism Spectrum Disorders 

 
There are three types of autism spectrum disorders: 

 
1- Autistic Disorder 

 

This is sometimes called “classic” autism. It is what most people think of when 

hearing the word “autism”. People with autistic disorder usually have significant 

language delays, social and communication challenges, and unusual behaviors and 

interests. Many people with autistic disorder also have intellectual disability. AD is 

categorized in the DSM-IV (Diagnostic and Statistical Manual of Mental Disorders, 

4th ed.) American Psychiatric Association (1994) under the section Pervasive 

Developmental Disorders PDD) and is characterized by abnormal emotional and 

social behavior and linguistic development. The onset of AD usually occurs before 

three years. The expression of symptoms varies widely. To be diagnosed as autistic, 

a patient must exhibit a specified number of symptoms, American Psychiatric 

Association (1994) although not all of them must necessarily be present at the same 

time or to the same degree. The criteria described in the DSM encompass 

qualitative impairments in social interaction and communication, as well as deviant 

patterns of behavior, interest, or activities. Parents are important aides in diagnosing 

AD, as they are usually the first to be concerned about disturbed development of 

their child: impaired communication, lack of social relationships and imaginative 

play, and to a lesser extent, hearing impairment and delay in attaining milestones. 
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The mean age noted for these deviations is 17 months and the mean age for final 

diagnosis is 44 months. Smith B, Chung MC, Vostanis P (1994) Early detection 

(18-40 months) is important as early initiation of educational and behavioral 

treatment is very effective, with long-lasting benefits for these children and their 

families.] Smith B, Chung MC, Vostanis P (1994) Vostanis et al.] Klein, U., & 

Nowak, A. J. (1998). suggest that primary care providers target children at risk--- 

those with language delay- -in order to ensure that more children are diagnosed 

early 

 

 

2- Asperger Syndrome 

People with Asperger syndrome usually have milder symptoms of autistic 

disorder. They might have social challenges and unusual behaviors and interests. 

However, they typically do not have problems with language or intellectual 

disability. Autism and Asperger syndrome are associated with an increased 

prevalence of psychiatric disorders; the most commonly reported are depression 

and anxiety (Howlin, 1997). Prevalence estimates of comorbid depression in 

autism and Asperger syndrome vary widely, from 4 to 38 percent (Lainhart, 

1999). The cardinal features of autism and Asperger syndrome make the 

assessment and diagnosis of depression within these disorders particularly 

difficult. There is considerable overlap between the symptoms of autism and 

Asperger syndrome and those of depression, and the characteristics of autism 

and Asperger syndrome may affect the expression of depressive symptoms. 

Many individuals with autism and Asperger syndrome will not have sufficient 

language skills to verbalize changes in mood and feelings of depression; 

therefore, careers and clinicians must be relied upon to detect potential cases of 

depression. This in itself is problematic. Individuals with autism and Asperger 
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syndrome have difficulties in expressing and communicating emotion. There are 

marked subtleties in the quality of the expression of affect and there may be 

problems in mentalizing emotions. There is poor integration between the 

different modalities of non-verbal expressions, for instance in matching facial 

expressions with gestures (Hobson, 1986). Individuals with autism and Asperger 

syndrome, for example, demonstrate difficulties identifying and talking about 

complex emotions such as pride and embarassment (Capps et al., 1992). Facial 

expressions are often neutral and difficult to interpret in both learning disabled 

and high-functioning groups with autism and Asperger syndrome (Bieberich and 

Morgan, 1998; Yirmiya et al., 1989). This review considers all published reports 

of depression in people with autism or Asperger syndrome. It provides a detailed 

explanation of the symptoms and provides suggestions for identification and 

assessment of depression in autism and Asperger syndrome. 

 
3- Pervasive Developmental Disorder – Not Otherwise Specified This is 

sometimes called “atypical autism,” or PDD-NOS. People who meet some of the 

criteria for autistic disorder or Asperger syndrome, but not all, may be diagnosed 

with atypical autism. These people usually have fewer and milder symptoms 

than those with autistic disorder. The .symptoms might cause only social and 

communication challenges Knowledge about early-emerging social- 

communicative impairments in autism has grown substantially over the last 

decade (Stone 1997, Charman 2000, Rogers 2001, Charman and Baird 2002). 

The aspects of early social-communicative behaviour that best characterize 

individuals with autism have been well recognized for some time. The 

identification of specific impairments in declarative gestures, in contrast to 

relatively more spared development of imperative gestures, was first noted in the 

1970s by Ricks and Wing (1975) and Curcio (1978), and later confirmed by 
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Mundy et al. (1986) and Sigman et al. (1986). Similarly, it has long been known 

that individuals with autism produce less functional and symbolic play than 

controls (Riguet et al. 1981, Ungerer and Sigman 1984, Mundy et al. 1986). 

Individuals with autism are impaired in their development of imitation abilities 

with regard both to body movements and actions on objects (de Myer et al. 1972, 

Curcio 1978, Hammes and Langdell 1981, Dawson and Adams 1984). 

 

 
2.4 cause of autism 

 
Researchers worldwide are devoting considerable time and energy to find an answer 

to this critical question. 

Medical researchers are exploring various explanations for the forms of autism. 

Although a single specific cause of autism is not known, current research links 

autism to biological or neurological differences in the brain. Exactly why autism 

happens isn't clear. It could stem from problems in parts of the brain that interpret 

sensory input and process language. (5),(10). 

In many families there appears to be a pattern of autism or related disabilities. This 

suggests there is a genetic basis to the disorder, although at this time no gene has 

been directly linked to autism. The genetic basis is believed by researchers to be 

highly complex, probably involving several genes acting together. 

If a pregnant woman is exposed to certain drugs or chemicals, like alcohol or anti- 

seizure medications, her child is more likely to be autistic. Other risk factors include 

maternal metabolic conditions such as diabetes and obesity 
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Several outdated theories about the cause of autism have been proved false. Autism 

is not a mental illness. Children with autism are not unruly kids who choose not to 

behave. Bad parenting does not cause autism. Furthermore, no known psychological 

factors in the development of the child have been shown to cause autism. There is no 

evidence that vaccinations cause autism(12). 

 
 

2.5 Symptoms 

 
Some children show signs of autism spectrum disorder in early infancy, such as 

reduced eye contact, lack of response to their name or indifference to caregivers. 

Other children may develop normally for the first few months or years of life, but 

then suddenly become withdrawn or aggressive or lose language skills they've 

already acquired. Signs usually are seen by age 2 years (13),(14). 

Each child with autism spectrum disorder is likely to have a unique pattern of 

behavior and level of severity — from low functioning to high functioning. 

Some children with autism spectrum disorder have difficulty learning, and some 

have signs of lower than normal intelligence. Other children with the disorder have 

normal to high intelligence — they learn quickly, yet have trouble communicating 

and applying what they know in everyday life and adjusting to social situations. 

Because of the unique mixture of symptoms in each child, severity can sometimes be 

difficult to determine. It's generally based on the level of impairments and how they 

impact the ability to function. 

Below are some common signs shown by people who have autism spectrum 

disorder. 
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2.6 Social communication and interaction 

 

A child or adult with autism spectrum disorder may have problems with social 

interaction and communication skills, including any of these signs: 

 Fails to respond to his or her name or appears not to hear you at times

 

 Resists cuddling and holding, and seems to prefer playing alone, retreating 

into his or her own world

 Has poor eye contact and lacks facial expression

 

 Doesn't speak or has delayed speech, or loses previous ability to say words or 

sentences

 Can't start a conversation or keep one going, or only starts one to make 

requests or label items

 Speaks with an abnormal tone or rhythm and may use a singsong voice or 

robot-like speech

 Repeats words or phrases verbatim, but doesn't understand how to use them

 

 Doesn't appear to understand simple questions or directions

 

 Doesn't express emotions or feelings and appears unaware of others' feelings

 

 Doesn't point at or bring objects to share interest

 

 Inappropriately approaches a social interaction by being passive, aggressive or 

disruptive

 Has difficulty recognizing nonverbal cues, such as interpreting other people's 

facial expressions, body postures or tone of voice
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2.7 Patterns of behavior 

 

A child or adult with autism spectrum disorder may have limited, repetitive patterns 

of behavior, interests or activities, including any of these signs: 

 Performs repetitive movements, such as rocking, spinning or hand flapping

 

 Performs activities that could cause self-harm, such as biting or head-banging

 

 Develops specific routines or rituals and becomes disturbed at the slightest 

change

 Has problems with coordination or has odd movement patterns, such as 

clumsiness or walking on toes, and has odd, stiff or exaggerated body 

language

 Is fascinated by details of an object, such as the spinning wheels of a toy car, 

but doesn't understand the overall purpose or function of the object

 Is unusually sensitive to light, sound or touch, yet may be indifferent to pain 

or temperature

 Doesn't engage in imitative or make-believe play

 

 Fixates on an object or activity with abnormal intensity or focus

 

 Has specific food preferences, such as eating only a few foods, or refusing 

foods with a certain texture

As they mature, some children with autism spectrum disorder become more engaged 

with others and show fewer disturbances in behavior. Some, usually those with the 

least severe problems, eventually may lead normal or near-normal lives. Others, 
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however, continue to have difficulty with language or social skills, and the teen 

years can bring worse behavioral and emotional problems. 

2.8 Diagnosing ASD 

Doctors diagnose ASD by looking at a person’s behavior and development. ASD 

can usually be reliably diagnosed by the age of two. It is important for those with 

concerns to seek out assessment as soon as possible so that a diagnosis can be made, 

and treatment can begin. 

Diagnosis in Young Children 

 
Diagnosis in young children is often a two-stage process. 

 
Stage 1: General Developmental Screening During Well-Child Checkups 

 
Every child should receive well-child check-ups with a pediatrician or an early 

childhood health care provider. The American Academy of Pediatrics recommends 

that all children be screened for developmental delays at their 9-, 18-, and 24- or 30- 

month well-child visits and specifically for autism at their 18- and 24-month well- 

child visits. Additional screening might be needed if a child is at high risk for ASD 

or developmental problems. Those at high risk include children who have a family 

member with ASD, have some ASD behaviors, have older parents, have certain 

genetic conditions, or who were born at a very low birth weight(17). 

Parents’ experiences and concerns are very important in the screening process for 

young children. Sometimes the doctor will ask parents questions about the child’s 

behaviors and combine those answers with information from ASD screening tools, 

and with his or her observations of the child. 

Children who show developmental problems during this screening process will be 

referred for a second stage of evaluation. (18). 
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Stage 2: Additional Evaluation 

 
This second evaluation is with a team of doctors and other health professionals who 

are experienced in diagnosing ASD. 

 

 

This team may include: 
 

 

 

 

 A developmental pediatrician—a doctor who has special training in child 

development

 A child psychologist and/or child psychiatrist—a doctor who has specialized 

training in brain development and behavior

 A neuropsychologist—a doctor who focuses on evaluating, diagnosing, and 

treating neurological, medical, and neurodevelopmental disorders

 A speech-language pathologist—a health professional who has special 

training in communication difficulties

The evaluation may assess: 
 

 

 

 

 Cognitive level or thinking skills

 Language abilities

 Age-appropriate skills needed to complete daily activities independently, such 

as eating, dressing, and toileting
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2.9 Diagnosis in older children and adolescents 

 

ASD symptoms in older children and adolescents who attend school are often first 

recognized by parents and teachers and then evaluated by the school’s special 

education team. The school’s team may perform an initial evaluation and then 

recommend these children visit their primary health care doctor or doctors who 

specialize in ASD for additional testing 

Diagnosis in adults 

 
Diagnosing ASD in adults is often more difficult than diagnosing ASD in children. In 

adults, some ASD symptoms can overlap with symptoms of other mental-health 

disorders, such as anxiety or attention-deficit/hyperactivity disorder (ADHD). 

Adults who notice the signs and symptoms of ASD should talk with a doctor and ask 

for a referral for an ASD evaluation. While testing for ASD in adults is still being 

refined, adults can be referred to a neuropsychologist, psychologist, or psychiatrist 

who has experience with ASD. The expert will ask about concerns, such as: 

 

 

 Social interaction and communication challenges

 Sensory issues

 Repetitive behaviors

 Restricted interests

 

Information about the adult’s developmental history will help in making an accurate 

diagnosis, so an ASD evaluation may include talking with parents or other family 

members. 
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1.10 Treatment 

 

No cure exists for autism spectrum disorder, and there is no one-size-fits-all 

treatment. The goal of treatment is to maximize your child's ability to function by 

reducing autism spectrum disorder symptoms and supporting development and 

learning. Early intervention during the preschool years can help your child learn 

critical social, communication, functional and behavioral skills. 

The range of home-based and school-based treatments and interventions for autism 

spectrum disorder can be overwhelming, and your child's needs may change over 

time. Your health care provider can recommend options and help identify resources 

in your area. (19),(22). 

If your child is diagnosed with autism spectrum disorder, talk to experts about 

creating a treatment strategy and build a team of professionals to meet your child's 

needs. 

Treatment options may include: 

 
 Behavior and communication therapies. Many programs address the range 

of social, language and behavioral difficulties associated with autism spectrum 

disorder. Some programs focus on reducing problem behaviors and teaching 

new skills. Other programs focus on teaching children how to act in social 

situations or communicate better with others. Applied behavior analysis 

(ABA) can help children learn new skills and generalize these skills to 

multiple situations through a reward-based motivation system. 

 Educational therapies. Children with autism spectrum disorder often respond 

well to highly structured educational programs. Successful programs typically 

include a team of specialists and a variety of activities to improve social skills, 
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communication and behavior. Preschool children who receive intensive, 

individualized behavioral interventions often show good progress. 

 Family therapies. Parents and other family members can learn how to play 

and interact with their children in ways that promote social interaction skills, 

manage problem behaviors, and teach daily living skills and communication. 

 Other therapies. Depending on your child's needs, speech therapy to improve 

communication skills, occupational therapy to teach activities of daily living, 

and physical therapy to improve movement and balance may be beneficial. A 

psychologist can recommend ways to address problem behavior. 

 Medications. No medication can improve the core signs of autism spectrum 

disorder, but specific medications can help control symptoms. For example, 

certain medications may be prescribed if your child is hyperactive; 

antipsychotic drugs are sometimes used to treat severe behavioral problems; 

and antidepressants may be prescribed for anxiety. Keep all health care 

providers updated on any medications or supplements your child is taking. 

Some medications and supplements can interact, causing dangerous side 

effects 
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CHAPTER THREE 
 

 

3.1 Conclusion 

 
In conclusion autism affects millions of people, but the exact cause is still unknown. 

 
Autism is believed to be a genetic disorder and is caused by environmental factors. 

 
Autism affects an individual’s developmental learning and behavior and education is 

key when finding the treatment options which works best for each individual. 

Early diagnosis and treatment are the ways in which an individual with autism could 

receive the help that is needed. 

Although autism is a life-long disorder, the prognosis is much better than in the past 

–For many on the autism spectrum, best outcome could include full-time job, living 

independently, 
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ABSTRACT 

Antibiotic (antibacterial) resistance is a serious global problem and the need for 

new treatments is indispensable. The current antibiotic discovery model is not 

introducing new agents at a sufficient rate to match current levels of antibiotic 

resistance. This has heightened fears of the "post-antibiotic era". Scientific difficulties, 

an unfavorable regulatory climate, multiple company mergers, and low financial 

returns associated with developing antibiotic drugs in particular have led to the 

withdrawal of many pharmaceutical companies related to this field. The regulatory 

climate is now beginning to improve, but major scientific obstacles to achieving the 

required level still hamper the discovery and development of new antibacterial agents. 

To facilitate discovery activities, there must be a full understanding of the scientific 

problems facing pharmaceutical companies and laboratories. This must be 

accompanied by ensuring the selection of the correct and appropriate target for the 

detected antibiotics, finding alternatives that limit the chemical content of the 

discovered antibiotics, and addressing the current antibiotic resistance crisis, especially 

genetic mutations, so that compounds and drugs are finally prepared to address the 

problem. The most demanding clinical challenges. By understanding the causes of 

failures and successes in the history of pharmaceutical research, new methods will be 

discovered that shed light on ancient antibiotics and their targets. 

 

 

 

 

Keywords: Antibiotics, antibacterial resistance, antibacterial agents. 



OBJECTIVES: 

1. Explain the concept of bacterial resistance to antibiotics 

2. Know the main current problems that arise during the discovery of new 

antibacterial substances. 

3. Shedding light on all possible solutions, including new steps, tools, mechanisms, 

and plans that could contribute to reducing problems related to the discovery of 

new bacterial antibiotics. 
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1. INTRODUCTION 

Antibacterial drugs have revolutionized our ability to control bacterial 

disease, and their clinical availability has led to dramatic decreases in morbidity 

and mortality.[1] As such, these therapeutics underpin modern medicine. Despite 

the integral role of antibiotics in sustaining our modern lifestyle, they are 

undervalued in both cost and significance by society. Over the past century, their 

use has provided strong selective pressure on microorganisms, leading to 

preferential survival and spread of those harboring antibiotic resistance 

mechanisms. Multidrug resistance is now commonplace amongst bacterial 

pathogens with antibiotic resistance now affecting all antibiotic classes.[2] This is 

particularly worrisome in the case of Gram-negative bacteria (e.g. Pseudomonas 

aeruginosa and Acinetobacter baumannii) for which treatment options are already 

limited.[3] The ‘broken’ economics of antibacterial research and development 

(R&D) is often quoted as the main reason for the lack of new therapies but the 

truth is that it is hard to discover new antibacterial drugs, and the science is not 

sufficiently advanced to allow discovery of efficient and effective drugs. This has 

led to fears of a ‘post-antibiotic era’ as it has been estimated that 5–20 novel 

antibacterial drugs need to enter clinical development in order to effectively 

contend with the current resistance problem. However, given the attrition rate 

within the existing drug discovery model, at least 200 discovery programs would 

be needed in order to achieve this outcome. Hence, new approaches to antibiotic 

discovery are needed.[3] 

The discovery of novel small-molecule antibacterial drugs has been stalled 

for many years. The purpose of this review is to underscore and illustrate those 
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scientific problems unique to the discovery and optimization of novel 

antibacterial agents that have adversely affected the output of the effort. The 

major challenges fall into three areas: 

• Proper target selection, particularly the necessity of pursuing molecular targets 

that are not prone to rapid resistance development.[4] 

• limitations of chemical diversity, especially that which is necessary to 

overcome barriers to bacterial entry and proclivity to be effluxed, especially in 

Gram-negative organisms. Failure to address these problems has led to a great 

deal of misdirected effort.[4] 

• The Antibiotic Resistance Crisis, including mutations; which can result in 

antibiotic resistance in bacteria. Resistant bacteria survive antibiotic treatment 

and can increase in numbers by natural selection.[5] 

The challenges to antibacterial discovery have kept the output of novel 

antibacterial drug classes to extraordinarily low levels over the past 25 years, 

even though discovery programs have been in place at large and small 

pharmaceutical companies as well as academic laboratories over this period. This 

review focuses on the scientific challenges to the discovery of novel small-

molecule antibacterials rather than on the commercial and regulatory 

considerations, which are well covered in a number of reviews [6, 7, 8, 9, 10]. 

Rate-limiting steps to the discovery process are discussed, and some perspective 

on avenues to address those limitations is offered. An underlying thesis of this 

review is that the bleak picture of antibacterial discovery is due to an expenditure 

of effort and resources on non-rate-limiting steps of the process. While it is easy 
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to find compounds that kill bacteria, it is hard to find novel antibacterial classes 

worthy of development.  

HISTORY OF ANTIBIOTICS 

The management of microbial infections in ancient Egypt, Greece, and 

China is well-documented.[11] The modern era of antibiotics started with the 

discovery of penicillin by Sir Alexander Fleming in 1928.4,13 Since then, 

antibiotics have transformed modern medicine and saved millions of lives.[12] 

Antibiotics were first prescribed to treat serious infections in the 1940s.[12] 

Penicillin was successful in controlling bacterial infections among World War II 

soldiers.[11] However, shortly thereafter, penicillin resistance became a 

substantial clinical problem, so that, by the 1950s, many of the advances of the 

prior decade were threatened.[13] In response, new beta-lactam antibiotics were 

discovered, developed, and deployed, restoring confidence.[11,13] However, the 

first case of methicillin-resistant Staphylococcus aureus (MRSA) was identified 

during that same decade, in the United Kingdom in 1962 and in the United States 

in 1968.[11,12] 

Unfortunately, resistance has eventually been seen to nearly all antibiotics 

that have been developed (Figure 1-1).[12] Vancomycin was introduced into 

clinical practice in 1972 for the treatment of methicillin resistance in both S. 

aureus and coagulase-negative staphylococci.[11,12] It had been so difficult to 

induce vancomycin resistance that it was believed unlikely to occur in a clinical 

setting.[11] However, cases of vancomycin resistance were reported in 

coagulase-negative staphylococci in 1979 and 1983.[11] From the late 1960s 

through the early 1980s, the pharmaceutical industry introduced many new 



 

4 
 

INTRODUCTION 

antibiotics to solve the resistance problem, but after that the antibiotic pipeline 

began to dry up and fewer new drugs were introduced.[13] As a result, in 2015, 

many decades after the first patients were treated with antibiotics, bacterial 

infections have again become a threat.[13] 

 

Figure (1-1) Developing Antibiotic Resistance: A Timeline of Key Events 
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THE DILEMMA OF CHOOSING THE PROPER TARGET 

In the 1990s, genomics promised a wealth of new targets for antibiotic 

discovery, but that promise has gone unfilled, because genomics has not revealed 

new targets that gave us new drugs. [14] The 1990s also saw the failure of 

screening and optimization paradigms for both synthetic molecule collections and 

natural product libraries. One answer is that big pharmaceutical libraries were 

designed largely to follow Lipinsky’s rules that have guided the search for drugs 

in other therapeutic areas.[15] The problem is that most antimicrobial agents 

don’t conform to these rules. Even with the advent of new tools such as 

genomics, researchers in numerous laboratories kept finding the same compounds 

repeatedly, as was the case with the compound actinonin, a peptide deformylase 

inhibitor, that was discovered simultaneously by many laboratories.[16] Efforts 

to use combinatorial chemistry to create new libraries did not generate significant 

new leads, a failure that Shaw pinned on the fact that the design of the 

combinatorial libraries being tested was usually driven by the needs of other 

therapeutic areas. Natural product screening produced many positive hits, but 

there was a problem prioritizing which compounds to pursue and how to 

synthesize what were often complex molecular structures. [17,18] 

It has been noted that too often, screens for antimicrobial activity and 

enzyme activity are not concordant. Those two things are often not linked, more 

often than one would like to see.[19] Off-target toxicity is often the real source of 

antimicrobial activity, even with compounds generated in chemical optimization 

programs. Cytotoxicity assays can also provide false positives or even rule out 

potential compounds too early if mammalian cell toxicity results from a 

functional group that would have had the potential to be eliminated in 



 

6 
 

INTRODUCTION 

optimization work. On the other hand, molecules that appear “clean,” that is, they 

are not toxic to mammalian cells, might be nonspecifically absorbed by proteins 

such as albumin and therefore at lower effective concentrations in the assay 

medium.[20] 

LIMITATIONS OF CHEMICAL DIVERSITY 

Another problem in screening arises from the reliance on model microbial 

organisms. We’ve known for quite a long time, especially in the genomics era, 

that testing in one species is not sufficient. Some species have bypass pathways 

that are absent in other species, while there are duplications of genes in some 

species and not others. The field must start focusing on dual targeting to avoid 

and surmount resistance.[21] 

Cell penetrance is an issue in gram-negative bacteria given that any 

compound has to get past two different cell membranes to gain entry to the cell. 

One strategy for addressing that issue is to create a charged, water-soluble 

molecule that can pass through the outer membrane via embedded porins.[22] 

Then, once the compound reaches the periplasm between the two membranes it 

assumes an uncharged, hydrophobic state that enables it to pass through the 

cytoplasmic membrane and bypass resistance-associated efflux pumps.[22,23] 

This ability to change charge given the different environmental conditions is 

what makes the fluoroquinolones effective against gram-negative bacteria.[23] 

Natural products have been the subject of intense screening over many 

decades, yielding large numbers of active compounds but few novel ones with 

suitable biological mechanisms.[24] Most of the hits identified in natural 

products screens, are generally toxic. Potency is not a key parameter as like in 
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mechanism.[25] Too often, investigators pursue compounds with the best results 

in terms of minimum inhibitory concentration (MIC), but these compounds tend 

to be generally toxic and what matters is having a molecule in hand, even if it’s a 

weak hit, and a target that it binds to, since that then gives medicinal chemists a 

molecule that they can try to optimize to improve its bacterial toxicity.[26] 

ANTIBIOTIC-RESISTANT BACTERIAL INFECTIONS 

In order to understand the problem of antimicrobial resistance, it is useful 

to discuss some relevant concepts: 

 First, antimicrobial resistance is ancient and it is the expected result of the 

interaction of many organisms with their environment. Most antimicrobial 

compounds are naturally-produced molecules, and, as such, co-resident bacteria 

have evolved mechanisms to overcome their action in order to survive. Thus, 

these organisms are often considered to be “intrinsically” resistant to one or more 

antimicrobials.[27] However, when discussing the antimicrobial resistance 

conundrum, bacteria harboring intrinsic determinants of resistance are not the 

main focus of the problem. Rather, in clinical settings, we are typically referring 

to the expression of “acquired resistance” in a bacterial population that was 

originally susceptible to the antimicrobial compound. As it will be discussed later 

in the chapter, the development of acquired resistance can be the result of 

mutations in chromosomal genes or due to the acquisition of external genetic 

determinants of resistance, likely obtained from intrinsically resistant organisms 

present in the environment.[28] 

Second, it is important to recognize that the concept of antimicrobial 

resistance/susceptibility in clinical practice is a relative phenomenon with many 
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layers of complexity. The establishment of clinical susceptibility breakpoints 

(susceptible, intermediate and resistant) mainly relies on the in vitro activity of an 

antibiotic against a sizeable bacterial sample, combined with some 

pharmacological parameters (e.g., blood and infection site concentrations of the 

antimicrobial, among others).[29] Thus, when treating antibiotic-resistant 

bacteria, the interpretation of susceptibility patterns may vary according to the 

clinical scenario and the availability of treatment options. For instance, the 

concentration of gentamicin achieved in the urine may be sufficiently high to 

treat a lower urinary tract infection caused by an organism reported as 

gentamicin-resistant. Similarly, different penicillin breakpoints have been 

established for Streptococcus pneumoniae depending if the isolate is causing 

meningitis vs. other types of infections, taking into account the levels of the drug 

that actually reach the cerebrospinal fluid.[30,31] In addition, the in vivo 

susceptibility of an organism to a particular antibiotic may vary according to the 

size of the bacterial inoculum, a situation that has been well documented in 

Staphylococcus aureus infections with some cephalosporins. Indeed, there is 

evidence to suggest that some cephalosporins (e.g., cefazolin) may fail in the 

setting of high-inocula deep-seated infections caused by cephalosporin-

susceptible Staphylococcus aureus [32]. Thus, in the following sections, we will 

focus on the molecular and biochemical mechanisms of bacterial resistance, 

illustrating specific situations that are often encountered in clinical practice.[33] 

Antibiotic-resistant infections are already widespread across the globe.[35] 

A 2011 national survey of infectious-disease specialists, conducted by the IDSA 

Emerging Infections Network, found that more than 60% of participants had seen 

a pan-resistant, untreatable bacterial infection within the prior year.[34] Many 
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public health organizations have described the rapid emergence of resistant 

bacteria as a “crisis” or “nightmare scenario” that could have “catastrophic 

consequences.”[36] The CDC declared in 2013 that the human race is now in the 

“post-antibiotic era,” and in 2014, the World Health Organization (WHO) warned 

that the antibiotic resistance crisis is becoming dire.[37] MDR bacteria have been 

declared a substantial threat to U.S. public health and national security by the 

IDSA and the Institute of Medicine, as well as the federal Interagency Task Force 

on Antimicrobial Resistance.[35] 

Among gram-positive pathogens, a global pandemic of resistant 

Staphylococcus aureus and Enterococcus species currently poses the biggest 

threat.[38,39] MRSA kills more patients each year than HIV/AIDS, Parkinson’s 

disease, emphysema, and homicide combined.[35,40] Vancomycin-resistant 

enterococci (VRE) and a growing number of additional pathogens are developing 

resistance to many common antibiotics.[35] The global spread of drug resistance 

among common respiratory pathogens, including Streptococcus pneumoniae and 

Mycobacterium tuberculosis, is epidemic.[39] 

Gram-negative pathogens are particularly worrisome because they are 

becoming resistant to nearly all the antibiotic drug options available, creating 

situations reminiscent of the pre-antibiotic era.[31,35,36] The emergence of 

MDR (and increasingly pan-resistant) gram-negative bacilli has affected practice 

in every field of medicine.1 The most serious gram-negative infections occur in 

health care settings and are most commonly caused by Enterobacteriaceae 

(mostly Klebsiella pneumoniae), Pseudomonas aeruginosa, and Acinetobacter. 

[35,36] MDR gram-negative pathogens are also becoming increasingly prevalent 
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in the community.[39] These include extended-spectrum beta-lactamase-

producing Escherichia coli and Neisseria gonorrhoeae.[39] 

The CDC assessed antibiotic-resistant bacterial infections according to 

seven factors: clinical impact, economic impact, incidence, 10-year projection of 

incidence, transmissibility, availability of effective antibiotics, and barriers to 

prevention.[38] The threat level of each bacteria was then classified as “urgent,” 

“serious,” or “concerning”.[39] In general, threats that are urgent or serious 

require more monitoring and prevention activities, whereas those considered 

concerning require less.[38] A summary of information regarding the resistant 

bacteria mentioned above follows. The CDC's assessment of the threats to 

antibacterial resistance is as follows: 

Urgent Threats 

• Clostridium difficile 

• Carbapenem-resistant Enterobacteriaceae (CRE) 

• Drug-resistant Neisseria gonorrhoeae 

 

Serious Threats 

• Multidrug-resistant Acinetobacter 

• Drug-resistant Campylobacter 

• Fluconazole-resistant Candida (a fungus) 

• Extended spectrum beta-lactamase-producing Enterobacteriaceae (ESBLs) 

• Vancomycin-resistant Enterococci (VRE) 

• Multidrug-resistant Pseudomonas aeruginosa 

• Drug-resistant nontyphoidal Salmonella 

• Drug-resistant Salmonella Typhimurium 

• Drug-resistant Shigella 

• Methicillin-resistant Staphylococcus aureus (MRSA) 

• Drug-resistant Streptococcus pneumoniae 
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• Drug-resistant tuberculosis 

 

Concerning Threats 

• Vancomycin-resistant Staphylococcus aureus (VRSA) 

• Erythromycin-resistant Group A Streptococcus 

• Clindamycin-resistant Group B Streptococcus 
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2. METHODOLOGY 

THE "TARGET" PROBLEM 

The target problem is due mainly to the prospectively untested, but thus far 

reasonably well supported, hypothesis that single-target inhibitors will fall prey 

to rapid resistance development upon entry into clinical use. It may be that 

reduced fitness of resistant mutants will so compromise their survival that any 

such resistant clones will be lost rapidly from the population in the absence of 

selection. However, minimization of the possible portents of in vitro resistance 

frequencies is probably unwise due to the possibility that compensatory mutation 

will arise to restore fitness.[41] 

THE CHEMICAL CHALLENGES 

This underlines the chemical challenges to antibacterial discovery. 

Chemical libraries, and even natural products, do not have a wealth of interesting 

compounds that show novel activity against Gram-negative organisms. It seems 

that an attempt to derive rules for Gram-negative entry and to endow chemical 

libraries with those qualities can provide one avenue toward solving the problem. 

Rather than optimization of one compound class at a time, information could be 

pooled usefully and the database expanded.[42] Unfortunately, there has not been 

much support (or interest) by either academe or industry for such an endeavor. A 

collaborative approach with government or nonprofit funding might be 

undertaken. Efflux could be addressed by similar recognition of the structural and 

physicochemical bases of efflux pumps and by use of pump inhibitors. The 

general problem of “improper” chemical diversity in chemical libraries, with a 

predominance of lytic, promiscuous, and unlike compounds, must be addressed. 

Even a microbiologist such as myself can see the “ugliness” of many of the 
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compounds that have turned up by screening, although that quality has not been 

emphasized here for the sake of politeness.[43] If chemical libraries can be 

improved by removing interfering compounds, increasing diversity, and 

incorporating rules for bacterial cell entry (especially for Gram-negative 

organisms), then whole-cell phenotypic or even empirical screening might again 

be productive (as it was with nalidixic acid and the oxazolidinones). Rather than 

screening with a small set of targets, library screening might be approached with 

arrays of targets, as suggested above for natural product screening.[44] Rational 

SBDD approaches can use virtual libraries for in silico screening and thereby 

limit false-positive results. Such rational methods could be applied to existing 

multitargets and those still to be defined by bioinformatic techniques. Finally, 

natural products should not be left out of the equation. Judiciously attacked, they 

should once again provide for serendipitous “irrationality.” [45] 

 

CAUSES OF THE ANTIBIOTIC RESISTANCE CRISIS 

a. Overuse: 

Epidemiological studies have demonstrated a direct relationship between 

antibiotic consumption and the emergence and dissemination of resistant bacteria 

strains. In bacteria, genes can be inherited from relatives or can be acquired from 

nonrelatives on mobile genetic elements such as plasmids.[46] This horizontal 

gene transfer (HGT) can allow antibiotic resistance to be transferred among 

different species of bacteria. Resistance can also occur spontaneously through 

mutation. Antibiotics remove drug-sensitive competitors, leaving resistant 

bacteria behind to reproduce as a result of natural selection. Despite warnings 

regarding overuse, antibiotics are overprescribed worldwide.[47] 
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b. Inappropriate Prescribing: 

Incorrectly prescribed antibiotics also contribute to the promotion of 

resistant bacteria. Incorrectly prescribed antibiotics have questionable therapeutic 

benefit and expose patients to potential complications of antibiotic therapy.[48] 

Subinhibitory and subtherapeutic antibiotic concentrations can promote the 

development of antibiotic resistance by supporting genetic alterations, such as 

changes in gene expression, HGT, and mutagenesis. Changes in antibiotic-

induced gene expression can increase virulence, while increased mutagenesis and 

HGT promote antibiotic resistance and spread. Low levels of antibiotics have 

been shown to contribute to strain diversification in organisms such as 

Pseudomonas aeruginosa. Subinhibitory concentrations of piperacillin and/or 

tazobactam have also been shown to induce broad proteomic alterations in 

Bacteroides fragilis.[49] 

c. Extensive Agricultural Use: 

In both the developed and developing world, antibiotics are widely used as 

growth supplements in livestock. An estimated 80% of antibiotics sold in the 

U.S. are used in animals, primarily to promote growth and to prevent infection. 

Treating livestock with antimicrobials is said to improve the overall health of the 

animals, producing larger yields and a higher-quality product. [50,51] 

The antibiotics used in livestock are ingested by humans when they 

consume food. The transfer of resistant bacteria to humans by farm animals was 

first noted more than 35 years ago, when high rates of antibiotic resistance were 

found in the intestinal flora of both farm animals and farmers.[52] More recently, 

molecular detection methods have demonstrated that resistant bacteria in farm 
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animals reach consumers through meat products. This occurs through the 

following sequence of events: 

1) Antibiotic use in food-producing animals kills or suppresses susceptible 

bacteria, allowing antibiotic-resistant bacteria to thrive. 

2) Resistant bacteria are transmitted to humans through the food supply. 

3) These bacteria can cause infections in humans that may lead to adverse health 

consequences. 

The agricultural use of antibiotics also affects the environmental 

microbiome. Up to 90% of the antibiotics given to livestock are excreted in urine 

and stool, then widely dispersed through fertilizer, groundwater, and surface 

runoff. In addition, tetracyclines and streptomycin are sprayed on fruit trees to act 

as pesticides in the western and southern U.S. While this application accounts for 

a much smaller proportion of overall antibiotic use, the resultant geographical 

spread can be considerable.[53] This practice also contributes to the exposure of 

microorganisms in the environment to growth-inhibiting agents, altering the 

environmental ecology by increasing the proportion of resistant versus 

susceptible microorganisms.[54] 

Antibacterial products sold for hygienic or cleaning purposes may also 

contribute to this problem, since they may limit the development of immunities to 

environmental antigens in both children and adults. Consequently, immune-

system versatility may be compromised, possibly increasing morbidity and 

mortality due to infections that wouldn’t normally be virulent.[55] 

d. Availability of Few New Antibiotics: 

The development of new antibiotics by the pharmaceutical industry, a 

strategy that had been effective at combating resistant bacteria in the past, had 

essentially stalled due to economic and regulatory obstacles.[56] Of the 18 largest 
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pharmaceutical companies, 15 abandoned the antibiotic field.[57] Mergers 

between pharmaceutical companies have also substantially reduced the number 

and diversity of research teams.[58] Antibiotic research conducted in academia 

has been scaled back as a result of funding cuts due to the economic crisis.[59] 

e. Regulatory Barriers: 

Even for those companies that are optimistic about pursuing the discovery 

of new antibiotics, obtaining regulatory approval is often an obstacle.[60,61] 

Between 1983 and 2007, a substantial reduction occurred in the number of new 

antibiotic approvals.[62] Difficulties in pursuing regulatory approval that have 

been noted include: bureaucracy, absence of clarity, differences in clinical trial 

requirements among countries, changes in regulatory and licensing rules, and 

ineffective channels of communication.[63] Changes in standards for clinical trial 

design made by the U.S. Food and Drug Administration (FDA) during the past 

two decades have made antibiotic clinical trials particularly challenging.[64] 

Studies comparing antibiotics with placebo are considered to be unethical; 

therefore, trials are designed to demonstrate noninferiority of new agents 

compared to existing drugs, within a varying statistical margin.[65] This requires 

a large sample population and consequently high costs, making the development 

of antibiotics uneconomical and unattractive.[66,67] While small companies have 

stepped in to fill the gap in antibiotic discovery and development formerly 

occupied by large pharmaceutical companies, the complexity and high cost of 

phase 3 clinical trials can exceed the financial means of these companies.[68] 

However, in December 2014, Merck acquired the small antibiotic research 

company Cubist Pharmaceuticals, which is expected to accelerate the study and 

regulatory approval of new antibiotic agents in the future.[69] 
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CONCLUSION AND 

DISCUSSION
3. CONCLUSION AND DISCUSSION 

The natural world remains the largest source of selection for new drugs, 

making this a viable option in the search for new antibiotic compounds. 

Advances in bacterial culture techniques, molecular biology and genetics will 

make drug discovery from natural products easier and more cost-effective, 

avoiding these limiting factors.[69] Detection procedures should include whole-

cell bacterial assays, addressing the issue of bacterial mutagenicity and bacterial 

permeability and flux early in the detection process. Additionally, creating 

training plans by and with pharmaceutical companies that cover all aspects of 

influencing efficacy and include natural products and their development. 

Medicines are essential and will ensure that expertise is passed on to researchers 

in the future.[70] 

There are three methods that have a chance of reviving the discovery of 

new natural antibacterial natural products. The first is the tried-and-true method 

of conventional activity-based screening, though today driven by new 

methodologies. The second involves "mining orphan" secondary metabolic 

pathways, and the third "physiologic": knowing the antibiotic pathways to make 

new molecules.[71] 
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 الخالصة

إلى   الحاجة  عن  غنى  وال  خطيرة  عالمية  مشكلة  البكتيريا(  )مضادات  الحيوية  المضادات  مقاومة  تعتبر 

ل بمعدل كاٍف  الحالي عوامل جديدة  الحيوية  المضادات  اكتشاف  نموذج  يقدم  المستويات   يكافئعالجات جديدة. ال 

أدت  الحيوية".  المضادات  بعد  ما  "عصر  من  المخاوف  من  هذا  زاد  وقد  الحيوية.  المضادات  لمقاومة  الحالية 

المنخفضة  المالية  والعوائد  للشركات  المتعددة  الدمج  المواتي وعمليات  التنظيمي غير  والمناخ  العلمية  الصعوبات 

الحيوية على وجه  المضادات  بتطوير عقاقير  ذات   المرتبطة  العديد من شركات األدوية  انسحاب  إلى  الخصوص 

الصلة بهذا المجال. بدأ المناخ التنظيمي اآلن في التحسن ، لكن العقبات العلمية الرئيسية لتحقيق المستوى المطلوب 

ال تزال تعيق اكتشاف وتطوير عوامل جديدة مضادة للبكتيريا. لتسهيل أنشطة االكتشاف ، يجب أن يكون هناك فهم 

كامل للمشاكل العلمية التي تواجه شركات األدوية والمختبرات. يجب أن يترافق ذلك مع التأكد من اختيار الهدف 

الحيوية  للمضادات  الكيميائي  المحتوى  من  تحد  بدائل  وإيجاد   ، المكتشفة  الحيوية  للمضادات  والمناسب  الصحيح 

الحالية الحيوية  المضادات  مقاومة  أزمة  ، ومعالجة  ت  المكتشفة  بحيث   ، الجينية  الطفرات  الصيغة   كون، وخاصة 

التحديات السريرية األكثر تطلبًا. من خالل فهم أسباب   و  مركبات واألدوية على استعداد لمعالجة المشكلةالنهائية لل

الفشل والنجاحات في تاريخ البحوث الصيدالنية ، سيتم اكتشاف طرق جديدة تلقي الضوء على المضادات الحيوية  

 .مة وأهدافهاالقدي

 

 

 

 

 

 

 

 .الكلمات المفتاحية: المضادات الحيوية ، مقاومة الجراثيم ، العوامل المضادة للبكتيريا



 :األهداف

 . مفهوم المقاومة البكتيرية للمضادات الحيوية توضيح .1

 .تعرف على المشاكل الرئيسية الحالية التي تنشأ أثناء اكتشاف مواد جديدة مضادة للجراثيمال .2

تسليط الضوء على جميع الحلول الممكنة ، بما في ذلك الخطوات واألدوات واآلليات والخطط الجديدة  .3

 .التي يمكن أن تسهم في الحد من المشاكل المتعلقة باكتشاف مضادات حيوية بكتيرية جديدة
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Abstract 

Colorectal cancer is the third most common cancer in the Western 

hemisphere and the incidence increases with increasing age. Most colorectal 

cancers are localized with or without lymph node metastases. Up to 20% of 

patients present with metastatic disease, most commonly to the liver. Surgery is the 

only curative therapy for localized colorectal cancer and adjuvant chemotherapy is 

usually recommended for patients with lymph node metastases. Surgery, radiation 

therapy and chemotherapy are the key components of rectal cancer therapy. 

Selected patients with recurrent and metastatic disease can be salvaged with 

surgery but chemotherapy remains the mainstay of therapy for advanced colorectal 

cancer. Substantial progress has been observed in the treatment of metastatic 

colorectal cancer in recent years. 
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CHAPTER ONE 

( Introduction )  

1.1. General Introduction:  

 

Definition of Colon and rectal cancer 

is cancer that begins in the colon 

(large intestine) or rectum. Both 

organs are located in the lower part of 

the digestive system. The rectum is 

located at the end of the colon. The 

colon is a muscular tube about 1.5 

meters long(1). The parts of the colon 

are named by the way food travels 

Through it, the first section is 

called the ascending colon. It begins with a pouch called the caecum, where the 

undigested food comes from the small intestine and continues to rise on the right 

side of the abdomen. The second section is called the transverse colon. It passes 

through the body from the right to the left side. The left and fourth section is called 

the sigmoid colon because of its shape resembling the letter (S), which is then 

connected to the anus. Cancer of the colon and rectum occurs due to the abnormal 

growth of the epithelial cells that form the lining of the colon and rectum. These 

cells grow sometimes at an excessive speed and continuously leading to the 

formation of a mass of cells known as In the name of (intestinal polyp or 

adenoma), these small growths are often benign, although some have the ability to 

develop into cancer through a number of paths Nin. Malignant cancer is when 

cancer cells are able to spread beyond the original site and to other parts of the 

body. Colorectal cancer begins depending on where it begins. Colon and rectal 

cancers are often grouped together because they have many common features 
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where the cancer begins. When cells in the body begin to grow outside the nucleus. 

Colon and rectal cancer occurs when malignant tumors form in the lining of the 

large intestine. It is common in both men and women. The risk of developing 

colorectal cancer increases after the age of fifty. It is also more likely if you have 

colon and rectal polyps. Or if you have a family history of colon cancer, ulcerative 

colitis, Crohn's disease, eating a high-fat diet or smoking. It is estimated that up to 

two-thirds of colon or rectal polyps are malignant and associated with the risk of 

colon and rectal cancer. It may reduce Examination and awareness of the mortality 

rate of colorectal cancer by discovering and removing polyps before they become 

cancerous. Or by discovering cancer at an early stage where it is the treatment has 

a higher success rate, however there are often no initial symptoms and the cancer 

may have already spread to other parts of the body by the time the patient is 

diagnosed.(2) 

1.2. Objectives and scope  
 

 
This study aim to provide an overview of the current knowledge on epidemiology 

and mechanisms underlying colorectal cancer, as well as on types ,diagnosis and 

treatment, including surgical and medical approaches. 
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CHAOTER TWO: Review of literature   

 
2.1. Colorectal Cancer 

 We live in an era with improved worldwide average living standards and 

increased access to adequate healthcare that has considerably improved the 

diagnosis and treatment of diseases. These measures have had an impact on average 

life expectancy in most regions of the world. However, although death rates from 

communicable diseases have improved globally as a result of these medical 

improvements, cancer-related mortality has increased by almost 40% over the past 

40 years. A further 60% increase is expected in the coming 15 years, with 13 million 

people estimated to die of cancer in 2030 (1). The main causes of cancer-related 

mortality have also changed, attributable to alterations in disease incidence, 

introduction of screening programmes and therapeutic improvements. Colorectal 

cancer was rather rare in 1950, but has become a predominant cancer in Western 

countries, now accounting for approximately 10% of cancer-related mortality. 

Reasons explaining this increased incidence include population ageing and the 

preponderance of poor dietary habits, smoking, low physical activity and obesity in 

western countries. The change in incidence is not only apparent in the rates of 

sporadic disease, but also in some familial cancer syndromes. Indeed, given that 

rates of Helicobacter pylori infection (a causative factor of gastric cancer) have 

fallen dramatically, colorectal cancer is now the predominant presentation of Lynch 

syndrome (a hereditary non-polyposis type of colorectal cancer), whereas carriers of 

this syndrome used to be predominantly affected by gastric cancer (2–4). 

 

New treatments for primary and metastatic colorectal cancer have been developed 

and include laparoscopic surgery for primary disease; resection of metastatic disease 

affecting, for example, the liver and lungs; radiotherapy for rectal cancer and some 

forms of metastatic disease; and neoadjuvant and palliative chemotherapy(5–7). 
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Despite advances in surgical and medical therapies, cure rates and long-term survival 

have changed little in the past several decades. Against this background, and given 

that colorectal cancer is preceded by a polypoid precursor, screening programmes for 

early detection have gained momentum (8). 

 

2.2. Epidemiology: 

 

Colorectal cancer (CRC) is one of the most common cancers worldwide, with 

between one and two million new cases being diagnosed every year, thus making 

CRC the third most common cancer and the fourth most common cause of cancer-

related death, with 700,000 deaths per year, exceeded only by lung, liver and 

stomach cancers. By gender, CRC is the second most common cancer in women 

(9.2%) and the third in men (10%) (9)  

The incidence of CRC has risen by more than 200,000 new cases per year from 1990 

to 2012. Most cases of CRC are detected in Western countries (55%), but this 

tendency is changing due to the fast development of some countries over the past few 

years (10). Even so, only 33% of all CRC-related deaths in the world occur in 

Western countries in 2010 (11). thanks to the improvements made in health systems 

and the implementation of screening programs. However, predictions for 2016 are 

not encouraging at all, with 134,490 new cases of colorectal cancer and 49,190 

deaths related to this cancer expected. 

 

2.3. Types of cancer in the colon and rectum: 

Most colorectal cancers are adenocarcinomas. These cancers start in cells that 

make mucus to lubricate the inside of the colon and rectum. When doctors talk 

about colorectal cancer, they're almost always talking about this type. Some sub 

types of adenocarcinoma, such as signet ring and mucinous, may have a worse 
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prognosis (outlook) than other subtypes of adenocarcinoma. 

Other, much less common types of tumors can also start in the colon and rectum. 

These include: 

 

 
● Carcinoid tumors. These start from 

special hormone-making cells in the 

intestine(12). 

 
 
 
 

● Gastrointestinal stromal tumors (GISTs) 

start from special cells in the wall of the colon 

called the interstitial cells of Cajal. Some are 

benign (not cancer). These tumors can be found 

anywhere in the digestive tract, but are not 

common in the colon.(14) 

 

● Lymphomas are cancers of immune system 

cells. They mostly start in lymph nodes6, but 

they can also start in the colon, rectum, or 

other organs.(15)(16). 

 
 
 
 
 

● Sarcomas can start in blood vessels, muscle 

layers, or other connective tissues in the wall of the 

colon and rectum. Sarcomas of the colon or rectum 

are rare(16). 
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2.4.Causes 
 

Colorectal cancer arises when cells in the mucous lining of the intestine 

change (mutate) and then multiply out of control. This growth pushes the cells into 

surrounding tissue. There are a number of possible causes of these kinds of changes, 

including pollution or radiation. But they often simply occur by chance. The body‘s 

immune system can normally deal with these malignant cells, but not always. As we 

grow older, mistakes in cell division increase while the body‘s ability to repair these 

problems decreases. This is why most types of cancer are more common in older 

people. (17) 

In most people who have colorectal cancer, no clear cause can be found. About 5 out 

of 100 people with colorectal cancer have a genetic form: either familial 

adenomatous polyposis (FAP) or hereditary nonpolyposis colorectal cancer 

(HNPCC, or Lynch syndrome). These two types are more likely to start at a younger 

age (19). Incidence factors increase in males and the elderly, as well as eating large 

amounts of fat, alcohol, red meat, processed meat, obesity, smoking and lack of 

physical exercise. About 10% of cases are associated with insufficient activity, and 

the incidence of infection increases among those who abuse alcohol. It was found 

that drinking 5 glasses of water daily reduces the risk of developing colorectal cancer 

and adenomas.(20). 

2.5. Stages of Cancer 

Staging determines how advanced the cancer is and whether it has spread to other 

parts of the body. It helps to identify the most appropriate treatment options for the 

patient. Staging in colorectal cancer can be confirmed by: (20). 

 Blood tests to look for tumour markers 

 Biopsies, analysing tissue samples taken during a colonoscopy or 
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sigmoidoscopy 

 Imaging tests (CT scans, chest x-rays, ultrasound, MRI scans) 

 Surgery 

The most common staging for colorectal cancer is defined by the tumour, node, 

metastasis (TNM) staging system, which classes a patient into stages I-IV according 

to the level of invasion or spread of the tumour to other organs 

(metastasis).(21),(22)  

Using the TNM staging, the progression of the original primary tumour is denoted 

by the letter T (tumour); N (node) indicates whether the tumour has spread to lymph 

nodes; M (metastasis) represents whether the tumour has metastasised to distant 

organs in the body, most commonly the liver or lungs. T, N and M are followed by 

numbers giving further information on the stage of the disease: increasing numbers 

signify later stages.(24). 

 

Table 1 The stages of colorectal cancer (TNM) 

 

Stage Classification 

Stage I The tumour is localised to the lining of the 

colon. T1-T2, N0, M0 

Stage II The tumour grows into the outer lining of the 

colon or surrounding tissue. T3-T4, N0, M0 

Stage III The cancer has metastasised to the lymph 

nodes. Any T, N1-N2, M0 

Stage IV The cancer has metastasised to distant organs 

in the body. Any T, Any N, M1 
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‗Early-stage’ disease (stage I and II) 

describes a tumour that has not yet spread to the lymph nodes or other distant areas 

in the body. With early-stage disease there is the chance of cure if the tumour can 

be successfully surgically  emoved. When cancer spreads from the original site, 

affecting the lymph nodes (stage III) or other parts of the body (stage IV), treatment 

becomes more difficult.(26). 

 

Figure 2 Stages of colorectal cance
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-Symptoms: .6.2 

Colorectal cancer may not cause symptoms in the early stages. If it does, they 

may include: 

 changes in bowel habits 

 diarrhea or constipation 

 a feeling that the bowel does not empty properly 

 blood in feces that makes it look dark brown or black 

 bright red blood from the rectum 

 abdominal pain and bloating 

 feeling full, even when a long time has passed since a meal 

 fatigue or tiredness 

 unexplained weight loss 

 anemia 

If a doctor finds signs of anemia during a routine medical check, they may 

suggest screening for colorectal cancer. Others receive the diagnosis after routine 

screening. Around 40% of people with this type of cancer receive the diagnosis 

when the disease is in an early stage (27). 

The symptoms can be similar to those of many other health conditions. Anyone 

who has concerns about these symptoms should seek medical advice (28). 

2.7.Early signs:- 

Among people who receive a diagnosis of colorectal cancer after reporting 

symptoms: 

 37%Trusted Source have blood in feces or from the rectum 

 34% have abdominal pain 

 23% have anemia 
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Among those who receive the diagnosis after seeking emergency medical 

assistance: 

 57% have a blockage in their bowel 

 25% have peritonitis, or inflammation of the stomach lining 

 18% have a perforation, or hole, in their bowel 

Some people only notice symptoms in the later stages, when the cancer has spread 

to the lungs, liver, or other areas. The symptoms can depend on the area affected. 

If cancer spreads to the liver, a person may have jaundice, which causes 

yellowing of the whites of the eyes. If a person has white or light brown skin, it 

may also appear yellowish. If cancer affects the lungs, the person may have 

difficulty breathing or a cough.(29) 

2.8. Diagnosis:- 

Screening can detect polyps before they become cancerous. It can also detect 

colon cancer in the early stages, when it is easier to treat. 

In 80%Trusted Source of cases, a doctor diagnoses colorectal cancer after 

performing a colonoscopy because the person has symptoms. Routine screening 

detects 11% of cases, and 7% of people with colorectal cancer receive a diagnosis 

after seeking emergency care for sudden abdominal symptoms(30). 

The following are the most common screening and diagnostic Procedures Trusted 

Source for colorectal cancer. 

 Barium enema X-ray:- 

Barium is a contrast dye that can reveal any unusual features on an X-ray. A 

healthcare professional introduces it into the bowel as an enema. 

A doctor may recommend a colonoscopy for closer investigation following a 

barium enema X-ray. 
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 Flexible sigmoidoscopy:- 

This procedure involves using a sigmoidoscope, a flexible, thin, lighted tube, to 

examine the rectum and sigmoid colon — the last part of the colon before the 

rectum. 

The test takes a few minutes and is not painful, but it might be uncomfortable. 

There is a small risk of perforating the colon‘s wall. 

 Colonoscopy 

 

Colonoscopy is the gold standard 

diagnostic tool for colorectal cancer. It 

has a high levelTrusted Source of 

accuracy and can show precisely where a 

tumor is. 

The procedure involves using a long, 

thin, flexible tool called a colonoscope 

that contains a light and a camera. It 

allows the doctor to see the whole colon 

and rectum. They may also remove polyps or take tissue for a biopsy during the 

procedure. 

 Blood stool test :- 

This checks for blood in a stool sample. This issue can result from many 

conditions — it does not mean that cancer is present. A person can take their stool 

sample at home or at work(31). 

 Stool DNA test :- 

This test checks for several DNA markers that colon cancers or precancerous 

polyps shed into stool. A person collects an entire bowel movement at home for 

testing in a lab. If the result is positive, a colonoscopy is necessary. 
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 CT colonography :- 

This produces images of the colon. It is less invasive than a colonoscopy, but if it 

reveals a mass, the person will need a colonoscopy. 

 Imaging scans :- 

Ultrasound, CT, or MRI scans can show if cancer has spread to another part of the 

body.(33)(34) 

 

-Treatment : .9.2 

Treatment will depend on several factors. These include the size and location of 

tumors, and the cancer‘s stage whether the cancer is recurrent 

 There are different types of treatment for patients with colon cancer. 

 Seven types of standard treatment are used: 

o Surgery 

o Radiofrequency ablation 

o Cryosurgery 

o Chemotherapy 

o Radiation therapy 

o Targeted therapy 

o Immunotherapy 

 New types of treatment are being tested in clinical trials. 

 Treatment for colon cancer may cause side effects. 

 Patients may want to think about taking part in a clinical trial. 

 Patients can enter clinical trials before, during, or after starting their cancer 

treatment.(35) 
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 Surgery :- 

Surgery is the primary treatment for colorectal cancer that is limited to the colon. 

It aims to remove cancerous tissue, including tumors and nearby lymph nodes, 

and prevent the cancer from spreading.(36) 

The surgeon usually sews the bowel back together, but they may need to insert a 

stoma and colostomy bag for drainage. This is often temporary. 

Surgery may remove all traces of early stage cancer. In the later stages, surgery 

cannot stop the cancer from spreading, but removing a blockage can help ease any 

symptoms. 

 Chemotherapy :- 

Chemotherapy drugs destroy cancerous cells throughout the body. This may help 

treat colon cancer or shrink a tumor before surgery. It can also help relieve 

symptoms in the later stages. 

This approach, however, can have widespread adverse effects, as it targets both 

cancerous and healthy cells. 

 Targeted therapy :- 

This involves taking drugs that target specific proteins to slow or prevent the 

growth of cancerous cells. 

The adverse effects are usually less severe than those of chemotherapy because 

these drugs only target specific cells. 

 Immunotherapy :- 

This drug treatment helps the body use its immune system to detect and eliminate 

cancerous cells. It may help some people with advanced colorectal cancer. 

Possible adverse effects include an autoimmune reaction, in which the body 

mistakenly attacks its own cells.(37) 
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 Radiation therapy :- 

Radiation therapy uses high-energy radiation beams to destroy cancerous cells 

and prevent them from multiplying. 

A doctor may recommend it to help shrink a tumor before surgery for rectal 

cancer. They may also use it alongside chemotherapy, in an approach known as 

chemoradiation. It can have long- and short-term adverse effects. 

 Ablation:- 

Ablation involves using microwaves, radiofrequency, ethanol, or cryosurgery to 

destroy a tumor without removing it. 

A surgeon delivers the therapy using a probe or needle guided by ultrasound or 

CT scans. 

 Palliative and end-of-life care:- 

If colorectal cancer spreads to organs beyond the colon, progressing to stage 4, it 

is not possible to cure it. Other options may include: 

 

 of tumors 

 

 

 

 In the future: Vaccines :- 

Scientists are hopeful that a vaccine to treat colorectal cancer will soon become 

available. 

Clinical findings published in 2019 concluded that one vaccine, called Ad5- 

GUCY2C-PADRE, may help people with colorectal cancer that has not yet 

reached stage 3.(38)(39) 
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2.10. Inflammatory bowel disease 

People with inflammatory bowel disease  ( ulcerative colitis and Crohn's 

disease )are at increased risk of colon cancer, and the risk of developing colon 

cancer increases the longer the IBD is present and the more severe the 

inflammation. In these high-risk groups, prophylaxis with aspirin and regular 

colonoscopy is recommended. People with inflammatory bowel disease account 

for less than 2% of colon cancer cases each year. It was found that 2% of people 

with Crohn's disease develop colorectal cancer after 10 years, 8% after 20 years, 

and 18% after 30 years. In addition, 16% of people with ulcerative colitis develop 

disease in tissues or colon cancer. over 30 years.(40) 

risk factors .11.2 

 Elderly - age over 50 years. 

 races of African descent. 

 You have a personal history of colorectal cancer or adenoids. 

 Inflammatory intestinal diseases. Chronic inflammatory diseases of the 

colon, such as ulcerative colitis and Crohn's disease, can increase the risk of 

colon cancer. 

 Previously, a relative had colon cancer. 

 Your diet is low in fiber and high in fat. 

 sedentary lifestyle If you are inactive, you are more likely to develop colon 

cancer. Regular physical activity reduces the risk of colon cancer. 

 obesity; People who are obese have an increased risk of colon cancer and 

an increased risk of dying from colon cancer compared to people of normal 

weight 

 smoking. 

 Drinking alcohol in large quantities may increase the risk of colon cancer A 

study found that  “ people who consume more than 30 g of alcohol per day   
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( especially those who consume more than 45 g per day )have a slight 

increase in the risk of colon cancer.  

 Radiation therapy for cancer. Abdominal radiation therapy for a previous 

cancer may increase the risk of developing colon cancer in the 

future.(28)(41) 

 

2.12.Prevention 

There are a lot of recommendations concerning how to prevent this disease: These 

include getting enough exercise, eating a lot of fruits, vegetables and fiber, and 

avoiding too much red meat and alcohol. But none of these measures have ever 

been scientifically proven to actually prevent colorectal cancer.(44) 

Some studies have already looked into whether the long-term use of drugs like 

acetylsalicylic acid (the drug in ―Aspirin‖) can prevent colorectal cancer. But 

using these drugs in this way is not recommended because it isn't clear whether 

they actually prevent colorectal cancer, and they can cause side effect(45). 
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CHAPTER THREE 
 

3.1. CONCLUSION 

Colorectal Cancer is a common malignancy that causes a significant number of 

deaths. However, it is potentially preventable through screening and highly 

curable with surgery alone when diagnosed at an early stage. Modern 

chemotherapy continues to improve survival for patients with more advanced 

stages. The symptoms of colon cancer are vague and, thus, require evaluation by 

health care professionals (47). Colon cancer treatment often requires a team of 

expert physicians, including colorectal surgeons, medical oncologists, radiologists 

and pathologists. These doctors work with the patient to create the safest and most 

effective therapy plan 
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3.2.Recommendations 

 The American Cancer Society (ACS)  recommends that people at average 

risk* of colorectal cancer start regular screening at age 45. This can be done either 

with a sensitive test that looks for signs of cancer in a person‘s stool (a stool-

based test), or with an exam that looks at the colon and rectum (a visual exam). 

These options are listed below. 

People who are in good health and with a life expectancy of more than 10 years 

should continue regular colorectal cancer screening through the age of 75. 

For people ages 76 through 85, the decision to be screened should be based on a 

person‘s preferences, life expectancy, overall health, and prior screening history. 

People over 85 should no longer get colorectal cancer screening. 

*For screening, people are considered to be at average risk if they do not 

have  

 A personal history of colorectal cancer or certain types of polyps 

 A family history of colorectal cancer 

 A personal history of inflammatory bowel disease (ulcerative colitis or 

Crohn‘s disease)  

 A confirmed or suspected hereditary colorectal cancer syndrome, such as 

familial adenomatous polyposis (FAP) or Lynch syndrome (hereditary non-

polyposis colon cancer or HNPCC) 

 A personal history of getting radiation to the abdomen (belly) or pelvic area 

to treata prior cancer 
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Aim of study 
 

 Know the similarities and differences between hepatitis 

B and C viruses 
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Summary 

Hepatitis C virus (HCV) continues to be a major disease burden 

on the world. In 1999, the WHO estimated a worldwide prevalence 

of about 3% with the virus affecting 170 million people worldwide.  

In Europe, general prevalence of HCV is about 1% but varies 

among the different countries. 6 Prevalence of HCV antibody is 

0.87% (1993-1994) in Belgium. 7 In the United Kingdom, at least 

200,000 adults carry HCV. 8 In Northern Italy, prevalence of HCV 

Ab was 3.2%. 

According to the most recent World Health Organization 

estimate, two billion people worldwide have serologic evidence of 

past or present HBV infection, and 360 million are chronically 

infected and at risk for HBV-related liver disease.  

Dual infection with HBV and HCV is not uncommon in 

geographic areas where a high endemic level of both infections is 

reported, such as Southeast-Asia and Mediterranean.  

A multi-center study in Italy .( Liaw YF, 2004) showed that the 

subjects with dual HBV and HCV infection were more likely to be 

older than 42 years, resident in the south of the country, to have a 

history of blood transfusion, i.v.  

Among HIV-infected people, HBV and HCV confection was as 

high as 66% (80 of 133) and confection was seen more frequently in 

drug users (84%) in comparison with the patients infected by 

homosexual (66%) or heterosexual (20%) route  
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Because the patients with HBV and HCV acute confection are 

limited and only a few reports are available, little is known about 

this aspect. Five patients with acute HBV and HCV confection 

observed by Mimms have a lower level of HBsAg and ALT as 

compared with patients with acute HBV infection alone, and four of 

them developed chronic HCV infection 

Dual HCV/HBV infection is not uncommon in endemic areas 

and among individuals at risk of parenterally transmissible 

infections. How two viruses interact with each other in the same 

liver awaits further in situ and in vitro studies. Apart from academic 

interests, these data will help develop more effective antiviral 

therapies. Prior to the administration of antiviral therapy, thorough 

serial serological and virological examinations are required to 

determine the viral dominance as well as the optimal antiviral 

regimen. 
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Literature Review 

1. Hepatitis C virus (HCV) 

          Hepatitis C virus (HCV) continues to be a major disease burden on 

the world. In 1999, the WHO estimated a worldwide prevalence of about 

3%with the virus affecting 170  million people worldwide.  

(Wasley A,. 2000) Generally, most studies of prevalence use blood 

donors to report the frequency of HCV usually by anti-HCV antibodies 

and do not report follow-up HCV testing. Using blood donors as a 

prevalence source may underestimate the real prevalence of the virus 

because donors are generally a highly selected population. (Alter M.J. 

1997) In the Third National Health and Nutrition Examination Survey 

(NHANESIII) from 1988 to 1994, an estimated HCV prevalence of 3.9 

million people was found in the United States (US) with 2.7 million 

people found to have chronic infection with HCV (positive HCV RNA). 

Neither sex nor racial-ethnic group was found to be independently 

correlated with HCV infection. However, a majority of patients that were 

HCV positive were below the age of 50.  (Alter M.J. 1997) 

            Among Central and South America, a recent community based 

study in San Juan, Peurto Rico, showed that estimated prevalence of 

HCV in 2001-2002 was 6.3%. (Charlton M. 2001) In Mexico, the 

prevalence reported was about 1.2%. (4) Among blood donors in Chile 

and Brazil, prevalence of HCV Ab was low - 0.3%, 1.14% respectively. 

(Charlton M. 2001)  

          In Europe, general prevalence of HCV is about 1% but varies 

among the different countries. (National Institutes of Health., 

2002) Prevalence of HCV antibody is 0.87% (1993-1994) in 

Belgium.  (Choo Q.L. 1989) In the United Kingdom, at least 200,000 
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adults carry HCV.  In Northern Italy, prevalence of HCV Ab was 

3.2%.  Three studies in Central and Southern Italy showed a higher rate 

of HCV (8.4%-22.4%), especially in the older population.  Among 

patients of general practitioners in Lyon, (Lauer G.M, 2001)  France, the 

prevalence of HCV was estimated to be 1.3%, very similar to the French 

general population.  (Neumann AU. 1998) Within the Russian army, 

frequency of anti-HCV was 1.5% among servicemen and donors with 

increased prevalence in the North Caucasus, Far East and Siberia (3.1-

3.8%) compared to the Transbaikal region (0.7%).  Low rates were found 

in Hungary (0.73% of 15,864 blood donors.)  (Bukh J., 1995) 

            Recently, HCV prevalence studies have come out in the Middle 

East. 751 out of 16,400 patients (4.57%) were found to +HCV Ab from 

1998-2002 with the largest age group from 41-50.                                       

(Alter H.J, 2000) There has been very high prevalence rates of HCV 

reported in Egypt in the past (28%). (Thimme R. 2001) This was 

confirmed among 90 blood donors in Cairo, where 14.4% were anti-HCV 

positive by RIBA test. (Farci P. 1996) Then 26.6% among 188 blood 

donors and 22% among 163 donors were positive with both studies done 

in Cairo.  (Vogt M. 1999) Rates were lower in Saudi Arabia (1.8%) and 

Yemen (2.1%).  (Sasaki N. 1997) 

 

1.1.  Routes of transmission 

               The transmission of HCV is primarily through exposure to 

infected blood. Risks for transmission include blood transfusion before 

1992, intravenous drug use, high-risk sexual activity, solid organ 

transplantation from an infected donor, occupational exposure, 

hemodialysis, household exposure, birth to an infected mother, and 

intranasal cocaine use. According to the U.S. Centers for Disease Control 
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and Prevention (CDC), the most common risk factors for acute HCV 

infection in the U.S. from 1991-1995 were high-risk drug (60%) and 

sexual behaviors (20%). Other modes of transmission (occupational, 

hemodialysis, household, and perinatal) accounted for approximately 

10% of infections. A potential risk factor can be identified in 

approximately 90% of persons with HCV infection. (Alter M.J. 1999) 

 

1.2. Acute hepatitis C 

             Acute hepatitis C infection is infrequently diagnosed because the 

majority of acutely infected individuals are asymptomatic. In the 

transfusion setting, where acute onset of HCV infection has been best 

documented, 70% to 80% of cases were asymptomatic. (McCaughan 

G.W. 1992) About 20% to 30% of adults with acute HCV infection may 

develop clinical symptoms. The symptomatic onset ranges from 3 to 12 

weeks after exposure. (Alter H.J, 2000) Symptoms may include malaise, 

weakness, anorexia, and jaundice. Serum alanine aminotransferase (ALT) 

levels, signifying hepatocyte necrosis, begin rising 2 to 8 weeks after 

exposure, and often reach levels of greater than 10 times the upper limits 

of normal. HCV RNA can be detected in the serum within 1 to 2 weeks 

after exposure. (Farci P. 1991) 

               The level of HCV RNA rises rapidly during the first few weeks, 

and then peaks between 105 to 107 IU/ml, shortly before the peak of 

serum aminotransferase levels and onset of symptoms. In self-limited 

acute hepatitis C, symptoms can last several weeks and subside as ALT 

and HCV RNA levels decline. Acute HCV infection can be severe, but 

fulminant liver failure is rare. (Farci P. 1996)  
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1.3.  Chronic hepatitis C 

        The rate of chronic HCV infection is affected by many factors, 

including the age at time of infection, gender, ethnicity, and the 

development of jaundice during the acute infection, The chronicity rate in 

hepatitis C infection appears to be lower in younger individuals. The most 

widely quoted data on the prevalence of HCV in the United States comes 

from the third National Health and Nutrition Examination Survey 

(NHANES), a national survey of a representative sample of non-

institutionalized civilian Americans conducted between 1988 and 1994. 

In the NHANES study, the chronicity rate was estimated at 30% in 

subjects below the age of 20 years, and 76% for those older than 20 

years. (Alter M.J. 1999) The rate of chronicity in HCV infection appears 

to be lower in women, particularly younger women. Evidence for this 

comes mostly from retrospective analyses of two large outbreaks of 

hepatitis C that occurred among pregnant women who received Rh 

immune globulin that had been contaminated with HCV. 

 

1.4.  Progression of liver fibrosis 

          In the setting of persistent hepatitis C viremia, the rate of 

progression of liver fibrosis varies widely. There have been extensive 

studies focusing on the natural course of disease progression from chronic 

hepatitis C to cirrhosis, HCC, and death. The activity of liver disease or 

grade, is gauged by the number of mononuclear inflammatory cells 

present in and around the portal areas, and by the number of dead or 

dying hepatocytes. The structural liver damage, also known as fibrosis or 

stage, is variable in chronic HCV infection. Fibrosis implies possible 

progression to cirrhosis. In mild cases, fibrosis is limited to the portal and 

periportal areas. More advanced changes are defined by fibrosis that 
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extends from one portal area to another, also known as "bridging 

fibrosis.” 

1.5.  Alcohol consumption 

          Alcohol consumption appears to be one of the most influential 

factors driving fibrosis progression in patients with chronic hepatitis C. 

There is convincing evidence that higher levels of alcohol consumption 

contributes to the development of progressive liver disease. (Wiley T.E. 

1998) Individuals who consume alcohol as an ongoing habit have a 

greater prevalence of cirrhosis than those who consume little or no 

alcohol. Lower amounts of daily alcohol consumption may also increase 

the risk of HCV-associated liver damage. 

1.6. Long term complications 

              The progression to cirrhosis is often clinically silent, and some 

patients are not known to have hepatitis C until they present with the 

complications of end-stage liver disease or HCC. The features of 

decompensated cirrhosis include the development of ascites, upper 

gastrointestinal bleeding secondary to varices or portal hypertensive 

gastropathy, hepatorenal syndrome and hepatic encephalopathy. In the 

U.S., deaths associated with chronic HCV are more likely to be caused 

from decompensated cirrhosis rather than HCC. Studies have estimated 

the 3, 5, and 10-year survival rates of compensated cirrhosis to be 96%, 

91%, and 79%, respectively. (Fattovich G., 1997). 
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The cumulative probability of an episode of clinical 

decompensation is 5% at 1 year, and increases to 30% at 10 years from 

the diagnosis of cirrhosis. (Serfaty L., 1998) Once decompensated 

cirrhosis occurs, the 5-year survival rate falls to 50%.  The time from 

HCV infection to cirrhosis is dependent on multiple factors, and cannot 

be predicted in an individual patient. Virtually all HCV-related HCC 

occurs among patients with cirrhosis. In a meta-analysis of 21 case-

control studies, the risk for HCC was increased 17-fold in HCV-infected 

patients compared to HCV-negative controls. (Hu K.Q,. 1999) The 

results of several retrospective trials show a moderate decrease in the risk 

of developing HCC among HCV patients treated with interferon.  (Ikeda 

K., 1999) This benefit appears to be greater in patients with a sustained 

viral response rather than non-responders to interferon treatment. 

(Papatheodoridis G.V, 2001)    

 

2. Hepatitis B 

               The earliest recognition of the public health importance of 

hepatitis B virus (HBV) infection is thought to have occurred when it 

appeared as an adverse event associated with a vaccination campaign. In 

1883 in Bremen, Germany, 15 percent of 1,289 shipyard workers 

inoculated with a smallpox vaccine made from human lymph fell ill with 

jaundice during the weeks following vaccination (Lurman A., 1885). 

The etiology of “serum hepatitis,” as it was known for many years, was 

not identified until the 1960s )Blumberg BS ، 1965), and only following 

the subsequent development of laboratory markers for infection was its 

significance as a major cause of morbidity and mortality worldwide fully 

appreciated )Beasley P,. 1988 ) 
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According to the most recent World Health Organization estimate, 

two billion people worldwide have serologic evidence of past or present 

HBV infection, and 360 million are chronically infected and at risk for 

HBV-related liver disease. (World Health Organization Hepatitis B 2000) 

Approximately one third of all cases of cirrhosis and half of all cases of 

hepatocellular carcinoma can be attributed to chronic HBV infection. 

HBV is estimated to be responsible for 500,000–700,000 deaths each year 

(4–6). (Perz JF,  2004,) 

             Despite the vast population of infected persons, efforts to prevent 

and control HBV have met with increasing levels of success and hold 

promise for large reductions in disease burden in the future. A great deal 

of credit for achievements to date stems from the introduction of hepatitis 

B vaccines. (Bond WW , 1977) First licensed in the United States in 

1981, hepatitis B vaccine is now one of the most widely used vaccines in 

the world and is part of the routine vaccination schedule for many of the 

world's infants and children. It is the world's first cancer prevention 

vaccine and the first vaccine to prevent a sexually transmitted disease. 

(Wong VC, 1984) In countries where large-scale vaccination efforts were 

made in the first decade after introduction of the vaccine, the 

epidemiology of hepatitis B and HBV infection has been transformed, 

and there are early signs that the burden of HBV-related sequelae will be 

significantly reduced as vaccinated populations age. (Xu ZY,  1985) 

           In this comprehensive review of hepatitis B epidemiology and 

vaccines, we focus on studies that have been viewed as definitive or 

influential by most experts, as evidenced by frequent citations by expert 

panels or published guidelines, to highlight current trends and policies 

and directions for the future. The brevity of the review precludes an 
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exhaustive review of the literature or a more detailed discussion of most 

of the cited data. (Beasley RP, 1977)  

2.1. Transmission 

            HBV is transmitted by percutaneous or mucosal exposure to 

infected blood or other body fluids. HBV transmission has been observed 

with numerous forms of human contact: perinatal/mother-to-child;  

(Davis LG,1989) household (nonsexual); sexual; needle-sharing; and 

occupational / health-care-related. The highest concentrations of 

infectious HBV are found in blood and serum. However, other serum-

derived body fluids, such as semen and saliva, are also infectious 

(Armstrong GL, 2001). Persons with chronic HBV infection are the 

major reservoir for transmission, although any person testing positive for 

HBsAg is potentially infectious to both household and sexual contacts. 

Because HBV can remain stable and infectious on environmental surfaces 

for at least 7 days, transmission may occur indirectly via contaminated 

surfaces and other objects. (Mast EE 2003) 

            Transmission from a chronically infected woman to her infant 

during delivery is efficient and is one of the most common routes of HBV 

infection worldwide. (Francis DP , 1981) Perinatal transmission of HBV 

most often occurs during the birth process; in-utero transmission can 

occur but is rare and accounts for less than 2 percent of perinatal 

transmissions   (Lauer JL, 1979). The risk of perinatal infection is 5–20 

percent in infants born to HBsAg-positive mothers and 70–90 percent if 

the mother is HBeAg-positive . (Alter MJ, 1990). 
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Transmission of HBV can also occur in situations where there is 

frequent and prolonged close personal contact with an infected person  

(Heathcote J, 1974 ). Prior to implementation of universal infant 

hepatitis B immunization, an estimated 16,000 children under 10 years of 

age were infected annually in the United States through exposure to 

HBsAg-positive household members or community contacts   

(Alter MJ, 1986). Although the exact mode of transmission is unknown, 

transmission is hypothesized to occur from inapparent blood or body fluid 

exposures from parents, siblings, or playmates that inoculate HBV into 

cutaneous scratches, abrasions, or other lesions or onto mucosal surfaces 

(Alter MJ, 1989). 

                 HBV is efficiently transmitted by sexual contact  

(Dietzman DE, 1977). Sexual contacts of chronically infected persons 

have been shown to have a higher seroprevalence of HBV infection than 

control populations, including household (nonsexual) contacts of infected 

persons  (MacKellar DA,  2001) Persons with acute hepatitis B are more 

likely to report multiple heterosexual partners than controls, and the 

seroprevalence of HBV infection correlates with greater numbers of 

recent and lifetime heterosexual partners (34, 35). Men who have sex 

with men (MSM) have long been known to have high rates of disease 

(Levine OS, 1994), and they have persistently higher HBV 

seroprevalence rates than the general population . (Garfein RS, 1996). 

     Injection drug users are at high risk for HBV infection because 

of behaviors such as sharing of needles, syringes, and other drug 

paraphernalia. On the basis of data collected more than 10 years ago, the 

majority of injection drug users in the United States and elsewhere have 

serologic evidence of past or current HBV infection   (Levine OS, 1995 ). 

However, the risk among injection drug users can vary depending on the 
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prevalence of chronic HBV infection in the community, as well as drug-

sharing and preparation practices. In the United States in the mid-1990s, 

approximately 70 percent of injection drug users were infected after 5 

years of injecting  (Limentani AE, 1979v).  

 Outbreaks linked to other percutaneous exposures besides 

injection drug use, such as tattooing and acupuncture, have been reported  

(Kent GP, 1988 ). 

              Health-care-related transmission has long been recognized as an 

important source of new HBV infections worldwide. Provider-to-patient, 

patient-to-provider, and patient-to-patient transmission have all been 

observed, although the frequencies with which these types of 

transmission occur are widely divergent. Patient-to-provider transmission 

was common before widespread hepatitis B vaccination of health care 

workers; it is estimated that 12,000 health care workers per year were 

infected in the United States in the prevaccine era.  (Hadler SC, 1985 ) A 

health care worker's risk of infection has been shown to correlate with his 

or her level of blood and needle exposure (Beltrami EM, 2000). 

Following needle-stick exposure, the risk of HBV infection varies 

according to the volume and viral concentration of the infectious fluid. 

The risk from inoculation after a needle-stick with HBeAg-positive blood 

is at least 30 percent, but risk is less than 6 percent if blood is HBeAg-

negative  (Hauri AM, 2004 ). 

             Patient-to-patient HBV transmission is a major source of new 

HBV infections in the developing world. Patient-to-patient HBV 

transmission can result from percutaneous exposure to contaminated 

equipment used for injections or other procedures, or from blood or 

mucosal exposure to contaminated medication. (Polish LB,  1992 ) In 
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developing countries, exposures to contaminated therapeutic injection 

equipment are common in many settings because of lack of awareness of 

infection control practices, lack of resources for sterilization and the 

purchase of new disposable equipment, and economic incentives and 

cultural preferences favoring overuse of injections. Contaminated 

injections caused an estimated 21 million HBV infections worldwide in 

2000, accounting for 32 percent of all new infections. (Williams IT,  

2004 ) . 

In the developed world, outbreaks involving this type of 

transmission remain a persistent problem as well, and they usually stem 

from lapses in infection control practice by health care workers. 

Implicated vehicles for transmission include multidose vials, finger-stick 

devices, acupuncture needles, and jet injection guns  (MMWR Recomm 

Rep, 2001). Contaminated environmental surfaces in health care settings 

have also served as a reservoir for HBV transmission, particularly in 

dialysis units  (Gunson RN,  2003 ). 

            Provider-to-patient HBV transmission is rarely reported. Most 

events have been associated with health care workers' performing 

invasive procedures, and most occurred before the widespread use of 

hepatitis B vaccine and the implementation of universal precautions in 

standard infection control practice  (Busch MP,  2003 ). 

           Transmission of HBV via transfusion of blood products has been 

largely eliminated in most parts of the world by screening blood donors 

and implementing techniques that ensure viral inactivation of products 

made from blood, such as factor concentrates  (EASL, 2003 ). 
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2.2. Treatment 

             Although more-potent and more-specific antiviral treatments 

promise to improve the frequency and durability of responses to therapy 

among a wider spectrum of patients with CHB, many significant 

challenges remain (C, J Gastroenterology Hepatol, 2000 ). The 

emergence of resistance and management of resistance have implications 

broader than those discussed for each of the agents described in the 

present article. One important consideration comes from the realization 

that both the envelope and the polymerase gene map to overlapping 

regions in the HBV genome  (Lok AS, 2001). Because of this structure, 

mutations in the polymerase gene can result in changes to the envelope as 

well. When immunodominant epitopes are involved, such polymerase 

gene mutations have been documented to lead to immunologic escape 

from vaccination and treatment failures (Schalm S, 2002 ). 

            From the practical standpoint of the resistance to and toxicity of 

different therapies, the duration of therapy for nonresponders (i.e., 

subjects with failure to have seroconversion to HBeAg) becomes 

problematic. Although lamivudine and adefovir dipivoxil have 

demonstrated the ability to normalize the ALT level and suppress viral 

replication, these drugs show a suboptimal rate of viral clearance, as 

measured by seroconversion to HBeAg . However, (Lok AS,  2001) if 

these therapies are not continued indefinitely, hepatic flares can occur as 

a result of drug withdrawal. 

               In addition, for HBeAg-negative patients, there is no 

biochemical marker of viral clearance, which makes it even more difficult 

to determine the duration of therapy. Although there presently are no firm 

recommendations regarding treatment duration for individuals who 
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currently are receiving therapy, it appears reasonable to continue therapy 

indefinitely, until resistance develops (i.e., until return of the HBV DNA 

load to its level at baseline) or until clearance of the virus occurs for 

patients receiving lamivudine and adenovirus dipivoxil.  

Nucleoside reverse-transcriptase inhibitors appear to be less toxic 

and easier to administer for a prolonged period, despite lower HBeAg 

seroconversion response rates, compared with IFN-α .(Chin R,  2003 ) 

Although most of the data regarding long-term IFN therapy are from 

early trials in which conventional IFN-α was used, the use of IFN-α is 

most practical when it is used in its pegylated formulation as salvage 

therapy. 

          As has been seen regarding therapy for infection with 

Mycobacterium tuberculosis or HIV, combination therapy is likely to 

play a significant role in the treatment of CHB by reducing the emergence 

of resistance. To date, there are limited available studies that use this 

approach  (Bertoletti A,  2000 ), although many trials are presently in 

progress. The combination of lamivudine and IFN has been studied in a 

number of clinical trials, with none of the studies demonstrating a clear, 

sustained response to combination therapy that is greater than the 

response to monotherapy   (Bertoletti A,  2003). 

          As expected, for subjects for whom lamivudine therapy has failed, 

treatment with adefovir dipivoxil plus lamivudine has not demonstrated 

an advantage of combination therapy over adefovir dipivoxil therapy 

alone   (Zuckerman JN,  2003) . Clinical trials that are currently in 

progress will exploit the strategy of targeting multiple steps within the 

life cycle of viral infection, to improve the durability of responses and to 

reduce the emergence of resistance. (Santantonio T,  2002 ) 
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Current recommendations regarding therapy focus on the presence or 

absence of HBeAg and HBV DNA levels and transaminase levels  

(Tatulli I,  2001) Initiation of therapy is warranted for individuals with 

plasma HBV DNA levels of >10 5 copies/mL and a significant increase 

in transaminase levels (to twice the upper limit of the range considered to 

be normal). Several consensus papers address current recommendations 

regarding initiation and duration of therapy, surrogate markers for 

monitoring progression of disease, and other important disease-

management controversies (Barbaro G,  2001).  As more effective and 

better tolerated treatment modalities for the control of CHB become 

available, we can expect these management algorithms to evolve with an 

associated improvement in treatment response rates. (Peters MG,  2004) 

3. Epidemiology: 

Dual infection with HBV and HCV is not uncommon in geographic 

areas where a high endemic level of both infections is reported, such as 

Southeast-Asia and Mediterranean. In general, the prevalence is around 

10-20% in patients with chronic HBV infection (see table1) (Chen X, 

1999(, and 2-10% of anti-HCV-positive patients to have markers of HBV 

infection. In addition to chronic liver diseases, confection of HBV and 

HCV is frequently found in injection drug users (IDU,42.5%) (Reddy 

GA,2005), patients on hemodialysis (3.7%)                             (Aroldi A, 

2005), patients undergoing organ transplantation (8%) (M, 2002)HIV-

positive individuals (66%) (Irshad M,2002), and beta-thalassemia 

patients (10%)  ( Gaeta GB, 2003), which means that those are the high 

risk population for infection of HBV and HCV concurrently.  
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A multicenter study in Italy .( Liaw YF, 2004) showed that the 

subjects with dual HBV and HCV infection were more likely to be older 

than 42 years, resident in the south of the country, to have a history of 

blood transfusion, i.v. drug use, unsafe sex, use of glass syringes or light 

alcohol use and to have a lower education level. Independent predictors 

of dual infection were age >42 years, history of i.v. drug use (IDU), blood 

transfusion and residence in the south of the country. Liaw ( Mimms LT, 

1993( identified risk factors for HCV superinfection in 23 hepatitis B 

patients including blood transfusion, IDU, instrumentation and household 

or community contact.  

Among HIV-infected people, HBV and HCV confection was as 

high as 66% (80 of 133) and confection was seen more frequently in drug 

users (84%) in comparison with the patients infected by homosexual 

(66%) or heterosexual (20%) route (Irshad M,2002( Totally, the risk 

factors of dual infection are similar to those of single infection of the two 

viruses, including IDU, blood transfusion, unsafe sexual contact, and 

other parenteral transmission modes and IDU and blood transfusion are 

the two major modes which account for nearly 90% of dual infection. 
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Prevalence of serum anti-HCV-positive in HBsAg-positive patients 

with chronic liver diseases 

 

 

3.1. Relationship between HCV and HBV:  

Simultaneous HBV and HCV Infection in Acute Hepatitis 

Because the patients with HBV and HCV acute confection are 

limited and only a few reports are available, little is known about this 

aspect. Five patients with acute HBV and HCV confection observed by 

Mimms have a lower level of HBsAg and ALT as compared with patients 

with acute HBV infection alone, and four of them developed chronic 

HCV infection (Sagnelli E, 2002). The result indicated that onset of 

hepatitis B may reduce the severity of HCV infection but not frequency 

of chronicity.  
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         Similar to this study, Sagnelli  (Chu CM, 1995) reported 3 patients 

with acute HBV and HCV confection recovered from HBV infection and 

progressed to HCV-related chronic hepatitis and none of the 3 patients 

had a severe form of acute hepatitis. However, Chu and Liaw  (Alberti 

A,1995) have described a serologically and virologically proven case of 

acute HCV and HBV confection presenting as biphasic ALT elevation 

with fulminant hepatitis. Furthermore, Alberti (Mohamed A el al. 1997) 

studied 30 patients with symptomatic acute hepatitis in whom markers of 

active HBV and HCV infection were found to coexist.  

All patients were observed during the acute hepatitis and were 

followed for a long time after acute hepatitis, and their clinical features 

and outcome were compared with those of patients suffering from acute 

hepatitis due to single HBV and HCV infection. The acute phase peak in 

transaminase activity was particularly high in patients with mixed HBV 

and HCV infection, but chronicity rates of hepatitis B and of hepatitis C 

were not modified, and were similar to those of patients with single 

infection. When individual patients were monitored during the acute 

phase, at least two distinct peaks of alanine aminotransferase (ALT) were 

observed in patients with dual infection, independently of whether 

hepatitis then resolved or progressed to chronicity. 

From above, confection of HBV and HCV in acute hepatitis will 

progress to HCV-related chronic hepatitis and the chronicity rates are not 

modified, but the severity of hepatitis in patients with dual infection is not 

accordance in these studies. 
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3.2. HBV and HCV Confection in Patients with Chronic Liver 

Diseases: 

Although dual infection with HBV and HCV leads to mutual 

suppression of both viruses, several studies have suggested that multiple 

HBV and HCV infection may be associated with more severe clinical 

presentation (Pallas JR, 1999). A Saudi Arabia study  (Brotman 

B,1983) showed that the patients with dual HCV and HBV infection had 

more decompensated liver disease.  

Most of these patients were classified in the Child-Pugh group C as 

compared to the controls (36.8% vs 0%, p < 0.01). Markedly different 

anti-HCV positive rates (P < 0.001) in hepatitis B patients in different 

clinical stages were discovered in a study from China (Bradley DW,. 

1983). The anti-HCV positive rate increased with severity of hepatitis in 

those patients. The suggestion that dual infection of HBV and HCV may 

enhance the severity of hepatitis was also supported by histological 

evidence. Zarski (Zarski JP, 1998) compared the histological 

characteristics of patients with chronic hepatitis B and C with those of 

patients with chronic hepatitis C alone. 

          Histological lesions were more severe in dual infection than in 

HCV single infection, including prevalence of cirrhosis, knodell score 

and piecemeal necrosis and fibrosis. In an Italian multicenter case-control 

study ( Sagnelli E , 2000) , the clinical impact of multiple virus infection 

was compared with a single HBV or HCV infection.  

      Moderate or severe chronic hepatitis or cirrhosis were more frequent 

in patients with HBV and HCV confection (62.9% of 65 patients) than in 

patients with HBV infection (46.7% of 90, P<0.05) or patient with HCV 
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infection (40.8% of 98, P<0.005). These data showed that HBV and HCV 

dual infection increased the severity of histological lesions. 

3.3. Virus interaction: 

The interaction between HBV and HCV in confection patients has 

been investigated in clinical study and in vitro experiment. Suppression 

of HBV replication by HCV in acutely or chronically infected patients is 

well-described phenomenon. In vivo study in chimpanzees showed that 

acute HCV superinfection in chronic HBV infection resulted in marked 

reduction in the titer of serum HBsAg  (Brotman B, 1983) , (Bradley 

DW, 1983). In clinical studies, the inhibition of HBV replication by HCV 

was also observed  (Pontisso P, 1998). Serum HBVDNA was found 

more frequently in patients with HBsAg+ /anti-HCV – than in patients 

with HBsAg+ /anti-HCV+ (Sagnelli E , 2000) and HBVDNA levels was 

lower in confections than in single infections  ( Crespo J, . 1997). 

Liaw et al (Liaw YF, 1994) found that HCV infection might 

suppress HBV or even eliminate HBV and become sole cause of 

persistent hepatitis or ALT/AST elevation in a small number of patients. 

In a follow-up study of chronic HBV infection 42, the role of HCV in 

continuing hepatitis after termination of chronic HBsAg antigenemia was 

explored in a series of patients. Among 41 patients with persistent ALT 

elevation, 26 were seropositive for anti-HCV. Of those seropositive for 

anti-HCV, serum HBVDNA was not detectable, and serum HCVRNA 

was detected in 23 of the 26 hepatitis patients. Liver biopsy in 6 anti-

HCV positive patients with continuing hepatitis showed features 

compatible with chronic hepatitis C. 
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           HCVRNA, but not HBVDNA, was detected in liver tissues of 

these 6 patients. The results provide direct evidence to confirm that HCV 

superinfection in patients with chronic HBV infection may not only 

terminate chronic HBsAg antigenemia but may ever usurp the role of 

HBV in chronic hepatitis to cause continuing ALT elevation.  

        The mechanisms accounting for the suppression of HCV on HBV 

were investigated by Shih et al(Shih CM, 1993) . Their findings suggest 

that HCV may directly interfere with HBV replication and furthermore 

identified the HCV core protein as a repressor of HBV production. They 

found a moderate 2-4 fold reduction of HBV mRNA and HBV antigen 

expression in the presence of HCV structure genes and a stronger up to 

20 fold suppression of HBV particle secretion.  

       Furthermore, the target structure of HCV core protein was identified 

in another study  (Schuttler CG, 2002). The results showed that full-

length HCV core protein suppressed the HBV enhancer 1 up to 11-fold, 

the enhancer 2 3-4-fold. Suppression of HBV enhancer 1 by HCV core 

from genotype 1b was stronger than by HCV core of genotypes 3a or 1a. 

This trans-repression may contribute to suppression of HBV replication 

in patients coinfected with both viruses. However, until now it has been 

completely uncertain if or how HCV core may be released from the 

replication/translation complex of HCV, which is a prerequisite for the 

many reported in vitro activities of isolated core expression systems. 

            The inhibition exerted by HBV on the HCV genome also has been 

shown in chronic HBV/HCV concurrent infection. Zarski  (Zarski JP, 

1998) compared virological characteristics of patients with chronic 

hepatitis B and C with those of patients suffering from chronic C alone. 
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The results suggest an inverse relationship between the replicative 

patterns of both viruses. 

       The HCV RNA level was significantly decreased in HBV DNA 

positive patients compared with HBVDNA negative patients. An Italian 

multicenter case-control study  (Bradley DW, 1983) was performed on a 

high number of patients with chronic hepatitis from a multiple hepatitis 

virus infection who were compared with patients with chronic hepatitis 

caused by a single virus. In this study, HCVRNA was detected more 

frequently in patients with anti-HCV positive (90.7% of 130) than in 

patients with HBsAg/anti-HCV positive (65.2% of 69, p<0.001). 

3.4. Antivirus therapy: 

Few data exist on treatment of double infection. Some preliminary 

studies  (Weltman MD, 1995) showed that patients with dual HBV and 

HCV infection had responded poorly to interferon (IFN) monotherapy. In 

an open trial of the efficacy of interferon-alpha 2b (IFN-alpha) treatment 

on multiple infection, eight patients with chronic HBV and HCV were 

treated with recombinant IFN-alpha 2b [3 million units (MU), thrice 

weekly for 6 months].  

Liver function tests normalized in two patients and one lost 

hepatitis B surface antigen (HBsAg) (Zignego AL, 1997). Silent HBV 

coinfection with HCV decreases the response to interferon. 

Sagnelli (Sagnelli E, 2001) reported that fewer patients with chronic 

hepatitis C and isolated anti-HBc have a sustained response to interferon-

alpha treatment than those with chronic hepatitis C (7.8% vs. 30.4%, 

p=0.009). Similar results have been observed by others in patients having 

silent HBV coinfection with HCV (Khattab E, 2005). 
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           It has been suggested that a specific dose and duration of IFN 

regimen for the treatment of either HBV or HCV should be chosen based 

on which viral infection is determined to be active. In the attempt to 

verify whether the outcome of IFN therapy in patients with hepatitis B 

and hepatitis C coinfection can be improved, Villa (Villa E, 2001) 

conducted a prospective, randomized trial with medium to high dosages 

of interferon three times a week for 6 months.  

          Thirty patients with HBV-HCV coinfection, and chronic hepatitis 

were randomized to receive either 6 or 9 MU alpha-interferon three times 

a week for 6 months. Five patients treated with 9 MU IFN consistently 

cleared HCV RNA and HBV DNA, whereas none of those treated with 6 

MU reacted in a similar fashion (p = 0.045). Responders showed 

significant improvement of histological activity index in comparison with 

non-responders (mean Ishak score pre-treatment versus post-treatment p 

= 0.002). Long term follow-up showed that none of the patients treated 

with high doses developed cirrhosis whereas 4/14 treated with low doses 

did develop cirrhosis. The results indicate that with HBV-HCV 

coinfection, a trial with high doses of interferon is strongly 

recommended. Recently, Chuang (Chuang WL, 2005) conducted a case-

control study to investigate the efficacy of interferon-alpha (IFN-alpha) 

and ribavirin combination therapy for patients with chronic hepatitis C 

and B virus (HCV/HBV) coinfection. Forty-two chronic HCV/HBV-

coinfected patients (29 IFN-naive, 13 IFN-relapsed) and 84 HCV-

monoinfected controls, matched for age, sex and previous history of IFN-

alpha therapy, were enrolled. All patients were treated with IFN-alpha-2b 

6 MU three-times weekly plus ribavirin 1000-1200 mg daily for 24 

weeks.  
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The rate of HCV sustained virological response (SVR) was 

comparable among IFN-naive and IFN-relapsed HCV/HBV-confected 

patients and IFN-naive and IFN-relapsed HCV-monoinfected patients 

(69.0%, 69.2%, 67.2% and 57.7%, respectively; intention-to-treat 

analysis). Of 16 baseline HBV viraemic patients, five (31.3%) achieved 

HBV SVR, which correlated negatively to HCV genotype non-1b and 

HCV SVR. Only one (6.3%) had simultaneous seroclearance of HCV and 

HBV. The author suggested that IFN-alpha/ribavirin combination therapy 

was effective for HCV/HBV-confected patients in eradicating HCV 

infection and might promote HBV seroclearance. 

 

3.5. Virology and Natural History of HBV and HCV Infection 

HBV is a double-stranded DNA virus, while HCV is a single-

stranded RNA virus. To date, eight HBV genotypes (A–H) and six major 

HCV genotypes (1–6) have been identified.(Kuiken C, 2005) It is 

important to note that humans are the only known natural host for both 

viruses; however, for experimental purposes both can be transmitted to 

chimpanzees. (Rehermann B, 2005). Although HBV and HCV both 

infect the same type of cell, the hepatocyte, viral entry and viral life cycle 

differ significantly.  

The viral entry mechanisms of HBV into the hepatocytes are yet 

hardly understood. Importantly, however, the transmembrane transporter 

sodium taurocholate cotransport Ing polypeptide has recently been 

suggested to play an important role for cellular attachment and entry. 

(Urban S, 2010). After bind- ing of the HBV particle to the cell surface, 

the nucleocapsid is released into the cytoplasm and transported to the 

nucleus. In the nucleus the covalently closed circular DNA (cccDNA) 

may then be formed by covalent ligation. (Levrero M, 2009). The newly 
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formed cccDNA remains in the nucleus of infected cells, while capped 

and polyadenylated viral mRNA is produced.  

Transcription and nucleocapsid assembly take place in the cytosol 

of infected cells and newly produced nucleocapsids can either be 

reimported in the nucleus for the amplification of cccDNA or they can be 

enveloped for secretion by the endoplasmic reticulum. (Pileri P, 1998 ). 

The cccDNA plays a key role in the life cycle of HBV, since it remains in 

the nucleus as a template for further RNA synthesis and thus repre- sents 

the basis for the persistence of HBV infection. Importantly, even in 

patients with serological evidence of viral clearance (e.g. presence of 

HBV surface antigen (HBsAg)-specific antibodies), cccDNA may per- 

sist in the nucleus of hepatocytes. (Dustin LB, 2007). 

 In contrast, entry mechanisms of HCV into the hepatocytes are 

better understood. Indeed, cellular attachment and entry of HCV is 

mediated by several surface molecules such as the tetraspanin CD81 and 

the two tight junction proteins occluding and claudin-1.(Aspinall EJ, 

2011) In contrast to HBV, the HCV genome is not transported into the 

nucleus. Instead, replication proceeds in association with membranous 

structures of the endoplasmic reticulum in the cytosol of infected 

hepatocytes. (Neumann Haefelin, 2007). The whole viral RNA genome 

is translated as one open reading frame encoding a polyprotein. This 

HCV polyprotein is processed during and after translation by host and 

viral proteases. Importantly, very little is known about the later steps of 

the HCV viral life cycle, such as assembly and viral particle release. 

The natural history of both viruses differs significantly. Indeed, the 

majority of acutely HBV-infected patients are able to clear the virus. 

Only about one-third of adults develop jaundice and hepatitis and less 

than 1% show a fulminant course. (Aspinall EJ, 2011) Within 6–8 

weeks, HBV DNA reaches its peak titer in the plasma and HBV e antigen 
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(HBeAg) and HBsAg are secreted. In the majority of acutely infected 

adults, a suc- cessful HBV-specific immune response leads to the 

eradication of HBeAg followed by the elimination of HBsAg as indicated 

by the emergence of HBeAg- and HBsAg-specific antibodies. Therefore, 

life- long protective immunity is maintained. (Rehermann B,2005). In 

contrast, a course of chronic HBV infection can clinically be assumed 

when HBsAg persists for more than 6 months. As a result of cccDNA 

persistence, reactiva- tion can occur in these patients even after several 

years. Thereby, either wild-type HBV or, more commonly, HBV variants 

are reactivated. (Tujios SR, 2012).  

Similar to HBV infection, acute HCV infection is often asympto- 

matic and therefore clinically not recognized in the majority of patients. 

(Dustin LB, 2007). Irrespective of the outcome of HCV infection, HCV 

RNA becomes detectable within 1–2 weeks after exposure to HCV and 

reaches peak levels of up to 10  (Schaefer S. 2007). Genome 

equivalents/mL after 6–10 weeks. (Grakoui A, 2003). Acute resolving 

infection is characterized by a rapid decline of viral replication after this 

peak. In contrast, in cases of acute persisting infection that occurs in the 

majority of acutely infected patients, viral titers fall to some degree 

indicating partial control. However, in the next few weeks viral titers 

rebound and reach steady state titers. In these chronically infected 

patients, alanine transaminase (ALT) levels may be elevated. 

However, the level of ALT elevation and consequently the degree 

of liver inflammation and damage can vary from mild to severe. Thus, 

like in HBV infection, the outcome of HCV infection is determined 

within the first 6 months after exposure to the virus. However, in contrast 

to HBV infection, HCV establishes persistent infection in the majority of 

patients, suggesting that this viral infection is an even more challenging 
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combatant for the host’s immune system to fight. Key characteristics of 

both viruses are summarized. 

 

4. Similarities between hepatic viruses HCV and HBV 

Chronic hepatitis B virus (HBV) and hepatitis C virus (HCV) 

infections are serious health care problems affecting about 600 million 

individuals worldwide. Both viruses are hepatotoxic and can lead to the 

development of severe liver diseases, such as liver cirrhosis and 

hepatocellular carcinoma. HBV and HCV are responsible for about 1 

million deaths per year and represent a major indication for liver 

transplantation. More than 90% of newborns exposed to HBV at birth 

become persistently infected; however, adult-onset HBV infections are 

typically self-limited and cleared in about 95% of patients. In contrast, 

only a minority (about 30%) of HCV-infected adults is able to clear the 

virus spontaneously.  

Innate and adaptive host immune responses play an important role 

in the successful elimination of both viruses. Innate immunity against 

HBV and HCV includes the release of antiviral cytokines such as type I 

interferon (IFN-a and IFN-b) and the activation of innate immune cells 

such as natural killer cells. Even though it has been shown that innate 

immune responses contribute to the outcome of infection, the hallmark of 

successful viral elimination is a sustained adaptive immune response. 

Specifically, CD41 and CD81 T-cell responses have been shown to play a 

central role in the outcome of infection. (Klenerman P, 2012). Also, the 

emerging co-infections of HBV and HCV with HIV have become a 

further striking health care problem. This is mainly due the high 

likelihood of co-infections to develop persistent infection . (Bauer T, 

2011). 
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            While there has been an effective vaccine against HBV infection 

available for the last 30 years, no protective vaccine against HCV 

infection is available yet. Additionally, treatment options of chronic HBV 

and HCV infection are limited. Indeed, while several drugs, such as 

nucleoside/nucleotide analogues (NUCs) and pegylated IFN-a (PegIFN-a) 

are available for the treatment of HBV infection, sustained virological 

responses and viral eradication are rarely achieved.( Nebbia G, 2012) 

Treatment of HCV is based on a novel combination of viral 

protease inhibitors, PegIFN-a and ribavirin, leading to sustained 

virological response rates of up to 70%. (Aman W,2012). However, 

considerable side effects and high costs constrain antiviral therapy to a 

relatively small group of patients. In order to develop novel 

immunological prophylactic and therapeutic treatment options for HBV 

and HCV infection, a better understanding of virus–host interactions, as 

well as the underlying mechanisms of immune failure and viral 

persistence is of major inter- est. In this review, we will discuss the 

components of adaptive immunity that have been described to contribute 

to successful immune responses against HBV and HCV and assemble the 

current knowledge about possible mechanisms leading to the failure of 

the immune response. 

 

4.1. Failure of adaptive immune response in HBV and HCV Infection 

       It is important to note that there are several mechanisms that may 

contribute to the failure of HBV- and HCV-specific CD81 T-cell 

responses (Neumann-Haefelin, 2007). For example, CD41 T-cell help is 

required for the induction of sustained CD81 T-cell effector functions, 

there- fore the lack of CD41 T-cell help is a possible cause for CD81 T-

cell failure. (Gruner NH, 2000) Indeed, as discussed above, a lack of 

proper maturation of functional and sustained HBV- and HCV-specific 
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CD81 T-cell responses due to the absence of CD41 T-cell help seems to 

be associated with the onset of persistent HBV and HCV infection. 

However, the main factors driving CD81 T-cell failure in chronic viral 

hepatitis are not fully understood, but growing evidence indicates that T-

cell dysfunction, as well as viral escape, contributes to this failure. 

 

5. Difference between HCV and HBV 

          Although host factors contribute importantly to the outcome of 

HBV and HCV infection, viral factors are also critically involved. 

Perhaps the strongest evidence that viral factors play a role in the 

outcome of HBV and HCV infection is that more than 95% of adult-onset 

HBV infections are self-limited, while more than 70% of adult-onset 

HCV infections persist, and the outcomes for humans and chimpanzees 

are similar (Bukh, J. 2004 ). also demonstrates an interesting and 

underappreciated difference between HBV and HCV, i.e., that the 

logarithmic phase of HCV amplification occurs much earlier than for 

HBV, even when the HBV inoculum is several orders of magnitude 

greater than that of HCV. (Guidotti, L. G., 1999  ) 
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5.1. Viral genome, products, and replication strategy:  

 
 

           Following infection, the 3.2-kb partially double-stranded DNA 

HBV genome is delivered to the nucleus and converted into a covalently 

closed circular double-stranded HBV DNA (cccDNA) molecule that 

serves as a transcriptional template for the host RNA polymerase II 

machinery, which produces four capped and polyadenylated mRNAs that 

encode the viral core and envelope structural proteins and the precore, 

polymerase, and X nonstructural viral proteins. One of the major HBV 

transcripts is a 3.5-kb greater-than-genome-length RNA that is translated 

to produce the viral core and polymerase proteins and also serves as a 

pregenomic RNA that is encapsidated with the polymerase by the core 

protein in the cytoplasm of the hepatocyte . (Seeger, C., 2000 )  

Viral replication occurs entirely within these capsids by reverse 

transcription of the pre genomic RNA to produce a single-strand DNA 

copy, which serves as the template for second-strand DNA synthesis, 

producing a circular double-stranded DNA. Viral capsids containing 
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double-stranded DNA traffic either to the nucleus, where they amplify the 

viral cccDNA genome, or to the endoplasmic reticulum, where they 

engage the viral envelope proteins, bud into the lumen, and exit the cell 

as virions that can infect other cells . (Seeger, C., 2000 )  

In contrast, the HCV life cycle is entirely cytoplasmic. The HCV 

genome is a 9.6-kb, uncapped, linear, single-stranded RNA (ssRNA) 

molecule with positive polarity that serves as template for both translation 

and replication. Translation of the plus-strand RNA initiates at an internal 

ribosomal entry site, resulting in production of a single poly protein 

precursor that is processed into structural (C, E1, E2, p7) and 

nonstructural (NS2, NS3, NS4A, NS4B, NS5A, and NS5B) protein 

subunits by host and viral proteases. (Bartenschlager,R.,L.1993:l) HCV 

replication occurs via a minus-strand intermediate within a membranous 

compartment in the cytoplasm of the cell (Moradpour, D., V. 2004), 

yielding double-stranded RNA (dsRNA) intermediates as essential 

components of its life cycle. Thus, while HBV RNA, RNA/DNA hybrids, 

and DNA replicative intermediates are sequestered entirely within capsid 

particles (Seeger, C., 2000) , the HCV ssRNA and dsRNA replicative 

intermediates are likely exposed to the dsRNA sensing machinery of the 

cell (Moradpour, D., V. 2004).  

It would not be surprising, therefore, if these two viruses induce 

very different innate cellular responses following infection. We will 

discuss the potential significance of this observation when we discuss the 

cellular genomic responses to HBV and HCV infection later in this 

review. 
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5.2. Amplification rate, viral load, and mutation rate 

Difference between HBV and HCV is the rate at which they 

expand in the liver after inoculation, and the peak viral titers that they 

ultimately produce. For example, experimentally infected chimpanzees 

inoculated with 108 genome equivalents (GE) of HBV display a 

prolonged lag phase before viral DNA displays logarithmic expansion in 

the liver or serum, and the peak titers are routinely in the 109 GE per ml 

range . (Guidotti, L. G., 1999  ), (Thimme, R., S , 2003 )  

In contrast, when the same animals are subsequently inoculated 

with HCV, the viral RNA expands logarithmically within the first 2 

weeks and reaches peak titers that rarely exceed 106 GE per ml. 

(Thimme, R., J. 2002 )  

Since the onset of the cellular immune response to both of these 

viruses is detectable 3 to 4 weeks after inoculation, i.e., before the 

logarithmic spread of HBV but after the log phase of HCV , the two 

viruses could represent very different antigenic challenges to the immune 

response, and this could have an important impact on the outcome of the 

infection. Once infection is established, differences in HBV and HCV antigenic 

burden could also have an impact on viral clearance. (Thimme, R., J. 2002 ) 

In particular, it has been shown by the use of highly sensitive and 

specific immune histochemical reagents that HBV can infect up to 100% of the 

hepatocytes. (Thimme, R., J. 2002 ) Importantly, high-level HBV antigen 

expression (especially HBcAg) is easily detectable within infected cells, which 

could contribute to their high visibility to the adaptive immune system and, 

therefore, the usual outcome of viral clearance in immunologically competent 

adults. In contrast, there is considerable uncertainty about the number of 

hepatocytes that are infected by HCV. Indeed, estimates based on HCV RNA 

quantification in chimp liver biopsies during HCV infection suggest that either 

very few hepatocytes replicate HCV at high levels or that low-level HCV 

replication occurs throughout the liver.  
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Both situations would be expected to result in inefficient antigen 

recognition by the adaptive immune system, which could contribute to the 

usual outcome of viral persistence in HCV infection. Finally, because of the 

lack of proofreading activity in the viral RNA-dependent RNA polymerase 

(NS5B), the mutation rate of HCV is very high (10−3 per nucleotide per year).  

(Ogata, N., H. J . 1991 ) 

This results in the rapid evolution of a viral quasispecies in each infected 

subject, presumably due to immune selection pressure. Since hepadnaviruses 

replicate by reverse transcription of an RNA pregenome, they are thought to 

have a high mutation rate (10−5 per nucleotide per generation) (Pult, I., N.  

2001 ), albeit one that is 100 times lower than that for HCV, which may 

account for the fact that the emergence of viral variants during HBV infection 

is much less frequent than for HCV infection . (Rehermann, B., C. 1995  ) 
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Conclusion  

Dual infection carries many debatable issues either in 

virological and clinical patterns, treatment responsiveness or 

prioritization to treatment. Mostly, the behavior of each virus 

looks to be independent with somewhat points of interactions. 

Serial evaluation at different times for the virological status of 

both viruses is crucial. 

 

 

 

 

 

 

 

 

 

 

 

 



38 
 

 

Recommendation  

The treatment recommendations regarding therapy duration 

according to genotype in HCV mono infection appear to be 

applicable to this patient group also Notably, the activity of 

hepatitis B or hepatitis C should be determined through a 

prolonged follow-up of serum HBV DNA and HCV RNA for at 

least 1 year. 
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 الملخص

 لىع األمراض من كبيًرا عبئًا يمثل( سي) الوبائي الكبد التهاب فيروس يزال ال

 أنحاء جميع في الفيروس انتشار العالمية الصحة منظمة قدرت ، 9111 عام في.  العالم

 .العالم أنحاء جميع في شخص مليون 971 الفيروس يصيب حيث ٪ 3 بحوالي العالم

 ولكنه ٪9 حوالي C الكبد التهاب لفيروس العام االنتشار معدل يبلغ ، أوروبا في  

-9113) ٪18.7 هي HCV لـ المضادة األجسام انتشار نسبة.   البلدان باختالف يختلف

 فيروس بالغ 011111 عن يقل ال ما يحمل ، المتحدة المملكة في.   بلجيكا في( 9111

 .٪ HCV Ab 3.2 انتشار كان ، إيطاليا شمال في.   الوبائي الكبد التهاب

 نحاءأ جميع في شخص ملياري فإن ، العالمية الصحة منظمة تقديرات ألحدث وفقًا 

 361 و ، B الكبد التهاب بفيروس الحالية أو السابقة اإلصابة على مصلية أدلة لديهم العالم

 المرتبطة الكبد بأمراض اإلصابة لخطر ومعرضين المزمنة بالعدوى مصاب مليون

 .B الكبد التهاب بفيروس

 المناطق في شائعة غير ليست HCV و B الكبد التهاب بفيروس المزدوجة العدوى 

 شرق جنوب مثل ، العدوى كلتا من مرتفع وبائي مستوى عن اإلبالغ يتم حيث الجغرافية

 .المتوسط األبيض والبحر آسيا

 عدوى من يعانون الذين األشخاص أن  إيطاليا في المراكز متعددة دراسة أظهرت

HBV و HCV البالد جنوب في مقيمين ، عاًما 10 من أكبر يكونوا ألن عرضة أكثر كانوا 

   ، الدم نقل في تاريخ لديهم ،

 مصاحبةال العدوى كانت ، البشرية المناعة نقص بفيروس المصابين األشخاص بين

 لوحظت التي المرافقة والعدوى( 933 من 1.) ٪ 66 إلى تصل عالية HCV و HBV لـ

ً جنس بالمثليين المصابين بالمرضى مقارنة( ٪ 1.) المخدرات متعاطي في متكرر بشكل  يا

 (  ٪ 01) مختلفين جنسين من أو( ٪ 66)

 كبدال التهاب وفيروس الوبائي الكبد التهاب من يعانون الذين المرضى ألن نظًرا

 هذا عن الكثير يُعرف فال ، التقارير من قليل عدد سوى يتوفر وال محدودون الحاد الوبائي

 لديهم الحظته الذي الحاد HCV و B الكبد التهاب بفيروس مصابين مرضى خمسة.  الجانب

 وحدها الحادة HBV بعدوى المصابين بالمرضى مقارنة ALT و HBsAg من أقل مستوى

 C الكبد التهاب بفيروس مزمنة بعدوى أصيبوا منهم وأربعة ،

 في ةشائع ليست بي الكبد التهاب/  سي الكبد التهاب بفيروس المزدوجة العدوى 

 تفاعلي كيف.  بالحقن المنقولة العدوى لخطر المعرضين األفراد وبين الموبوءة المناطق

 وفي قعالمو في الدراسات من المزيد ينتظر الكبد نفس في البعض بعضهما مع فيروسان

 رتطوي في البيانات هذه ستساعد ، األكاديمية االهتمامات عن النظر بصرف.  المختبر

 يلزم ، للفيروسات المضاد العالج إعطاء قبل.  للفيروسات مضادة فاعلية أكثر عالجات

 النظام كذلكو الفيروسية السيطرة لتحديد متسلسلة وفيروسية سيرولوجية فحوصات إجراء

 .الفيروسات لمضادات األمثل
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Summary 

Lymphoma is a general term for a group of cancers that originate in the 

lymphatic system and it is the most common hematopoietic malignancy. 

Overall incidence of lymphoma is increasing globally, with age-adjusted 

incidence rates for NHL being highest in more developed countries.  

The lymphomas are divided into two major categories: Hodgkin 

lymphoma (HL) is a lymphoid malignancy of B-cell origin which is 

classified into either nodular lymphocyte predominant Hodgkin 

lymphoma (NLPHL) or classical Hodgkin lymphoma (CHL) in 

accordance with 2008 WHO classification, this disease is more frequently 

a disease of young people between the ages of (20-35) and non-Hodgkin 

lymphoma (NHL) Non-Hodgkin lymphomas are lymphoid malignant 

neoplasms with diverse biological and clinical behavior.. 
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Chapter One 

 

1.1 General Introduction: 

Cancers are a group of diseases characterized by uncontrolled growth and 

spread of abnormal cells. If the spread of cancer cells this stage is known as 

metastasis is not controlled, it can result in death. Cancer is caused by many 

external factors (tobacco, chemicals, radiation and infectious organisms) as 

well as some internal factors (inherited mutations, hormones, immune 

conditions and random mutations). The causes of cancer are diverse, 

complex and only partially understood. Many things are known to increase 

the risk of cancer, including dietary factors, certain infections, lack of 

physical activity, obesity and environmental pollutants (Anand et al, 2008),( 

Mathur et al, 2015). These factors may act together to initiate or promote 

carcinogenesis in human body and thus cancer is leading cause of death. 

Types of Cancer: 
 

On the Basis of Tissue Effected: 

Carcinomas are characterized by cells that cover internal and external 

parts of the body such as lung, breast and colon cancer. ( Mathur et al, 

2015) Sarcomas are characterized by cells that are located in bone, 

cartilage, fat, connective tissue, muscle and other supportive tissues. 

Lymphomas are cancers that begin in the lymph nodes and immune 

system tissues. Leukemia‟s are cancers that begin in the bone marrow 

and often accumulate in the bloodstream. Adenomas are cancers that 

arise in the thyroid, the pituitary gland, the adrenal gland and other 

glandular tissues ) ( Mathur et al, 2015) 
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On the Basis of Organ Effected: Colorectal cancer, Lung Cancer, Liver 

Cancer, Stomach Cancer, Cervical Cancer, Bladder Cancer, Esophageal 

Cancer, Non-Hodgkin Lymphoma, Cancers of the Lip and Oral Cavity, 

Nasopharyngeal Cancer, Kaposi Sarcoma 

    

1.2 research objectives : 

 Provide information about the disease and its types 
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Chapter Two 

 Literature Review   

2.1   Lymphoma  

 
         This type of cancer could begin in any part of the human immune 

system, including lymph nodes and vessels, spleen, bone marrow, thymus, 

digestive tract, adenoids and tonsils as shown in (Figure 1).  

         Lymphomas are a large and heterogeneous group of lymphoid 

neoplasms with distinct biological and clinical features, treatment, and 

prognosis (Campo E et al,2011), (Swerdlow SH et al,2016), (Conte et 

al,2018) .lymphomas are  classified into two main types; Hodgkin‟s Disease 

(HD), and non-Hodgkin‟s lymphoma (NHL).( Mozaffer and Sadiqa, 2008) . 

Hodgkin Lymphoma (HL) commonly starts in B cells within lymph nodes 

located in chest, neck, or under arms. HL are two types; Classic Hodgkin 

Lymphoma (CHL) and Nodular Lymphocyte-Predominant Hodgkin 

Lymphoma (NLPHL) (Swerdlow SH, 2008), but The CHL is the most 

common .While Non- Hodgkin Lymphoma (NHL) usually starts in white 

blood cells called lymphocytes within lymph nodes or other lymph tissue. 

Lymphoma can occur at any age; however, it has a bimodal presentation 

with one peak in early years of life and other after middle age (Mozaffer and 

Sadiqa, 2008) 

         In case of Lymphoma (HL and NHL), a single node or a group of 

lymph nodes in an area may swell or enlarge as they work to filter out the 

cancer cells. Some of the most commonly lymph nodes to swell are located 

in the neck, groin and underarms areas. Only one lymph nodes area could 
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swell at a time, if it spreads through lymph vessels, more than one lymph 

nodes area is swollen. In advanced stages, it can invade nearby organs as 

well (American Cancer Society, 2018) 
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Figure (1): Major Sites of Lymphoid Tissue 



6 
 

2.2 Types of lymphoma 

There are two main types of lymphoma: Hodgkin lymphoma (HL) and non-

Hodgkin lymphoma (NHL). (Mozaffer and Sadiqa, 2008)  

 

 

Figure (2): Classification of lymphoma 

 

 

2.2.1  Hodgkin lymphoma: 

HL was first described by Thomas Hodgkin (1798-1866) in 1832, in a 

classical paper entitled”On some morbid appearances of the absorbant 

glands and spleen” (Hodgkin, 1832). In this article he described seven 

patients with tumours in lymph nodes and spleen. The disease was later 

named after him as Hodgkin‟s disease in 1865 by Sir Samuel Wilks, who 

further described the disease (Wilks, 1865),(Sternberg, 1898) and (Reed, 

1902) independently described the tumour cells of HL which are named 

hereafter as Reed-Sternberg (RS) cells. Both emphasized the importance of 
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making the proper histopathological examination. Not until recently has it 

been proven that the disease is in fact a true lymphoma. The tumour cells in 

HL, the Hodgkin and Reed-Sternberg (HRS) cells originate from germinal 

centre (GC) (((These are giant malignant cells characteristic of Hodgkin‟s 

disease, having large, abundant cytoplasm, double or multiple nuclei, with 

prominent nucleoli surrounded by distinctive clear zone; together they give 

an „owl‟s eye‟ appearance to the cell))) (Mozaffer and Sadiqa, 2008), derived 

B-cells (Küppers, 1994, Kanzler, 1996) although in some cases they can 

possibly be of T-cell origin (Seitz, 2000, Müschen, 2000). 

 

 

 
 

Figure (3): Reed–Sternberg cells (Mozaffer and Sadiqa, 2008) 
 

 

Types of Hodgkin lymphoma 

Based on differences in histopathology, morphology, epidemiology and 

phenotype of the neoplastic cells, HL is divided into classical HL (cHL) and 

nodular lymphocyte predominant HL (NLPHL) (Swerdlow SH, 2008) 
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2.2.1.1 Classic Hodgkin Lymphoma (CHL) 

CHL accounts for 95% of all HL cases. It often presents with painless 

enlarged lymph nodes in the cervical region or the mediastinum along with 

fever. Over time the disease can gradually spread to other lymph nodes 

(Harris NL,1999). The incidence of CHL is 3 per 100,000 per year, with _ 

30% Epstein Barr virus (EBV) positive cases in western countries. The age 

incidence curve is bimodal with one peak in young adults around the age of 

25 years and a second peak in people above 55 years (Hjalgrim Hand Engels 

EA, 2008).  EBV+ HL is found especially in patients below 10 years of age 

and patients older than 60 years (Glaser SL et al ,1997). 

 

CHL is divided into four subtypes based on differences in histopathology: 

nodular sclerosis (NS), mixed cellularity (MC), lymphocyte depleted (LD) 

and lymphocyte rich (LR). The NS type accounts for two third of all CHL 

cases and these cases are characterized by nodules separated by fibrotic 

bands. The microenvironment is composed of lymphocytes, eosinophils and 

neutrophils. Approximately 14% of NS cases are EBV positive (Pinkus GS 

et al ,1994) . MC is the second most common type of cHL with 10-20% of 

all cases in western countries. The microenvironment of MC is characterized 

by a heterogeneous mixture of small lymphocytes, neutrophils, histiocytes 

and plasma cells. The MC subtype has the highest frequency of presence of 

EBV with 70% ((Pinkus GS et al ,1994). LD is a rare form of cHL, which 

along with an obvious depletion of lymphocytes, shows reticular and/or 

diffuse fibrosis. LR is also rare, and is distinguishable from the other types 

by low numbers of HRS cells in a background of small mature lymphocytes. 
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In some cases of LR CHL, small GC with HRS cells in the mantle zones 

have been found (Swerdlow SH, 2008). 

 

2.2.1.2 Nodular lymphocyte-predominant Hodgkin 

lymphoma(NLPHL) 

NLPHL is a rare type of HL comprising approximately 5% of all cases. 

NLPHL starts with enlargement of lymph nodes in the upper part of the 

body, which gradually extends to other secondary lymphoid organs. NLPHL 

occurs at all ages with a peak incidence at the age of 30-40 years (Swerdlow 

SH ,2008). Younger age and early stage patients show a better response to 

treatment (Gerber NK et al, 2015). 

The neoplastic cells of NLPHL are called lymphocyte-predominant (LP) 

cells. These cells originate from GC B-cells and express known markers of 

B-cells such as CD20 and BCR (Joos S et al , 2000). LP cells, also known as 

popcorn cells, have a broad cytoplasm and a lobulated  appearance of the 

nuclei. 

 
 

Figure (4): Lymphocyte-predominant cells under a microscop 
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2.2.2- Non-Hodgkin lymphoma: 

Non-Hodgkin lymphomas (NHLs) are a heterogeneous group of neoplastic 

disorders in which malignant lymphocytes have arrested at various stages of 

differentiation and have acquired the ability to proliferate, evade the host‟s 

immune system, and avoid programmed cell death (Niederhuber et al., 2015) 

 

The main difference between Hodgkin‟s lymphoma and NHL is the presence 

of a type of abnormal cell called the Reed-Sternberg cell. 

Types of Non Hodgkin lymphoma: 

NHL consists of a various group of malignant tumors of the lymphoid 

tissues variously derived from the clonal expansion of B cells, T cells, 

natural killer (NK) cells or precursors of these cells, the most common type 

is B cell lymphoma (Brown and Freedman, 2018).  

 Slow-growing is called indolent or low-grade 

 Fast-growing is called aggressive or high-grade. 

 

2.2.1- Low grade Lymphoma: 

2.2.1.1-Follicular Lymphoma (FL): 

Follicular lymphoma, is an inactive, neoplastic of B-lymphocyte located in 

germinal center, it presents as disseminated disorders without pain, arrow 

infiltration and diffuse lymphadenopathy, and may associate with hepatic 

splenomegaly and circulating lymphoma cell in blood (Trotman and Salles, 

2013). 
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2.2.1.2- Mucosa Associated Lymphoid Tissue (MALT) Lymphoma: 

It is an extranodal B-cell neoplasm consisting of small lymphocyte, cleaved 

nuclei (centrocyte-like) and marginal zone lymphocytes characterized by 

clear cytoplasm like monocytoid B cells and a heterogeneous population 

cells, cells with scattered large transformed blasts and plasmacytic 

differentiation (Thieblemont et al., 1997). In the case of MALT lymphoma, 

the marginal zone of reactive follicles was expanded and accumulate in the 

germinal centers, although the mantle zone may be weakened but they were 

maintained and the tumor cell destroys and filtrate the epithelium in most 

glandular and mucosa organs and making  lymphoepithelial lesions 

(Isaacson, 2004). Lung, neck salivary gland, ocular adnexa, gastrointestinal 

tract, skin, head and less frequently in breast and thyroid were the most 

common sites of MALT lymphoma. 

2.2.1.3- Nodal Marginal Zone Lymphoma (NMZL): 

NMZL is the most B cell lymphoma arise from nodal marginal zone in the 

lymph node without any symptoms of splenic and extra nodal disease 

(Sheibani, et al., 1986). In NMZL, the cell looks like plasmacyte and the 

origin of cell is a marginal zone memory B-cell centrocyte (Callet-Bauchu et 

al., 2005) 

 

2.2.2-High grade lymphoma: 

2.2.2.1 Diffuse Large B-Cell Lymphoma (DLBCLs): 

Diffuse large B-cell lymphomas (DLBCLs) comprise a heterogeneous group 

of high or intermediate grade malignancies of large, transformed B 

lymphocytes and DLBCL is the most common lymphoma in the world 
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(Swerdlow, 2008). The incidence increases with age, with a median age at 

presentation in the sixth decade and the disease typically presents as a 

rapidly growing mass that may involve either lymph node or extranodal 

sites, and often is associated with systemic symptoms, approximately 50 to 

60 percent of patients are present with advanced stage, disseminated disease 

(Carvajal-Cuenca et al., 2013). In this diffuse pattern the extra nodal tissue 

and normal lymph node are replace with large transformed lymphoid cells. 

The molecular aspects, clinical, phenotypic and morphological of this type 

of lymphoma are very heterogeneous. The most of these tumor still 

diagnosed in group of not otherwise specified (NOS) although some 

particular clinic pathological aspect have been recognized and the pattern of 

growth of this type of lymphoma was diffuse and characterized by large B-

lymphocytes that filtrate in the tissue (Smith and Press, 2016). 

 

2.2.2.2-Burkitt Lymphoma (BL): 

Burkitt lymphoma is one of aggressive lymphoma that characterized by fast 

spread rate with a short time for tumor replication and many subtypes of 

clinical were recognized such as sporadic, endemic, and immunodeficiency-

associated (Nakamura et al., 1996). The most common childhood cancer in 

equatorial Africa was endemic BL. It was the first tumor to be etiologically 

associated with (1) a virus, specifically Epstein- Barr virus, (2) a specific 

translocation involving the (myc) oncogene, and one of the first cancers 

shown to be curable by chemotherapy alone (Chuang et al., 2007). 
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                                             Figure (4):  Burkitt lymphoma 

 

2.3-WHO Classification: 

In 1994 based on the Revised European- American Classification of 

Lymphoid Neoplasms (REAL) the World Health Organization (WHO) 

classification of tumors, hematopoietic and lymphoid tissues was printed by 

the International Lymphoma Study Group (ILSG). The third edition of the 

WHO classification was published in 2001 after a major controversy in the 

classification of lymphoma (Carvajal-Cuenca et al., 2013). The WHO 

classification of the lymphoid neoplasms was occurred in 2008 and was 

based on two key points, the description of non-overlapping distinct diseases 

that are clinically pertinent and the classification of neoplasms according to 

their derivation of precursor and to their cell lineage or mature cells. Based 

on a combination of immunophenotype, morphology, clinical features, 

molecular, and genetic these diseases were identification there are more than 

100 type of lymphoma neoplasms (Swerdlow, 2008; Swerdlow et al., 2016). 
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 2.4- Epimdeology of Lymphoma: 

In the United States, NHL is one of the most common cancers in2017, 

accounting for about 4% of all cancers and 6th most common cancer in the 

UK, accounting for 4% of all new cancer cases in (2015) (American Cancer 

Society, 2017; Cancer Research UK, 2018) 

On the other hand, HL is a rare form of cancer, with an incidence rate in 

Canada of around 3 per 100,000 inhabitants. Although the outcome is oіen 

favorable, some patients fail to respond satisfactorily to standard treatment 

(Babashov V et al, 2017).HL is much more common in children over ten 

years of age, and in those of 15-19 years of age its incidence is almost twice 

that of NHL (Ferreira JM, et al ,2012). In Brazil, the incidence rate adjusted 

for age ≤ 19 years is 9.8 per million inhabitants. However, for the 15-19 year 

age group, the incidence rate increases to 18.5/million inhabitants (Ferreira 

JM, et al, 2012). In Iraq, NHL was the fourth, while HL was ninth of the 

commonest ten cancers in Iraq after breast, lung and leukemia in (2013) 

(Ministry of health, 2013) (Table 2-1). 

 

Table 2-1: Commonest ten cancers in Iraq for the year 2013 
         

 Primary site Rate for each Percentage of Total  Females  Males 

  100000 population total      

         

 Breast 12.9 18.84 4529  4422  107 

       

 Bronchus and 6.09 8.89 2316 555 1581 

 lung        

       

 Leukemia 4.43 6.47 1555 722 833 
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 Non-Hodgkin 4.28 6.24 1501 609 892 

 lymphoma        

       

 Colorectal 3.89 5.68 1366 659 707 

       

 Urinary 3.69 5.39 1296 349 947 

 bladder        

       

 Stomach 2.51 3.67 881 378 503 

       

 Brain 2.07 3.12 727 324 403 

       

 Hodgkin 2.04 2.98 716 338 378 

 lymphoma        

       

 Skin 1.95 2.85 685  331  354 

         

 

 

2.5- Risk Factors of Lymphoma: 

A risk factor is anything that affects your chance of getting a disease such as 

cancer. Different cancers have different risk factors. Some cancer risk 

factors, like smoking or being overweight, can be changed. Others, like a 

person‟s age or family history, can‟t be changed. A few risk factors make a 

person more likely to develop Hodgkin lymphoma (HL), but it‟s not always 

clear why these factors increase risk. Having a risk factor, or even many, 

does not mean that you'll definitely get the disease. And many people who 

get HL have few or no known risk factors. (American Cancer Society, 2018) 
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With poorly understood NHL involves of several histologically and 

biologically distinct lymphoid malignancies, but perhaps it can be 

distinguished by causes, the time of infection and the type varies not only by 

age, sex, and race/ethnicity, but also depends on the geographic location 

significantly, indicating the potential role of environmental factors, 

infectious diseases and different lifestyles, and also depends on the genetic 

status of the host in the development of the NHL, chronic antigen 

stimulation and immune modulation were important pathogenetic 

mechanisms for development of the NHL (Chiu and Hou, 2015).  

In addition to mentioned above several factors that found effects to 

individuals to get NHL such as radiation exposure, autoimmune diseases, 

body weight exposure to certain chemicals drugs, having a weakened 

immune system, diet and breast implants, but the main cause of the NHL is 

unknown. This fact leads to the fact that the lymphomas are really a diverse 

group of cancers, (Grulich et al., 2007; Chiu and Hou, 2015; American 

Cancer Society, 2018ª) 

2.6- Signs and Symptoms of Lymphoma:  

Lymphoma may show with certain nonspecific indications; on the off 

chance that the side effects are diligent, an assessment to decide their cause, 

counting conceivable lymphoma, ought to be embraced. (Dn.Ramya, 2020) 

• Lymphadenopathy or swelling of lymph hubs, is the essential introduction 

in lymphoma. It is by and large painless. • B indications (systemic side 

effects) – can be related with both Hodgkin lymphoma and non-Hodgkin 

lymphoma. They comprise of: 
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• Fever 

• Night sweats 

• Weight misfortune 

Other symptoms: 

• Anemia, dying, increment defenselessness to infections 

• Loss of craving or anorexia 

• Fatigue 

• Respiratory trouble or dyspnea 

• Itching (Dn .Ramya, 2020) 

 

 

2.7- Staging: 

The Ann Arbor staging system that was developed for Hodgkin lymphoma is 

the standard, but NHL does not spread along contiguous nodes as seen in 

Hodgkin lymphoma (Niederhuber et al., 2015) 

Stage Features: 

 Stage-I Involvement of a single lymph node region or lymphoid 

structure (e.g., spleen, thymus) 
 

 Stage-II Involvement of two or more lymph node regions on the same 

side of the diaphragm 

 

 Stage-III Involvement of lymph regions or structures on both sides of 

the diaphragm 
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 Stage-IV Involvement of extranodal site(s) beyond that designated 

(Niederhuber et al., 2015) 

 

2.8- Diagnosis of Lymphoma: 

Determining a benign from malignant lymphoid infiltrate often can be 

difficult because malignant lymphocytes in many lymphomas closely 

resemble their benign counterparts. Therefore, diagnosis commonly rests on 

demonstrating a combination of an abnormal architectural pattern, an 

abnormal immunophenotype, and evidence of lymphoid monoclonality. 

There are many ways to diagnosis lymphoma including history and physical 

examination, biopsy, imaging tests, chest x-ray, computed tomography (CT) 

scan, magnetic resonance imaging (MRI) scan, ultrasound, positron emission 

tomography (PET) scan, bone scan, blood tests, tests of heart and lung 

function (Randy et al., 2018; American Cancer Society, 2018
b
) 

  

2.9 - Treatment of Lymphoma: 

Chemotherapy and radiation therapy are the main treatments for lymphoma. 

Depending on the case, one or both of these treatments might be used.  

Certain patients might be treated with immunotherapy or with a stem cell 

transplant, especially if other treatments haven‟t worked. 
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CONCLUSION 
Lymphoma presents commonly as lymphadenopathy, fever, weight loss and 

hepatomegaly with a close resemblance to tuberculosis and other disorders. 

There is a sharp rise in the incidence of extra-nodal primary lymphoma with 

wide variations in the presentation of the disease due to involvement of sites 

such as gastrointestinal tract, central nervous system, vagina and cervix etc. 

This may pose differential diagnosis problems to health practitioners in daily 

practice, leading to incorrect diagnosis and management, till the disease 

reaches a very advanced stage. 

A general awareness regarding the clinical manifestations of lymphoma, 

along with usage of advanced investigative techniques, may lead to early 

diagnosis of this relatively curable disease. 
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 : الخالصت

تُشأ فٍ سشطبٌ انغذد انهًُفبوَخ هى يصطهخ عبو نًجًىعخ يٍ انسشطبَبد انتٍ 

انجهبص انهًفبوٌ وهى أكثش أَىاع األوساو انخجُثخ انًكىَخ نهذو شُىًعب. َتضاَذ يعذل 

اإلصبثخ ثسشطبٌ انغذد انهًُفبوَخ ثشكم عبو عهً يستىي انعبنى ، دُث تكىٌ 

 .هٍ األعهً فٍ انجهذاٌ األكثش تقذًيب NHL يعذالد اإلصبثخ انًصذذخ ثبنعًش نـ

تُقسى األوساو انهًفبوَخ إنً فئتٍُ سئُسُتٍُ: سشطبٌ انغذد انهًُفبوَخ هىدجكٍُ 

(HL ًهى وسو خجُث نًُفبوٌ يٍ أصم انخالَب انجبئُخ وانزٌ َصُف إيب إن )

( أو سشطبٌ انغذد انهًُفبوَخ هىدجكٍُ NLPHLنًُفىيب هىدجكٍُ سبئذح )

، هزا  8002نعبو ( وفقًب نتصُُف يُظًخ انصذخ انعبنًُخ CHLانكالسُكٍ )

انًشض هى فٍ كثُش يٍ األدُبٌ يشض َصُت انشجبة انزٍَ تتشاوح أعًبسهى 

( األوساو انهًفبوَخ NHL( وسشطبٌ انغذد انهًُفبوَخ انالهىدجكٍُ )53-80ثٍُ )

 انالهىدجكُُُخ هٍ أوساو خجُثخ نًُفبوَخ راد سهىك ثُىنىجٍ وسشَشٌ يتُىع.
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Aim of study 

 

Know the virus structure and its mechanism effect on human’s immunity. 
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Summary 

 

• The virus causes chronic and fatal diseases characterized by long incubation 

periods in humans and other mammalian species such as Host monkeys, 

cows, goats, horses, cats, sheep, rabbits and rodents. HIV was generally 

discovered in 1983 by Luc Montagne’s. 

• As HIV gradually weakens the body ’s natural defenses, HIV destroys CD4 

cells (also called T cells or helper cells), which are critical to the immune 

system. CD4 cells are responsible for keeping people healthy and protecting 

them from common diseases and infections. 

• The main source of transmission of HIV "AIDS" is chimpanzees and gorillas 

that live in the southwest of Cameroon. Where it contains four types (M, N, 

O, and P) and the two types "M,N" were transmitted to humans. 

• In humans HIV is transmitted in limited ways, and this is  “one of the factors 

that helped limit its spread”.. For adults it is transmitted by sexual contact 

(semen, vaginal fluid), in addition to contamination with the blood of 

infected people “Most of these cases are among the health sector workers 

because they are in direct contact with patients”.. For children, an infected 

mother's milk is a carrier of the virus, and it is possible to infect the fetus 

during childbirth by exposure to the fluids of the infected mother.. HIV can 

also be contracted due to the transfer of rectal fluids from an infected patient 

to another healthy patient. 

• There are three stages that a patient goes through during infection with the 

virus. We will address these stages in a simple way.. 

• Stage 1: acute HIV infection 

• Stage 2: chronic HIV infection 

• Stage 3: acquired immunodeficiency syndrome (AIDS) 

• untreated, HIV leads to AIDS. AIDS can weaken the immune system and 

cause many opportunistic diseases. 

• medications that can control HIV and prevent complications. These 

medications are called antiretroviral therapy (ART). ART is usually a 

combination of three or more medications from several different drug 

classes that combine three HIV medications into one pill. 
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• HIV/AIDS effects the immune system and other body systems like the 

nervous system And digestive system and Integumentary system and 

Respiratory and cardiovascular systems. As it follow in .. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



4 
 

 

 

 

 

 

 

 

Literature review 

 

 

 

 

 

 

 

 

 

 

 

 



5 
 

Introduction 

 

Acquired immunodeficiency syndrome (AIDS) is a chronic and a potentially life-

threatening condition caused by human immunodeficiency virus (HIV). And is 

defined by an absolute CD4* cell count of less than 200 cells/µL. 

*CD4* are White blood cells that constitutes an essential part of the human 

immune system. They are often referred to as CD4 cells, T-helper cells or T4 cells.  

HIV (Human Immunodeficiency Virus) attacks the cells of the immune system 

“CD4+ cells”. When the number of these cells is reduced, the human body 

becomes less resistant and the consequence is the vulnerability to other infections 

and diseases.  ) LaRon E. Nelson, Wangari Tharao, Winston Husbands, Ting Sa, 

Nanhua Zhang, Sameer Kushwaha, David Absalom, Rupert Kaul. 2019).The 

main source of transmission of HIV to humans is chimpanzees and monkeys that 

live in the southwest of Cameroon..HIV was generally discovered in 1983 by Luc 

Montagnier's team at the Pasteur Institute in Paris, In 2008, Luc Montagnier and 

Francoise Barry-Senussi of his team were awarded the Nobel Prize for HIV 

isolation and characterization. (Marc A. Shampo, PhD Robert A. Kyle, MD. 

2002). The human immunodeficiency viruses (HIV) are two species 

of Lentivirus (a subgroup of retrovirus) that infect humans. Over time they 

cause acquired immunodeficiency syndrome (AIDS). (Robin A. Weiss.1993). 

AIDS a condition in which progressive failure of the immune system allows life-

threatening opportunistic infections and cancers to thrive. (DOUEK DC, 

Roederer M , RA.2009), Without treatment average survival time after infection 

with HIV is estimated to be 9 to 11 years depending on the HIV subtype. (PD 

Ghys, N Walker, W McFarland, R Miller 2007), The human immunodeficiency 

viruses 1 and 2 (HIV-1, HIV-2) originated from the simian immunodeficiency 

viruses (SIVs) of primates. Thus, HIV-1 and HIV-2 each had a zoonotic origin but 

now spread directly from human to human. 

The SIV of chimpanzees (SIVcpz) gave rise to HIV-1 in humans, and the SIV of the 

sooty mangabey monkey (SIVsm) to HIV-2 in humans. It is still uncertain exactly 

how the transmission of these SIVs to humans occurred, but it may have been 

during the hunting and preparation of these primates for food, by the indigenous 

people of these areas in Central and Western Africa, where these primate species 

live. (Robin A. Weiss.2004).  
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Studies using molecular clock evolutionary assumptions have suggested that the 

ancestor virus for HIV-1 appeared in around 1931 and that of HIV-2 in around 

1940, After this initial transmission event, it is likely individuals infected with 

these primate SIVs then transmitted the human form of the viruses (HIV-1,HIV-2) 

to other people in their communities, from where it spread, world-wide. . (Marcia 

L.Kalisha, Bette T.Korberb, Satish Pillaib, Kenneth E.Robbinsa.2002) 

 

Classification of HIV-1 and HIV-2 

 

The two human immunodeficiency viruses, HIV-1 and HIV-2, are members of the 

family of Retroviruses, in the genus of Lentiviruses. Retroviruses have been found 

in various vertebrate species, associated with a wide variety of diseases, in both 

animals and humans. Inparticular , retroviruses have been found to be associated 

with malignancies, autoimmune diseases, immunodeficiency syndromes, aplastic 

and haemolytic anaemias, bone and joint disease and diseases of the nervous 

system.( The many different strains of HIV-1 have been separated into major (M), 

new (N) and outlier (O) groups, which may represent three separate zoonotic 

transfers from chimpanzees. Groups N and O are mainly confined to West and 

Central Africa (Gabon and Cameroon), though cases of Group O have been found 

world-wide due to international travel, after contact with infected individuals from 

these areas.( Diane Descamps, Florence Damond, Sophie Matheron, Gilles 

Collin, Pauline Campa, Severine Delarue.2004) 

The similarities between HIV-1 and HIV-2 :- their intracellular replication 

pathways, transmission modes, and clinical effects leading to acquired immune 

deficiency syndrome (AIDS).( Julia Drylewicz, Sophie Matheron, Estibaliz 

Lazaro, Florence Damond, Fabrice Bonnet, François Simon, François Dabis, 

Françoise Brun-Vezinet, Geneviève Chêne, Rodolphe Thiebaut.2009) 

While the differences consist of the following:- 

• HIV-1 is the most common type of HIV and accounts for 95% of all 

infections. 

• Patients infected by HIV-1 progress faster and contract AIDS. 

• HIV-2 is relatively uncommon and less infectious. 
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• HIV-2 is less likely to progress into AIDS because of its lower 

transmissibility. Thus, individuals infected by HIV-2 mostly remain non-

progressors for a long period of time. 

• HIV-2 infections are characterized by lower viral loads of over 10,000 

copies/mL compared to millions of copies/mL of HIV-1. 

• The human body’s immune response is more protective in the case of HIV-2 

infection thus slowing down disease progression. 

• HIV-2 is less fatal and progresses more slowly than HIV-1. 

• HIV-2 is mainly concentrated in West Africa and the surrounding countries. 

( Julia Drylewicz, Sophie Matheron, Estibaliz Lazaro, Florence 

Damond, Fabrice Bonnet, François Simon, François Dabis, Françoise 

Brun-Vezinet, Geneviève Chêne, Rodolphe Thiebaut.2009) 

 

Virology 

 

HIV is a retrovirus. Retrovirus is any group of RNA viruses that has the ability to 

reverse transcript its RNA and to insert a DNA copy of their genome into the host 

cell in order to replicate. It carries a single-stranded RNA as its genetic material 

rather than the double-stranded DNA which human cells carry. Retroviruses also 

possess the enzyme reverse transcriptase, which allows it to catalyze an RNA 

template to generate a DNA molecule which is utilized to infect human, or host, 

cells. When HIV infects a cell, it first attaches to and fuses with the host cell wall. 

Then, the viral RNA is reverse-transcripted into DNA and the virus uses the host 

cell’s machinery to replicate itself . The reproduced HIV progeny then shed from 

the host cell and move on to infect other cells. HIV has the capability to attack a 

specific cells in the human body which is the CD4 cells of the immune system and 

to destroy them. HIV uses the CD4 cell mechanism to multiply and spread 

throughout the body. This process, which takes place in seven steps or stages, is 

called the HIV life cycle. (Saleta Sierra, Bernd Kupfer, Rolf Kaiser.2005) 

HIV structure:-  

HIV Structurally a lipid bilayer envelope surrounds the cylindrical core of HIV, 

which contains the RNA genetic information and the machinery that promotes viral 

replication and integration during initial cellular infection. Externally, the virion 

appears spherical, with a diameter of 110 nm. HIV contains a variety of structural 

and nonstructural proteins that determine the interaction of the virus with the host's 
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immune system and cellular components. The HIV virus attaches to the host cell 

by the association of a surface glycoprotein gp120 to the CD4 molecule therefore, 

it primarily infects CD4+ lymphocytes and macrophages. Once the virus core 

enters the cell cytoplasm of the host, viral reverse transcriptase coverts viral RNA 

to DNA. The viral DNA is then transported into the nucleus and integrated into the 

DNA of the host cell .If activated viral expression can result into new viral RNA 

and proteins. New viral core proteins, enzymes, and viral RNA molecules can 

induce budding, with additional cell infection. (Dominic Esposito, Robert 

Craigie.1999) 

Pathogenicity 

 Tropism  

The term viral tropism refers to the cell types a virus infects. HIV can infect a variety 

of immune cells such as CD4+ T cells, macrophages, and microglial cells. HIV-1 

entry to macrophages and CD4+ T cells is mediated through interaction of the virion 

envelope glycoproteins (gp120) with the CD4 molecule on the target cells' 

membrane and also with chemokine co-receptors.( Paul R Clapham, Áine Mc 

Knight.2001). The pathogenesis of HIV is basically a struggle between HIV 

replication and the immune responses of the patient, via cell-mediated and immune-

mediated reactions. The HIV virus burden directly and indirectly mediates CD4 T-

cell destruction of mature CD4 cells, CD4 progenitor cells in bone marrow, the 

thymus and peripheral lymphoid organs, as well as CD4 cells with nervous system. 

The result of this destruction is failure of T-cell production and eventual immune 

suppression. There are many mechanism of CD4 cell depletion by HIV infection, 

direct HIV mediated cytopathic effects including single cell killing as well as cell 

fusion or syncytium formation, the syncytium is a fusion of multiple uninfected CD4 

cells with one HIV infected CD4 cell via CD4-gp120interaction. The host natural 

immune response also play a role in CD4 cell depletion mainly through cytotoxicity 

and natural killer cell (NK), other mechanism include programmed cell death 

(apoptosis) Upon entry into the target cell, viral RNA genome is converted (reverse 

transcribed) into double-stranded DNA by a virally encoded enzyme, reverse 

transcriptase, that is transported along with the viral genome in the virus particle. 

(Susan Moir, Tae-Wook Chun, Anthony S. Fauci.2011).The resulting viral DNA 

is then imported into the cell nucleus and integrated into the cellular DNA by a 

virally encoded enzyme, integrase, and host co-factors.  
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Once integrated, the virus may become latent, allowing the virus and its host cell to 

avoid detection by the immune system, for an indeterminate amount of time. The 

HIV virus can remain dormant in the human body for up to ten years after primary 

infection; during this period the virus does not cause symptoms. 

 Alternatively, the integrated viral DNA may be transcribed, producing new RNA 

genomes and viral proteins, using host cell resources, that are packaged and 

released from the cell as new virus particles that will begin the replication cycle 

anew. (Susan Moir, Tae-Wook Chun, Anthony S. Fauci.2011) 

 

Immunity 

 

HIV is present as both free virus particles and virus within infected immune 

cells.HIV infects vital cells in the human immune system, such as helper T cells 

(specifically CD4+ T cells), macrophages, and dendritic cells. (Jasminka 

Sterjovski, Anthony L.Cunningham, Paul A.Ramsland, Paul R . 

Gorryacd.2010). HIV infection leads to low levels of CD4+ T cells through a 

number of mechanisms, including pyroptosis of abortively infected T cells 

(Pyroptosis is an inflammatory form of programmed cell death that occurs most 

frequently upon infection with intracellular pathogens.( Barton F. Haynes, 

Giuseppe Pantaleo, Anthony S. Fauci.1996). In contrast to apoptosis and 

necrosis pyroptosis requires the function of the enzyme caspase-1. Caspase-1 is 

activated during pyroptosis by a large supramolecular complex termed the 

pyroptosome (inflammasome) and subsequently mediates the maturation and 

secretion of interleukin-1 beta and interleukin-18 ), apoptosis of uninfected 

bystander cells, direct viral killing of infected cells, and killing of infected CD4+ T 

cells by CD8+ cytotoxic lymphocytes that recognize infected cells. ( Plymale, 

Douglas R, Ng Tang,  Derek S, Comardelle, Alla M, Fermin, César D, Lewis, 

Dorothy E, Garry, Robert F.1999), when CD4+ T cell numbers decline below a 

critical level, cell-mediated immunity is lost, and the body becomes progressively 

more susceptible to opportunistic infections, leading to the development of AIDS.( 

Stephen N. Waggoner, Vinay Kumar.2012) 
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CD4 cell count 

 

HIV has a particular tropism for cells with the CD4 surface protein, to which it 

binds using the gp120* envelope glycoprotein. Cells that have CD4 on their 

surface include: 

• Macrophages.  

• Glial cells in the brain.  

• T-helper and T-regulatory cells. 

Macrophages are the site of a long-lived HIV proviral reservoir that makes 

eradication practically impossible. Loss of glial cells is thought to be related to 

AIDS-related encephalopathy. (Quentin J. Sattentau, John P. Moore.1993) CD4 

cells are lost through numerous mechanisms HIV itself is directly cytotoxic to T-

cells, but cell death also occurs as part of the natural immune response and cell 

activation that occurs with any chronic infection. In the case of HIV however, T-

cell replacement from the thymus is adversely affected, thus an increased T-cell 

turnover is not compensated for by a concomitant increase in production. As a 

result of CD4 cells loss, several areas of the immune system are affected. Because 

of the lack of T-cells aid, B-cells, conversely, tend to overproduce IgG, leading to 

hypergammaglobulinemia, but the specificity of this antibody is poor, and this 

leads to impairment in antibody-mediated protection overall. Eventually, without 

treatment, immune dysfunction progresses to the point that life-threatening 

opportunistic infections (OIs) can occur. (Henry Masur, MD, Frederick P. 

Ognibene, MD, Robert Yarchoan, MD, James H. Shelhamer, MD.1989) 

 

Neurologic Effects 

 

Neuronal damage is due to the interaction between HIV-1 and different cell types. 

The primary cell targets for HIV infection, in the CNS, are resident macrophages, 

neurons, and astrocytes. The role of macrophages is essential in the 

neurodegeneration process indeed, these cells are resistant to HIV-1 cytopathic 

effects and thus can sustain a viral infection for prolonged periods of time. 
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In the CNS four major types of macrophages were identified meningeal:- 

macrophages, macrophages of the choroid-plexus, perivascular macrophages, and 

microglia. Among them, microglia and perivascular macrophages seem to have a 

fundamental role in neurological damage. Their role in the inflammatory process is 

to release viral proteins, inflammatory cytokines, and neurotoxins, and to induce 

astrocyte differentiation, apoptosis, and the alteration of the normal neurogenesis. 

(Marianne Strazza,Vanessa Pirrone, Brian Wigdahl , Michael R. 

Nonnemacher.2011) Microglial resident cells play an important role in the HIV-

associated neurocongnitive disoeder ( HAND) pathogenesis, contributing to the 

neurodegenerative events through various mechanisms. In fact, glial cells infected 

by HIV are able to release factors and toxins which cause damage in neurons and 

astrocytes altered tissue (1) the migration into the brain  of HIV-1 infected CD4+T 

cells. (2) CNS resident cells susceptible to HIV-1 infection are microglia, neurons, 

astrocytes, and oligodendrocytes. The activation of these cells plays a key role in 

the release of proinflammatory cytokines, and can amplify the alteration and 

permeability of the BBB, thus promoting the neuroinvasion of HIV and other 

viruses.(Watkins LR, Wiertelak EP, Goehler LE.1994). 

 

Hematopoietic Effects 

 

Although HIV infects hematopoietic stem cells, the importance is minor. 

Hematopoietic disturbances are believed to occur as a consequence of changes in 

the microenvironment of the marrow and of deficiencies in local and systemic 

growth factors. In typical conditions, the stroma of the marrow promotes stem cell 

proliferation and differentiation by producing granulocyte colony-stimulating 

factor (G-CSF) (granulocyte colony-stimulating factor)  and interleukin (IL)-3 

(interleukin). HIV-infected stroma produces less G-CSF (granulocyte colony-

stimulating factor) and IL-3 (interleukin) than normal and produces excessive 

tumor necrosis factor TNF-alpha and IFN-gamma. This cytokine dysregulation 

halts the production of badly needed hematopoietic cell lines and causes apoptosis 

of committed progenitor cells. ( Hans-PeterKiem, Keith R.Jerome, Steven 

G.Deeks,  Joseph M. McCune.2012) 
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Other Associated Development Diseases 

 

- Thrombocytopenia occurs in 40% of patients with HIV infection during the 

course of the disease. It is most common in people with advanced disease Such as 

individuals that use IV drugs, African Americans, and those with a history of 

anemia or lymphoma. The presence of thrombocytopenia suggests a shortened 

survival time. 

- Anemia may be present in as many as 20% of patients at the time of diagnosis; in 

addition, Patients with clinical AIDS are more likely than others to have anemia 

- Neutropenia is observed in 10% of patients with early asymptomatic HIV 

infections and in 50% of patients with AIDS. Neutropenia results from the 

aforementioned mechanisms, as well as from medication. Granulocyte-macrophage 

colony-stimulating factor (GM-CSF) and G-CSF deficiencies not only reduce 

neutrophil production but also reduce granulocytic and monocytic function. (LL 

Patton, JA Phelan, FJ Ramos-Gomez, W Nittayananta, CH Shiboski, TL 

Mbuguye.2002) 

 

Symptoms of HIV 

 

Symptoms of HIV are diverse. It depends on the person and what stage of the 

disease they are in. Early symptomatic HIV infection includes persistent 

generalized lymphadenopathy, often the earliest symptom of primary HIV 

infection. Other symtpms include oral lesions such as thrush and oral hairy 

leukoplakia, hematologic disturbances such as hypoproliferative anemia and 

thrombocytopenia, neurologic disorders such as aseptic meningitis, and 

dermatologic disorders such as varicella-zoster virus (shingles). 

Stage 1: Acute HIV Infection 

Acute HIV infection is defined as the period between exposure to the virus and 

completion of the initial immune responses. This period varies but generally lasts 

2-3 months. During this time, antibody tests may be negative for HIV, 
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 but the serum viral load (the amount of HIV virus in the blood) is detectable and 

can be quite high (millions of copies per milliliter). Within 2 to 4 weeks after 

infection with HIV, about two-thirds of people will have a flu-like illness. This is 

the body’s natural response to HIV infection. (Esteban A. Hernandez-Vargas, 

Richard H. Middleton.2013) 

Chronic HIV disease can be divided empirically based on the degree of 

immunodeficiency into the following stages: 

❖ Early stage (CD4+ T-cell count >500/µL) Flu-like symptoms can include: 

• Fever. 

• Chills. 

• Rash. 

• Night sweats. 

• Muscle aches. 

• Sore throat. 

• Fatigue. 

• Swollen lymph nodes. 

• Mouth ulcers. 

These symptoms can last anywhere from a few days to several weeks. But some 

people do not have any symptoms at all during this early stage of HIV. (Esteban 

A. Hernandez-Vargas, Richard H. Middleton.2013) 

 

Stage 2: Clinical Latency  

(CD4+ T-cell count 200-500/µL) 

In this stage, the virus still multiplies, but at very low levels. People in this stage 

may not feel sick or have any symptoms. This stage is also called chronic HIV 

infection. After the initial symptoms disappear, HIV may not cause any further 

symptoms for many years. During this time, the virus continues to be active and 

causes progressive damage to the immune system. This process can vary from 

person to person, but may take up to 10 years, during which you'll feel and appear 

well. In addition, without HIV treatment, people can stay in this stage for 10 or 15 

years, but some move through this stage faster. (Esteban A. Hernandez-Vargas, 

Richard H. Middleton.2013) 
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 Less common symptoms may include: 

• Joint pain. 

• Nausea and vomiting. 

 

❖ Late-stage HIV 

If HIV has a chance to cause a lot of damage to your immune system, you may 

become ill from certain serious opportunistic infections and cancers. These 

illnesses are also known as AIDS-defining. 

HIV destroys cells in the immune system called CD4 cells or T cells. Without CD4 

cells, the body has a hard time fighting off diseases. This makes the body more 

likely to get really sick from infections that usually would not cause any harm. 

Over time, the damage HIV does to the immune system leads to AIDS. One sign of 

a person having AIDS is when they get rare infections (called opportunistic 

infections) or types of cancer, or if they have lost a certain number of CD4 cells. 

(Esteban A. Hernandez-Vargas, Richard H. Middleton.2013) 

Stage 3: AIDS  

When the CD4 cell count falls below approximately 200 cells/µL, the resulting 

state of immunodeficiency places the individual at high risk for opportunistic 

infections and neoplasms (clinically apparent HIV disease). If a person is infected 

with HIV and is not receiving treatment, eventually the virus will weaken the 

body’s immune system and the person will progress to AIDS which is the late 

stage of HIV infection. (Esteban A. Hernandez-Vargas, Richard H. 

Middleton.2013)  

❖ Symptoms of AIDS can include: 

• Rapid weight loss. 

• Fever that lasts more than 10 days. 

• Night sweats. 

• Extreme and unexplained tiredness. 

• Prolonged swelling of the lymph glands in the armpits, groin, or neck. 

• Diarrhea that lasts for more than a week. 

• Weight loss with no obvious reason. 

• Sores of the mouth, anus, or genitals. 

• Pneumonia. 
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• Yeast infections in your mouth, throat, or vagina. 

• Red, brown, pink, or purplish blotches on or under the skin or inside the 

mouth, nose, or eyelids. 

• Memory loss, depression, and other neurologic disorders. 

 

❖ AIDS-defining illnesses: 

• Cancer. 

• Tuberculosis (TB). 

• Pneumonia. 

 

The symptoms of AIDS in women: there are few signs that happen only in 

women, often in the later stages of infection. 

• Thrush  a thick, whitish coating the tongue or mouth that’s caused by a yeast 

infection and sometimes accompanied by a sore throat. 

• Severe or frequent vaginal yeast infections. 

• Chronic pelvic inflammatory disease. 

• Menstrual fluctuations. (Stephan L. Buckingham, Susan J. Rehm.1987) 

Women with HIV can experience changes to their menstrual cycle. Their periods 

may be lighter or heavier than normal, or they may not have a period at all. HIV-

positive women may also have more severe premenstrual symptoms.  

HIV can cause these issues but they may also happen because of the virus's effects 

on the immune system, which may change the hormones. Lower belly pain which 

is one of the signs of an infection of the uterus, ovaries, and fallopian tubes, called 

pelvic inflammatory disease (PID). (Abner P. Korn, Daniel V. Landers.1997) 

❖ PID can also cause: 

• Unusual vaginal discharge 

• Fever 

• Irregular periods 

• Pain during sex 

• Pain in upper belly 

• Vaginal yeast infections.  
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The symptoms of AIDS in men: one HIV symptom that is unique to men is an 

ulcer on the penis. HIV may lead to hypogonadism, or poor production of sex 

hormones, in either sex. However, hypogonadism’s effects on men are easier to 

observe than its effects on women. Symptoms of low testosterone, one aspect of 

hypogonadism, can include erectile dysfunction (ED). (Judith G. Rabkin Ph.D,  

Richard Rabkin M.D, Glenn Wagner M.A.1995) 

 

HIV/AIDS effects on body systems 

 

Respiratory and cardiovascular systems: 

Without treatment for HIV, advanced disease puts an HIV-positive person at an 

even greater risk for infectious complications, such as tuberculosis and a fungal 

infection called pneumocystis jiroveci pneumonia (PJP). The PJP causes trouble 

breathing, cough, and fever. The risk of lung cancer also increases with HIV. This 

is due to weakened lungs from numerous respiratory issues related to a weakened 

immune system.  HIV also raises the risk of pulmonary arterial hypertension 

(PAH). PAH is a type of high blood pressure in the arteries that supply blood to the 

lungs. Over time, PAH will strain the heart and can lead to heart failure. (Henry 

Schneiderman, Richard A. Garibaldi.1990) 

 

Digestive system:  

problems with the digestive tract can also decrease the appetite and make it 

difficult to eat properly. As a result, weight loss is a common side effect of HIV.  

A common infection related to HIV is oral thrush, which is a fungal infection that 

causes inflammation and white patches on the tongue and inside of the mouth. It 

can also cause inflammation of the esophagus, which can make it difficult to 

swallow and eat. Another viral infection that affects the mouth is oral hairy 

leukoplakia, which causes white lesions on the tongue. Consuming contaminated 

food or water can also result in a parasitic intestinal infection called 

cryptosporidiosis. This infection affects the bile ducts and intestines and can be 

particularly severe. It can cause chronic diarrhea in people with AIDS. (Oktedalen 

O, Selbekk B, Helle I, Heger B, Serck-Hanssen A, Melby K.1994) 
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Integumentary system: 

One of the more visible signs of HIV and AIDS can be seen on the skin.A 

weakened immune response leaves a person more vulnerable to viruses such as 

herpes. Herpes can cause people to develop sores around their mouth or genitals.  

A viral skin infection called molluscum contagiosum involves an outbreak of 

bumps on the skin. Another condition called prurigo nodularis causes crusted 

lumps on the skin as well as severe itching.  

❖ HIV can also make people prone to other skin conditions, such as: 

• Eczema. 

• Seborrheic dermatitis. 

• Scabies. 

• Skin cancer. (Stefan J Schunk, Marcus E Kleber, Winfried März, 

Shichao Pang, Stephen Zewinger, Sarah Triem, Philipp Ege, Matthias C 

Reichert, Marcin Krawczyk, Susanne N Weber.2021) 

 

Transmission of AIDS 

 

As the virus lives in the blood of the infected person and some body fluids, and 

therefore infection results when these fluids are transferred from a person infected 

with the virus to another person’s blood, It include: 

• Body fluids that contain sufficient amount of the virus to transmit the 

infections. 

• Semen and vaginal secretions, including menstrual blood. 

• Breast milk. 

• Blood, and anal secretions. (HW Hethcote, JW Van Ark.2013) 

Infection occurs only when these fluids come into contact with damaged tissues or 

mucous membranes in the anus, vagina, orifice of the penis or mouth while it may 

be transmitted directly into the blood by injections other body fluids. On the other 

hand, saliva, sweat, and urine do not contain a sufficient amount of virus to transmit 

the infection between people. It is important to note that the virus may be transmitted 

between people, whether the symptoms of infection are apparent or not. (HW 

Hethcote, JW Van Ark.2013) 
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The methods of transmission: 

• Sexual practices :- having vaginal or anal sex with someone who has HIV  

• Sharing syringes and needles :- are the most common way to transmit HIV the 

virus can live in a used needle for a period of up to 42 days, depending on 

several factors, including temperature 

• Receiving blood transfusions, blood products, or organ/tissue transplants that 

are contaminated with HIV., 

• Having oral sex:-  the chance that an HIV-negative person will get HIV from 

oral sex with an HIV-positive partner is extremely low, 

• Being bitten by a person with HIV.  

• Deep, open-mouth kissing , if both partners don’t have  sores or bleeding gums 

and blood from the HIV-positive partner gets into the bloodstream of the HIV-

negative partner. (Gregory M. Herek, Keith F. Widaman, John P. 

Capitanio . 2005) 

 

Ways that HIV is not transmitted:The virus that causes AIDS cannot live outside 

the host human body. 

• Air or water. 

• Mosquitoes, ticks or other insects. 

• Saliva, tears, or sweat that is not mixed with the blood of a person with HIV 

• Shaking hands, hugging, sharing toilets, sharing dishes, silverware, or 

drinking glasses or engaging in closed-mouth or “social” kissing with a person 

with HIV. 

• Drinking fountains. 

• Other sexual activities that don’t involve the exchange of body fluids (for 

example, touching). (Gregory M. Herek, Keith F. Widaman, John P. 

Capitanio .2005) 
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Diagnosis of HIV 

 

❖ There are certain tests to detect the virus, which are: 

• Antibody test: The sample is blood or oral fluid. 

• antigens test: The sample is blood . 

• Nucleic acid test:  The sample is blood. 

*HIV viral load testing is also beneficial. Viral load can be considered a     

quantitative measure of viral RNA genomes in the peripheral circulation. 

❖ HIV viral load testing is used for: 

• To measure the number of HIV copies in a milliliter of blood. 

• The HIV viral load test evaluates the presence of the virus itself. 

• HIV viral load testing is used to monitor response to antiretroviral therapy in 

people living with HIV infection. 

Viral load testing can be performed Also in suspected cases of acute HIV 

infection (presence of flu-like symptoms, risk for HIV infection, and a 

negative HIV antibody test result). HIV viral load testing should be 

performed every 3-6 months in people living with HIV infection. (Fearon M 

.2005) 

 

Does HIV viral load affect getting or transmitting HIV? 

Viral load is the amount of HIV in the blood of someone who has HIV. People with 

HIV who take HIV medicine daily as prescribed and get and keep an undetectable 

viral load have effectively no risk of transmitting HIV to an HIV-negative partner 

through sex or any other activity. This is effective only as long as the HIV-positive 

partner gets and keeps an undetectable viral load. Not everyone taking HIV medicine 

has an undetectable viral load. To stay undetectable, people with HIV must take HIV 

medicine every day as prescribed and visit their healthcare provider regularly to get 

a viral load test. (Saag M.S, Holodniy M, Kuritzkes D.R, O'Brien W.A, Coombs 

R, Poscher M.E, Jacobsen D.M, Shaw G.M, Richman D.D, Volberding P.A.  

1996) 
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Treatment of AIDS 

 

There are many medications that can control HIV and prevent complications. These 

medications are called antiretroviral therapy (ART). Everyone diagnosed with HIV 

should be started on ART, regardless of their stage of infection or complications. 

ART is usually a combination of three or more medications from several different 

drug classes. This approach has the best chance of lowering the amount of HIV in 

the blood. There are many ART options that combine three HIV medications into 

one pill, taken once daily. Each class of drugs blocks the virus in different ways. 

(Metzger D.S, Navaline H, Woody G.E .1998) 

❖ The classes of anti-HIV drugs include: 

• Non-nucleoside reverse transcriptase inhibitors (NNRTIs) turn off a protein 

needed by HIV to make copies of itself, examples include efavirenz (Sustiva), 

Nucleoside or nucleotide reverse. 

• Transcriptase inhibitors (NRTIs) are faulty versions of the building blocks 

that HIV needs to make copies of itself. Examples include abacavir (Ziagen). 

• Protease inhibitors (PIs) inactivate HIV protease, another protein that HIV 

needs to make copies of itself. Examples include atazanavir (Reyataz), 

Integrase inhibitors work by disabling a protein called integrase, which HIV 

uses to insert its genetic material into CD4 T cells Examples include 

bictegravir sodium. 

• Entry or fusion inhibitors block HIV's entry into CD4 T cells. Examples 

include enfuvirtide (Fuzeon). (CRAGG G.M, NEWMAN D.J .2005) 

 

❖ Starting and Maintaining Treatment: Everyone with HIV infection, 

regardless of the CD4 T-cell count or symptoms, should be offered antiviral 

medication. Remaining on effective ART with an undetectable HIV viral 

load in the blood is the best way for the person to stay healthy. 

❖ Staying on ART with an undetectable viral load helps to: 

• Keep the immune system strong. 

• Reduce the chances of getting an infection. 

• Reduce the chances of developing treatment-resistant HIV. 

• Reduce the chances of transmitting HIV to other people for ART to be 

effective, it's important to take the medications as prescribed, without 

missing or skipping any doses. (Flepp M, Schiffer V.2001) 
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❖ Treatment side effects include: 

• Nausea, vomiting or diarrhea. 

• Heart disease. 

• Kidney and liver damage. 

• Weakened bones or bone loss. 

• Abnormal cholesterol levels. 

• Higher blood sugar. 

• Cognitive and emotional problems, as well as sleep problems. (Stefan Esser, 

Doris Helbig, Uwe Hillen, Joachim Dissemond, Stephan Grabbe.2007) 

 

Treatments for age-related diseases: 

Some health issues that are a natural part of aging may be more difficult to manage 

with HIV. Some medications that are common for age-related heart, bone or 

metabolic conditions, for example, may not interact well with anti-HIV medications. 

It's important to maintain regular medical check-ups. This will allow the doctor to 

make sure there are no interactions between the medications. (Stefan Esser, Doris 

Helbig, Uwe Hillen, Joachim Dissemond, Stephan Grabbe.2007) 

 

Treatment response: 

The doctor will monitor the viral load and CD4 T-cell counts to determine the 

response to HIV treatment. These will be initially checked at two and four weeks, 

and then every three to six months. Treatment should lower the viral load so that it 

is undetectable in the blood. That does not mean HIV is gone. Even if it cannot be 

found in the blood, HIV is still present in other places in the body, such as in lymph 

nodes and internal organs. (Erik De Clercq.2007) 
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Viral Resistance 

 

HIV resistance develops because of low antiretroviral drug (ARD) levels due to 

several factors including variations in drug absorption and metabolism and 

noncompliance because of adverse effects or a poor understanding of the 

importance of the medication. Viral sanctuary sites may be exposed to low levels 

of ARDs, and resistant viral quasispecies may develop. (Nicola J, Wen Li, Dénes 

Berta .2020) 

  

Prevention of the Disease 

 

• Use a clean needle when using needles to inject drugs, and must ensure that it 

is sterilized well and not shared with anyone. 

• If the mother is pregnant, medical attention should be obtained immediately.  

Because she can transmit infection to the baby, but when receiving treatment 

during pregnancy, the risk of infection to the child is greatly reduced. 

• Male circumcision, as there is evidence that it helps reduce a man's risk of 

contracting HIV and reduces the risk of HIV transmission from women to men 

by approximately 60%.    

• Not having multiple sexual partners, without using protection or having STD 

checks. 

• Examination of blood, plasma, semen, or any of the body's organs before 

making donation to ensure their safety. 

• Not sharing personal items that may be contaminated with blood or semen.  

• ( Myron S. Cohen, M.D., Ying Q. Chen, Ph.D., Marybeth McCauley, 

M.P.H., Theresa Gamble, Ph.D., Mina C. Hosseinipour, M.D.2011) 
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Conclusion 

HIV is a life threatening  if left untreated  can develop for  AIDS , and have the 

ability to effect all body system and leads to serious illness and as so death. 

treatment and monitoring are effective to control  and reduce the viruses mobility 

inside the host. 
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Recommendation 

The Department of Health and Human Services should produce and disseminate a 

report at least once every 2 years on the care of people with HIV. This report should 

characterize trends and identify gaps in coverage and care during and following the 

implementation of the Patient Protection and Affordable Care Act. 
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 الملخص 

وقاتلة تتميز بفترات حضانة طويلة في اإلنسان وأنواع الثدييات األخرى  يتسبب الفيروس في أمراض مزمنة 

مثل القرود المضيفة واألبقار والماعز والخيول والقطط واألغنام واألرانب والقوارض. تم اكتشاف فيروس  

 . همن قبل لوك مونتاني 1983في عام  نقص المناعة البشرية بشكل عام

 م. ريجيًا الدفاعات الطبيعية للجسالمناعة البشرية تد عندما يضعف فيروس نقص 

)وتسمى أيًضا الخاليا التائية أو الخاليا المساعدة( ، والتي  CD4 يدمر فيروس نقص المناعة البشرية خاليا

مسؤولة عن الحفاظ على صحة الناس وحمايتهم من   CD4 تعتبر بالغة األهمية لجهاز المناعة. خاليا

 .الشائعة األمراض وااللتهابات 

المصدر الرئيسي النتقال فيروس نقص المناعة البشرية "اإليدز" هو الشمبانزي والغوريال التي تعيش في  

 "M  ،N" وانتقل النوعان (P ، و M  ،N  ،O) جنوب غرب الكاميرون. حيث تحتوي على أربعة أنواع

 .إلى البشر

ينتقل فيروس نقص المناعة البشرية في البشر بطرق محدودة ، وهذا "من العوامل التي ساعدت في الحد من 

انتشاره" .. وينتقل الفيروس للبالغين عن طريق االتصال الجنسي )السائل المنوي ، السائل المهبلي( ،  

ي القطاع الصحي ألنهم على اتصال  باإلضافة إلى تلوثه بدم المصابين. "معظم هذه الحاالت من بين العاملين ف

مباشر بالمرضى" .. بالنسبة لألطفال ، فإن حليب األم المصابة هو حامل للفيروس ، ومن الممكن إصابة  

الجنين أثناء الوالدة عن طريق التعرض سوائل األم المصابة .. يمكن أن ينتقل فيروس نقص المناعة البشرية  

 .ريض مصاب إلى مريض آخر سليمأيًضا بسبب نقل سوائل المستقيم من م

 .. هناك ثالث مراحل يمر بها المريض أثناء اإلصابة بالفيروس. سنتناول هذه المراحل بطريقة بسيطة *

 : عدوى فيروس نقص المناعة البشرية الحادة 1المرحلة 

  : االصابة بفيروس نقص المناعة البشرية المزمنة2المرحلة 

 المكتسب )اإليدز( : متالزمة نقص المناعة 3المرحلة 

يؤدي عدم عالج فيروس نقص المناعة البشرية إلى اإليدز. يمكن أن يضعف اإليدز جهاز المناعة ويسبب  

 .العديد من األمراض االنتهازية

األدوية التي يمكن أن تتحكم في فيروس نقص المناعة البشرية وتمنع المضاعفات. تسمى هذه األدوية العالج 

 . (ART) قريةالمضاد للفيروسات القه

عادةً ما تكون المعالجة المضادة للفيروسات القهقرية مزيًجا من ثالثة أدوية أو أكثر من عدة فئات مختلفة من  

 األدوية التي تجمع بين ثالثة أدوية لفيروس نقص المناعة البشرية في حبة واحدة 

 األخرى مثل الجهاز العصبي جهاز المناعة وأنظمة الجسم : آثار فيروس نقص المناعة البشرية / اإليدز*

  البحث. يف موضح  كما ..والجهاز الهضمي والجهاز العصبي والجهاز التنفسي والقلب واألوعية الدموية
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Abstract 

We are living in what has been termed the ―post antibiotics era‘ where the 

emergence of multidrug-resistant pathogen strains is rapidly growing and 

where the introduction of and the development of novel antimicrobial 

agents, which are effective against these pathogens has declined 

significantly. As a result, we urgently need effective alternatives to the use 

of antibiotics. The overall aim of the study was to add further our knowledge 

of some of these alternatives to antibiotics, for example plant extracts, 

honey, bacteriophage, maggot therapy and others. Most of these alternatives 

have an advantage, is that only the disease-causing bacterium is targeted by 

the treatment, and not the other members of the host‘s commensal, beneficial 

microbial communities. This is in contrast to most antibiotics, which 

generally have collateral effects on commensal bacteria in addition to the 

pathogenic target. Further development of these specific approaches for 

disease treatment is warranted to improve deliverability, potency, and 

reliability as antibiotic alternatives .Unfortunately, none have consistently 

demonstrated efficacy comparable to antibiotic treatment, which required 

more researches in this field. 

 اىَيخص

ّحِ ّعٍش فً ٍب أغيق عئٍ "عصز ٍب بعذ اىَعبداث اىحٌٍ٘ت" حٍذ ٌَْ٘ ظٖ٘ر صالالث ٍَزظت 

ٍقبٍٗت ىألدٌٗت اىَخعذدة بضزعت ٗحٍذ اّخفط إدخبه ٗحطٌ٘ز ع٘اٍو جذٌذة ٍعبدة ىيٍَنزٗببث ، 

اٍو اىََزظت بشنو مبٍز. ّخٍجت ىذىل ، ّحِ بحبجت ٍبصت إىى بذائو ٗاىخً حنُ٘ فعبىت ظذ ٕذٓ اىع٘

فعبىت الصخخذاً اىَعبداث اىحٌٍ٘ت. مبُ اىٖذف اىعبً ىيذراصت ٕ٘ إظبفت اىَزٌذ ٍِ ٍعزفخْب ببعط 

ٕذٓ اىبذائو ىيَعبداث اىحٌٍ٘ت ، عيى صبٍو اىَزبه اىَضخخيصبث اىْببحٍت ٗاىعضو ٗاىعبرٍت ٗاىعالس 

. حخَخع ٍعظٌ ٕذٓ اىبذائو بٍَزة ، ًٕٗ أُ اىبنخٍزٌب اىَضببت ىيَزض فقػ ًٕ اىخً ببىٍزقبث ٗغٍزٕب

حضخٖذفٖب اىَعبىجت ، ٗىٍش األععبء اَخزٌِ فً اىَجخَعبث اىٍَنزٗبٍت اىَفٍذة اىَخنبفئت ىيَعٍف. 

ٕذا عيى عنش ٍعظٌ اىَعبداث اىحٌٍ٘ت ، اىخً ىٖب حأرٍزاث جبّبٍت بشنو عبً عيى اىبنخٍزٌب 

ٌشت ببإلظبفت إىى اىٖذف اىََزض. ْٕبك ٍب ٌبزر ٍزٌذًا ٍِ اىخطٌ٘ز ىٖذٓ األصبىٍب اىَحذدة اىَخعب

ىض٘ء اىحع ، .ىعالس اىَزض ىخحضٍِ إٍنبٍّت اىخضيٌٍ ٗاىفعبىٍت ٗاىَ٘ر٘قٍت مبذائو ىيَعبداث اىحٌٍ٘ت 

ىَزٌذ ٍِ ىٌ ٌزبج أي ٍْٖب بشنو رببج فعبىٍت ٍَبريت ىيعالس ببىَعبداث اىحٌٍ٘ت ، ٗاىخً حخطيب ا

 األبحبد فً ٕذا اىَجبه.
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               Chapter I 

2.2  Introduction 

From the mid-1940s until relatively recently we have been fortunate to be 

living through what has been termed ―the Golden Age of Antibiotics‖. 

During this period all of the major infections caused by bacteria and fungi 

have been defeated by the use of antibiotics, a period which has also seen 

dramatic improvements in surgical procedures which have revolutionised 

medicine and saved countless lives (Wainwright, 1990). 

 Unfortunately this golden age is now at end due to the development of 

antibiotic resistance amongst pathogens. Such resistance was noticed 

immediately after the introduction of penicillin and has grown worse over 

the last half of this century or so to the point where some hospitals have only 

one antibiotic, vancomycin, available for the treatment of bacterial infections 

and resistance to this, ―last hope‖ antibiotic, has been reported. The 

development of antibiotic resistance is particularly problematic in the case of 

MRSA (Methicillin Resistant Staphylococcus aureus), which is endemic in 

most hospitals worldwide (Boyce et al., 2005). 

The problem of antibiotic resistance can be mitigated to some extent by 

better prescribing practises and the banning of the use of these compounds in 

agriculture. However, the reality is that antibiotic resistance will continue to 

remain a major problem in future medicine. The obvious way around this 

problem is to develop new antibiotics which pathogens have not previously 

seen and therefore have not had time to develop resistance (Mulvey and 

Simor, 2009). Unfortunately the economics and exceptionally high 

regulatory hurdles presented to pharmaceutical companies wishing to 

develop new antibiotics are so adverse that no new antibiotics are likely to 
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be produced until the situation becomes so grave that international bodies, 

such as the UN, demand that new antibiotic compounds be developed for 

world-wide use. As a result of this quandary clinicians around the world are 

seeking alternatives to antibiotics for use in the treatment of bacterial and 

fungal infections. It might be imagined that high-tech solutions, such as the 

use of molecular vaccines or gene therapy might have been developed to 

overcome the problem of antibiotic resistance. In reality, although vast 

amounts of research monies have been devoted to such sophisticated 

approaches they are not currently medically useful and clinicians have to 

resort to a number of more basic and less sophisticated approaches to 

pathogen control (Boyce et al., 2005). The relatively unsophisticated 

approaches which are now being reintroduced into medicine were in use 

before the advent of antibiotics and were shown to be useful in medicine, 

and in some case proved to be highly successful. When antibiotics appeared 

however, such approaches were naturally seen to be old-fashioned and 

otherwise undesirable and most became historical oddities which had no 

place in modern, ‖scientific medicine‖. Such old-fashioned approaches 

which are currently being re-evaluated, or are currently being used, in 

medicine include: Bacteriophage Therapy, Apitherapy (Honey Therapy), 

Maggot Debridement Therapy and Mycotherapy. 

 

1.2 Aims of the study: 

1. To add new information to our knowledge of some of alternatives 

to antibiotics, like plant extracts , maggot therapy,  honey therapy 

and others. 

2. To review of these alternative therapies, their usage and safety. 
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Chapter II 

Section One..……………………………………………………...Antibiotic 

1.2  A brief history of antibiotics 

Although microbial antagonism, i.e. the ability of one microorganism to 

limit the growth, or kill, another, was observed many times during the late 

Victorian period, the discovery of the first true antibiotic dates to 1928 when 

Alexander Fleming observed the antibacterial effect of a Penicillium mould 

against Staphylococcus aureus (Wainwright, 2008). Despite this discovery, 

penicillin was not made available as the first true antibiotic until the mid-

1940s (Projan and Shlaes, 2004). The true chemotherapeutic era had already 

begun when protonsil (early synthetic sulphonamide drug) was  discovered 

in 1932 (Domagk, 1957) and then introduced into medical use in 1935. 

Sulphonamides were successfully used to cure meningitis, streptococcal 

infections and infections of the urinary tract, but were less active in the 

treatment of the Staphylococcal infections (Brumfitt and Hamilton-Miller, 

1988). During the 1940s many researchers started to focus on the search for  

 

antibiotics produced by soil organisms. One of these researchers was Selman 

Waksman who, with Albert Schatz, reported the isolation of the first 

aminoglycoside antibiotics streptomycin (from Streptomyces griseus) in 

1943. Streptomycin was the first antibiotic to be effective against 

tuberculosis (TB) and despite producing side effects, including kidney 

damage and deafness, streptomycin is still being used to treat this disease 

(McKenna, 1998)Chloramphenicol was subsequently used to treat typhus 

and subsequently typhoid fever (McKenna, 1998), but its use started to 

decline in 1960 due to its ability to induce aplastic anaemia, bone marrow 

suppression and the gray syndrome (Feder,1986). Based on the detailed 
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examination of the antibacterial substances isolated from a strain of 

Cephalosporium acremonium by Giuseppe Brotzu in the mid-1940s, Florey 

and his co-workers in Oxford discovered the cephalosporin family of β-

lactams which were very active against a wide spectrum of bacterial 

infections with a very low toxicity (McKenna, 1998; Brown, 1987). 

Comprehensive investigations during the mid 1950's then led to the 

recognition and isolation of penicillin 'nucleus' (6-aminopenicillanic acid) 

(6-APA), a penicillin precursor produced during the fermentation of 

P.chrysogenum. The isolation of (6-APA) paved the way for a large-scale 

production and marketing of semi-synthetic penicillins during the 1960s, 

including ampicillin,methicillin, flucloxacillin, amoxycillin, ticarcillin and 

carbenicillin, followed later by mezlocillin, azlocillin, piperacillin and 

mecillinam (Brown, 1987; Brumfitt and Hamilton-Miller, 1988). 

Chlortetracycline was the first member of the tetracycline group to be 

isolated by Benjamin M. Duggar in 1947; oxytetracycline then soon 

followed (McKenna, 1998; Chopra and Roberts, 2001).Tetracyclines are the 

second most commonly used antibiotics after the penicillins due their  

activity against a long list of infections and because they are relatively cheap 

to produce (McKenna, 1998). The 1970s, which witnessed an increase in the 

resistance among Gram-negative bacilli, saw the introduction of amikacin, a 

semisynthetic derivative of kanamycin.(Brumfitt and Hamilton-Miller, 1988; 

Begg and Barclay, 1995) In 1962 Lesher and his co-workers recognized 

nalidixic acid, a by-product of chloroquine production (Barlow, 1963), 

which became the first quinolone antibiotic to be developed. The first-

generation quinolones were active against aerobic Gram negative bacillary 

infections, especially those found in the human urinary tract. This limited 

activity against aerobic Gram-negative bacteria was enhanced (1000-fold) in 
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the 1980s when the second-generation fluoroquinolones were introduced 

(Dembry et al.,1999) .Figure 2.1 show The timeline of antibiotics 

discovering. 

 

Figure 2.1 The timeline of antibiotics subscribed and the emergence of antibiotic 

resistant phenotypes observed. Figure adapted from (Tang et al. 2014). 

 

1.1  Commonly occurring sites of antibiotics action 

Selective toxicity is considered as the main basis of all antimicrobial 

chemotherapy, in short the pathogen must be killed but not the human host. 

(Finch, 2003).The peptidoglycan layer of Gram-positive bacteria is one such 

selective target, others include compounds which are selective against other 

bacterial cell macromolecules and which can interfere with protein 

synthesis, DNA replication and transcription and folic acid metabolism  

(Figure 2.2) (Lambert, 2005). 
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Figure 2.2: Sites of action and potential mechanisms of bacterial resistance to 

antimicrobial agents (Mulvey and Simor, 2009) Copied under licence from the Canadian 

Medical Association and Access Copyright. Further reproduction prohibited. 

 

For example, β-lactams and glycopeptides, such as vancomycin, exert an 

antibacterial effect by inhibiting formation of the bacterial cell wall 

peptidoglycan layers. Macrolides, aminoglycosides, chloramphenicol, and 

tetracyclines interfere with protein synthesis, sulfonamides inhibit DNA 

synthesis by interfering with the pathway for folic acid synthesis, and 

fluoroquinolones target components which are essential for DNA synthesis 

(Tenover, 2006). 
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1.2  The antibiotic resistance problem 

The resistance of pathogenic bacteria to a wide range of antibiotics is a 

major public health concern in the 21st century. Resistance of a 

microorganism to an antibiotic means that a microorganism formerly 

susceptible to the action of the antibiotic is no longer inhibited by the agent 

by using normal dosage rates (Finch, 2003). The unprecedented successes of  

early antibiotic therapies allowed William H. Stewart, at the time US 

Surgeon General, to deliver a speech to Congress, in the late 1960s, which 

shows the general sentiment in the medical community at the time, he said 

―It‘s time to close the book on infectious diseases, declare the war against 

pestilence won, and shift national resources to such chronic problems as 

cancer and heart disease" (Spellberg et al., 2008). This, despite the fact that 

resistance was detected almost immediately following the introduction of 

any new antibiotic. For example, penicillinresistant Staphylococci began to 

be reported only three years following its introduction as antimicrobial agent 

into clinical practice and in the subsequent two decades, more than 80% of 

Staphylococcal isolates from both community and hospitals were found to 

be resistant to penicillin. Methicillin, semisynthetic penicillinase resistant 

penicillins, were introduced in 1961 to treat staphylococcal infections caused 

by penicillin-resistant strains; methicillinresistant isolates were however, 

soon seen after its introduction (Lowy, 2003). 

 

1.3  The genetics basis of antibiotic resistance 

1.3.2  Intrinsic resistance 

Antibiotic resistance may either be intrinsic or acquired. Intrinsic resistance 

is due to the innate chromosomal (genetic) makeup of the bacterial strain in 

question, which can explain the resistance of some bacteria to a certain class 
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of antibiotics by their physiology, biochemistry or morphology that originate 

by virtue of their inherent genetic makeup (Mulvey and Simor, 2009); this 

type of resistance is not horizontally transferable (Mathur and Singh, 2005). 

Generally, Gram-positive bacteria are more sensitive to antibiotics than are 

Gram-negative bacteria which have more complex cell wall and non- 

specific permeability barriers in their outer membrane; these prevent the 

access of antibiotic molecules to their active site (Hammond and Lambert, 

1978) (Mulvey and Simor, 2009). Pseudomonas aeruginosa has a high 

degree of intrinsic resistance and was already resistant to many antibiotics 

even before they were introduced (Finch, 2003). 

 

1.3.1  Acquired resistance 

Antibiotic resistance may also be acquired. This occurs when the organism‘s 

genetic composition is changed by either a spontaneous mutation in the 

bacterial DNA genes, or by the acquisition of new genetic material, causing 

the bacteria to develop new mechanisms of resistance (Finch, 2003; Mathur 

and Singh, 2005; Mazel and Davies, 1999). This type of resistance due to 

Mutational resistance where Mutations usually occur when a single or a few 

more base pairs of the DNA are deleted, substituted, or added, thereby 

causing substitution of a single or few more amino acids in an essential 

peptide. Mutational resistance can significantly affect the genes coding for 

the antibiotic target and may reduce its affinity for the antibiotics (Finch, 

2003). This Transferable resistance by acquisition of exogenous genetic 

material from (resistant) species. In 1959 transferable resistance was first 

observed, when resistance genes native to Shigella were transferred by 

plasmids to E. coli (Hawkey, 1998).The genetic material transfer by Three 

mechanisms of the (I) horizontal gene transfer (HGT) have been identified 
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In bacteria such as Str. pneamoniae, H. influenza, Helicobacter, Neisseria 

and Moraxella spp, (Finch, 2003), (II) transduction, is a transfer of DNA in a 

process mediated by bacteriophages (viruses that infect bacteria) which may 

also participate in the transformation of some resistance genes, this being 

commonly seen in Staphylococci (Hawkey, 1998): (III) conjugation, this 

involves transfer of DNA from one bacterial cell to another and is found to 

occur in most bacterial genera (Mathur and Singh, 2005). 

 

1.4  Mechanisms of antibiotic resistance in bacteria 

In order to be effective against given bacteria, antibiotics must meet the 

following: 1) a vital target susceptible to a low concentration of the 

antibiotic must exist in the bacteria and 2); the antibiotic should directly 

contact to and bind to its intended bacterial target site in sufficient quantity 

(Finch, 2003). Whether antibiotic resistance is intrinsic or acquired, bacteria 

use their genetic determinants of resistance to encode different resistance 

mechanisms to neutralise the action of antibiotics, these resistance 

mechanisms can be classified into the following three basic types  (I) 

enzymatic inactivation by either destruction or chemical modification of the 

antibiotics; (II) prevention of antibiotic access to the target site (III) 

alteration of the antibiotic target site (Schwarz and Chaslus-Dancla, 2001; 

Mulvey and Simor, 2009). Enzymatic inactivation of antibiotics is 

accomplished when acetyl, adenyl or phosphoric groups are enzymatically 

transferred to specific sites of the antibiotics (Schwarz and Chaslus-Dancla, 

2001), this kind of inactivation is the main mechanism of resistance to beta-

lactams. β-lactamases enzymatically cleave the β-lactam ring of penicillins, 

cephalosporins and carbapenems which leads consequently to the loss of 

their antibacterial activity. More than 200 different types of β-lactamase 
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have been described (Hawkey, 1998) that may be categorized by their 

different substrates and activities. The production of β–lactamases 

commonly mediates penicillin resistance in S. aureus and N. gonorrheae and 

ampicillin-resistance in H. influenzae (Mulvey and Simor, 2009), whereas 

the production of chloramphenicol acetyltransferase enzyme mediates 

chloramphenicol resistance in both Gram-positive and Gram-negative 

species (Finch, 2003).For an antibiotic to bind with a bacterial target 

effectively, an antibiotic must reach a threshold concentration within the 

bacterium. Therefore, yet another strategy has evolved to neutralize 

antibiotic activity which prevents an antibiotic from accessing its target site, 

this can be achieved by either reducing the uptake or increasing the removal 

of the antibiotics (Croft et al., 2007). Efflux pumps, actively pump out 

antibiotics from the bacterial cytoplasm before they start their action and 

mediate resistance to the tetracyclines, chloramphenicol and the 

fluoroquinolones (Levy and Marshall, 2004; Alanis, 2005). In Gram-

negative bacteria, the outer membrane of the cell wall can act as a 

permeability barrier for certain antibiotics. Some essential compounds and 

antibiotics diffuse into Gram-negative bacteria cell cytoplasm through a 

cellular membrane protein know as a porin. Porin mutations, which reduce 

its expression, cause a structural alteration which may prevent or reduce 

access of antibiotics to their cytoplasmic target active site. This mechanism 

can be best exemplified by the resistance of Pseudomonas aeruginosa and 

other Gram-negative bacteria to β-lactams and aminoglycosides (Mulvey 

and Simor, 2009), Pseudomonas aeruginosa switch the charge of their cell 

wall lipopolysaccharides (LPS) to impede the antibiotics with highly 

positive charges, like aminoglycosides, from passing the cell wall outer 

membrane (Schwarz and Chaslus-Dancla, 2001) Table 1.1 show the World 
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Health Organization global priority pathogens to finding alternative therapy 

of antibiotic. 

Alterations of the antibiotic target site, e.g. by methylation, may make the 

target active site inaccessible to antibiotics (Schwarz and Chaslus-Dancla, 

2001), consequently, this leads to a loss of any antibacterial effect. For 

example, alterations in the structural conformation of penicillin-binding 

proteins (PBPs) observed in certain types of penicillin resistance. This 

occurs in methicillin resistant strains of S. aureus (MRSA) which produce an 

altered penicillin-binding protein (PBP2a) that β-lactam antibiotics fail to 

bind successfully, therefore, all of the currently available penicillins, 

cephalosporins and carbapenems are inactive against MRSA (Mulvey and 

Simor, 2009). 

In yet another example of resistance, most fluoroquinolones (e.g., 

ciprofloxacin, levofloxacin and moxifloxacin) resistance stems from 

alterations to DNA gyrase which are critical for DNA replication in bacteria 

(Alanis, 2005). 

 

Table 2.1 show the most Selected resistant microorganisms 

Priority Bacterial Pathogen 

Urgent Acinetobacter baumannii, carbapenemresistant 

Pseudomonas aeruginosa, carbapenemresistant 

Enterobacteriaceae,y carbapenemresistant, third- generation 

cephalosporin-resistant 

Mycobacteria, including Mycobacterium 

tuberculosis 

Serious Enterococcus faecium, vancomycinresistant 

Staphylococcus aureus, methicillinresistant, vancomycin-resistant 

Helicobacter pylori, clarithromycinresistant 

Campylobacter, fluoroquinoloneresistant 
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Salmonella species, fluoroquinoloneresistant 

Neisseria gonorrhoeae, third-generation 

cephalosporin-resistant, 

fluoroquinolone-resistant 

Data are from the World Health Organization.5 y Includes Klebsiella pneumoniae, 

Escherichia coli, Enterobacter species, Serratia species, Proteus species, Providencia 

species, and Morganella specie 

 

1.5  The impact of antibiotics resistance 

Due to the lack of worldwide comprehensive data, there is no accurate 

estimation as to the total economic cost of the emergence of the antibiotic 

resistant bacteria. However, it has been documented that infections with 

antibiotic resistance bacteria lead not always, but usually, to excessive 

lengths of stay in hospitals, excess mortality rates, increased duration of ICU 

admission, and to the increased attributable cost of medical care including 

the use of expensive broad spectrum antibiotics and the development of 

inappropriate antibiotic therapy complications, such as a necessity to 

perform surgery (McGowan Jr, 2001; Niederman, 2001; Sipahi, 2008). In 

1995 the American Society for Microbiology estimated that the annual 

healthcare expenses related to the treatment of antibiotic resistant bacterial 

infections in the USA were more than US$4 billion (Sipahi, 2008). One of 

the few studies examining the costs of antibiotic resistance showed that 

methicillin-resistant (MRSA) treatment in New York city cost 22% more 

than methicillin-susceptible (MSSA) treatment (Levy and Marshall, 2004). 

The estimated cost of single case treatment (including drugs, procedures, 

and hospitalization) has increased from $12,000 for a drug-sensitive M. 

tuberculosis to $180,000 for a multidrug-resistant M. tuberculosis (Cohen, 

1992). The emergence of multi-antibiotic resistant strains can increase the 
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morbidity and mortality as, for certain infections, the potential efficient 

treatment is delayed. 

 

1.6  The decline of antibiotic research and development 

We are now facing two opposing and worrying trends. While the emergence 

of multidrug-resistant pathogen strains is rapidly growing, the innovation 

and the development of novel antimicrobial agents which are effective 

against these pathogens have declined significantly. Moreover, many large 

pharmaceutical companies as well as biotechnology companies have either 

reduced, or wholly eliminated, their research efforts in antibacterial agent 

innovation (Sipahi, 2008; Projan and Shlaes, 2004). Since the 1980s, the 

world market has witnessed the introduction of only two new classes of 

antibiotics of novel mechanisms of action (namely linezolid and 

daptomycin) (Jagusztyn-Krynicka and Wyszynska, 2008). 

There are many reasons for this noticeable decline, the most significant one 

being that the current cost required to bring a new antibiotic agent to the 

market ranges between $100 million and $350 million in the United States 

(Gold and Moellering, 1996), and according to the US Department of Health 

and Human Services it may reach US$1.7 billion (Sipahi, 2008). 

There are several factors leading to high costs, for example, regulatory 

agencies have been increasing their requirements in the areas of 

manufacturing, safety, and efficacy for drug development .In addition, the 

cost of the clinical trials have increasingly become more expensive. In the 

1981–84 period, the number of patients enrolled in clinical trials averaged 

1321, whereas it increased to more than 4237 by 1994–95 (Projan and 

Shlaes, 2004). 
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Section Two…………………………………………. Alternative therapies 

2.2  Alternative therapies to antibiotic treatment 

The current situation, where antibiotic resistance is becoming increasingly 

common, and at the same time new antibiotics research and development has 

declined, has created a therapeutic challenge to the medical community 

where the development of new approaches and alternative treatments for 

such infections is becoming increasingly essential. 

In this section some of the alternative approaches to the control of microbial 

infections will be discussed. One of these, is the unorthodox use of 

biological control that involves the application of living organisms, rather 

than the application of a metabolite they produce to the human infection; this 

includes for example, maggot therapy, bacteriophage therapy, the use of 

probiotics and mycotherapy (Wainwright, 1998; Nicolle, 2006). The 

procedure basically relies on competition between two species of organism, 

one the parasite and the other a non-pathogenic saprophyte. The biggest 

limitation of some of these techniques is that it is mainly restricted to the 

treatment of surface infections of the skin and vulnerable mucous 

membranes. In addition to these living alternatives to antibiotics, honey, 

botanical extracts and essential oils are being used to treat some multi-

resistance bacterial infections, notably; wound-associated infections (Bowler 

et al., 2001; Bowler, 2002). 
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2.2.2  Medicinal Plants 

Human use of plants as medicines could be dated back to the Middle 

Paleolithic Age, which is about 60 000 years ago, according to fossil records 

(Fabricant and Farnsworth 2001). Most of the plant materials collected are 

used fresh in order to obtain the extract from the whole plant or parts of it, 

which could be leaves, roots, flowers or fruit. In case of woody forms, 

mostly the bark, roots and other parts are used. Carminatives such as ginger, 

cloves and coriander are also usually added as fresh or dried materials (rao 

and arora 2004). Table 3.1 demonstrate a list of some important Medicinal 

Plants. 

The beneficial medicinal effects of plant materials typically result from the 

combination of secondary products present in plants. These compounds are 

mostly secondary metabolites such as alkaloids, steroids, tannins, and phenol 

compounds, which are synthesised and deposited in specific parts or in all  

parts of the plant (Joseph and Raj 2010). These secondary metabolites are 

largely viewed as potential sources of new drugs, antibiotics, insecticides 

and herbicides (Crozieret al. 2006). This is because of their biological 

significance and potential health effects, such as antioxidant, anticancer, 

anti-aging, anti-atherosclerotic, antimicrobial and anti-inflammatory 

activities . 
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Table 3.1 List of important medicinal plants and their uses 

NB: (Fam - Family, T - Tree, H - Herb, C - Climber, S- shrub) 

Plant Common name / 

Maturity period 

Botanical Name or 

Family 

Parts 

Used 

Medicinal Use 

 

Amla ( T )After 4th 

year 

Emblica officinalis 

Fam - 

euphorbiaceac 

Fruit Vitamin - C, 

Cough , 

Diabetes, cold, 

Laxativ, hyper 

acidity. 

 

Calihari / 

panchanguliaGlori 

Lily Five years 

Gloriosa superba 

Fam: Liliaccac 

Seed, 

tuber 

Skin Desease, 

Labour pain, 

Abortion, 

General 

debility. 

 

Kalmegh/ Bhui neem 

( H ) with in one year 

Andrographis 

PaniculataFam : 

scanthaccac 

Whole 

Plant 

Fever, 

weekness, 

release of gas. 

 

Long peeper / Pippali 

( C ) after two to 

three years 

Peeper longum 

Fam : Piperaccac 

Fruit, 

Root 

Appetizer, 

enlarged spleen 

, Bronchities, 

Cold, antidote. 

 

Gritkumari ( H) 2nd-

5th yr 

Aloe Verra 

Fam: Liliaceae 

Leaves Laxative, 

Wound 

healing, Skin 

burns & 

care,Ulcer. 

 

Sada Bahar ( H ) 

Periwinkle/Nyantara 

Vincea rosea/ 

catharanthusRoseus 

Fam :apocyanace 

Whole 

Plant 

Leaukamia, 

Hypotensiv, 

Antispasmodic 

, Atidot. 

 

2.2.1  Bacteriophages 

Bacteriophages, or phages, were discovered independently by Twort and 

d‘Herelle in 1915 and 1917 respectively. They discovered clear spots in an 

agar cultures of bacteria, later referred to as Twort-d‘Herelle phenomenon 

(Hume 2011). While Twort called it a transmissible lytic agent, d‘Herelle‘s  

name, bacteriophages, is the one still used today. D‘Herelle was the first 

who started to experiment to use bacteriophages as a therapeutic agent 

(Wittebole et al. 2014). 
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Phage therapy was used with varying success rates, but interest diminished 

when antibiotics were discovered (Hume, 2011; Wittebole et al. 2014; Chan 

et al.2014), although its use has been continued in Eastern Europe, 

particularly in Poland and Georgia (Wittebole et al. 2014; Chan et al.2014; 

Lloyd 2013). Since the 1980s phage therapy has also been rediscovered in 

Western countries, driven by the problem of growing antibiotic resistance. 

Phages are viruses that infect and replicate in bacteria. Like other viruses, 

they are classified into families based on morphology and type of genetic 

material (DNA or RNA). Most of them can be described as ‗tailed phages‘, 

which have double stranded DNA. Another classification is based on their 

infectious cycle, which is lytic or lysogenic. Both cycles start with 

attachment of the phage to receptors on the bacterium‘s cell surface, which 

determines the phage‘s specificity, followed by the injection of the viral 

DNA into the bacterium. At this point the lytic cycle and the lysogenic cycle 

differentiate. 

To produce Lytic phages the bacterial transcription and translation 

machinery starts to express the early virus genes that are needed to copy the 

viral DNA and proteins. New bacteriophages are then assembled and finally 

expression of the phages‘ late genes lead to production of lysins and other  

enzymes, that result in lysis of the bacterial cell and thus the exit of progeny 

virions (Wittebole et al.2014) (Figure 3.1). Lysogenic phages (also called 

temperate phages) on the other hand integrate their genome into the bacterial 

chromosome and remain dormant as a prophage. This process sometimes 

allows the transfer of virulence factors (Lloyd 2012), such as toxins making 

the bacterium that is infected with a virus more pathogenic(Rea et al.2013). 

Therefore, these phages are unsuitable for phage therapy. The dormant 

prophage is copied when de bacterium divides, or is replicated when it enters 
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the lytic cycle, triggered by circumstances that threaten the host bacterium, 

such as DNA damage or temperature (Knoll and Mylonakis. 2014). 

 

 

 

Figure 3.1 Lytic infection cycle of virulent phages adepted by 

(Luong et al. 2020) 

 

The use of bacteriophages for treatment is determined by the infectious 

cycle: most commonly, bacteria are killed by bacteriolysin during the lytic 

process, while replication reinforces the virus‘ presence (Rea et al. 2013). 

This way the bacteriophages are effective as long as target bacteria are 

present in sufficient amounts (Allen et al. 2014). Alternatively, non-lytic 

bacteria that are genetically modified to contain a restriction enzyme instead 

of a bacteriolysin gene have also shown to clear infections in vitro and in 

mice by digesting the bacterial nucleic acids (Hagens et al. 2004). An added 

advantage of the use of these modified phages is that only a low amount of 

endotoxin is released compared to lytic phage therapies, resulting in higher 

survival rates due to a smaller inflammatory response 48. In all cases, 

phages are very selective in targeting bacteria: often they are specific at the 
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strain level(Rea et al. 2013 ; Wittebole et al. 2014; Chan et al.2014). This 

gives the use of phages for therapy two advantages: it does not affect 

mammalian cells (Rea et al. 2013 ; Wittebole et al. 2014) and it does not 

create dysbiosis because the commensal bacteria are not targeted either  

(Wittebole et al. 2014; Allen et al. 2014). Taken together this will diminish 

the likelihood of adverse effects. However, there is also a significant 

drawback associated to this specificity: in order to treat an infection with 

phage therapy, the pathogen must be positively identified or there should be 

a high suspicion of its presence (Wittebole et al. 2014; Allen et al. 2014). 

 

2.2.2  Mould therapy 

This approach, also termed mycotherapy, is based on folk medicine, where 

mouldsgrowing on various natural products and foodstuffs have been in use 

for centuries to treat wounds and cure superficial bacterial infections 

(Wainwright, 1998). In the early 1940s, when purified penicillin was not 

widely available and very rare, doctors throughout the world successfully 

used bandages containing living cultures of Penicillium notatum (Fleming's 

original penicillin-producing mould) to treat some infected wounds, the 

mould then continued to grow and secrete penicillin and possibly other 

antibacterial metabolites. A modification of this approach termed Vivicillin, 

involved the use of a suspension of macerated fungal mycelium which was 

applied directly to the infected wound. This probable alternative might 

deserve re-evaluating, especially as fungal mycelium is also known to aid 

healing (Wainwright et al., 1992). 
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2.2.3  Antimicrobial Peptides 

Many organisms, from bacteria to plants and animals, produce antimicrobial 

peptides (AMPs) as a part of their defense system. These molecules come in 

a great variety, with a wide range of properties. They are divided based on 

their origin in two groups, those of prokaryotic organisms referred to as 

bacteriocins versus the eukaryotic host defense peptides (HDP) produced by 

plants and animals. They are further divided into classes based on their 

chemical structure. The naturally occurring peptides are seen as a promising 

alternative to regular antibiotics, because they are still effective defence 

mechanism against bacteria despite exposure throughout the centuries . 

Host Defense Peptides (HDP) 

HDP are small (10-50 amino acids) cationic peptides with two distinct 

modes of action for the HDPs‘ activity: one targets the bacterial cell surface, 

the other finds its targets inside the bacterium. In the first case, HDPs are 

grouped at the negatively charged cell surface due to the peptides‘ positive 

charge. There they disrupt the bacterial membrane by pore formation, 

membrane depolarisation or disturbing the lipid composition of the 

membrane, which results in bacterial death. The other type of action of 

HDPs is to enter the bacteria, and affect various intracellular targets, thereby  

inhibiting essential intracellular processes needed for growth and causing 

cell death (Baltzer & Brown 2011; Zasloff  2002). This shows the difference 

between conventional antibiotics and AMPs: while conventional antibiotics 

are generally targeting one primary target and have only one mode of action, 

AMPs often have multiple targets and combine different actions to create a 

bactericidal effect. Unlike the majority of conventional antibiotics it appears 

that antimicrobial peptides frequently destabilize biological membranes, can 
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form transmembrane channels, and may also have the ability to enhance 

immunity by functioning as immunomodulators. 

2.2.4  Probiotics 

Another potential alternative for conventional antibiotics are probiotics, and 

related to that, prebiotics.The benefits of probiotics have been known 

throughout history: the health qualities of yogurt have been known in Asia 

and the Middle East for millennia (Hume, 2011). 

The concept of probiotics can be traced back to 1908 when Eli Metchnikoff, 

a Nobel Prize winner, proposed that ‗ingested lactobacilli can displace toxin 

producing bacteria, promoting health, prolonging life‘. Lilly and Stillwell 

introduced the term ‗probiotics‘ in 1965. Probiotics are considered as 

microbially derived factors that stimulate the growth of other organisms. By 

emphasizing the requirement of viability for probiotics, Parvez et al. (2006) 

highlighted the useful effect of probiotics on the host (Figure 3.2(. 

 

 

Figure 3.2 Probiotics consumption and health benefits Adapted from (Parvez et al. 2006) 
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 As non-digestible substances, probiotics have an important physiological 

effect on the host by provoking the growth or activity of the limited 

indigenous bacteria. Species of Lactobacillus and Bifidobacterium are the 

most frequently utilized probiotics. Probiotics have different types, the 

health benefits of which are determined by their function in the gut. Several 

major probiotics have been identified through their genus, species and strain 

level, including Lactobacillus, Bifidobacteria, Saccharomyces boulardii, 

Streptococcus thermophilus, Enterococcus faecium and Leuconostoc. The 

lactic acid bacteria consisting of Lactobacillus species that have been 

utilized for food preservation by fermentation for thousands of years can 

serve a twofold function by acting as agents for food fermentation and can 

possibly impart health benefits (Ogue-Bon et al., 2011 ; Siew-Wai et al., 

2010).Various infections, particularly infections of mucosal surfaces such as 

the gut and vagina, have been treated using biological agents (biotherapeutic 

agents or probiotics). The value of traditional treatments diminished after the 

discovery and progress of antibiotics. However, alternatives to antibiotics 

are required to fight the increasing number of infections emerging because 

of the extreme consumption of antibiotics (Butler et al., 2012).Probiotics aid 

the naturally occurring gut microbiota. Diarrhoea caused by antibiotics has 

been prevented by using some probiotic preparations. Researchers have 

documented probiotic effects on various GI and extra-intestinal disorders, 

such as irritable bowel syndrome (Hoveyda et al., 2009), vaginal infections 

(Reid et al., 2009), inflammatory bowel disease (Damaskos & Kolios, 2008) 

and immune enhancement (Gill & Prasad, 2008). 

By destroying the activity of particular bacterial enzymes that may raise the 

levels of pro-carcinogens, probiotics lessen the risk of colon cancer in 
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animals. Different probiotic strains, such as Lactobacillus reuteri ATCC 

55730 (Cimperman et al., 2011), Lactobacillus rhamnosus GG (Teran et al., 

2009), Lactobacillus casei DN-114 001 (Merenstein et al., 2010) have been 

proven to be beneficial in decreasing the severity and duration of acute 

infectious diarrhoea in children . 

 

2.2.5  Honey 

Honey is one of these alternative treatments for antibiotic-resistant bacteria 

that has been gaining an increasingly interest. The use of honey as an 

internal and external health agent is much older than the history of medicine 

itself. The earliest recorded medical prescription including honey is from 

Sumer. Honey was used as a remedy against a variety of illnesses in ancient 

Egypt, Greece, and Rome. In the nineteenth century honey was neglected 

due to the development of modern synthetic medicine. Its comeback has, 

however, been observable as early as the beginnings of the twentieth 

century, and honey has been used again as a remedy for a variety of health 

problems and an excellent wound healer (Kuropatnicki et al .2018).  Honey 

is a supersaturated sugar solution, created by bees, and used by human 

beings as a sweetener. However, honey is more than just a supersaturated 

sugar solution; it also contains acids, minerals, vitamins, and amino acids in 

varying quantities (Ball , 2007). 

all types of honey have high sugar content but a low water content and 

acidity, which prevent microbial growth. Most types of honey generate 

hydrogen peroxide when diluted because of the activation of the enzyme 

glucose oxidase, which oxidizes glucose to gluconic acid and hydrogen 

peroxide(Schepartz et al .1964) . Hydrogen peroxide is the major contributor 

to the antimicrobial activity of honey, and the different concentrations of this 
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compound in different honeys result in their varying antimicrobial effects 

(Molan,1992). Besides its antimicrobial properties, honey can clear infection 

in a number of ways, including boosting the immune system, having anti-

inflammatory and antioxidant activities, and via stimulation of cell 

growth(Al-Jabri,2005). 

 

 

 

Figure. 3.3 Schematic representation of the therapeutic effects of honey. 

 

Traditional uses of honey as a hepatoprotective and cardioprotective agent 

(El Denshary et al. 2012). In addition, honey has protective effects against 

gastrointestinal ailments ( Salem, 1981). Honey exerts known antibacterial 

effects against several microorganisms, including Escherichia coli, Shigella 

spp., Helicobacter pylori and Salmonella spp. (Al Somal et al., 1994). In  

addition, honey is reported to have anti-inflammatory (Kassim et al., 2010) 

and anti-cancer activities against breast, cervical (Fauzi et al., 2011 .( 

 

 



 

 

25 

 

2.2.6  Maggot Therapy 

Maggot debridement therapy (MDT), using larvae of certain species of flies 

to treat antibiotic resistant wounds, is increasingly being used in medicine 

with considerable success. There are hundreds of reports showing the 

successful use of maggots in chronic or infected wounds, including diabetic 

foot ulcers (Sherman, 2003), malignant adenocarcinoma (Sealby, 2004), and  

for venous stasis ulcers (Sherman, 2009). It has also been used to combat 

infections following breast-conserving surgery (Steenvoorde and Oskam, 

2005). Maggot therapy appears to depend upon the production by the 

maggot of natural antibiotic-like agents, the alkalinisation of the wounds 

with secreted ammonia, and the consumption of bacteria and the 

consumption of dead flesh (Whitaker et al., 2007). Figure 1.6 show 

examples on  advantages of Maggot Therapy for Chronic Wounds  .  

 

 

 

Figure 3.4 Posterior heel pressure injurya, immediately prior to maggot debridement 

therapy. b, ten days later. c, at the end of 5 weeks. d, just prior to complete healing 3 

weeks later. Adapted from( Moya et al 2020) 
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Chapter III 

Conclusions and recommendations 

  Conclusions  

1. The discovery of novel classes of antibiotics or alternative therapies 

requires urgent attention as the world march towards a post antibiotic 

era 

2. Bacteriophages, probiotics and other therapies that we mentioned are 

current promising alternative therapies for treating infections caused 

by bacterial. 

 

   Recommendations 

1. Conduct continual epidemiologic surveillances and monitoring of 

antibiotic prescription and their consumption  

2. It would be of interest to conduct studies on the potential antibacterial 

agents of other materials which have been used in history and/ or 

folklore to treat bacterial infection. 

3. Optimize different combinations of antibiotics and other alternative 

therapies to reduce bacterial growth. 

4. Concentrating on the discovery of novel compounds that target 

bacterial systems. 
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1.1. Introduction 

       Rheumatoid arthritis (RA) is a long-term autoimmune disorder that 

primarily affects joints. It typically results in warm, swollen, and painful 

joints. Pain and stiffness often worsen following rest. Most commonly, the 

wrist and hands are involved, with the same joints typically involved on 

both sides of the body. The disease may also affect other parts of the body, 

including skin, eyes, lungs, heart, nerves and blood. This may result in a 

low red blood cell count, inflammation around the lungs, and 

inflammation around the heart. Fever and low energy may also be present 

(Solomon et al., 2020  ) . 

 While the cause of rheumatoid arthritis is not clear, it is believed to 

involve a combination of genetic and environmental factors. The 

underlying mechanism involves the body's immune system attacking the 

joints . This results in inflammation and thickening of the joint capsule. It 

also affects the underlying bone and cartilage (Katz, 2015 ). The diagnosis 

is made mostly on the basis of a person's signs and symptoms. X-rays and 

laboratory testing may support a diagnosis or exclude other diseases with 

similar symptoms. Other diseases that may present similarly include 

systemic lupus erythematosus, psoriatic arthritis, and fibromyalgia among 

others (Troum et al ., 2012) . 

RA reduces lifespan on average from three to twelve years (Rindfleisch et 

al ., 2005 ). Young age at onset, long disease duration, the presence of 

other health problems, and characteristics of severe RA—such as poor 

functional ability or overall health status, a lot of joint damage on x-rays, 

the need for hospitalisation or involvement of organs other than the 

joints—have been shown to associate with higher mortality. Positive 

responses to treatment may indicate a better prognosis. A 2005 study by 
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the Mayo Clinic noted that RA sufferers suffer a doubled risk of heart 

disease, independent of other risk factors such as diabetes, excessive 

alcohol use, and elevated cholesterol, blood pressure and body mass index. 

The mechanism by which RA causes this increased risk remains unknown; 

the presence of chronic inflammation has been proposed as a contributing 

factor . It is possible that the use of new biologic drug therapies extend the 

lifespan of people with RA and reduce the risk and progression of 

atherosclerosis (Atzeni et al., 2010 ) This is based on cohort and registry 

studies, and still remains hypothetical. It is still uncertain whether 

biologics improve vascular function in RA or not. There was an increase 

in total cholesterol and HDLc levels and no improvement of the 

atherogenic index (Hanly et al., 2014). 

The first known traces of arthritis date back at least as far as 4500 BC. A 

text dated 123 AD first describes symptoms very similar to RA. It was 

noted in skeletal remains of Native Americans found in Tennessee ( 

Karouzakis et al., 2011). In Europe, the disease is vanishingly rare before 

the 17th century. The first recognized description of RA in modern 

medicine was in 1800 by the French physician Dr Augustin Jacob Landré-

Beauvais (1772–1840) who was based in the famed Salpêtrière Hospital in 

Paris (Entezami et al., 2011). The name "rheumatoid arthritis" itself was 

coined in 1859 by British rheumatologist Dr Alfred Baring Garrod 

(Margaretten et al,. 2011) .   
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Figure (1): Rheumatoid arthritis (Pincus et al., 2009). 

 

1.2. This study were accomplished in which it aims to the 

following :   

1. Rheumatoid arthritis (RA) Diagnosis. 

2. Rheumatoid arthritis (RA) management. 

3. Study the risks and symptoms of rheumatoid arthritis (RA). 
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2. Literature review  

2.1. Sign α Symptoms 

       RA primarily affects joints, but it also affects other organs in more 

than 15–25% of cases. Associated problems include cardiovascular 

disease, osteoporosis, interstitial lung disease, infection, cancer, feeling 

tired, depression, mental difficulties, and trouble working (Cutolo et al., 

2014 ). 

2.1. 1 Joints  

       Arthritis of joints involves inflammation of the synovial membrane. 

Joints become swollen, tender and warm, and stiffness limits their 

movement. With time, multiple joints are affected (polyarthritis). Most 

commonly involved are the small joints of the hands, feet and cervical 

spine, but larger joints like the shoulder and knee can also be involved. 

ment and erosion of the joint surface causing deformity and loss of 

function.The fibroblast-like synoviocytes (FLS), highly specialized 

mesenchymal cells found in the synovial membrane, have an active and 

prominent role in these pathogenic processes of the rheumatic joints 

(Nygaard et al., 2020). 

RA typically manifests with signs of inflammation, with the affected joints 

being swollen, warm, painful and stiff, particularly early in the morning on 

waking or following prolonged inactivity. Increased stiffness early in the 

morning is often a prominent feature of the disease and typically lasts for 

more than an hour. Gentle movements may relieve symptoms in early 

stages of the disease. These signs help distinguish rheumatoid from non-

inflammatory problems of the joints, such as osteoarthritis. In arthritis of 

non-inflammatory causes, signs of inflammation and early morning 

stiffness are less prominent (Suresh et al., 2004 ).The pain associated with 
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RA is induced at the site of inflammation and classified as nociceptive as 

opposed to neuropathic (Smolen et al., 2007). The joints are often affected 

in a fairly symmetrical fashion, although this is not specific, and the initial 

presentation may be asymmetrical (Kuper et al., 1997). As the pathology 

progresses the inflammatory activity leads to tendon tethering and erosion 

and destruction of the joint surface, which impairs range of movement and 

leads to deformity.  

The fingers may suffer from almost any deformity depending on which 

joints are most involved. Specific deformities, which also occur in 

osteoarthritis, include ulnar deviation, boutonniere deformity (also 

"buttonhole deformity", flexion of proximal interphalangeal joint and 

extension of distal interphalangeal joint of the hand), swan neck deformity 

(hyperextension at proximal interphalangeal joint and flexion at distal 

interphalangeal joint) and "Z-thumb." "Z-thumb" or "Z-deformity" 

consists of hyperextension of the interphalangeal joint, fixed flexion and 

subluxation of the metacarpophalangeal joint and gives a "Z" appearance 

to the thumb.The hammer toe deformity may be seen. In the worst case, 

joints are known as arthritis mutilans due to the mutilating nature of the 

deformities (Scott et al., 2003). 
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Figure (2) : Rheumatoid arthritis affects a joint (Müller-

Ladner et al ., 2005) 

2.1. 2 Skin 

     The rheumatoid nodule, which is sometimes in the skin, is the most 

common non-joint feature and occurs in 30% of people who have RA.It is 

a type of inflammatory reaction known to pathologists as a "necrotizing 

granuloma". The initial pathologic process in nodule formation is 

unknown but may be essentially the same as the synovitis, since similar 

structural features occur in both. The nodule has a central area of fibrinoid 

necrosis that may be fissured and which corresponds to the fibrin-rich 

necrotic material found in and around an affected synovial space. 

 



6 
 

Surrounding the necrosis is a layer of palisading macrophages and 

fibroblasts, corresponding to the intimal layer in synovium and a cuff of 

connective tissue containing clusters of lymphocytes and plasma cells, 

corresponding to the subintimal zone in synovitis (Young et al., 2007). 

The typical rheumatoid nodule may be a few millimetres to a few 

centimetres in diameter and is usually found over bony prominences, such 

as the elbow, the heel, the knuckles, or other areas that sustain repeated 

mechanical stress. Nodules are associated with a positive RF (rheumatoid 

factor) titer, ACPA, and severe erosive arthritis. Rarely, these can occur in 

internal organs or at diverse sites on the body ( Hickling et al., 1998). 

Several forms of vasculitis occur in RA, but are mostly seen with long-

standing and untreated disease. The most common presentation is due to 

involvement of small- and medium-sized vessels. Rheumatoid vasculitis 

can thus commonly present with skin ulceration and vasculitic nerve 

infarction known as mononeuritis multiplex (Genta et al., 2006). 

Other, rather rare, skin associated symptoms include pyoderma 

gangrenosum, Sweet's syndrome, drug reactions, erythema nodosum, lobe 

panniculitis, atrophy of finger skin, palmar erythema, and skin fragility 

(often worsened by corticosteroid use) (Lovell et al., 2013). Diffuse 

alopecia areata (Diffuse AA) occurs more commonly in people with 

rheumatoid arthritis. RA is also seen more often in those with relatives 

who have AA (Pratt et al., 2017) . 
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Figure (3) : rheumatoid nodules ( Nyhäll-Wåhlin et al ., 2006) 

2.1. 3  Lungs  

      Lung fibrosis is a recognized complication of rheumatoid arthritis. It is 

also a rare but well-recognized consequence of therapy (for example with 

methotrexate and leflunomide). Caplan's syndrome describes lung nodules 

in individuals with RA and additional exposure to coal dust. Exudative 

pleural effusions are also associated with RA (Kim et al., 2009 ). 

2.1. 4  Heart and blood vessels 

     People with RA are more prone to atherosclerosis, and risk of 

myocardial infarction (heart attack) and stroke is markedly increased 

(Aviña‐Zubieta et al., 2008). Other possible complications that may arise 

include: pericarditis, endocarditis, left ventricular failure, valvulitis and 

fibrosis. Many people with RA do not experience the same chest pain that 

others feel when they have angina or myocardial infarction. To reduce 

cardiovascular risk, it is crucial to maintain optimal control of the 

inflammation caused by RA (which may be involved in causing the 
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cardiovascular risk), and to use exercise and medications appropriately to 

reduce other cardiovascular risk factors such as blood lipids and blood 

pressure. Doctors who treat people with RA should be sensitive to 

cardiovascular risk when prescribing anti-inflammatory medications, and 

may want to consider prescribing routine use of low doses of aspirin if the 

gastrointestinal effects are tolerable ( Nurmohamed ., 2009). 

2.1. 5  Blood  

      Anemia is by far the most common abnormality of the blood cells 

which can be caused by a variety of mechanisms. The chronic 

inflammation caused by RA leads to raised hepcidin levels, leading to 

anemia of chronic disease where iron is poorly absorbed and also 

sequestered into macrophages. The red cells are of normal size and color 

(normocytic and normochromic). A low white blood cell count usually 

only occurs in people with Felty's syndrome with an enlarged liver and 

spleen. The mechanism of neutropenia is complex. An increased platelet 

count occurs when inflammation is uncontrolled (Agrawal et al., 2007). 
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2.2. Causes 

       The exact cause of rheumatoid arthritis is unknown. However, it is 

believed to be caused by a combination the following factors: 

 Genetics (heredity) 

 Abnormal immunity 

 The environment 

 Hormones 

Normally, the immune system protects the body from disease. In people 

who have rheumatoid arthritis, something—possibly infections, cigarette 

smoking, and physical or emotional stress, among other causes—triggers 

the immune system to attack the joints (and sometimes other organs). 

Gender, heredity, and genes largely determine a person's risk of 

developing rheumatoid arthritis. For example, women are about three 

times more likely than men to develop rheumatoid arthritis ( Katz ., 2017). 
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2.3.  Risk Factors  

      RA is a systemic (whole body) autoimmune disease. Some genetic and 

environmental factors affect the risk for RA. 

2.2. 1  Genetic 

     A family history of RA increases the risk around three to five times; as 

of 2016, it was estimated that genetics may account for between 40 and 

65% of cases of seropositive RA, but only around 20% for seronegative 

RA. RA is strongly associated with genes of the inherited tissue type 

major histocompatibility complex (MHC) antigen. HLA-DR4 is the major 

genetic factor implicated – the relative importance varies across ethnic 

groups (Silman et al., 2002). 

Genome-wide association studies examining single-nucleotide 

polymorphisms have found around one hundred alleles associated with 

RA risk. Risk alleles within the HLA (particularly HLA-DRB1) genes 

harbor more risk than other loci (Raychaudhuri et al., 2012). The HLA 

encodes proteins which controls recognition of self versus nonself 

molecules. Other risk loci include genes affecting co-stimulatory immune 

pathways, for example CD28 and CD40, cytokine signaling, lymphocyte 

receptor activation threshold (e.g., PTPN22), and innate immune 

activation appear to have less influence than HLA mutations (Ghorban et 

al., 2019). 
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2.2. 2 Environmental 

     There are established epigenetic and environmental risk factors for RA. 

Smoking is an established risk factor for RA in Caucasian populations, 

increasing the risk three times compared to non-smokers, particularly in 

men, heavy smokers, and those who are rheumatoid factor positive. 

Modest alcohol consumption may be protective (Liao et al., 2009). 

2.2. 3 Negative findings 

     No infectious agent has been consistently linked with RA and there is 

no evidence of disease clustering to indicate its infectious cause, but 

periodontal disease has been consistently associated with RA. The many 

negative findings suggest that either the trigger varies, or that it might, in 

fact, be a chance event inherent with the immune response ( Doherty et al., 

2006). 
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2.4.  Diagnosis 

      Clinically, RA patients typically present with a recent onset of tender 

and swollen joints, morning joint stiffness, generalized sickness symptoms 

, as well as abnormal laboratory tests (Smolen et al., 2016).Timely and 

precise diagnosis is of high importance in RA treatment, since early 

diagnosis can arrest disease in many patients, thereby preventing or 

substantially slowing disease progression, irreparable joint damage, and 

disability in up to 90% of RA patients (Aletaha et al., 2018). Typically, 

RA is diagnosed by a combination of patient’s symptoms, results of 

doctor´s examination, assessment of risk factors, family history, joint 

assessment by ultrasound sonography, and assessment of laboratory 

markers such as elevated levels of CRP and ESR in serum and detection of 

RA-specific autoantibodies (Burmester et al., 2017). 

Both ultrasound and MRI have been recommended for diagnosing and 

monitoring disease activity in RA patients Ultrasound analysis (e.g., as 

high-resolution musculoskeletal ultrasound) of inflamed joints allows 

imaging of synovial proliferation by grayscale as well as both active 

inflammation and neoangiogenesis by power Doppler (D'Agostino et al., 

2016). In addition, ultrasound is able to identify bone erosions (Zayat et 

al., 2015 ), as well as subclinical synovitis that may result in radiographic 

disease progression even if the patient is in apparent clinical remission 

(Iwamoto et al., 2014). Due to these capabilities, ultrasound is widely used 

in clinical practice as well as in clinical trials for the diagnosis of RA and 

the monitoring of disease states (Takase et al., 2018). 

The advantages of ultrasound are its relatively low cost, wide availability, 

lack of contraindications, and non-invasive real-time imaging capabilities. 

Disadvantages are that ultrasound is considered an operator-dependent 



03 
 

technology because of it being training-intensive in terms of both 

measurement and quality assessment (Takase et al., 2018). 

While being a very sensitive diagnostic tool to detect e.g., synovial 

hypertrophy or pannus formation before the occurrence of bone erosion, 

routine usage of magnetic resonance imaging (MRI) techniques 

(preferably contrasted) in the diagnosis of RA is limited by cost factors 

and the limited capacity to image multiple joints in one 

measurement(Cohen et al., 2011). 

 As clinical biomarkers, CRP and ESR are routinely used to determine the 

general inflammatory state of RA patients. CRP is an acute phase reactant, 

composed of five 23-kDa subunits belonging to the pentraxin protein 

family. Its serum concentration can increase by three or more log steps in 

the presence of either infection, inflammation, or tissue injury (Shrive et 

al., 1996). Triggered by the cytokines IL-6, IL-1β, and TNF-α, the main 

sources of CRP production are hepatocytes, but also to a lower extent 

vascular smooth muscle cells, monocytes, lymphocytes, adipocytes, and 

neurons (Calabró et al., 2003). 

As immunological effector function, CRP both activates the classical 

complement pathway and stimulates the influx and phagocytotic activity 

of neutrophils (Mold et al., 1999). Moreover, interaction of CRP with the 

Fc gamma receptors FcγRI and FcγRIIA was shown to promote both 

survival and proliferation of macrophages as well as pro-inflammatory 

cytokine production and subsequent amplification of inflammation via 

production of MMPs, secretion of monocyte chemoattractant protein-1 

(MCP-1) and macrophage colony-stimulating factor (M-CSF), and 

inhibition of the anti-inflammatory cytokine IL-10 . Moreover, RANK-L 

expression by PBMCs induced by CRP also resulted in the differentiation 
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of osteoclast precursors into osteoclasts (Kim et al., 2015). While being 

unaffected by factors like age, gender, and abnormalities in erythrocytes 

and serum proteins , CRP levels were found to positively correlate with 

both disease activity, histological changes in the synovium, and 

radiological progression and clinical parameters such as morning stiffness, 

pain, fatigue, grip strength, articular index, and disability . Therefore, CRP 

was found to be a useful marker in RA diagnosis, as well as the 

monitoring of disease progression and prognosis of joint damage (Devlin 

et al., 1997).   

ESR is a widely used standard laboratory test determining the speed at 

which erythrocytes settle within a test tube containing a blood sample of 

the respective patient (Isiksacan et al., 2016). In the presence of 

inflammatory processes, infections, autoimmune disorders (e.g., RA), but 

also pregnancy, anemia, certain kidney diseases, and some cancers (e.g., 

lymphoma and multiple myeloma) increased concentrations of fibrinogen 

in the blood cause a coagulation of the red blood cells . In this process, the 

erythrocytes form stacks called ―rouleaux‖, which settle faster in the test 

tube because of their increased density (Cronstein ., 2005). 

  

 

 

 

 

 

Figure (4) : Rheumatoid arthritis of the hands, X-ray (Yoshioka et al ., 

2020). 
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2.4.1  EULAR Criteria for the Diagnosis of RA: 

      Although primarily developed for the identification of homogenous 

patient populations in clinical RA trials , the 2010 ACR-EULAR 

(American College of Rheumatology-European League against 

Rheumatism) criteria can also be used by physicians to diagnose RA 

(Radner et al., 2014 ). Hereby, the 2010 EULAR criteria incorporate  

diagnostic parameters: joint involvement, abnormalities in CRP and ESR, 

presence of RA-specific autoantibodies, and overall symptom duration. 

Using the 2010 EULAR criteria joint involvement is graded with 0–5 

points depending on the number and size of the involved joints (requiring 

the presence of at least one clinically swollen joint), up to three points are 

given depending on the presence and concentration of ACPAs and RF 

autoantibodies, and one point each for presence of abnormal levels of CRP 

and increased ESR as well as the overall duration of disease symptoms 

(Figure 5). This classification allows for a maximum disease score of 10 

points (see Figure 5) and a RA diagnosis is made if (1) the overall score of 

the patient is greater than six and (2) other causes for synovitis (e.g., other 

inflammatory arthritic conditions, infection, or trauma) can be excluded . 

Overall, the sensitivity of the 2010 EULAR criteria was reported to be 

82% with a specificity of 61% ( Aletaha et al., 2010). 
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Figure (5) : EULAR Criteria for the Diagnosis of RA (van der Helm-

van et al ., 2012). 

 

 

 

 

 

 

 

Clinical parameters frequently used in the diagnosis of RA and their 

quantification using the 2010 ACR-EULAR (American College of 

Rheumatology-European League against Rheumatism) classification criteria. 

Clinical diagnosis (left) of RA relies on joint examination (mainly via 

sonography, but also by magnetic resonance imaging (MRI)), and the 

serological determination of RA-specific autoantibodies (Rehmatoid factor 

(RF) and ACPAs) and detection of elevated levels of C-reactive protein (CRP) 

and an increased erythrocyte sedimentation rate (ESR). The 2010 ACR-

EULAR RA classification criteria (right). Scoring parameters are number and 

size of the involved joints, the presence and concentration of RA-specific 

ACPAs and RF autoantibodies, presence of abnormal levels of CRP and 

increased ESR, and overall duration of disease symptoms. According to the 

2010 ACR-EULAR RA classification criteria a RA diagnosis is made if the 

overall score is greater than six and other causes for synovitis (see above) can 

be excluded. 
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2.5.  Management  

     Because RA is a disease of undetermined etiology, medical therapy 

remains largely empirical. The goal of therapy is a combination of efforts 

to minimize tissue injury and loss of function, balance favorable and 

adverse drug effects, and repair damage that cannot be prevented 

(Tehlirian et al., 2010). Because of the highly variable nature of the 

disease and differing life-styles and occupations of patients, it is important 

to individualize treatment programs. A team approach to therapy is often 

used, with a family physician, internist, or rheumatologist directing the 

overall treatment program. Nurses, physical and occupational therapists, 

psychologists, psychiatrists, orthopedic surgeons, and podiatrists can play 

a very important role in the management of an individual patient. 

Psychologists, however, may have a rather unique role on the treatment 

team inasmuch as they can contribute to several aspects of patient care 

including education, rest, physical therapy, and rehabilitation. Patient 

education is fundamental to the success of treatment (Majithia et al., 

2007). 

The educational process should include a discussion of the general nature 

of the condition, goals of overall management, and limitations of 

therapeutic modalities. The patient and family members should understand 

that there is no absolute cure for the disease, but usually some 

improvement can be expected with therapy, and that occasionally 

complete remissions may be obtained. They also should understand  that 

the disease has a highly variable course, and that it may improve or 

worsen in spite of therapeutic measures (Rindfleisch et al., 2005). 
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Rest, pacing, and planning of activities are very important, particularly 

when the disease is active. Planned rest periods are often effective in 

allowing the patient to accomplish tasks of daily living without significant 

fatigue and frustration. Complete bed rest or hospitalization may be 

necessary when the disease is particularly active; indeed, there is evidence 

that bed rest actually improves signs of active inflammation (Wasserman ., 

2011). 

A program of heat and other local measures to reduce pain and stiffness, 

as well as a graded exercise program to maintain range of motion of joints 

and muscle tone, is important throughout all phases of RA. An intensive 

program of instruction in the early stages of the disease may be helpful in 

encouraging patients to take an active role in exercising at home, often 

with the help of a family member. Various orthotic devices, such as a 

cane, crutches, hand or wrist splints, or metatarsal and arch supports in the 

feet often will enable patients to maintain joint stability and reduce stress 

on affected joints. Finally, vocational counseling is useful early in the 

disease because many patients will be unable to continue their previous 

occupations, particularly those that require hard physical labor(Schoels et 

al., 2010). 

The drug therapy of RA is designed to relieve pain and inflammation, and, 

when indicated, attempts are made to suppress the underlying disease 

process. The classes of drugs traditionally used in RA consist of (1) 

firstline drugs or nonsteroidal anti-inflammatory drugs , (2)  long acting 

drugs, also referred to as remission-inducing or immunomodulating 

agents, (3) corticosteroids, and (4) experimental therapies (Van 

Vollenhoven ., 2009). 
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Most patients with RA receive an initial trial of nonsteroidal anti-

inflammatory drugs. Drugs in this class tend to influence pain and 

inflammation by their effects on arachidonic acid metabolism and 

prostaglandin synthesis. Aspirin is as effective as any of the newer drugs 

in this class and is less expensive. Because not all patients are able to 

benefit from or tolerate aspirin in large doses, numerous other nonsteroidal 

anti-inflammatory drugs (ibuprofen, indomethacin, naproxen, sulindac, 

and so on have been developed for relief of pain and inflammation. All 

these drugs have similar action, efficacy, and toxicity when compared with 

aspirin, but certain patients may respond better to one agent than another 

(Moreland et al., 2001). 

Long-acting agents do not provide analgesic or anti-inflammatory relief 

but tend to act slowly, usually over a period of 2 to 6 months. These drugs 

generally are not given alone, and the concomitant use of first-line drugs 

usually is required . Gold compounds are among the most extensively used 

second-line drugs in the management of RA. About 25% of the patients 

who are treated with gold experience a major benefit, and a majority 

probably show a moderate improvement (Schneider et al., 2013). 

 Gold is a very toxic medication, and approximately 20% of patients will 

require discontinuation of the drug because of toxicity. Similar in efficacy 

and toxicity to gold, D-penicillamine is another effective long-acting agent 

in the treatment of RA. Additional long-acting medications prescribed for 

RA patients are antimalarial and cytotoxic drugs. The use of 

corticosteroids in RA is somewhat controversial. Prednisone and other 

drugs of this class have a rapid anti-inflammatory effect and improve joint 

stiffness and swelling within hours. There is no evidence, however, that 
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these drugs influence the long-term outcome of the disease. 

Corticosteroids are often prescribed for patients with severe active disease, 

particularly when long-acting agents have not had a chance to exert their 

effect . Experimental therapies for RA that have been tested include high-

dose "pulse" steroids, thoracic duct lymph drainage, plasmapheresis, 

leukapheresis and total lymph node irradiation . These forms of therapy 

have been reserved for patients with severe disease refractory to other 

standard agents and only as part of experimental protocols (Yamanaka et 

al., 2012). 

Surgery is often a very important part of the management of RA. 

Synovectomy may be considered when synovitis persists in a few joints 

and has been unresponsive to medical therapy. Total joint replacement 

also is very useful in improving functional capacity and relieving pain 

after the irreversible loss of joint space and function. 

In addition, corrective surgery for tendon repair, release of nerve 

entrapment, or stabilization of joints may be of value in selected cases. In 

summary, then, the medical treatment of RA is complex and uses an 

individualized approach taking into account the patient's lifestyle, 

occupation, and disease activity. The team approach to therapy used by 

many physicians has led to increased involvement of psychologists in the 

treatment of RA. In addition to participating in several of the patient care 

modalities previously described, a few psychologists and other health care 

professionals have attempted to develop psychotherapeutic interventions 

for RA patients (Kvien ., 2004). 
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2.5.1 CRISPR Cas9 technology in the treatment of Rheumatoid 

arthritis (RA): 

     Using new gene-editing technology, researchers have rewired mouse 

stem cells to fight inflammation caused by arthritis and other chronic 

conditions. Such stem cells, known as SMART cells (Stem cells Modified 

for Autonomous Regenerative Therapy), develop into cartilage cells that 

produce a biologic anti-inflammatory drug that, ideally, will replace 

arthritic cartilage and simultaneously protect joints and other tissues from 

damage that occurs with chronic inflammation. 

The cells were developed at Washington University School of Medicine in 

St. Louis and Shriners Hospitals for Children-St. Louis, in collaboration 

with investigators at Duke University and Cytex Therapeutics Inc., both in 

Durham, N.C. The researchers initially worked with skin cells taken from 

the tails of mice and converted those cells into stem cells. Then, using the 

gene-editing tool CRISPR in cells grown in culture, they removed a key 

gene in the inflammatory process and replaced it with a gene that releases 

a biologic drug that combats inflammation. 

Many current drugs used to treat arthritis — including Enbrel, Humira and 

Remicade — attack an inflammation-promoting molecule called tumor 

necrosis factor-alpha (TNF-alpha). But the problem with these drugs is 

that they are given systemically rather than targeted to joints. As a result, 

they interfere with the immune system throughout the body and can make 

patients susceptible to side effects such as infections. 

s part of the study, Guilak and his colleagues grew mouse stem cells in a 

test tube and then used CRISPR technology to replace a critical mediator 

of inflammation with a TNF-alpha inhibitor. 
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Over the course of a few days, the team directed the modified stem cells to 

grow into cartilage cells and produce cartilage tissue. Further experiments 

by the team showed that the engineered cartilage was protected from 

inflammation. 

The researchers also encoded the stem/cartilage cells with genes that made 

the cells light up when responding to inflammation, so the scientists easily 

could determine when the cells were responding. Recently, Guilak’s team 

has begun testing the engineered stem cells in mouse models of 

rheumatoid arthritis and other inflammatory diseases. 

If the work can be replicated in animals and then developed into a clinical 

therapy, the engineered cells or cartilage grown from stem cells would 

respond to inflammation by releasing a biologic drug — the TNF-alpha 

inhibitor — that would protect the synthetic cartilage cells that Guilak’s 

team created and the natural cartilage cells in specific joints. 

―When these cells see TNF-alpha, they rapidly activate a therapy that 

reduces inflammation,‖ Guilak explained. ―We believe this strategy also 

may work for other systems that depend on a feedback loop. In diabetes, 

for example, it’s possible we could make stem cells that would sense 

glucose and turn on insulin in response. We are using pluripotent stem 

cells, so we can make them into any cell type, and with CRISPR, we can 

remove or insert genes that have the potential to treat many types of 

disorders (Brunger et al., 2017). 
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Figure (6) : CRISPR Cas9 technology in the treatment of Rheumatoid 

arthritis (Locke., 1985). 
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 : الخالصة

 انًمبو فٍ َؤثش األيذ غىَم راتٍ يُبػٍ اظطشاة هى( RA) انشويبتىَذٌ انًفبصم انتهبة      

 األنى َتفبلى يب غبنجًب. ويؤنًخ ويُتفخخ دافئخ يفبصم ػُه َُتح يب ػبدح. انًفبصم ػهً األول

 ػبدح انًفبصم َفس وخىد يغ ، وانُذٍَ انشسغٍُ إصبثخ هٍ شُىًػب األكثش. انشاحخ ثؼذ وانتُجس

 اندهذ رنك فٍ ثًب ، اندسى يٍ أخشي أخضاء ػهً أًَعب انًشض َؤثش لذ. اندسى خبَجٍ ػهً

 سئُسٍ ثشكم انشويبتىَذٌ انًفبصم انتهبة َؤثش . .وانذو واألػصبة وانمهت وانشئتٍُ وانؼٍُُُ

. انحبالد يٍ٪ 51-51 يٍ أكثش فٍ األخشي األػعبء ػهً أًَعب َؤثش ونكُه ، انًفبصم ػهً

 انشئخ وأيشاض انؼظبو وهشبشخ انذيىَخ واألوػُخ انمهت أيشاض انًصبحجخ انًشبكم تشًم

 انسجت. انؼًم وصؼىثخ انؼمهُخ وانصؼىثبد واالكتئبة  وانتؼت وانسشغبٌ وانؼذوي  انخالنُخ

 .  يؼشوف غُش انشويبتىَذٌ انًفبصم النتهبة انذلُك

 وانجُئخ ، انطجُؼُخ غُش وانًُبػخ ، انىساثخ: انتبنُخ انؼىايم يدًىػخ ػٍ َبتح أَه َُؼتمذ ، رنك ويغ

 انًفبصم ثبنتهبة اإلصبثخ خطش ػهً يؼُُخ وثُئُخ وساثُخ ػىايم تؤثش ، وانهشيىَبد ،

 انُسجُخ األهًُخ تختهف - انًتىسغ انشئُسٍ اندٍُُ انؼبيم هى HLA-DR4. انشويبتىَذٌ

 خالل يٍ انشويبتىَذٌ انًفبصم انتهبة تشخُص َتى يب وػبدح ، انؼشلُخ انًدًىػبد ثبختالف

 انؼبئهٍ وانتبسَخ ، انخطش ػىايم وتمُُى ، انطجُت فحص وَتبئح ، انًشَط أػشاض يٍ يدًىػخ

 انًستىَبد يثم انًختجش ػاليبد فٍ وتمُُى ، انصىتُخ فىق انًىخبد غشَك ػٍ انًفبصم وتمُُى ،

 أًَعب ًَكٍ ، RA ثـ انخبصخ انًعبدح األخسبو واكتشبف انذو فٍ ESR و CRP يٍ انًشتفؼخ

 األوسوثُخ انشاثطخ - انشويبتُضو أليشاض األيشَكُخ انكهُخ) ACR-EULAR يؼبَُش استخذاو

 .  انشويبتىَذٌ انًفبصم انتهبة نتشخُص األغجبء لجم يٍ( انشويبتُضو نًكبفحخ

 إنً تدشَجًُب انطجٍ انؼالج َظم ، انسجت يدهىل يشض انشويبتىَذٌ انًفبصم انتهبة ألٌ َظًشا

 وتحمُك ، انىظُفخ وفمذاٌ األَسدخ إصبثخ نتمهُم اندهىد يٍ يضَح هى انؼالج يٍ انهذف. كجُش حذ

 تؼتجش. يُؼه ًَكٍ ال انزٌ انعشس وإصالذ ، نألدوَخ وانسهجُخ اإلَدبثُخ اِثبس ثٍُ انتىاصٌ

 انًفبصم انتهبة ػالج فٍ استخذاًيب األكثش انثبٍَ انخػ أدوَخ ثٍُ يٍ انزهت يشكجبد

 انغبنجُخ تظهش ولذ ، كجُشح فبئذح نذَهى ثبنزهت انًؼبندٍُ انًشظً يٍ٪  51 حىانٍ. انشويبتىَذٌ

 انتهبة نؼالج تمُُخ أحذث أٌ إنً استُتدُب  ، انًفبصم انتهبة دساسخ خالل يٍ .يؼتذاًل  تحسًُب

 انتٍ اندُُبد إدخبل أو إصانخ ًَكُُب ، وثبستخذايهب ،  CRISPR/CAS 9 تمُُخ هٍ انًفبصم

  .االظطشاثبد أَىاع يٍ انؼذَذ ػالج ػهً انمذسح نذَهب
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SUMMARY 

 

SICKLE CELL DISEASE (SCD) IS A HETEROGENEOUS DISORDER, WITH 

CLINICAL MANIFESTATIONS INCLUDING CHRONIC HAEMOLYSIS, 

AN INCREASED SUSCEPTIBILITY TO INFECTIONS AND VASO-

OCCLUSIVE COMPLICATIONS OFTEN REQUIRING MEDICAL CARE. 

PATIENTS WITH SCD CAN DEVELOP SPECIFIC AND SOMETIMES LIFE-

THREATENING COMPLICATIONS, AS WELL AS EXTENSIVE ORGAN 

DAMAGE REDUCING BOTH THEIR QUALITY OF LIFE AND THEIR LIFE 

EXPECTANCY. PROVEN EFFECTIVE TREATMENT OPTIONS FOR 

SICKLE CELL PATIENTS ARE LIMITED TO HYDROXYUREA, BLOOD 

TRANSFUSIONS AND BONE MARROW TRANSPLANTATION. 
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CHAPTER ONE 

INTRODUCTION 

 

1. General Introduction   

1.1- Anemia  

Anemia is the most common blood disorder, affecting about a third of the global 

population.(Mahgoub,2019;Vos,et al 2016) Iron-deficiency anemia affects nearly 

1 billion people(Vos,2012) In 2013, anemia due to iron deficiency resulted in 

about 183,000 deaths – down from 213,000 deaths in 1990.(Abubakar, et al 

2015)It is more common in women than men,(Vos, et al 2012) during pregnancy, 

and children and the elderly. (Mahgoub,2019)Anemia increases costs of medical 

care and lowers a person's productivity through a decreased ability to 

work(Smith,2010) The name is derived from Ancient Greek: ἀναιμία anemia, 

meaning "lack of blood", from ἀν- an-, "not" and αἷμα haima, "blood". 

(Sinha,2015) Anemia goes undetected in many people and symptoms can be 

minor. The symptoms can be related to an underlying cause or the anemia itself. 

Most commonly, people with anemia report feelings of weakness or fatigue, and 

sometimes poor concentration.  

They may also report shortness of breath on exertion. In very severe 

anemia, the body may compensate for the lack of oxygencarrying capability of 

the blood by increasing cardiac output. The patient may have symptoms related 

to this, such as palpitations, angina (if pre-existing heart disease is present), 

intermittent claudication of the legs, and symptoms of heart failure. On 

examination, the signs exhibited may include pallor (pale skin, lining mucosa, 

conjunctiva, and nail beds), but this is not a reliable sign. A blue coloration of the 

sclera may be noticed in some cases of iron-deficiency anemia. (Weksler,2017) 

There may be signs of specific causes of anemia, e.g., koilonychia (in iron 
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deficiency), jaundice (when anemia results from an abnormal break down of red 

blood cells – in hemolytic anemia), bone deformities (found in thalassemia major) 

or leg ulcers (seen in sickle-cell disease). In severe anemia, there may be signs of 

a hyperdynamic circulation: tachycardia (a fast heart rate), bounding pulse, flow 

murmurs, and cardiac ventricular hypertrophy (enlargement). There may be signs 

of heart failure.  

 Pica, the consumption of non-food items such as ice, but also paper, wax, 

or grass, and even hair or dirt, maybe a symptom of iron deficiency, although it 

occurs often in those who have normal levels of hemoglobin. Chronic anemia may 

result in behavioral disturbances in children as a direct result of impaired 

neurological development in infants, and reduced academic performance in 

children of school age. Restless legs syndrome is more common in people with 

iron-deficiency anemia than in the general population. (Allen, et al 2013) The 

causes of anemia may be classified as impaired red blood cell (RBC) production, 

increased RBC destruction (hemolytic anemias), blood loss, and fluid overload 

(hypervolemia). Several of these may interplay to cause anemia. The most 

common cause of anemia is blood loss, but this usually does not cause any lasting 

symptoms unless a relatively impaired RBC production develops, in turn, most 

commonly by iron deficiency. (Sacirović, et al 2013). 

 Types of anemia:  

1. Aplastic anemia   

2. Iron deficiency anemia  

3. Sickle cell anemia   

4. Thalassemia   

5. Vitamin deficiency anemia  

6. lead poisoning  

7. alcohol related anemia 
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 1.2- research objectives:  

 To study inheritance patterns for Sickle cell anemia individuals  
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CHAPTER TWO 

LITERATURE REVIEW  

  

2.1- Sickle Cell Anemia (SCA)  

  

        The most common type of Sickle Cell Disease (SCD) is believed to be 

a multisystem, monogenic heritable blood disorder, often associated with 

occurrences of acute illness and progressive organ damage (Matos, et al 

2016 & Weatherall, et al 2005).  

The disease is characterised by abnormally shaped Red Blood Cells 

(RBCs), which are removed from circulation and destroyed at increased 

rates, leading to anemia. In addition to the aforementioned clinical features, 

the distorted RBCs also cause vascular occlusion, leading to hemolysis and 

tissue infarction. The first published account of SCD was described in a 

dental student in 1910 who was presented with pulmonary symptoms 

(Herrick J ,1910). Herrick was the first to coin the term “sickle-shaped” to 

describe the characteristic appearance of the erythrocytes of the patient 

(Figure 1) (Herrick J ,1910).  

  

 

Figure 1: A peripheral blood smear demonstrating irreversibly sickled cells, and 

red blood cells (RBCs). 
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Studies by Pauling and colleagues (Pauling, et al 1949) later determined that a 

point mutation in the gene coding the β-chain of the haemoglobin molecule 

resulted in a single amino acid substitution, thereby resulting in sickle cell 

haemoglobin or HbS. The structure of haemoglobin contains four protein 

subunits, of which two are β-globin and the remaining two are α-globin subunits. 

 Specifically, β-globin is a larger protein subunit of haemoglobin compared 

to α-globin. Haemoglobin S (HbS) replaces both the β-globin subunits, and sickle 

cell anaemia occurs when the patient possesses two copies of the sickle cell genes 

(HbSS). Later, in 1956 Ingram and colleagues identified the anomaly in the amino 

acid sequence and described the replacement of amino acid- th glutamic acid by 

valine at 6 position in β-globin protein subunit 1 The substitution causes the 

abnormal haemoglobin S subunits to form aggregates with other haemoglobin 

molecules within the RBC.  

These molecules then adhere together and develop into long and rigid 

chains which distort the RBC into a characteristic sickle shape, thereby leading to 

blockage of blood vessels and finally impair blood flow through vessels (Wang, 

et al 2014). This paves the way for a cascade of complications like anaemia, 

hypoxia, fatigue, delayed growth, etc. Additionally, the increased breakdown of 

RBC can cause yellowing of eyes and skin, showing signs of jaundice and the lack 

of oxygen rich blood results in organ damage of the spleen, liver, lungs, kidney, 

especially the brain which can also result in stroke (Wang p, et al 2014).  

  

SCA is a prevalent single gene disorder among black Americans affecting nearly 

0.26% Black Americans in the United States. Additionally, an approximate of 

0.15% of the black population in the United States is afflicted with SCA. The 

disease is prevalent among the Senegal, Benin, Bantu and Cameroon tribes of 

Arica and Arabian-Indian tribes of the Asian haplotype (Flint, et al 1998).  

More than 305,000 infants are conceived every year with SCD for the most 

part in low and middle income nations, and around 75% of these births occur in 
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sub-Saharan Africa, representing an expanding wellbeing burden and adding to 

early adolescence mortality (Anie, et al 2017). Every year, 275,000 youngsters 

with sickle cell weakness are conceived on the planet, primarily in Africa, where 

around 1.5% of babies have the sickness. In corroboration of this, Nigeria has the 

largest population of people with SCD in the world with over 150,000 babies born 

with this serious condition every year (Muoghalu& Awolowo, 2017)  

 

     

 2.2- Genetics:   

    Hemoglobins and fetal hemoglobin have α chains combined with β (HbA, 

α2β2), δ (HbA2, α2δ2), or γ chains (HbF F, α2γ2) (Weatherall , 2006). Studies 

have revealed that genetic changes encircling mutations in the haemoglobin gene 

(HBB) which codes for the protein haemoglobin appears to be the causative 

rationale for the widespread occurrence of SCA (National Libray of Medicine 

(2017)) (Chatterjee, et al 2018). Additionally, the HBB gene is known to provide 

instructions for creating the beta-globin (β-globin), the various versions of which 

are a result of diverse mutations in the HBB gene (National Libray of Medicine  

(2017)) (Chatterjee, et al 2018).  

A normal molecule of haemoglobin A (HbA) predominates as the adult 

human haemoglobin tetramer consisting of four globin subunits, typically two α 

chains and two β chains (Lonergan, et al 2001). Two normal globin chains of α 

and β constitute the normal structural composition of HbA, while anomalies in the 

structural components of the β-globin chain often leads to structural 

malformations thereby inducing the production of defective haemoglobin 

(Lonergan, et al  2001)( Rucknagel DL (1974)). Briefly, certain mutations in the 

HBB gene produce an abnormal version of β-globin known as Haemoglobin S 

(HbS), while other mutations result in additional anomalous forms, namely 

Haemoglobin C (HbC) and Haemoglobin E (HbE). (National Libray of Medicine 

(2017)). In individuals’ diagnosed with SCD, at least one of the β-globin subunits 
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is replaced with HbS. However, in SCA, known to be the most common form of  

SCD, both the β-globin subunits of haemoglobin are replaced by two copies of the 

variant haemoglobin S (HbSS) resulting in the production of sickled haemoglobin 

in the red blood cells (RBCs) (Ashley-Koch A, Yang Q, Olney RS (2000) ( 

National Libray of Medicine (2017)). In other variants of SCD, individuals are 

often heterozygotes wherein, they possess a copy of the HbS variant and another 

β- globin namely, HbC or haemoglobin βthalassemia (H β-thal) (Ashley-Koch A, 

Yang Q, Olney RS (2000).  
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 2.3- Inheritance Patterns  

2.3.1- Sickle cell disease is a recessive gene if two parents have two copies of 

the HBS gene. Children born to parents with these genes (see Figure 2-1) will 

have sickle cell disease. 

 

Figure 2-1: Two parents with sickle cell disease (Bloom, 1995). 

  

2.3.2- One Parent has Sickle Cell Disease and Sickle Cell Trait  

  Figure 2-2 shows that one parent has the sickle cell disease Hb S genes; therefore, 

all of that parent’s gametes will carry the Hb S gene. The other parent has one Hb 

S gene and one Hb A gene. The chances for that parent with both the Hb S gene 

and the Hb A gene transmitting either gene are equal, or 50/50 (Bloom, 1995). All 

children born these parents will have either sickle cell disease or sickle cell trait 

children with the chances being 50/50 for each (see Figure 2-1)  
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Figure 2-2: One parent has sickle cell disease and sickle cell trait (Bloom, 1995).  

  

Sickle cell trait: A person carrying the defective gene, HbS, but also has some 

normal hemoglobin HbA. Persons with the sickle cell trait are usually without 

symptoms of the disease, but mild anemia may occur under intense, stressful 

conditions, exhaustion, hypoxia (low oxygen), and/or severe infection. The 

sickling of the defective hemoglobin may occur and result in some complications 

associated with sickle cell disease (UMMC, 2010).  

   

2.3.3- One parent has sickle cell disease and the other parent carries 

normal genes  

Figure 2-3 illustrates that the Hb A gene is carried by the normal parent and the 

gametes from this parent will carry this particular gene, as well as the sickle cell 

disease parent carrying the Hb S gene (Bloom, 1995). All children conceived from 

these parents will inherit one normal and one sickle cell gene. All children will 

have the sickle cell trait.  
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 Figure 2-3: One parent has sickle cell disease and the other parent carries 

normal genes (Bloom, 1995).  

  

2.3.4- Two parents has sickle cell trait  

This case (see Figure 2-4) illustrates that both parents have an equal chance of 

transmitting the two genes. If both parents have the sickle cell trait, they will 

have a 25% chance of having children with sickle cell disease, as well as a 50% 

chance of carrying the sickle cell trait (Bloom, 1995). Also, a slight 25% chance 

occurs of children with normal genes. In this case, 50% of the time one parent 

will transmit an Hb S gene, and the other half of the time the other parent will 

transmit an HbA gene (Bloom, 1995).  
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Figure 2-4: Two Parents has Sickle Cell Trait (Bloom, 1995).  

  

   

2.3.5- One parent has sickle cell trait and the other is normal  

 All children from this couple (see Figure 2-5) will display the sickle cell trait or 

have normal genes because half of the gametes of the parent who carries the sickle 

cell trait will carry the Hb S gene, and the other half will carry the Hb A 

(Bloom,1995). This combination will result in a 50/50 chance of producing a 

child with normal genes or inheriting sickle cell traits.  
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Figure 2-5: One parent has the sickle cell trait and the other is normal (Bloom, 

1995).  

 

2.4 - Molecular Pathophysiology  

In the course of the process of deoxygenation which follows the passage of RBCs 

in the microcirculation, the Hb molecule undergoes a conformational change 

which requires the packaging of high concentration of Hb molecules in RBCs to 

beextraordinarily soluble (Epstein FH, 1997) (Odievre, et al 2011). SCA occurs 

due to a single nucleotide polymorphism (SNP) in the short arm of chromosome 

11 (Ali SD, et al 2015). In SCA, the presence of HbS results in replacement of 

the hydrophilic glutamic acid with the hydrophobic amino acid valine at position 

6 of the short arm of chromosome 11 of the β-globin chain. This results in a 

hydrophobic interaction between the hemoglobin molecules, thereby triggering 

the formation of a large polymer (Epstein FH (1997) ( Odievre, et al 2011)  

(LonerganGJ, 2001). The process of polymerization of deoxygenated HbS forms 

the essential and primary event in the molecular pathogenesis of the disease. This 

further induces the formation of helical, twisted, rope-like fibres which when 

grouped together stiffen and distort the shape of RBC into a variety of elongated 

shapes, decreasing the deformability and conferring it a characteristic “sickle 
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shape” (LonerganGJ, 2001) (Epstein FH ,1997) (Bunn HF (1999). The process 

of polymerization triggers a cascade of several cellular and molecular events, 

ultimately leading to vascular obstruction and haemolysis which participate in 

the overall molecular pathophysiological mechanism of the disease (Figure 3) 

(Odievere, et al 2011). The series of events following polymerization results in 

a non-selective increase in membrane cation permeability to sodium, potassium, 

calcium and magnesium, which upon accumulating in the RBCs, activate several 

cell membrane transport systems resulting in a cumulative discharge of water 

causing the RBCs to dehydrate and become dense. Consequently, the 

concentration of haemoglobin in the cell increases, in turn accelerating the 

process of polymerization which leads to added dehydration. Such alternate 

episodes of reversible polymerization and irreversible dehydration forms a 

dense, irreversible sickled RBC which appears distorted in shape and contributes 

to vaso-occlusion and hemolysis (Bunn HF, 1999) (Bookchin RM and Lew VL, 

1996) (Rodgers GP (1997)).  

  

 

 Figure 3: Basic pathophysiological mechanism of SCD: The polymerization of 

deoxy-HbS. The replacement of a glutamic acid by a valine residue at position 

6 in the β-globin polypeptide chain characterizes the abnormal haemoglobin of 

SCD. This process represents the basic mechanisms leading to haemolytic 

anaemia and to vaso-occlusive events in the microcirculation. 



 
 

19 
 

2. 5- Diseases Associated with SCA  

2.5.1 Stroke  

A childhood stroke is one of the many devastating complications caused by sickle 

cell disease that can result in permanent brain damage or death. A stroke is 

triggered by a decrease in the flow of oxygen due to a major disruption of the 

amount of oxygen to the brain. This complication can occur without warning. 

Studies have found that the median age for a stroke in SCD is 6 years of age. 

Studies have also revealed that by the age of 14, a stroke has affected at least 8% 

of the SCD patient population, and by the age of 20, a stroke has affected 11% 

of the patient population (Njamnshi, et al 2006) (Serjeant,1997). The 

reoccurrence rate for strokes for children within three years of SCD diagnosis is 

50% to 70% (Serjeant, 1997).   

 

2.5.2 Acute Chest Syndrome (ACS)  

Acute Chest Syndrome (ACS) is a serious complication of sickle cell disease that 

contributes to the high rates of morbidity and mortality in SCD. The ACS results 

from infections in the lung cavity caused by bacteria organisms. The ACS is a 

serious complication similar to pneumonia, and has been reported to occur in 

about 50% of sickle cell disease patients; ACS has reoccurred in approximately 

80% of SCD individuals (Fawibe, 2008).  

  

The Acute Chest Syndrome ACS accounts for approximately 25% of premature 

deaths among SCD patients. No available laboratory, radiographic, or clinical 

methods accurately establish the etiology of ACS. Researchers argue that 

infection and fat emboli are the most readily identifiable causes of ACS 

(Bernard, et al 2007) (Fawibe, 2008). The most common diagnostic 

symptoms in all age groups are fever, coughs, abnormal chest x-rays, and chest 
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pains. Less common symptoms include shortness of breath, productive cough, 

and wheezing (Bernard et al., 2007).  

2.6- Diagnosis of SCA  

2.6.1- Prenatal screening  

Currently it is feasible for specialists to analyse sickle cell ailment before birth. 

This can be accomplished by utilizing a specimen of amniotic fluid (liquid in the 

sac encompassing a developing fetus) or tissue taken from the placenta. This test 

should be possible in the initial couple of long stretches of pregnancy. Pre-birth 

conclusion of sickle cell iron deficiency is conceivable utilizing amniocentesis 

or chorionic villus sampling. The specimen received is then tried for DNA 

investigation of the fetal cells. Testing before birth should be possible as early as 

first trimester of pregnancy. This testing examines for the sickle hemoglobin 

gene instead of the abnormal hemoglobin (Sickle cell disease, 2018).  

 

2.6.2- Newborn screenings   

Newborn screenings are believed to be the most effective and efficient screening 

programs for the detection and diagnosis of inherited diseases (Bioethics, 2001). 

Newborn screening programs were designed to help physicians identify 

newborns with SCD and to allocate penicillin prophylaxis to help reduce the 

incidence of pneumococcal sepsis in infants.  Early screening for the sickle cell 

trait and treatment for sickle cell disease can substantially reduce the risk of 

serious infection during the early years of life (U.S. Preventive Services 

Task Force, 2007). Follow-up sickle cell screening and counseling have 

shown to be the most effective methods of helping families with infants who 

have been identified as having the sickle cell trait. Although all states now screen 

for sickle cell disease, this disease remains less familiar to the public compared 

to other blood disorders found by early screenings, such as phenylketonuria 

(PKU) and hypothyroidism (Yang, et al 2000).  
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2.7- Treatment:  

 Hydroxyurea is a popular cytostatic myelosuppressive, chemotherapeutic agent 

drug approved by the FDA in 1998 for adult sickle cell disease patients (Weiner 

& Brugnara, 2003). For many decades, hydroxyurea was used as a 

chemotherapeutic drug to treat cancer. Hydroxyurea is currently used to decrease 

sickle cell hemoglobin polymerization and erythrocyte sickling by increasing 

fetal hemoglobin (HbF) production, a hemoglobin found in newborn babies 

(Weiner & Brugnara, 2003). This drug has successfully reduced the number of 

painful periods and the recurrence of prevalent SCD complications. Physicians 

recommend that individuals who experience frequent painful episodes or who 

have a history of acute chest syndrome, symptomatic anemia, and other vaso-

occlusive episodes are candidates for hydroxyurea therapy (Mehta, et al 2006).  

  

Adults in a random placebo-controlled trial study with hemoglobin SS, who were 

receiving hydroxyurea, exhibited a significant reduction in vasoocclusive crises 

and the of acute chest syndrome as a result of hydroxyurea therapy (Mehta et al., 

2006). In this study, painful episodes decreased from 4.5 to 2.5 painful crises per 

year (Mehta et al., 2006). A similar double-blind study, which involved placebo-

controlled trials of hydroxyurea with 299 adult SCD participants, terminated 

after 28 months of treatment because hydroxyurea reduced the frequency of pain 

episodes in patients along with the frequency of episodes of acute chest 

syndrome (Steinberg, 1999).  

The U.S. Food and Drug Administration (FDA) has not approved hydroxyurea 

treatment for use by infants and children. Studies of hydroxyurea in young 

children are in the early stages, and long-term followups need to ascertain the 

risk of continuing adverse side effects on children (Mehta et al., 2006). A pilot 

study of hydroxyurea by the National Heart, Lung, and Blood Institute (NHLBI) 

evaluted whether or not hydroxyurea can benefit young patients. Participants 

who ranged from 6 to 24 months of age demonstrated that the drug is well 
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tolerated in younger children. Scientists predict that this drug will be an 

important factor in emergent countries. Many developing countries do not have 

the facilities necessary to safely perform bone marrow transplants and 

transfusions.  

2.7.1- Over-the-counter Drugs  

Over-the-counter medicines, such as non-steroidal anti-inflammatory drugs  

NSAIDs, acetaminophen (Tylenol), ibuprofen (Advil or Motrin), as well as 

opioids, such as codeine, morphine, and oxycodone, are used to control sickle 

cell pain. Non-opioids are prostaglandin-synthesis inhibitors, prescribed for the 

management of mild pain and used in conjunction with opioids (Stinson & Naser, 

2003). Non-opioids prevent the conversion of arachidoinc acid to prostaglandins 

by interfering with the function of the enzyme cyclo-oxygenase (COX) (Stinson 

& Naser, 2003). Non-opiods can provide additive analgesia when combined with 

opioids. Acetaminophen is another popular drug use for the treatment of sickle 

cell disease. Acetaminophen is described as one of the safest analgesics, and it 

inhibits the synthesis of prostaglandins. On the other hand, NSAIDs are 

prescribed for patients with gastritis, peptic ulcer, and renal failures. Opioids are 

a popular analgesic used for the treatment of moderate and severe acute pain due 

to pain episodes (Stinson & Naser, 2003).  

 

2.7.2- Transfusion Therapy  

Transfusions are another method of trying to deal with SCD complications and 

assisting with the prevention of strokes and acute chest syndrome. Transfusions 

are recommended for use of SCD patients with acute chest syndrome, heart 

failure, and severe anemia (in children) who have enlarged spleens, multi-organ 

failure syndrome, splenic sequestration, aplastic crisis, and who are susceptible 

to strokes (Claster & Vichinsky, 2003). Transfusion therapy seeks to increase the 

concentration of hemoglobin A and reduce the percentage of sickle hemoglobin 

to increase the oxygen carrying capacity of blood (Claster & Vichinsky, 2003). 
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A clinical trial study, which evaluated the efficacy of transfusions among patients 

with some SCD complications, showed that repeated transfusions reduce the risk 

of recurrent strokes in children with SCD. This study also showed that 

researchers were able to predict that 50% of children with SCD, who had suffered 

strokes and had not received transfusions, would suffer strokes within three years 

compared to 10% of SCD individuals who had receivied transfusions (Steinberg, 

1999).  

 

2.7.3- Bone Marrow Transplantation  

Bone marrow transplantation is an experimental therapy limited to candidates 

below 16 years of age and who exhibit SCD complications, such as a stroke, 

acute chest syndrome, and refractory pain (Steinberg, 1999). Statistics show that 

only 1% of patients with sickle cell anemia actually meet the set requirments for 

bone marrow transplantation (Steinberg, 1999). In 1984, a bone marrow 

transplant was used to treat a pediatric patient with leukemia. The transplant also 

cured the patient’s sickle cell disease (NIH, 2002).  

Researchers have found that the mortality rate from this procedure is 10% and 

that it requires SCD patients to undergo a chemotherapeutic regimen prior to 

transplant.  

Consequently, some SCD patients do not survive the chemotherapy process 

whereas others may sufffer from life-threatening infections before their bone 

marrow and immune systems are sufficiently regenerated (NIH, 2002). Potential 

complications include graft rejection and graft versus host disease (GVHD). 

Currently, transplants are still considered only for sickle cell disease patients 

whose disease is severe enough to justify the risk. The National Heart, Lung, and 

Blood Institute (2002) is looking for various methods to reduce the risk of bone 

marrow transplantation. The blood from a baby’s umbilical cord is believed to 

reduce the risks of rejection and graftversus-host disease.  
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Also, this blood does not need to match the recipient’s blood as closely as bone 

marrow donors (NHLBI, 2002).  

 

2.8- Experimental Treatment  

Gene therapy is a new treatment for patients with sickle cell anemia. 

Researchers believe that gene therapy is an improvement over blood transfusion 

because it offers a more permanent solution. Gene treatment requires a delivery 

system that can carry a normal gene to cells that contain defective genes (Jones, 

2008). Scientists have chosen modified viruses as an efficient delivery system. 

Normal genes are delivered to the target cells to ensure that the normal genes 

function as they should (Jones, 2008). Gene therapy research is still in an early 

stage, and many scientists believe that this method could be the clinical cure for 

sickle cell anemia.  
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3.1- Conclusion  

International health care providers and health care agencies are faced 

with multiple challenges to overcome the burden of SCA among children in 

backward countries. In order to spearhead the process, emphasis should be 

laid on diagnostic procedures such as new-born screening, and anti-

microbial prophylaxis. While these are affordable resources available in low 

income countries, efforts should also be made to improve morbidity as well 

as quality of life. Many advances have taken place in the past decade to 

improve treatment options for SCA. However, most of these treatments are 

expensive and dependent on medical infrastructure and only a few patients 

with SCA are able to afford  

 

Treatments such as gene therapy and hematopoietic stem cell 

transplantation. There is a need for active measures and collaborations to be 

deployed on the part of the government to effectively implement population 

screening. Additionally, counseling programs and epidemiological studies 

in SCA stricken countries are necessary to assess current and future health 

needs.  
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رسالة مقدمة إلى قسم تقنيات تحليالت مرضية في كلية دجلة الجامعة في 
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 الخالصة:

   

مرض فقر الدم منجلي هو حالة وراثية خطيرة تئثر على الدم واالعضاء المحتلفة 

في الجسم ويؤثر على خاليا الدم الحمراء مسببا نوبات من المنجل عادة مايكون 

االشخاص المصابون بفقر الدم المنجلي بصحة جيدة ويمكن ان يحدث مضاعفات 

صابة بالبرد او العدوى او طويلة االمد ويمكن ان تؤدي بعض الحاالت الى اال

نقص السؤال في الجسم او نقص االوكسجين العالج الجدي الذي بدا مبكرا في 

الحياة يمكن ان يمنع المضاعفات لذلك ينصح بالتشخيص المكبر والعالج 

 التخصصص 

تختلف سمة الخاليا المنجلية عن مرض فقر الدم المنجلي تعني سمة الخاليا 

 الخاليا المنجلية لكنها ال تسبب المرض بشكل  طبيعيالمنجلية انك تحمل حين 
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ت يٍ أجهً يٍ إنى هها عهى َفسً، وِنَى ال؛ فهقذ ضحَّ ونى تذَّخش ُجهًذا فً  أُفّضِ

ً انحثٍثح(.  سثٍم إسعادي عهى انذَّواو ، وٌثقى يٍ  َسٍش فً دسوب انحٍاج )أُّيِ

 صاحة انىجه انطٍة، واألفعال انحسُح. ٌُسٍطش عهى أرهاَُا فً كم يسهك َسهكه

ًَّ طٍهح حٍاته إنى شهذاء انعشاق ، وجًٍع يٍ و . )وانذي انعضٌض( فهى ٌثخم عه

و نك وقفىا تجىاسي وساعذوًَ تكم يا ًٌهكىٌ، وفً أصعذج كثٍشج  ى هزا انثحثأُقّذِ

 ، وأتًَُّى أٌ ٌحىص عهى سضاكى.
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ABSTRACT 
 

Stem cells are unspecialized cells that develop into the specialized 

cells that make up the different types of tissue in the human body. They are 

characterized by the ability to renew themselves through mitotic cell division 

and differentiating into a diverse range of specialized cell types. They are 

vital to the development, growth, maintenance, and repair of our brains, 

bones, muscles, nerves, blood, Skin, and other organs .Stem cells are found 

in all of us, from the early stages of human development to the end of life. 

Stem cell research holds tremendous promise for the development of novel 

therapies for many serious diseases and injuries. While stem cell based 

treatments have been established as a clinical standard of care for some 

conditions, such as hematopoietic stem cell transplants for leukemia and 

epithelial stem cell-based treatments for burns and corneal disorders, the 

scope of potential stem cell-based therapies has expanded in recent years due 

to advances in stem cell research. It has been only recently that scientists 

have understood stem cells well enough to consider the possibilities of 

growing them outside the body for long periods of time. With that advance, 

rigorous experiments can be conducted, and the possibility of manipulating 

these cells in such a way that specific tissues can be grown is real. 
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CHAPTER ONE: INTRODUCTION 

 
1.1.   Introduction : 

Stem cells have the ability to build every tissue in the human body, hence 

have great potential for future therapeutic uses in tissue regeneration and 

repair. In order for cells to fall under the definition of ―stem cells,‖ they must 

display two essential characteristics. First, stem cells must have the ability of 

unlimited self-renewal to produce progeny exactly the same as the 

originating cell. This trait is also true of cancer cells that divide in an 

uncontrolled manner whereas stem cell division is highly regulated. 

Therefore, it is important to note the additional requirement for stem cells; 

they must be able to give rise to a specialized cell type that becomes part of 

the healthy animal .(1) 

The general designation, ―stem cell‖ encompasses many distinct cell types. 

Commonly, the modifiers, ―embryonic,‖ and ―adult‖ are used to distinguish 

stem cells by the developmental stage of the animal from which they come, 

but these terms are becoming insufficient as new research has discovered 

how to turn fully differentiated adult cells back into embryonic stem cells 

and, conversely, adult stem cells, more correctly termed ―somatic‖ stem cells 

meaning ―from the body‖, are found in the fetus, placenta, umbilical cord 

blood and infants (2). Therefore, this review will sort stem cells into two 

categories based on their biologic properties - pluripotent stem cells and 

multipotent stem cells. Their sources, characteristics, differentiation and 

therapeutic applications are discussed. 

Pluripotent stem cells are so named because they have the ability to 

differentiate into all cell types in the body. In natural development, 

pluripotent stem cells are only present for a very short period of time in the 

embryo before differentiating into the more specialized multipotent stem 
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cells that eventually give rise to the specialized tissues of the body (Figure 

1). These more limited multipotent stem cells come in several subtypes: 

some can become only cells of a particular germ line (endoderm, mesoderm, 

ectoderm) and others, only cells of a particular tissue. In other words, 

pluripotent cells can eventually become any cell of the body by 

differentiating into multipotent stem cells that themselves go through a series 

of divisions into even more restricted specialized cells. 

 
 

(Figure 1). Derivation of Stem Cells 

 

 

 Recent medical research studies show that stem cell therapy has the 

potential to dramatically change the treatment of human diseases. Actually, 

recent fascinating results already exist to treat some diseases such as 

Leukemia, breast cancer, damaged liver and others. However, stem cells 

therapy is still in a progress stag in order to be a professional technique for 

medical treatment (3). 
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1.2. Aim of stem cell therapy 

        This research study aims to prove the magnificent quality of using stem 

cells therapy to cure a variety of medical problems. Moreover, it explains the 

potential effectiveness for using this technique to improve the human 

enhancement 
(4)

.  In addition, it highlights the fundamental concept of stem 

cells therapy in many important aspects.  
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CHAPTER TOW 

REVIEW OF LITERATURE 
 

 2.1. History of stem cell therapy  

1908: Russian histologist Alexander Maksimov described the term stem cell.  

1956: Edward Donnall Thomas injected bone marrow stem cell into 3 years 

old leukaemia child, the stem cells harvested from identical healthy twins.  

1968: University of Minnesota doctors cure X-linked lymphopenic immune 

deficiency and Wishkott-aldrich syndrome (5). 

1969: Edward Donnall Thomas bone marrow transplants using stem cell 

harvesting from another person.  

1978: Stem cells were discovered from umbilical cord of human.  

1988: Thomas worn noble prize on bone marrow transplantation to treat 

cancer (6). 

1998: James A. Thompson isolated cell from inner cell mass of early human 

embryo.  

John D. Gearhart derived cells from gonad tissue .  

2001: Human embryo cloned by early 4-6 cells  

2006: Researchers reprogrammed and transferred the somatic cell into stem 

cells; it is called induced pluripotent stem cell (8). 

 Now, so many researchers published more than 2000 research articles 

regarding stem cell therapies. Stem cells used to treat hundreds of conditions 

like leukemia, Hunter disease and heart diseases (9). 

 

2.2.  Definition  
 

Stem cell therapy is also called as regenerative medicine; it helps to repair 

dysfunction, diseases and injured tissue by using stem cell. 
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2.3. Stem Cells 

A stem cell is a non-specialized, Generic cell which can make exact 

copies of itself indefinitely and can differentiate and produce specialized 

cells for the various tissues of the body .Stem cells are cells found in most, if 

not all, multi-cellular organisms. They are characterized by self-renewal and 

potency i.e. - the ability to renew themselves through mitotic cell division 

and differentiating into a diverse range of specialized cell types They are 

vital to the development, growth, maintenance, and repair of our brains, 

bones, muscles, nerves, blood, skin, and other organs.  

These cells are certain biological cells found in all multicellular organisms. 

They are in small portion in body mass, but can divide through mitosis and 

differentiate into diverse specialized cell types and can self renew to produce 

more stem cells. Different types of stem cells vary in their degree of 

plasticity, or developmental versatility. Stem cells can be classified according 

to their plasticity and sources. 
(10)
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2.4. Classification of stem cells on the basis of potency : 

Stem cells can be classified by the extent to which they can differentiate into 

different cell types. These main classifications: 

1. Totipotent :- The ability to differentiate into all possible cell types. 

Examples are the zygote formed at egg fertilization and the first few cells 

that result from the division of the zygote.  

2. Pluripotent :- The ability to differentiate into almost all cell types. 

Examples include embryonic stem cells and cells that are derived from the 

mesoderm, endoderm, and ectoderm germ layers that are formed in the 

beginning stages of embryonic stem cell differentiation. 
(11)

 

3. Multipotent :- The ability to differentiate into a closely related family 

of cells. Example include hematopoietic (adult) stem cells that can become 

red and white blood cells or platelets. 

4. Unipotent :- The ability to only produce cells of their own type, but 

have the property of self-renewal required to be labeled a stem cell. 

Examples include (adult) muscle stem cells. 

5. Oligopotent :- The ability to differentiate into a few cells. Examples 

include (adult) lymphoid or myeloid stem cells . 
(12)
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2.5.Classification of stem cells on the basis of their sources : 
 
 

The easiest way to categorize stem cells is by dividing them into two types: 

Early or embryonic and mature or adult. Early stem cells, often called 

embryonic stem cells, are found in the inner cell mass of a blastocyst after 

approximately five days of development. Mature stem cells are found in 

specific mature body tissues as well as the umbilical cord and placenta after 

birth. 
(13)

 
 

2.5.1 Adult stem cells : 

A person‘s body contains stem cells throughout their life. The body can use 

these stem cells whenever it needs them. Also called tissue-specific or 

somatic stem cells, adult stem cells exist throughout the body from the time 

an embryo develops. 

The cells are in a non-specific state, but they are more specialized than 

embryonic stem cells. They remain in this state until the body needs them for 

a specific purpose, say, as skin or muscle cells. 
(14)

 

Day-to-day living means the body is constantly renewing its tissues. In some 

parts of the body, such as the gut and bone marrow, stem cells regularly 

divide to produce new body tissues for maintenance and repair. 

Stem cells are present inside different types of tissue. Scientists have found 

stem cells in tissues, including: 

 the brain 

 bone marrow 

 blood and blood vessels 

 skeletal muscles 

 skin 

 the liver 
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However, stem cells can be difficult to find. They can stay non-dividing and 

non-specific for years until the body summons them to repair or grow new 

tissue. Adult stem cells can divide or self-renew indefinitely. This means 

they can generate various cell types from the originating organ or even 

regenerate the original organ, entirely. This division and regeneration are 

how a skin wound heals, or how an organ such as the liver, for example, can 

repair itself after damage. (15) 

In the past, scientists believed adult stem cells could only differentiate based 

on their tissue of origin. However, some evidence now suggests that they can 

differentiate to become other cell types, as well. 

2.5.2. Embryonic stem cells : 

From the very earliest stage of pregnancy, after the sperm fertilizes the egg, 

an embryo forms. Around 3–5 days after a sperm fertilizes an egg, the 

embryo takes the form of a blastocyst or ball of cells. 

The blastocyst contains stem cells and will later implant in the womb. 

Embryonic stem cells come from a blastocyst that is 4–5 days old. 

When scientists take stem cells from embryos, these are usually extra 

embryos that result from in vitro fertilization (IVF).  

In IVF clinics, the doctors fertilize several eggs in a test tube, to ensure that 

at least one survives. They will then implant a limited number of eggs to 

start a pregnancy. (16) 

When a sperm fertilizes an egg, these cells combine to form a single cell 

called a zygote. This single-celled zygote then starts to divide, forming 2, 4, 

8, 16 cells, and so on. Now it is an embryo. 

Soon, and before the embryo implants in the uterus, this mass of around 

150–200 cells is the blastocyst. The blastocyst consists of two parts: 

 an outer cell mass that becomes part of the placenta 

 an inner cell mass that will develop into the human body 



 

06 

 

The inner cell mass is where embryonic stem cells are found. Scientists call 

these totipotent cells. The term totipotent refer to the fact that they have total 

potential to develop into any cell in the body. With the right stimulation, the 

cells can become blood cells, skin cells, and all the other cell types that a 

body needs. In early pregnancy, the blastocyst stage continues for about 5 

days before the embryo implants in the uterus, or womb. At this stage, stem 

cells begin to differentiate. Embryonic stem cells can differentiate into more 

cell types than adult stem cells. In Table.1. show Differences between human 

adult stem cells (hASCs) and human embryonic stem cells  

2.5.3. Mesenchymal stem cells (MSCs) : 

MSCs come from the connective tissue or stroma that surrounds the body‘s 

organs and other tissues . Scientists have used MSCs to create new body 

tissues, such as bone, cartilage, and fat cells. They may one day play a role 

in solving a wide range of health problems. (17) 

2.5.4. Induced pluripotent stem cells (IPS) : 

Scientists create these in a lab, using skin cells and other tissue-specific cells. 

These cells behave in a similar way to embryonic stem cells, so they could 

be useful for developing a range of therapies. However, more research and 

development is necessary. 

To grow stem cells, scientists first extract samples from adult tissue or an 

embryo. They then place these cells in a controlled culture where they will 

divide and reproduce but not specialize further. 

Stem cells that are dividing and reproducing in a controlled culture are called 

a stem-cell line. Researchers manage and share stem-cell lines for different 

purposes. They can stimulate the stem cells to specialize in a particular way. 

This process is known as directed differentiation. 

Until now, it has been easier to grow large numbers of embryonic stem cells 

than adult stem cells. However, scientists are making progress with both cell 

types. (18) 
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  Table 1. Differences between human adult stem cells (hASCs) and human 

embryonic stem cells (hESCs). 
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CHAPTER THREE 

APPLICATIONS OF STEM CELLS 

 
3.1. Applications of stem cells  

The goal of any stem cell therapy is to repair a damaged tissue that can‘t heal 

itself. Ongoing research on stem cell therapies gives hope to patients who 

would normally not receive treatment to cure their disease but just to 

alleviate the symptoms of their chronic illness. Stem cell therapies involve 

more than simply transplanting cells into the body and directing them to 

grow new, healthy tissue. It may also be possible to coax stem cells already 

in the body to work overtime and produce new tissue (19). 

 

3.1.1 Neurological condition  

In adult Alzheimer disease, Parkinson‘s disease, spinal cord injury, stroke, 

cerebral palsy, battens disease, amylotrophic lateral sclerosis can treated by 

stem cell therapy. The sources of stem cells were obtained from embryos, 

adults, umbilical blood, amniotic fluid and placenta. Brain and spinal cord 

injury cause loss of nervous tissue and loss of motor and sensory function. 
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Neuro protective and axon regeneration promoting effects occur due to stem 

cell transplantation. Autism also treated by stem cell therapy. This therapy 

may be effective in improving motor skills, social skills and cognition in 

patients with autism spectrum disorder. Autism treated with umbilical cord 

tissue - derived mesenchymal stem cell.(20)  

3.1.2. Skin replacement : 

The knowledge of stem cells has made it possible for scientists to grow skin 

from a patient‗s plucked hair. Skin (keratinocyte) stem cells reside in the hair 

follicle and can be removed when a hair is plucked. These cells can be 

cultured to form an epidermal equivalent of the patients own skin and 

provides tissue for an autologous graft, bypassing the problem of rejection 

(22).  

 

3.1.3.Respiratory conditions  

Chronic obstructive pulmonary disease: Chronic obstructive pulmonary 

disease treated with mesenchymal stem cells.  

3.1.4.Cardiovascular conditions  

Heart: Bone marrow derived progenitor cells to treat myocardial infarction.  

3.1.5. Treatment for diabetes : 

Diabetes affects millions of people in the world and is caused by the 

abnormal metabolism of insulin. Normally, insulin is produced and secreted 

by the cellular structures called the islets of Langerhans in the pancreas. 

Recently, insulin expressing cells from mouse stem cells have been 

generated18. In addition, the cells self-assemble to form structures, which 

closely resemble normal pancreatic islets and produce insulin. Future 

research will need to investigate how to optimize conditions for insulin 

production with the aim of providing a stem cell-based therapy to treat 

diabetes to replace the constant need for insulin injections(23). 
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3.1.6. Brain cell transplantation: 

Stem cells can provide dopamine - a chemical lacking in victims of 

Parkinson‗s disease. It involves the loss of cells which produce the 

neurotransmitter dopamine. The first double-blind study of fetal cell 

transplants for Parkinson‗s disease reported survival and release of dopamine 

from the transplanted cells and a functional improvement of clinical 

symptoms. However, some patients developed side effects, which suggested 

that there was an over sensitization to or too much dopamine. Although the 

unwanted side effects were not anticipated, the success of the experiment at 

the cellular level is significant.(24) 
 

3.1.7.Reproductive system  

Infertility: Male and female gametes used in reproductive medicine. Male 

germ cells are derived from pluripotent stem cells, ovarian regeneration 

strategies for ovary and oocytes production in regeneration and oocyte 

production have been proposed as future clinical therapies for treating 

infertility in women. In this view, current knowledge, present future 

perspectives and challenges regarding the use of stem cells in reproductive 

medicine (19). 

3.1.8.Immune system  

HIV /AIDS: HIV and AIDS weakens immune system stem cell approaches 

involves isolating blood stem cells from an HIV infected person modifying 

the cells to becomes resistant to HIV to infect cells at several stages and then 

reintroduced just engineered stem cell after a purification step.  

Anti aging: Replenishing the supply of stem cells to allow the body to repair 

and rejuvenate cancer allogenic and autogenic stem cell therapy to treat 

cancer(25). 
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3.1.9.Musculoskeletal system  

Orthopedic condition musculoskeletal injuries may be painful, troublesome 

global problem, stem cell therapy can treat fracture, bone defects, spinal 

injuries, osteoarthritis, cartilage defect, cartilage and tendon injuries,  

osteonecrosis,   osteogenesis inferfecta,osteoarthritis and   rheumatoid   

arthritis (26). 
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CHAPTER FOUR: CONCLUSION AND 

RECOMMENDATION 

3.1 CONCLUSION 

In conclusion, stem cell therapy is the future of regenerative medicine 

and more research is needed to understand the exact biology and the 

therapeutic potential of stem cells. Stem cell-based treatment is exciting, that 

most likely benefit the human health. In this rapidly growing field, the 

potential to develop innovative stem cell-based therapies is indeed very 

attractive. Although such therapies evolve in a scientific and ethical manner, 

unregulated stem cell treatments are already being offered by many hospitals 

around the world. Therapeutics in the form of Bone Marrow Transplant 

(BMT), Skin replacement, Organ development, replacement of lost tissues 

such as hair, tooth, retina & cochlear cells much more needed.  
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 إهداء

 

وك .. إلَهي ال يُطيب الليل إال بُِشكرك .. وال يُطيب النهار إال بطاَعتك .. وال تُطيب اللَحظات إال بِذكرك .. وال تُطيب اآلخرة إال بعف

 وال تطيب الجنة إال برؤيتك

 إذا كان اإلهداء يُعبّر ولو بجزء من الوفاء .. 

لرسالة وأّدى األمانة ونصح األمة ، إلى نبّي الرحَمة ، سيُد الَخلق ، ُمعلِّم البشرية ومنبُع العلم : سيدنا فاإلهداء إلى من بلّغ ا

 ُمحمد صلّى هللاُ عليِه وعلى آلِه الطيبين الطاهرين

 

 إلى ُرمَح هللا في األرض ، الُرمح الذي لم يُكَسر .. وَطني الجريح

 الِعَراق الَحبيب

 

ي ال ينضب .. إلى من يَسعد القلب بِلُقاها .. إلى من جعل هللا الجنةَ تحَت قدميها .. إلى من كان ُدعائِها ِسر إلى نهر الَحنان الذ

 نجاحنا .. إلى الغاليات الالتي ال نرى األمل إال بهم ومن خاللهم

 أُمهاتنا الَحبيبات

 

ب الكبير التي وهبَت لنا األمل في الحياة .. إلى رموز إلى من حَصَد الشوك َعن ُدروبنا ليَُمِهد لنا طريق الِعلم .. إلى القلو

 العطاء : آبائنا األِعزاء

 

 إلى أساتِذتنا الذين مّهدوا لنا طريق الِعلم والمعِرفَة و كّرسوا حياتهم ِلتربية هذا الجيل بِأحَسن صورة ُممِكنة

 

 إلى هذا الَصرح الِعلمي الفتي والَجبّار جامعة ِدجلة

الت المرضيةقسم تقنيات التحلي  

 نُهدي هذا البحث
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 Summary  

Systemic lupus erythematosus (SLE) is a chronic, multifaceted autoimmune 

inflammatory disease that can affect any part of the body. Is a disease of unknown 

aetiology with a variety of presenting features and manifestations. Interest in the 

disease has been stimulated in recent years, and improved methods of diagnosis 

have resulted in a significant increase in the number of cases recognized. It is 

apparent that it can no longer be regarded as a rare disease. The majority of the 

pathology in SLE is related to deposits of immune complexes in various organs, 

which triggers complement and other mediators of inflammation. Symptoms vary 

from person to person, and may come and go, depend on what part of the body is 

affected, can be mild, moderate, or severe. Diagnosis can be difficult because lupus 

mimics many other diseases; it requires clinical and serologic criteria. 

Although the precise etiologic mechanism is unknown, genetic, hormonal, and 

environmental factors, as well as immune abnormalities, have been identified. 

Associations between lupus onset and age, sex, geography, and race have also been 

established. Management of this disease should be individualized and should 

include both pharmacological and nonpharmacological modalities for symptom 

relief and resolution as well as improved quality of life. 
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1. Introduction 

Lupus, technically known as systemic lupus erythematosus (SLE), is an 

autoimmune disease in which the body's immune system mistakenly attacks 

healthy tissue in many parts of the body. Symptoms vary between people and may 

be mild to severe. Common symptoms include painful and swollen joints, fever, 

chest pain, hair loss, mouth ulcers, swollen lymph nodes, feeling tired, and a red 

rash which is most commonly on the face. Often there are periods of illness, called 

flares, and periods of remission during which there are few symptoms. 

(Danchenko et al, 2006).  

The cause of SLE is not clear. It is thought to involve genetics together with 

environmental factors. Among identical twins, if one is affected there is a 24% 

chance the other one will be as well. Female sex hormones, sunlight, smoking, 

vitamin D deficiency, and certain infections are also believed to increase the risk. 

The mechanism involves an immune response by autoantibodies against a person's 

own tissues. These are most commonly anti-nuclear antibodies and they result in 

inflammation. Diagnosis can be difficult and is based on a combination of 

symptoms and laboratory tests (Sarzi-Puttini P, et al. 2005). There are a number 

of other kinds of lupus erythematosus including discoid lupus erythematosus, 

neonatal lupus, and subacute cutaneous lupus erythematosus. There is no cure for 
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SLE. Treatments may include NSAIDs, corticosteroids, immunosuppressants, 

hydroxychloroquine, and methotrexate. Although corticosteroids are rapidly 

effective, long term use results in side effects. Alternative medicine has not been 

shown to affect the disease. Life expectancy is lower among people with SLE. SLE 

significantly increases the risk of cardiovascular disease with this being the most 

common cause of death. With modern treatment about 80% of those affected 

survive more than 15 years. Women with lupus have pregnancies that are higher 

risk but are mostly successful (Yung R, et al. 2002). 

Rate of SLE varies between countries from 20 to 70 per 100,000. Women of 

childbearing age are affected about nine times more often than men. While it most 

commonly begins between the ages of 15 and 45, a wide range of ages can be 

affected. Those of African, Caribbean, and Chinese descent are at higher risk than 

white people. Rates of disease in the developing world are unclear. Lupus is Latin 

for "wolf": the disease was so-named in the 13th century as the rash was thought to 

appear like a wolf's bite. (Lisnevskaia et al ,2014). So the research went to study 

systemic lupus erythematosus to find out the problem, lay out reliable methods, 

and refer to previous studies that dealt with a part of the topic. 
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2. Causes of Systemic Lupus Erythematosus 

As an autoimmune disease, lupus occurs when the immune system attacks healthy 

tissue in the body. It's likely that lupus results from a combination of genetics and 

the environment (Tiffin N. et al , 2013). 

In people with Systemic lupus erythematosus, cells that have undergone self- 

destruction (Apoptosis) because they are damaged or no longer needed are not 

cleared away properly. The relationship of this loss of function to the cause or 

features of SLE is unclear. Researchers suggest that these dead cells may release 

substances that cause the immune system to react inappropriately and attack the 

body's tissues resulting in the signs and symptoms of Systemic lupus 

erythematosus. 

It appears that people with an inherited predisposition for lupus may develop the 

disease when they come into contact with something in the environment that can 

trigger lupus (Brenda B et al, 2020). 
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Figure (1): SLE Causes. 

Some Potential Triggers Include: 

 Sunlight: Exposure to the sun may bring on lupus skin lesions or trigger an 

internal response in susceptible people. 

 Infections: Having an infection can initiate lupus or cause a relapse in some 

people. 

 Medications: Lupus can be triggered by certain types of blood pressure 

medications, anti-seizure medications and antibiotics. People who havedrug-

induced lupus usually get better when they stop taking the medication. 

Rarely, symptoms may persist even after the drug is stopped (Vasoo S. 

2006). 
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2.1 Genetics 

Researchers have now identified more than 50 genes which they associate with 

lupus. These genes are more commonly seen in people with lupus than in those 

without the disease, and while most of these genes have not been shown to directly 

cause lupus, they are believed to contribute to it. In most cases, genes are not 

enough This is especially evident with twins who are raised in the same 

environment and have the same inherited features yet only one develops lupus. 

Although, when one of two identical twins has lupus, there is an increased chance 

that the other twin will also develop the disease (30% percent chance for identical 

twins; 5-10% percent chance for fraternal twins). (Moser, K. L. et al , 2009). 

Lupus can develop in people with no family history of it but there are likely to be 

other autoimmune diseases in some family members. Certain ethnic groups (people 

of African, Asian, Hispanic/Latino, Native American, Native Hawaiian, or Pacific 

Island descent) have a greater risk of developing lupus, which may be related to 

genes they have in common. 

2.2 Sex and Hormones 

Systemic lupus erythematosus affects women more than men. Women also may 

experience more severe symptoms during pregnancy and with their menstrual 

periods (Yacoub Wasef, et al. 2004). Both of these observations have led some 
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medical professionals to believe that the female hormone estrogen may play a role 

in causing SLE. However, more research is still needed to prove this theory. SLE is 

more common in women than men by nearly 10 to 1. It may occur at any age. 

However, it appears most often in young women between the ages of 15 and 44 .. 

2.3 Environment 

While the environmental elements that can trigger lupus and because flares aren’t 

fully known, the most commonly cited are ultraviolet light (UVA and UVB), 

infections (including the effects of the Epstein-Barr virus) and exposure to silica 

dust in agricultural or industrial settings. (Ferri's et al , 2015). 

Other examples of potential environmental triggers include: 

 Ultraviolet rays from the sun and/or fluorescent light bulbs . 

 Sulfa drugs, which make a person more sensitive to the sun, such as : 

Bactrimr and Septrar 

 Exhaustion 

 Emotional stress 

 Anything else that causes stress to the body such as surgery, physical harm, 

injury, and pregnancy or giving birth (Caricchio R et al , 2003). 
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2.4 Cells of the adaptive immune system as mediators of systemic 

autoimmunity in systemic lupus erythematosus. 

 

 B lymphocytes in systemic lupus erythematosus 

B cells may contribute to the development of lupus in ways that are independent of 

autoantibodies. The additional role of B cells as antigen-presenting cells that 

mediate T-cell activation in lupus comes from MRL/lpr mice studies showing that 

B-cell deficiency leads to reduced CD4+ and CD8+ T-cell activation  

(Chan OT et al, 2000). 

Defects that may lead to increased survival of autoreactive B cells have also been 

found to contribute to the development of autoimmunity. B-cell activation factor 

(BAFF) is a major B-cell survival factor that functions particularly at the 

transitional B-cell stage. 

BAFF transgenic mice develop a lupus-like disease with expansion of the 

peripheral B-cell pool and heightened production of autoantibodies 

 (Mackay F, et al. 1999). 
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 T lymphocytes in systemic lupus erythematosus 

Lupus T cells are likely to contribute to disease through contact-dependent 

mechanisms as well as released cytokines (Peng SL et al , 1996). 

CD4+ T h17 cells are a recently described CD4+ T-cell subset that appears to 

mediate pathogenesis in some lupus mouse models (Kang HK et al , 2007). 

But Studies in patients with SLE or related diseases have demonstrated that Th17 

cells may have a role in disease development in some, but not all patients Given the 

heterogeneity of the disease it may be possible that Th17 cells play a role in lupus 

pathogenesis in a genetically defined subset of subjects or in particular end organ 

manifestations. 

2.5 Innate Immune Cells as Mediators of Systemic Autoimmunity in Systemic 

Lupus Erythematosus 

The important role of the innate immune system in SLE pathogenesis has only 

recently been appreciated; described below are the possible roles played by three 

key cell types in the innate immune system (Garrett-Sinha , 2008). 
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 Monocytes/Macrophages 

Monocytes/Macrophages from patients with lupus have been found to have a 

reduced capacity to phagocytose apoptotic materials and their numbers were 

reduced in the inflammatory exudates from patients with SLE (Garrett-Sinha , 

2008). 

The defective phagocytosis of monocytes/macrophages contributed to inefficient 

clearing of apoptotic materials leading to autoimmunity. Also 

Monocytes/Macrophages can contribute to disease in another important way, 

through the elaboration of proinflammatory cytokines and chemokines. 

 Polymorphonuclear cells in systemic lupus erythematosus 

A neutrophil-specific gene expression signature was reported to correlate 

positively with SLE disease activity in patients with SLE (Bennett L. et al , 2003) 

suggesting that these cells may play an important role in SLE pathogenesis. 

The exact mechanism by which this occurs is not yet clear However, a recent study 

demonstrated that neutrophil extracellular traps which are networks of DNA 

histones and neutrophil proteins that function primarily to trap microorganismsmay 

be involved in SLE pathogenesis possibly by generating autoantigens and serving 

as adjuvants. 
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 Dendritic cells in systemic lupus erythematosus 

Studies in mouse models have been pivotal in determining the role that dendritic 

cells (DCs) play in the pathogenesis of lupus. One of the earliest findings 

implicating the putative role of DCs in the breakdown of tolerance was that 

transferring DCs from normal donor mice to normal recipient mice could cause 

loss of tolerance in the host, leading to the appearance of anti-DNA and 

anticardiolipin autoantibodies (Georgiev M. et al , 2005). 

 Studies have also shown that DCs play an important role in SLE pathogenesis by 

secreting potent proinflammatory cytokines such as type I IFNs (IFN-α) (Barrat 

FJ et al , 2005). 
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3. Pathophysiology 

One manifestation of SLE is abnormalities in apoptosis, a type of programmed cell 

death in which aging or damaged cells are neatly disposed of as a part of normal 

growth or functioning.In SLE the body's immune system produces antibodies 

against itself, particularly against proteins in the cell nucleus (Anisur Rahman et 

al , 2008). SLE is triggered by environmental factors that are unknown. The 

immune system must balance between being sensitive enough to protect against 

infection, and becoming sensitized to attack the body's own proteins 

(autoimmunity). During an immune reaction to a foreign stimulus such as bacteria, 

virus, or allergen, immune cells that would normally be deactivated due to their 

affinity for self-tissues can be abnormally activated by signaling sequences of 

antigen-presenting cells. Thus, triggers may include viruses, bacteria, allergens, 

(IgE and other hypersensitivity), and can be aggravated by environmental 

stimulants such as ultraviolet light and certain drug reactions 

(Mok CC, et al. 2003). These stimuli begin a reaction that leads to destruction of 

other cells in the body and exposure of their DNA, histones, and other proteins, 

particularly parts of the cell nucleus. The body's sensitized B-lymphocyte cells will 

now produce antibodies against these nuclear-related proteins. These antibodies 

clump into antibody-protein complexes which stick to surfaces and damage blood 
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vessels in critical areas of the body, such as the glomeruli of the kidney; these 

antibody attacks are the cause of SLE. SLE is a chronic inflammatory disease 

believed to be a type III hypersensitivity response with potential type II 

involvement. 

Abnormalities in cell death signaling 

• Apoptosis is increased in monocytes and keratinocytes. 

• Expression of FAS ligand by B cells and T cells is increased. 

• There are correlations between the apoptotic rates of lymphocytes and disease 

activity. 

• Necrosis is increased in T lymphocytes (Sitia S, et al. 2009). 

Tingible body macrophages (TBMs) – large phagocytic cells in the germinal 

centers of secondary lymph nodes – express CD68 protein. These cells normally 

engulf B cells that have undergone apoptosis after somatic hypermutation. 

In some people with SLE, significantly fewer TBMs can be found and these cells 

rarely contain material from apoptotic B cells. Also uningested apoptotic nuclei 

can be found outside of TBMs. This material may present a threat to the 

tolerization of B cells and T cells (Symmons DP. 1995). 
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Dendritic cells in the germinal center may endocytose such antigenic material and 

present it to T cells activating them. Also, apoptotic chromatin and nuclei may 

attach to the surfaces of follicular dendritic cells and make this material available 

for activating other B cells that may have randomly acquired self-specificity 

through somatic hypermutation. Necrosis, a pro-inflammatory form of cell death is 

increased in T lymphocytes due to mitochondrial dysfunction, oxidative stress, and 

depletion of ATP (Gergely P Jr et al, 2002). 

Clearance deficiency 

Impaired clearance of dying cells is a potential pathway for the development of this 

systemic autoimmune disease. This includes deficient phagocytic activity and scant 

serum components in addition to increased apoptosis. 

Monocytes isolated from whole blood of people with SLE show reduced 

expression of CD44 surface molecules involved in the uptake of apoptotic cells. 

Most of the monocytes and tingible body macrophages (TBMs), which are found 

in the germinal centres of lymph nodes even show a definitely different 

morphology; they are smaller or scarce and die earlier (Poole BD, et al. 2009). 

Serum components like complement factors, C-reactive protein, and some 

glycoproteins are, furthermore decisively important for an efficiently operating 
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phagocytosis. With SLE these components are often missing, diminished or 

inefficient . 

The clearance of early apoptotic cells is an important function in multicellular 

organisms. It leads to a progression of the apoptosis process and finally to 

secondary necrosis of the cells if this ability is disturbed Necrotic cells release 

nuclear fragments as potential autoantigens, as well as internal danger signals, 

inducing maturation of dendritic cells (DCs), since they have lost their membranes 

integrity. Increased appearance apoptotic cells also simulate inefficient clearance. 

That leads to maturation of DCs and also to the presentation of intracellular 

antigens of late apoptotic or secondary necrotic cells via MHC molecules. 

Autoimmunity possibly results by the extended exposure to nuclear and 

intracellular autoantigens derived from late apoptotic and necrotic cells.  

B cell and T cell tolerance for apoptotic cells is abrogated and the lymphocytes get 

activated by these autoantigens; inflammation and the production of autoantibodies 

by plasma cells is initiated. A clearance deficiency in the skin for apoptotic cells 

has also been observed in people with Cutaneous Lupus Erythematosus (CLE) 

(Gaipl US et al , 2007). 
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Figure (2) 

Accumulation in germinal centers 

In healthy conditions apoptotic lymphocytes are removed in germinal centres (GC) 

by specialized phagocytes, the tingible body macrophages (TBM), which is why no 
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free apoptotic and potential autoantigenic material can be seen. In some people 

with SLE, accumulation of apoptotic debris can be observed in GC because of an 

ineffective clearance of apoptotic cells. In close proximity to TBM, follicular 

dendritic cells (FDC) are localized in GC, which attach antigen material to their 

surface and in contrast to bone marrow derived DC neither take it up nor present it 

via major histocompatibility complex molecules (D'Cruz DP, et al. 2007). 

Autoreactive B cells can accidentally emerge during somatic hyper-mutation and 

migrate into the germinal center light zone. Autoreactive B cells maturated 

coincidentally normally do not receive survival signals by antigen planted on 

follicular dendritic cells and perish by apoptosis. In the case of clearance 

deficiency apoptotic nuclear debris accumulates in the light zone of GC and gets 

attached to FDC. This serves as a germinal center survival signal for autoreactive 

B-cells. After migration into the mantle zone, autoreactive B cells require further 

survival signals from autoreactive helper T cells, which promote the maturation of 

autoantibody-producing plasma cells and B memory cells. In the presence of 

autoreactive T cells a chronic autoimmune disease may be the consequence 

(Prokunina, et al. 2004). 
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4. Symptoms 

Symptoms usually start in early adulthood, anywhere from the teen years into the 

30s Most people with lupus have mild disease characterized by episodes — called 

flares-when signs and symptoms get worse for a while, then improve or even 

disappear completely for a time. That’s why early symptoms are easy to dismiss. 

Because early symptoms are similar to those of other conditions, having them 

doesn’t necessarily mean you have lupus . No two cases of lupus are exactly alike. 

Signs and symptoms may come on suddenly or develop slowly, may be mild or 

severe, and may be temporary or permanent (Shannon Johnson, 2019). 

The signs and symptoms of lupus that you experience will depend on which body 

systems are affected by the disease. 

 The most common lupus symptoms (which are the same for men and 

women) are: 

 Fingers and toes that turn white or blue when exposed to cold or during 

stressful periods. 

 Bleeding under the skin, causing a rash. 

 Butterfly-shaped rash on the face that covers the cheeks and bridge of the 

nose or rashes elsewhere on the body. (The Healthline Editorial Team, 

2018) 

 Chest pain. 

 Dry eyes. 
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 Fatigue. 

 Fever. 

 Headaches, confusion and memory loss. 

 Joint pain, stiffness and swelling. 

 Shortness of breath. 

 Skin lesions that appear or worsen with sun exposure (Ferri's Clinical 

2021). 

Figure (3): SLE Symptoms. 
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Figure (4): Skin Rash. 

 Other symptoms 

The list of potential symptoms of lupus is lengthy. Other symptoms include oral 

ulcers, enlarged lymph nodes, muscle pain, chest pain, osteoporosis, and 

depression. Rare symptoms include anemia, dizziness and seizures Fortunately, not 

everyone gets every symptom. (Ann Pietrangelo, 2018 ) While new symptoms 

can appear, others often disappear. 
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Figure (5): Effects on the body. 

3.1 Lupus Complications 

The inflammation caused by lupus can affect many organs in the body: 

 The kidneys 

 The central nervous system 

 Blood and blood vessels 

 The lungs 

 The heart 

 Contamination (infection) 

 Cancer 

 Bone tissue death (osteonecrosis - osteonecrosis) (Debra Stang ،2019 ) 

 Complications during pregnancy 
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Figure (6) 
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5. Diagnosis 

4.1 Laboratory Tests 

Antinuclear antibody (ANA) testing and anti-extractable nuclear antigen (anti-

ENA) form the mainstay of serologic testing for SLE. If ANA is negative the 

disease can be ruled out. (Danchenko et al, 2006) Several techniques are used to 

detect ANAs. The most widely used is indirect immunofluorescence (IF). The 

pattern of fluorescence suggests the type of antibody present in the people's serum. 

Direct immunofluorescence can detect deposits of immunoglobulins and 

complement proteins in the people's skin.  

When skin not exposed to the sun is tested, a positive direct IF (the so-called lupus 

band test) is an evidence of systemic lupus erythematosus. (Davis et al ,2017) 

ANA screening yields positive results in many connective tissue disorders and 

other autoimmune diseases, and may occur in normal individuals. Subtypes of 

antinuclear antibodies include anti-Smith and anti-double stranded DNA (dsDNA) 

antibodies (which are linked to SLE) and anti-histone antibodies (which are linked 

to drug-induced lupus).  

Anti-dsDNA antibodies are highly specific for SLE; they are present in 70% of 

cases, whereas they appear in only 0.5% of people without SLE. The anti-dsDNA 

antibody titers also tend to reflect disease activity, although not in all cases. 
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Other ANA that may occur in people with SLE are anti-U1 RNP (which also 

appears in systemic sclerosis and mixed connective tissue disease), SS-A (or anti-

Ro) and SS-B (or anti-La; both of which are more common in Sjögren's 

syndrome). (Lisnevskaia et al ,2014) SS-A and SS-B confer a specific risk for 

heart conduction block in neonatal lupus. 

Other tests routinely performed in suspected SLE are complement system levels 

(low levels suggest consumption by the immune system), electrolytes and kidney 

function (disturbed if the kidney is involved), liver enzymes, and complete blood 

count. (Murphy et al, 2013) The lupus erythematosus (LE) cell test was 

commonly used for diagnosis, but it is no longer used because the LE cells are only 

found in 50–75% of SLE cases and they are also found in some people with 

rheumatoid arthritis, scleroderma, and drug sensitivities. Because of this, the LE 

cell test is now performed only rarely and is mostly of historical significance. 

4.2 Diagnostic Criteria 

Some physicians make a diagnosis on the basis of the American College of 

Rheumatology (ACR) classification criteria. The criteria, however, were 

established mainly for use in scientific research including use in randomized 

controlled trials which require higher confidence levels, so many people with SLE 

may not pass the full criteria. (Murphy et al, 2013) 
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4.3 Criteria 

The American College of Rheumatology (ACR) established eleven criteria in 

1982, which were revised in 1997 as a classificatory instrument to operationalise 

the definition of SLE in clinical trials. They were not intended to be used to 

diagnose individuals and do not do well in that capacity. For the purpose of 

identifying people for clinical studies, a person has SLE if any 4 out of 11 

symptoms are present simultaneously or serially on two separate occasions. 

(Buyon JP, Clancy RM,2003) 

1- Malar rash (rash on cheeks); sensitivity = 57%; specificity = 96%. 

2- Discoid rash (red, scaly patches on skin that cause scarring); sensitivity = 18%; 

specificity = 99%.  

Serositis: Pleurisy (inflammation of the membrane around the lungs) or pericarditis 

(inflammation of the membrane around the heart); sensitivity = 56%; specificity = 

86% (pleural is more sensitive; cardiac is more specific). (Danchenko et al, 2006) 

3- Oral ulcers (includes oral or nasopharyngeal ulcers); sensitivity = 27%; 

specificity = 96%. 

4- Arthritis: nonerosive arthritis of two or more peripheral joints, with tenderness, 

swelling, or effusion; sensitivity = 86%; specificity = 37%. 
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5- Photosensitivity (exposure to ultraviolet light causes rash, or other symptoms of 

SLE flareups); sensitivity = 43%; specificity = 96%. 

6- Blood—hematologic disorder—hemolytic anemia (low red blood cell count), 

leukopenia (white blood cell count<4000/µl), lymphopenia (<1500/µl), or low 

platelet count (<100000/µl) in the absence of offending drug; sensitivity = 59%; 

specificity = 89%. Hypocomplementemia is also seen, due to either consumption 

of C3 and C4 by immune complex-induced inflammation or to congenitally 

complement deficiency, which may predispose to SLE. (Weinstein et al ,1983). 

7- Renal disorder: More than 0.5 g per day protein in urine or cellular casts seen in 

urine under a microscope; sensitivity = 51%; specificity = 94%. 

8- Antinuclear antibody test positive; sensitivity = 99%; specificity = 49%. 

9- Immunologic disorder: Positive anti-Smith, anti-ds DNA, antiphospholipid 

antibody, or false positive serological test for syphilis; sensitivity = 85%; 

specificity = 93%. Presence of anti-ss DNA in 70% of cases (though also positive 

with rheumatic disease and healthy persons). 

10- Neurologic disorder: Seizures or psychosis; sensitivity = 20%; specificity = 

98% (Martens HA, et al. 2009). 
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Other than the ACR criteria, people with lupus may also have : 

I. Fever (over 100 °F/ 37.7 °C) 

II. Extreme fatigue 

III. Hair loss 

IV. Fingers turning white or blue when cold (Raynaud's phenomenon).  (Lam, et 

al. 1990). 

Figure (7): Raynaud's Phenomenon 
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4.4 Criteria for individual diagnosis 

Some people, especially those with antiphospholipid syndrome, may have SLE 

without four of the above criteria, and also SLE may present with features other 

than those listed in the criteria. (Edworthy et al, 1988) Recursive partitioning has 

been used to identify more parsimonious criteria. 

 

 This analysis presented two diagnostic classification trees: 

1- Simplest classification tree: SLE is diagnosed if a person has an 

immunologic disorder (anti-DNA antibody, anti-Smith antibody, false 

positive syphilis test, or LE cells) or malar rash. It has sensitivity = 92% and 

specificity = 92%. 

2-  Full classification tree: Uses 6 criteria. It has sensitivity = 97% and 

specificity = 95%. Other alternative criteria have been suggested, e.g. the St. 

Thomas' Hospital "alternative" criteria in 1998 

(Mendoza-Pinto C, et al. 2009). 
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6. Prevention of Systemic Lupus Erythematosus 

Lupus is a complex autoimmune condition with a wide variety of symptoms. As a 

systemic disease, it can affect any part of the body. 

Prevention of systemic lupus erythematosus (SLE) presents many challenges. By 

contrast, prevention of acquired immunodeficiency syndrome (AIDS) is relatively 

straightforward: an infective agent has been identified, risk behaviors are well-

delineated, antiviral therapeutics are highly effective and neonates have been 

apparently cured. Lupus is a more complex disease, with a significant but 

incompletely defined genetic component, widely heterogeneous manifestations and 

major gaps in knowledge about pathogenesis (Gladman, et al. 2015). 

You can not necessarily prevent lupus, but you can avoid the factors that trigger 

your symptoms. For example, you can: 

1- Try to avoid medications, if feasible, that make you even more sensitive to 

the sun. Trusted Source This includes the antibiotics minocycline (Minocin) 

and trimethoprim-sulfamethoxazole (Bactrim), and diuretics such as 

furosemide (Lasix) or hydrochlorothiazide. 

2- Limit your time in direct sunlight if sun exposure causes a rash. You should 

always wear a sunscreen with an SPF of 70 or higher that blocks both UVA 

and UVB rays and wear sunglasses (Harris, et al. 2007). 
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Figure (8): Sun protection, as UV exposure can trigger symptoms. 

3- Stay up-to-date with immunizations. 

4- Cigarette smoking cessation (Ghaussy,et al. 2001). 

5- Prevent working in crystalline silica work environment (e.g., cleaning 

powders, soil, pottery materials, cement, etc.)  

6- have screenings for osteoporosis since steroids can thin your bones. 

7- Stay away from people who are sick with colds and other infections. 

8- Get enough sleep. Go to bed early enough each night to guarantee yourself 

seven to nine hours of rest. It is recommended that women not become 

pregnant if they have active disease or significant organ involvement 

(Parks CG et al ,2002). 
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7. Treatment of SLE  

No cure for SLE exists. The goal of treatment is to ease symptoms. Treatment 

depending on how severe your symptoms are and which parts of your body SLE 

affects (van Vollenhoven RF et al, 2014). 

The goals of treatment are to : 

  Prevent flares. 

  Reduce or prevent organ, joints damage. 

  Reduce swelling and pain. 

  Calm immune system to prevent it from attacking the organs and tissues in 

the body. 

Types of medicines commonly used to treat lupus include : 

 Nonsteroidal anti-inflammatory drugs (NSAIDs) such as ibuprofen and 

naproxen, help reduce mild pain and swelling in joints and muscles 

(Hahn BH et al, 2012). 

 corticosteroids, such as prednisone, for skin and arthritis symptoms. come in 

different forms: pills or a cream to apply to the skin. Lupus symptoms 

usually respond very quickly to these powerful drugs. 

Higher potency creams have superior efficacy over low-potency creams. 

(Kuhn A et al, 2011). However, they increase the risks of telangiectasia and 
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skin atrophy and are used intermittently depending on the severity and 

location of the lesions. Topical steroids are useful for mouth ulcers but 

increase the risk of candidiasis. 

 Antimalarial drugs. Medicines that prevent or treat malaria also treat joint 

pain and skin rashes (Davis, et al. 2017). Two common antimalarial 

medicines are Hydroxychloroquine (Plaquenil) and Chloroquine phosphate 

(Aralen).  Studies found that taking antimalarial medicine can stop lupus 

flares and may help people with lupus live longer. 

 BLyS-specific inhibitors. These drugs limit the amount of abnormal B cells 

(cells in the immune system that create antibodies) found in people with 

lupus. A common type of BLyS-specific inhibitor that treats lupus 

symptoms, Belimumab, blocks the action of a specific protein in the body 

that is important in immune response (Rockville, 2011). 

 Immunosuppressive agents/chemotherapy. These medicines may be used in 

severe cases of lupus, when lupus affects major organs and other treatments 

do not work. These medicines can cause serious side effects because they 

lower the body’s ability to fight off infections (Sacks et al, 2002). 

 Methotrexate may be used to reduce the dose of corticosteroids. 

 Rituximab (Rituxan) used to treat some autoimmune diseases and types of 

cancer. 
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 Oral contraceptives must be given cautiously because high doses of estrogen 

can cause SLE exacerbations (Baer, 2011). If a woman is pregnant and has 

active SLE, corticosteroids may be prescribed with caution to manage the 

disease. 

 Blood thinners, such as warfarin (Coumadin), for clotting disorders such as 

antiphospholipid syndrome. (Zeller et al, 2008). 

 

 

Figure (9): Blood Thinners. 
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8. Conclusion 

SLE is a chronic autoimmune disorder. It predominantly affects younger women, 

but can occur in up to 20% of patients 50 years of age or older. SLE affects almost 

every system in the body, with varying degrees of severity. Disease severity is 

wide ranging, SLE can present major challenges because of accrued organ damage, 

coagulation defects. SLE is characterized by an autoantibody response to nuclear 

and cytoplasmic antigens. It is potentially fatal depending on organ involvement 

(Tebbe, et al. 1997). 
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Recommendations 

 

1. All patients with SLE should receive education, counseling, and support. 

 

2. Patients with increased disease activity, complications, or adverse effects 

from treatment should be referred to a rheumatologist. 

 

 

3. Those with mild SLE that does not involve major organ systems can be 

monitored by primary care physicians. 

 

4. For patients with chronic kidney disease who are receiving long-term 

immunosuppressive therapy, immunization with 13-valent pneumococcal 

conjugate vaccine (Prevnar) followed by 23-valent pneumococcal 

polysaccharide vaccine (Pneumovax) should be considered. 

 

 

5. Measurement of anti-dsDNA antibodies, complements, and creatinine; a 

complete blood count and urinalysis should be performed every three to six 

months to monitor disease activity. 

 

6. Hydroxychloroquine (Plaquenil) is the cornerstone of treatment because it 

reduces disease flares and other constitutional symptoms. But Annual eye 

examinations are required for patients receiving Hydroxychloroquine. 

 

7. Low-dose glucocorticoids can be used to treat most manifestations. But 

Screening for dyslipidemia, diabetes, and osteoporosis should be performed 

regularly in patients receiving glucocorticoids. 
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  الخالصة 

 مرض ، األوجه متعددة المزمنة الذاتية المناعة أمراض من تعتبر الجهازية الحمامية الذئبة

 مجموعة مع المرضية المسببات مجهول وهو الجسم من جزء أي يصيب أن يمكن التهابي

 .التقديمية والمظاهر السمات من متنوعة

 زيادة عن التشخيص طرق تحسين روأسف ، األخيرة السنوات في بالمرض االهتمام تحفيز تم

 مرضا   اعتباره الممكن من يعد لم أنه الواضح من .عليها التعرف تم التي الحاالت عدد في كبيرة

 من المصاب الجزء على وتعتمد وتذهب تأتي وقد آلخر شخص من األعراض تختلف. نادرا  

 تشبه الذئبة ألن صعبا   التشخيص يكون قد .شديدة أو معتدلة أو خفيفة تكون أن ويمكن الجسم

 .ومصلية سريرية معايير تتطلب لذلك األخرى األمراض من العديد

 الوراثية العوامل تحديد تم فقد ، معروفة غير للمسببات الدقيقة اآللية أن من الرغم على

 الذئبة مرض ظهور بين روابط إنشاء تم كما ، المناعية التشوهات وكذلك والبيئية والهرمونية

  .والعرق والجغرافيا والجنس والعمر

 وغير الدوائية األساليب من كل   تشمل أن ويجب فردية المرض هذا إدارة تكون أن يجب

.الحياة نوعية تحسين إلى باإلضافة وحلها األعراض لتخفيف الدوائية
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The effect of toxoplasmosis 

Abstract

Tixoplasma gondii has a worldwide distributed  and it us one of the most. Prevalent 

infectious agent in iraq

Toxoplasmosis is caused by infection with the intracellular protozoan parasite 

Toxoplasma Gondi.

The parasite can infect multiple organs, including the central nervous system (CNS), 

eye, skeletal heart muscle and placenta, where they continue to multiply 

intracellularly, cause cell death, and go on to invade contagious cell

The diagnosis of toxoplasmosis is typically made by serologic testing. A test that 

measures immunoglobulin G (IgG) is used to determine if a person has been infected.

Diagnosis can also be made by direct observation of the parasite in stained tissue 

sections, cerebrospinal fluid (CSF), or other biopsy material.

Most healthy people recover from toxoplasmosis without treatment. Persons who are 

ill can be treated with a combination of drugs such as pyrimethamine and 

sulfadiazine, plus folinic

acid. Pregnant women, newborns, and infants can be treated, although the parasite is 

not eliminated completely. The parasites can remain within tissue cells in a less active 

phase; their location makes it difficult for the medication to completely eliminate 

them.

Persons with ocular toxoplasmosis are sometimes prescribed medicine to treat active 

disease by their ophthalmologist.

in the liver and kidney
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اطال هللا عمره...مرشدي ومنير دربي و سليل ازري  

والدي

..... الى
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Introductions

Toxoplasmosis is caused by infection with the obligate intracellular protozoan

parasite Toxoplasma Gondii. It is one of the most prevalent chronic infecting on third

of the world’s human population ( Jones et al ., 2001).

Toxoplasma Gondii may be contracted by consuming contaminated meat or by

coming in contact with cat feces containing oocysts, and infects a large proportion

of the world’s population. Individuals at risk include fetuses ,newborns, and

immunologically impaired individuals (Stillwaggon et al., 2011).

T. gondii belongs to the phylum Apicomplexa along with other well-known

members like – plasmodium , Sarcocystis, Eimeria, cryptosporidia and Neospora.

The Apicomplexa is an extremely large and diverse group of parasites comprising

of ~5000 members and cause a variety of life- threating diseases in humans and

animals (Beatti and Dubey , 1988; Nunura et al ., 2010).

The course of disease is generally benign; but it can cause significant morbidity

and mortality in the developing fetus ( Andrad , 2003), and in immunocompromised

individuals, including human with acquired immunodeficiency syndrome – AIDS

(Passos et al ., 2000).If apregnant women contacts toxoplasmosis , it may be passed

through the placenta to the fetus, resulting in congenital topxoplasmosis which is

a cause of mortality and malformation (Lambert, 2009). Concurrent parasite

infections are common among individuals living under poor sanitary condition in

developing countries toxoplasmosis has serious effects on animal health because it

infects vital organs in the body such as liver, kidney, muscle and heart leading to their

damage, impairment of their function and increase or decrease the release of their

enzymes according the stage of infection [7.

The aims of this study

Investigate the damage that caused by infection with toxoplasosis disease on liver 

and kidney.
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2. Literatures review

1. Historical background

Toxoplasma gondii is an obligate intracellular protozoan parasite that was first

discovered in 1908 by Nicolle and Manceaux when found a protozoan in tissues of

hamster-like rodent, the gundi, Ctenodacylus gundi, which was being used for

Lieshmaniasis research in the laboratory of Charles Nicolle at the pasteure institute

in Tunis. Nicolle initially believed . the parasite to be a piroplasm ( Ajioka and

Soldati, 2007) then Leishmania, but soon realized that he had discovered a new

organism and named it Toxoplasma gondii based on the morphology and the host

(Nicolle and Manceaux, 1909).Thus,its complete designation is T.gondii (Nicolle and

Manceaux, 1908; Nicolle and Manceaux 1909).The genus name is derived from the

Greek work toxon, meaning “bow” and referring to the crescent shape of the

organism (Dubey,2008).

Janku(1923) observed the cyst of the parasite in the retina of a child with

hydrocephalus and microphthalmia. Wolf and Cowen (1937) identified the parasite in

central nervous system lesion in infant that had been diagnosed with

meningoencephalitis. The high prevalence of the infection in various population

was first shown by the serological test developed by ( Sabin and Feldman, 1948;

Gillespie and Pearson, 2001). Understanding the role of chronic infection came with

the identification by Wilder 1952 of Toxoplasma in necrotic lesions of the retina of

eye previously thought to have been involved with tuberculosis or syphilis. Frenkel

and colleges discovered sexual stage of the life cycle in 1970, which also recognized

it as a coccidian parasite (Dubey, 1994; Ferguson, 2009), but the mode of
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transmission remained a mystery until 1970 when the full life cycle was discovered

(Dubey,1988), and it was found that the felines are the definitive host and an

environmentally resistant stage (oocysts) excreted in feces of Infected cats are their

infective stages( Dubey,2008).

Life cycle of Toxoplasma gondii

Toxoplasma is capable of infecting and replicating within virtually any nucleated

mammalian or avain cell (Dubey, 1988). Its life cycle is divided between feline and

non-feline infections, which are correlated with sexual and

replication,respectively. The sexual component consists of two distinct

asexual  

stages of

growth depending on whether the infection is in the acute or chronic phase. The

tachyzoite stage defines the rapidly growing form of the parasite found during the

acute phase of toxoplasmosis. In the infected animal,tachyzoite differentiate into

bradyzoite and form tissue cysts that first appear 7 to 10 days post infection. These

cysts are found predominantly in the central nervous system and muscle tissue,where

they may reside for the life of the host. Cysts that are ingested through eating

infected tissue are ruptured as they pass through the digestive tract, causing

bradyzoite release.These bradyzoites can then infect the epithelium of the intestinal

lumen, where they differentiate back to the rapidly dividing tachyzoite stage for the

dissemination throughout the body, thereby completing the asexual cycle.

Tachyzoites

The term “tachyzoite” (tachos=speed in Greek) was coined by Frenkel to describe the

stage that rapidly multiplied in any cell of intermediate host and in non intestinal

epithelial cells of the definitive host. The term “tachyzoite” replaces the previously

used term “trophozoite” (trophicos=feeding in Greek). Tachyzoites have also been

termed endodyozoites. Aggregates of numerous tachyzoite are called clones, terminal

colonies, or groups. The tachyzoite is crescent shaped, approximately 2 by 6µm, with

pointed anterior (conoidal) end and a rounded posterior end. Ultrastructurally, the

tachyzoite consists of various organelles and inclusion bodies including a pellicle
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(outercovering), apical rings, polar rings, conoid, rhoptries, microtubules, micropore,

mitochondrion, subpellicular microtubules, endoplasmic reticulum, golgi complex,

mylopectin granules which may be absent, and multiple-membrane-bound plastid-

like organelle which has been a golgi adjunct or apicoplast (Sheffied and Melton,

1968; Vivier and Petitprez, 1972; de Souza and Souto- Padron, 1978; Kohler et al.,

1997 ).

The nucleus is usually situated toward the central area of the cell and contains clumps

of chromatin and a centrally- located nucleolus. Although tachyzoites can move by

gliding, flexing, undulating, and rotating, they have no visible means of locomotion

such as cilia, flagella, or pseudopodia. Tachyzoites enter host cells by actively

penetrating through the host cell plasmalemma or by phagocytosis (Nichols and Ò

Connor , 1981; Bonhomme et al., 1992; Speer et al., 1997).

After entering the host cell, the tachyzoite becomes ovoid and is surrounded by

parasitophorous vacuole (PV), which appears to be derived from the parasite and the

host cell. Soon after penetration, a tubulovesicular membranous network (TMN)

develops within the PV. Some of the TMN membranes are connected to the

parasitophorous vacuolar membrane (Sheffield and Melton, 1968; Sibley et al., 1985;

Sibley et al., 1986). The TMN appears to be derived from the posterior end of the

tachyzoite (Sibley et al.,1995).

Tachyzoites multiply asexually within the host cell by repeated endodyogeny, a

specialized form of reproduction in which two progeny form within the parent

parasite, consuming it (Sheffield and Melton, 1968). Tachyzoites multiply rapidly to

destroroy the host cell within 48 hours, they replicate with a generation time of 6-9h

in vitro until exiting the cell to infect neighboring cells, usually after accumulating

64- 128 parasite per cell (Hutson et al.,2010).
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Bradyzoites

The term “bradyzoite” (brady=slow in Greek) was also coined by Frenkel (1973) to

describe the organism multiplying slowly within tissue cyst. Bradyzoites are also

called cystozoites. Tissue cyst grow and remain intracellular as the bradyzoites divide

by endodyogeny (Ferguson and Hutchison, 1987).

Tissue cysts vary in size; young tissue cysts may be small as 5µm in diameter and

contain only two bradyzoits, while older contain hundreds of organism. Tissue cysts

in brain are often spheroidal and rarely reach a diameter of 70µm, wherease

intramuscular cysts are elongated and may be 100µm long (Dubey, 1993). Although

tissue cysts may develop in visceral organs, including the lung, liver and kidneys,

they are more prevalent in the neural and muscular tissues, including the brain, eyes,

skeletal and cardiac muscles (Dubey,1988).

Bradyzoites differ structurally from tachyzoites. They have nucleus situated toward

the posterior end, whereas the nucleus in tachyzoites is more centrally located. The

content of rhoptries in bradyzoites are usually electron dense, wherease those in

tachyzoites are labyrinthine. However, the content of rhoptries in bradyzoites vary

with the age of the tissue cyst. Bradyzoites in younger cysts may have labyrinthine

rhoptries, wherease those in older tissue cysts are electron dense. Also most

bradyzoites have one to three rhoptries, which are looped back on themselves (Dubey

et al., 1998).

Bradyzoites contain several amylopectin granules which stain red with PAS reagent;

such material is either in discrete particles or absent in tachyzoites. Bradyzoites are

more slender than are tachyzoites. Bradyzoites less susceptible to destruction by

proteolytic enzyme than are tachyzoites (Jacobs, et al., 1960). and the prepatent

period in cats following feeding of bradyzoites is shorter than that following feeding

of tachyzoites (Dubey and Frenkel,1976) Figure (1-2).



Oocysts

Oocysts are the developed zygotes surrounded by a two-layered wall. The

unsporulated oocysts are subspherical to spherical and are 10 by 12µm in diameter.

Under light microscopy, the oocyst wall consist of two colorless layers. Polar

granules are absent, and the sporont almost fills the oocyst (Dubey et al.,1998).

Sporulation occurs outside the cat within 1 to 5 days of excretion depending upon

aeration and temperature. Sporulated oocysts are subspherical to ellipsoidal and are

11 by 13µm in diameter. Sporocysts measure 6 by 8µm. A sporocyst residuum is

present; there is no oocyst residuum. Each sporocyst contains four sporozoites

(Dubey, 2006).

The cytoplasm of the unsporulated oocyst (zygote) has large nucleus with amorphous

nucleoplasm and distinct nucleolus. The zygote is limited by a unit membrane with

8
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few micropores. The nucleus divides twice, giving rise to four nuclei, which are

situated at the periphery of the zygote; at this stage a second limiting membrane is

formed. After the cytoplasm divides, two spherical sporoblast are formed, each with

two nuclei (Freguson et al.,1979).

Ultrastructually, the sporozoite is similar to the tachyzoite, except that there is an

abundance of micronems, rhoptries, and amylopectin granules in the former.

Sporozoites are 2 by 8µm in size with asubterminal nucleus. There are no crystalloid

bodies or any refractile bodies in T.gondii sporozoites

(Dubey et al.,1998).

Pathogenesis

T.gondii is an obligate intra-cellular protozoan parasite that is responsible for the

disease toxoplasmosis (Tamma and Serwint, 2007).

When an intermediate host ingests T.gondii, the first stage, tachyzoites, enter a cell

and create a vacuole to protect themselves from the hosts immune system (Dubey,

2004). Tachyzoites are resilient and are capable of entering and reproducing in almost

any mammalian or avain cell (Rorman et al.,2006).

Tachyzoites contained within certain immune cells can be disseminated throughout

the body unit an adequate immune respone is mounted between 7 and 10 days after

infection (Kravetz and Federman,2005). In respone to the hosts immune system,

tachyzoites multiply asexually and produce cysts, each of which contains the next

stage, bradyzoites. The intact cyst can persist for life in a dormant stage in an

intermediate host (Kravetz and Federman,2005).

Both cellular and humoral immunity appear to play a major role in control of the

initial acute infection
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and terminate continued tissue destruction by the parasite (Liesenfeld and

Remington,2001).

During the acute infection, the early lesions are characterized by necrotic areas

containing tachyzoites surrounded by acute inflammation, the necrosis is caused by

the intracellular multiplication of tachyzoites (Dubey, 2002). The other human

population in which T.gondii causes severe disease is an immunocompromised

patients where reactivation of latent infection causes symptomatic disease.

In healthy adults, an infection of T.gondii is asymptomatic in most cases. The

immune system will prevent replication of the parasite and destroyed bradyzoites that

are release from dormant tissue cysts. However, if the women is infected during

pregnancy, tachyzoites can cross the placenta and infect the fetus (Dubey,2004). The

fetus has incomplete immune system therefore it is susceptible to infection with

Toxoplasma (Naot et al.,1981; Wilson et al.,1990; Olliaro,2004), resulting in tissue

cyst formation in the brain and eye (Frenkel, 1973; Dutton,1986; Remigton and

Desmonts, 1990; Dubey, 1994; Espinozo,2005). The symptoms and course of

infection depend on many factors including inoculation factors, virulence of the

particular organism, gestational age at time of infection, sex, genetic factors, and

immune status of the mother and fetus (Pradhan et al.,2007).
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Infections in human

Asymptomatic infection

Infection with T.gondii can occur pre-or post -natally. Most persons infected after

birth are a symptomatic (Montoya and Liesenfeld,2004;

Remington et al., 2006), however, some develop a mild disease or in rare cases, a

more severe systemic illness. Once infected, humans are belived to remain infected

for life. Unless immunosuppression occurs and the organism reactivates, people

usually remain asymptomatic. However, there is ongoning research on whether

chronic T. gondii infection has an effect on reactivation time (Blackburn and

Montoya, 2011).

Symptomatic infection

A minority of healthy persons infected with T.gondii after birth develop symptoms,

which are usually mild and include manifestation such as fever, malaise and

lymphadenopathy (Montoya and Lisenfeld, 2004;Remington et al., 2006). However,

in rare cases, humans who previously healthy have developed severe and even fatal

disease, including pulmonary and multivisceral involvment, possibly from more

Virulent types of the organism (Carme et al.,2002; Demar et al., 2007).

In addtition, up to 2% of healthy persons in the USA infected with T. gondii develop

ocular disease, usually retinochoroiditis(Holland, 2003). A higher percentage of

infected persons have been documenten to

develop ocular disease in other parts of the world, for example, one region of

Southern Brazil (17.7% with ocular lesions) (Glasner et al.,1992). Retinochoroiditis

can be due to congenital or post-natally acquired

,
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disease and can be associated with acute infection or reactivation (Montoya and

Remington, 1996; Holland, 1999). Current thinking is that the majority of ocular

toxoplasmosis comes from post-natally acquired disease (Holland,1999; Holland,

2003). Acute toxoplasmic retinochoroiditis results in pain, photophobia, tearing and

loss of vision. Congenital toxoplasmosis associated with still birth, chorioretinitis,

and mental retardation. It can also be asymptomatic. Intracranial calcifications are

also seen (Despommier,2003). However, other clinical manifestations also are

associated with the disease as follows : Abnormal spinal fluid, anemia, chorioretinitis,

convulsions, deafness, fever, growth retardation, hepatomegaly, hydrocephalus,

intracranial calcification, jaundice, learning disabilities, lymphadenopathy,

maculopapular rash, mental retardation, spasticity and splenomegaly,

thrombocytopenia, visual impairment (Jones et al.,2003). In addition, patients who

are immunocompromised often develop life- threatening pneumonitis, myocarditis,

encephalitis, and an atypical sigththreatening, severe necrotizing retinochoroiditis

(Lihtech, 2005). The most common clinical manifestation in HIV-infected patients is

encephalitis, usually caused by multiple focal brain lesion. Symptoms of

toxoplasmic encephalitis typically develop over

the course of days to weeks and often include focal neurologic abnormalities such as

weakness and speech disturbances, headache, fever, confusion, lethargy, and seizures

(Montoya and Liesenfeld, 2004).
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Transmission of toxoplasmosis

Transmission by contact with meat

Some occupations required people to have contact with animals and meats and these

frequently possess higher risk of infection with the parasite, such as diary workers,

slaughterhouse workers, veterinarians,

meat processing workers, meat sellers and cooks. These data suggest that

the oral route is the major route of infection.

Pork is one of the most popular meats in China. Seroprevalence of T.gondii in pigs is

high in some Chinese provinces, for instance 16.9% in Yunan province (Zou et

al.,2009), 27% in Guangdong province (Zhou et

al .,2010) and 53.4% in Zhejiang province (Yu et al.,2011), which are higher than that

in USA 2.7 %, (Hill et al.,2010), Germany 4.1%, (De

Buhr et al.,2008 ) and Mexico 12.7%, (Alvarado-Esquivel et al., 2011a).

There is still no meat inspection for T.gondii contamination in meat before it is sold

for human consumption, nor any strict performance standards for processing meat

and animal products, which gives a high

risk of infection for these workers. Similar high prevalence of T.gondii infection have 

also been found in butchers in Finland ( Seuri and

Koskela. 1992), Egypt (Ibrahim et al.,1997) and Brazil (Dias et al., 2005). While, a 

latest mexican report proposed that occupational

exposure to raw meat has no correlationship with seropositivity of T.gondii infection 

(Alvarado-Esquivel et al.,2011b).



Transmission by blood transfusion

T. gondii can also be transmitted via blood leucocytes from infected donors

(Castagnini et al.,2007). The seroprevalence of T. gondii in blood donors in China

varied between 0.4 % (Ye et al., 2003) to 20.2% (Zhu et al., 2007), which were lower

than in Egypt (50.6%) (Elsheikha et al.,2009) and Malaysia (28.1%) (Nissapatorn et

al.,2002 ; AL-Saadii,

2013). Therefore, it is very urgent for a hospital to check all the blood from blood

donors. It would be lethal to transmit the parasite from

immunocompetent donors to immunocompromised recipients during

surgery. A nother pattern of T. gondii transmission by blood is though needles

among intravenous drug users (IVDU). The prevalence of T. gondii in IVDU ranged

from 17.3% (Jin et al., 2006) to 21.8% (Chen, 2004) in China,, which were

significantly higher (P< 0.01) than the prevalence (7.8%) in those who took drugs by

the non-intravenous route (Chen, 2004). Drug addiction history and HIV infection

was associated with the

susceptibility of Toxoplasma in IVDU. IVDU with 5 years or more addiction history

possessed higher seroprevalence compared with those less than 5 years, with

seropositivity of 21.8% and 8% respectively (Jinet al.2006). Toxoplasma prevalence

in drug users with HIV was

significantly higher than in those with no HIV infection, being 35.8% (29/81) and 5%

respectively (Jin et al., 2006).

14
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Congenital transmission

When a women ingests oocysts or cysts of T. gondii for the first time during gestation

(Dubey and Jones, 2008), tachyzoites are disseminated through the body by blood.

The fetus becomes infected by the entry of

T.gondii to the fetal circulation through the placenta. Maternal acquisition of T.

gondii before pregnancy poses a rare risk to the fetus

except the infection in immunocompromised women (Mitchell et al.,1990). 

Transplacental transmission of T. gondii occur in approximately 40% of pregnancies 

in which the mother is exposed for the first time during the course of the pregnancy 

(Bonfioli and Orefice, 2005). In 90% of cases,

the mother will be asymptomatic at the time of infection (Kravetz and Federman,

2005). It is estimated that 50% of expectant mother who give birth to infants

congenitally infected with T.gondii have no recollection of

symptoms or any obvious exposure to the parasite (Montoya and Remington, 2008).

In symptomatic cases, the mother may experience a range of flu-like 

symptoms including fever, malaise, and cervical lymphadenopathy 

(Kravetz and Federman, 2005). Mothers infected prior to conception

rarely transmit the parasite to the fetus except in cases where the parasite becomes 

reactivated because of the immune suppression of the mother (Jones et al., 2003).

If the fetus is infected during the first trimester, clinical manifestations are

significantly more severe and may result in spontaneous abortion of the fetus.

Infection during the second trimester also may result in a symptomatic infection, but

the clinical manifestations vary from mild to severe and depend on individual factors

(Jones et al .,2003 ; Bonfioli and

Orefice, 2005). In the majority of cases of congenital toxoplasmosis, the fetus is

exposed during the last trimester , symptoms in the infant range from mild to

asymptomatic (Bonfioli and Orefice, 2005).
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A recent investigation of T. gondii infection in 100 men with sterility revealed that 

16% of them were IgM- positive and 13% were IgG-

positive, significantly higher than in healthy men (Qi et al., 2005; AL-Saadii, 2013). 

Based on a number of relevant studies and investigation in China, it is cocluded that

T. gondii infection may result in male 

sterility (Lu, 1998).

Epidemiology

The prevalence of toxoplasmosis varies greatly around the world. 

Prevalence rates are thought to depend on food production and harvesting 

practices, water treatment, environment, climate, and exposure to soil or 

sand (Jones et al., 2007).

Toxoplasmosis is the third leading infectious cause of food-borne death, after 

salmonellosis and listeriosis (Jones et al., 2001; Dubey and Jones, 2008).

Seroroprevalence varies considerably with high seroprevalence

(>50%) occurring in countries where raw meat is commonly eaten (France,54%) and

in tropical regions of Latin America or sub-saharan Africa where cats are numerus

and the climate is favourable to oocysts

survival (Cook et al., 2000; Jones et al., 2001; Di Carlo et al., 2008). In the United

States, 5% of childbearing age women 15to 44 year are

infected with T. gondii, with the incidence of congenital toxoplasmosis estimated at

400 to 4000 cases per year (Jones et al., 2001). In

Canada,only a few serologic surveys or prospective studies of women of childbearing

age have been carried out (Carter and Frank, 1986). On the basis of these studies,

Carter and Frank (1986) have extrapolated a

seroprevalence between 20% an 40% for Canadian women of childbearing age.

However, their conclusion was based on studies with many important biases.
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Diagnosis of toxoplasmosis

Direct method

Isolation of the parasite

Isolation of T.gondii from blood or body fluid established that the infection is acute.

Attempts at isolation of the parasite can be performed by mouse inoculation or

inoculation in tissue cell cultures of virtually any

human tissue or body fluid (Montoya, 2002). In tissue cell cultures, parasite-Laden

cells can be shown with appropriate staining, and plaques are formed in which

tachyzoites are recognized easily. Tissue cell culture

have the advantage of widespread availability, and yields results more rapidly (within

3 to 6 days) than mouse inculation, however mouse

inoculation is more sensitive (Meroni and Genco, 2008).

Histological diagnosis

Demonstration of tachyzoites in tissue sections or smears of body fluid 

(e.g., CSF or BAL fluids) establishes the diagnosis of the acute infection

(Remington et al., 2001). It is often difficult to demonstrate tachyzoites in 

conventionally stained tissue sections. The immunoperoxidase technique,

which uses antisera to T.gondii, has proven both sensitive and specific. It has been

used successfully to demonstrate the presence of the parasite in the central nervous

system(CNS) of AIDS patients. The

immunoperoxidase method is applicable to unfixed or formalin fixed paraffin-

embedded tissue sections (Conley et al., 1981). A rapid

technically simple, and under-used method is the detection of T.gondii in air-dried,

wright-Giemsa-stained slides of centrifuged (e.g.cytocentrifuge) sediment of CSF or
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of brain aspirate or in impression smears of biopsy tissue. Mutiple tissue cysts near an 

inflammatory necrotic lesion probably establish the diagnosis of acute infection or 

reactivation of latent infection (Montoya, 2002).

Delyed hypersensitivity

The test used to measure the cell mediated immunity (CMI). It is one of 

the useful population surveys in epidemiological studies as a screening 

test (Frenkel, 1991).

Serological tests:-

--1Sabin-feldman dye test (DT)

2--Indirect fluorescent assay (IFAT)

The IFAt was widely used to demonstrate T. gondii-specific antibodies: serially

diluted serum samples are incubated with live, inactivated Toxoplasma fixed to glass

slide. T. gondii specific antibodies present in

the serum would bind to the inactivated parasite, and the complex is then

detected using fluorescein isothiocyanate-labeled anti-human Ig (or anti-IgG or anti-

IgM). It appears to measure the same antibodies as the dye test titers(Araujo et al

1980; Dubey, 1988).
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3-direct agglutination test

Formalin-preserved whole parasite which is used to detect Abs, and act  

against the cell wall of the parasite. This test is rapid, simple, accurate, 

inexpensive, excellent for screening sera of pregnant women and safe 

because no living organisms are handled after the stock antigen is 

prepared (Suzuki et al., 1988).

It is a modified agglutination test in which antigen coated latex particles 

have been used as a carrier of the antigen. This test is used normally for 

the diagnosis of Toxoplasma IgG and IgM Abs. Titers rise rapidly 

during the acute phase .The reaction allows visual observation of the

antigen- antibody complex (EL-Gamel et al., 1989). It is easy to perform, 

inexpensive and sensitive to be used as a screening test (Holliman, 2003).

4-Enzyme linked immunosorbent assay (ELISA)

Ban- Waeman and Schurs in Holland 1971 and Engavell and Perlamann 

1972 first developed this test in Sweden. The test is highly sensitive and 

based on the use of enzyme conjugated with the antibody or with antigen 

to measures the antigens and antibodies, respectively. It is a simple, rapid 

and accurate method for the detection of IgM antibodies in individuals 

with acute acquired toxoplasmosis (Camargo et al., 1978), and to 

determine whether pregnant woman has been infected during gestation or 

before conception. IgM typically appear within the first week of 

infection, rapidly rise, and there after decrease at variable rates, to 

disappear after a few months. The IgM antibodies may persist for years 

after the acute infection and that the reliability of commercially available 

assay varies considerably (Wilson et al., 1997).
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Molecular diagnosis

It is a molecular methods can allow more appropriate diagnosis of Toxoplasmosis,

especially in cases in which inadequacy of conventional methods is confronted with 

deteriorating and potentially severe clinical outcome such as congenital, ocular 

toxoplasmosis and cases of immunosuppression (Ivovic et al., 2012).

These methods are separated into two groups. The first group contains techniques 

aimed at detection of T.gondii DNA in biological and clinical samples, such as 

conventional PCR, nested PCR and real-time PCR. The second group includes 

molecular methods such as PCR-RFLP, microsatellite analysis and multilocus 

sequence typing of a single copy T.gondii DNA and those are mainly used for strain

typing (Su et al., 2010).

Molecular diagnostic of toxoplasmosis is usually based on the detection of specific 

DNA sequence, via different assays and protocols, principally from highly conserved 

regions (Ivovic et al.,2012).

Kidneys

The kidneys are two reddish-brown bean-shaped organs , The kidney participates in 

the control of the volume of various body fluids.

Kidney function was evaluated by the estimation of serum creatinine and urea

concentrations by the enzymatic methods there is a significant increase in there is

increase in urea and creatinine concentrations in the serum of toxoplasmosis women

(Al-Kaissy, A.M .2011)

.
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rates of intracellular synthesis and the subsequent diffusion of these secreted enzymes

into the circulation (Pincus and Schaffner, 1996). Some liver function enzymes

showed a significant disturbance with many

parasitic diseases such as: Sarcocystosis (Prass and Fayer, 1981), leishmaniasis

(Yousif, 1981; Akrawi, 1985), toxoplasmosis (Sacks et al., 1983), amoebiasis (AL-

Abadi , 2001), and hydatidosis (AL-Qadhi,2005).

Transaminases

Also called aminotransferase, which catalyze the conversion amino acids to the

corresponding a-keto acid and vice versa transfer of amino group (NH2) from one

molecule to another (Charles, 2003). These enzymes are important in the production

of various amino acids, and measuring the

concentrations of various transaminases in the blood is important in the diagnosing

and tracking many diseases. Characteristic high values are seen in myocardial

infarction and viral hepatitis. The presence of elevated

transaminases can be an indicator of liver damage (Ghany and Hoofnagle,

2005).

Enzymes

Enzymes are specific biologic proteins that catalyze biochemical reactions without

altering the equilibrium point of reaction or being consumed or undergoing changes

in composition (Bishope et al., 2000).

Enzymes are released into the systemic circulation as a result of:

1.Increased rate of cell turnover during active growth or tissue repair or 

cancer (Schwartz, 1982).

2. Necrosis or severe damage to cells (Lee and Goldman, 1986).

3. Induction by disease or drugs (Zeltzer et al., 1986).

Occasionally, increased enzyme levels in serum are caused by increased
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Serum-glutamic-oxaloacetic-transaminase (SGOT)

GOT, that also known as aspartate aminotransferase (AST), belongs to the group of

transminases. Aspartate aminotransferase is found in the cytoplasm and mitochondria

of many cells of the body tissues. Although high concentration are present in the

myocardium, significant activities

also occur in the brain, liver, fatty tissue, gastrointestinal system, skeletal muscle,

kidneys, and to a lesser extent, in red blood cells ( Lawrence et al., 2003). After less

severe cell damage the majority of the GOT comes from the cytoplasms and only a

small fraction from the mitochondria. Sever damage release more mitochondrial

enzyme. Elevated levels of GOT levels can indicate myocardial infarction, liver

disease, muscular dystrophy and organ damage (Loeb and Hamilton, 1991).

Serum-glutamic-pyruvic transaminase (SGPT)

GPT, that also known as alanine aminotransferase (ALT), belongs to the group of

transaminases. ALT primarily appears in the hepatocellular cytoplasm, with lesser

amounts in the kidneys, heart, and skeletal muscles, and is a relatively specific

indicator of acute hepatocellular damage, when such damage occurs (Lawrence et

al., 2003). ALT is released from the cytoplasm into the blood-stream; often before

jaundice appears, resulting in abnormally high serum levels that may not return to

normal for days or weeks (Loeb and Hamilton, 1991).
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Treating people with HIV/AIDS

If you have HIV/AIDS, the treatment of choice for toxoplasmosis is also

pyrimethamine and sulfadiazine, with folinic acid (leucovorin). An alternative

is pyrimethamine taken with clindamycin (Cleocin).

Treating pregnant women and babies

If you're pregnant and infected with toxoplasmosis, treatment may vary

depending on where you receive medical care.

If infection occurred before the 16th week of pregnancy, you may receive the

antibiotic spiramycin.

• Pyrimethamine (Daraprim). This medication, typically used for malaria,

is a folic acid antagonist. It may prevent your body from absorbing the B

vitamin folate (folic acid, vitamin B-9), especially when you take high

doses over a long period. Other potential side effects of pyrimethamine

include bone marrow suppression and liver toxicity.

• Sulfadiazine. This antibiotic is used with pyrimethamine to treat

toxoplasmosis.

Treatment

Most healthy people don't require toxoplasmosis treatment. But if you're otherwise

healthy and have signs and symptoms of acute toxoplasmosis, your doctor may

prescribe the following drugs:
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Conclusions 

and 

recommendations
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Conclusions

1- Toxo gondii has a world wide distributed

2-ELLSA technique is more sensitive and specific in detecting

toxoplasmosis

3-people infected with toxoplasmosis especially

Women showed significant increase of GPT and GOT enzymes

4-people infected with toxoplasmosis showed significant increase of

urea and creatine

Recommendations

To avoid infected with toxoplasmosis we have to considerd the following

1-Don't eat raw or undercooked meat. Meat, especially lamb, pork and beef,

can harbor toxoplasma organisms

2- Wash kitchen utensils thoroughly. After preparing raw meat, wash cutting

boards, knives and other utensils in hot, soapy water to prevent cross-

contamination of other foods

4-pregnant women must avoid contact with animals
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شكر وتقدير
واتوجه بشكري وتقديري لجميع من مد يد العون الي من استاذ ا

لدكتورقريب او صديق والى رئيس قسم تقنيات التحليالت المرضية ا
(قحطان أحمد محمد)

كما اتوجه بف ائق شكري وتقديري ألستاذتي المشرفه
(صابرين هادي ف اضل)

رةالتي كانت لي خير معين ألتمام واخراج بحثي بهِذه الصو 
المناقشةكما اتوجه بالشكر الجزيل واالمتنان الف ائق الى السادة أعضاء لجنة

ي اخراجالكرام لقبولهم مناقشة بحثي والتي ستكون لمالحظاتهم الفضل ف
البحث على اتم وجه

افجزى  هللا الجميع خير الجزاء على ما قدموه لي من مساعدة واخر دعوان
ان الحمد هلل رب العالمين
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:الخالصه 

طفيليات واسعه األنتشار في   toxoplasma gondiiالمقوسات الكونديه 

الطبيعه  وعي احد اكثر العوامل المرضيه انتشاراً في العراق

َسات بسبب العدوى بطفيلي األوالي داخل خاليا .داء المقوساتحدث داء الُمقَوَّ

بي يمكن أن يصيب الطفيل العديد من األعضاء ، بما في ذلك الجهاز العص

والعين وعضلة القلب والهيكل العظمي والمشيمة ، حيث (CNS)المركزي 

لون غزو يستمرون في التكاثر داخل الخاليا ، ويسببون موت الخاليا ، ويواص

الخاليا المعدية

ستخدم ي.  عادة ما يتم تشخيص داء المقوسات عن طريق االختبارات المصلية

لتحديد ما إذا كان الشخص )G (IgGاختبار يقيس الجلوبيولين المناعي 

.مصابًا

ي أقسام يمكن أيًضا إجراء التشخيص من خالل المالحظة المباشرة للطفيلي ف

.أو مواد الخزعة األخرى) CSF)األنسجة الملطخة أو السائل النخاعي 

ج يمكن عال.  يتعافى معظم األشخاص األصحاء من داء المقوسات دون عالج

اإلضافة المرضى بمجموعة من األدوية مثل البيريميثامين والسلفاديازين ، ب

إلى الفولينيك

م يمكن عالج النساء الحوامل وحديثي الوالدة والرضع ، على الرغ.  حامض

داخل خاليا يمكن أن تبقى الطفيليات.  من عدم القضاء على الطفيل بشكل كامل

لقضاء األنسجة في مرحلة أقل نشاًطا ؛  موقعهم يجعل من الصعب على الدواء ا

.عليهم تماًما

عالج أحيانًا ما يصف األشخاص المصابون بداء المقوسات العيني األدوية ل

.المرض النشط من قبل طبيب العيون
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ABSTRACT   

         Communicable diseases are illnesses caused by viruses, bacteria, fungus, or 

some parasites that people spread to one another through contact with contaminated 

surfaces, bodily fluids, blood products, insect bites, or through the air. There are 

many examples of communicable diseases, some of which require reporting to 

appropriate health departments or government agencies in the locality of the 

outbreak.  

        According to the recent annual statistical reports issued by the Department of 

Planning and Resource Development that belonging to the Iraqi Ministry of Health 

and Environment, which depend on statistical forms and computer programs 

approved in all health institutions (hospitals, health centers), the common 

communicable diseases were arranged according to the type of disease and infection 

rate as follows: COVID-19, Scabies, Pneumonia, Chickenpox, Candidiasis, 

Bacterial Vaginosis, Trichomoniasis, Tuberculosis, Cutaneous leishmaniasis, 

Genital warts, Measles, Mumps, Hepatitis A, Syphilis, Hepatitis B, and Typhoid. 

         Most common forms of spread include fecal-oral, foodborne, sexual intercut, 

insect bites, contact with sullied fomites, beads, or skin contact. This study audits 

the disease transmission of communicable diseases and examines the part of the 

interprofessional group in avoiding communicable infections and teaching patients 

on strategies to maintain a cleared planned proceedings from the transmission of 

communicable diseases. 
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Keywords: Communicable diseases. 

OBJECTIVES: 

1. Clarify the concept of a communicable disease. 

2. Epitomize the recently common communicable diseases in Iraq. 

3. Depict the most common forms that cause the spread of communicable 

diseases. 

4. Audit the study of communicable diseases transmission and the part of the 

interprofessional team in avoiding communicable infections and teaching 

patients on techniques to maintain a strategic distance from the transmission 

of communicable diseases. 
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1. INTRODUCTION   

        Viral infections, are among the most common afflictions of man. It has been 

estimated that children experience two to seven respiratory infections each year; 

adults are afflicted with one to three such episodes [1]. Viruses contain a small 

piece of genetic code, and a coat of protein and lipid (fat) molecules protects them. 

Viruses invade a host and attach themselves to a cell. As they enter the cell, they 

release their genetic material. This material forces the cell to replicate the virus, and 

the virus multiplies [2]. 

        Bacterial infection, Bacteria are microscopic, single-celled organisms. They 

are among the earliest known life forms on earth. There are thousands of different 

kinds of bacteria. Some are airborne and others are most prevalent in water, soil, 

plants, animals, and even people. Bacteria carry their genetic information in a 

double-stranded circular molecule of DNA. The cell cytoplasm contains ribosomes 

and there is both a cell membrane and, in all species except Mycoplasma, a complex 

cell wall. External to the cell wall, some bacteria have capsules, flagella, Spores or 

pili [3]. 

 

        Fungal infection, approximately 300 fungi are known to be pathogenic to 

humans.[4] Fungi are increasingly recognized as the cause of not only superficial 

infections, which affect many people but are relatively easy to treat, but also 

invasive and disseminated infections. Difficulties in diagnosing fungal infections 

and the limited number of antifungal drugs available contribute to the high mortality 

rates observed in these infections.[5] 

 

        Parasitic infection, in humans, any illness that is caused by a parasite, an 

organism that lives in or on another organism (known as the host). Parasites 

typically benefit from such relationships, often at the expense of the host organisms. 
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Parasites of humans include protozoans, helminths, and ectoparasites (organisms 

that live on the external surface of a host). They are responsible for many diseases 

and are transmitted to their hosts most often through the ingestion of contaminated 

food or water or through the bite of an arthropod (e.g., a fly or tick), which can act 

as an intermediate host and as a vector.[6] 

1. A. CAUSES 

Causes of the most communicable viral diseases 

        Coronavirus disease 2019 (COVID-19) is defined as illness caused by a novel 

coronavirus now called severe acute respiratory syndrome coronavirus 2 (SARS-

CoV-2) [7]. SARS-CoV-2 is an enveloped β-coronavirus, The viral envelope is 

coated by spike (S) glycoprotein, envelope (E), and membrane (M) proteins [8].   

        Chickenpox or Varicella is a highly contagious disease caused by the initial 

infection with   primary varicella-zoster virus (VZV), it is a common childhood 

illness associated with fever and a generalized pruritic vesicular rash. As is 

characteristic of the alpha herpesviruses, VZV establishes latency in cells of the 

dorsal root ganglia after primary infection.[9] 

       Measles, Rubeola (i.e., measles) is an acute, highly contagious, vaccine-

preventable viral disease of childhood. Measles virus is the prototypic member of 

the Morbillivirus genus of the family Paramyxoviridae that infects the epithelial 

cells in the trachea or bronchi. The viral genomic RNA is single-stranded, non-

segmented, and of negative polarity and encodes six major structural proteins.[10] 

        Mumps or parotitis is an extremely contagious viral infection of the salivary 

glands (parotid gland) that most commonly affects children [11]. Mumps is a 

member of the Paramyxoviridae family. Mumps virions are pleomorphic, roughly 

spherical enveloped particles with an average diameter of 200 nm. Glycoprotein 

spikes project from the surface of the envelope, which encloses a helical 
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nucleocapsid composed of nucleoproteins and linear, non-segmented, single-

stranded, negative-sense RNA. Humans are the only natural hosts for mumps virus, 

although infection can be induced experimentally in a variety of mammalian 

species. In vitro, mumps virus can be cultured in many mammalian cell lines [12]. 

        Hepatitis A is an infectious disease of the liver. HAV is a member of 

Picornaviridae family. It is an RNA virus with a size of 7.5 kb and a diameter of 27 

nm. It has one serotype and multiple genotypes. HAV is mostly transmitted through 

consumption of contaminated water or food, but certain sex practices can also be 

responsible for HAV transmission [13]. 

        Hepatitis B is a member of Hepadnaviridae family. It is a partially double 

stranded DNA virus with a size of 3.2 kb. It has an incomplete positive strand, but 

the complete negative strand has four overlapping genes, as mentioned subsequently 

[14]. 

Causes of the most communicable bacterial diseases 

        Pneumonia is due to infections caused primarily by bacteria or viruses and less 

commonly by fungi and parasites. Although more than 100 strains of infectious 

agents have been identified, only a few are responsible for the majority of cases. 

Mixed infections with both viruses and bacteria may occur in roughly 45% of 

infections in children and 15% of infections in adults.[15] The term pneumonia is 

sometimes more broadly applied to any condition resulting in inflammation of the 

lungs (caused for example by autoimmune diseases, chemical burns or drug 

reactions); however, this inflammation is more accurately referred to as 

pneumonitis.[16][17]Factors that predispose to pneumonia include smoking, 

immunodeficiency, alcoholism, chronic obstructive pulmonary disease, sickle cell 

disease (SCD), asthma, chronic kidney disease, liver disease, and biological 

aging.[18][19][20]  
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Bacterial vaginosis (BV) is a disease of the vagina caused by excessive growth 

of bacteria.[21][22] Common symptoms include increased vaginal discharge that 

often smells like fish.[23] The discharge is usually white or gray in color.[23] 

Burning with urination may occur.[23] Itching is uncommon.[21] Occasionally, 

there may be no symptoms.[23] Having BV approximately doubles the risk of 

infection by a number of sexually transmitted infections, including 

HIV/AIDS.[24][25] It also increases the risk of early delivery among pregnant 

women . [26] 

        Tuberculosis (TB) is caused by bacteria (Mycobacterium tuberculosis) that 

most often affect the lungs. Tuberculosis is curable and preventable. [27]TB is 

spread from person to person through the air. When people with lung TB cough, 

sneeze or spit, they propel the TB germs into the air. A person needs to inhale only 

a few of these germs to become infected. About one-quarter of the world's 

population has a TB infection, which means people have been infected by TB 

bacteria but are not (yet) ill with the disease and cannot transmit it. [27] 

       Syphilis, caused by Treponema pallidum, subspecies pallidum is a spiral-

shaped, Gram-negative, highly mobile bacterium.[28][29] Three other human 

diseases are caused by related Treponema pallidum subspecies, including yaws 

(subspecies pertenue), pinta (subspecies carateum) and bejel (subspecies 

endemicum).[30] Unlike subspecies pallidum, they do not cause neurological 

disease.[31] Humans are the only known natural reservoir for subspecies 

pallidum.[32] It is unable to survive more than a few days without a host.[29] This 

is due to its small genome (1.14Mbp) failing to encode the metabolic pathways 

necessary to make most of its macronutrients.[29] It has a slow doubling time of 

greater than 30 hours.[29] The bacterium is known for its ability to evade the 

immune system and its invasiveness.[33] 
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        The Gram-negative bacterium that causes typhoid fever is Salmonella enterica 

subsp. enterica serovar Typhi. The bacterium lives in the intestines and bloodstream 

of humans [34]. The global phylogeographical analysis showed dominance of a 

haplotype 58 (H58) which probably originated in India during the late 1980s and is 

now spreading through the world carrying multidrug resistance.[35]  

Causes of the most communicable fungal diseases 

        Candida yeasts are generally present in healthy humans, frequently part of the 

human body's normal oral and intestinal flora, and particularly on the skin; however, 

their growth is normally limited by the human immune system and by competition 

of other microorganisms, such as bacteria occupying the same locations in the 

human body.[36] Candida requires moisture for growth, notably on the skin.[37] 

For example, wearing wet swimwear for long periods of time is believed to be a risk 

factor.[38] Candida can also cause diaper rashes in babies.[39] 

 In extreme cases, superficial infections of the skin or mucous membranes may 

enter the bloodstream and cause systemic Candida infections. Factors that increase 

the risk of candidiasis include HIV/AIDS, mononucleosis, cancer treatments, 

steroids, stress, antibiotic usage, diabetes, and nutrient deficiency. Hormone 

replacement therapy and infertility treatments may also be predisposing factors.[40] 

        Genital warts are a common sexually transmitted infection caused by a virus 

called Human Papilloma Virus (HPV). This virus is passed on through direct skin-

to-skin contact with someone who has HPV on their skin. It can be passed from 

person to person during vaginal and anal sex. It's also rarely pass on through oral 

sex.[41] 
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Causes of the most communicable parasitic diseases 

Scabies (also known as the seven-year itch) is a contagious skin 

infestation by the mite Sarcoptes scabiei.[42][43] The most common 

symptoms are severe itchiness and a pimple-like rash.[44] 

Trichomoniasis (trick) is an infectious disease caused by the parasite 

Trichomonas vaginalis.[45] About 70% of women and men do not have 

symptoms when infected.[45] When symptoms do occur, they typically 

begin 5 to 28 days after exposure.[46] Symptoms can include itching in 

the genital area, a bad smelling thin vaginal discharge, burning with 

urination, and pain with sex.[46][45] 

Cutaneous leishmaniasis is the most common form of leishmaniasis 

affecting humans and it is a skin infection caused by a single-celled 

parasite that is transmitted by the bite of a phlebotomine sand fly [47] 

1. B. TRANSMISSION 

Transmission of the most communicable viral diseases 

        Covid-19,Chickenpox, Measles and mumps transmitted mainly via the 

respiratory route, when people inhale droplets and particles that infected people 

release as they breathe, talk, cough, sneeze or sing.[48][49][50][51].While Hepatitis 

A spreads by the fecal–oral route, and infections often occur in conditions of poor 

sanitation and overcrowding. Hepatitis A can be transmitted by the parenteral route, 

but very rarely by blood and blood products [52] and ingestion of shellfish 

cultivated in polluted water is associated with a high risk of infection.[53] And 

hepatitis B virus transmission results from exposure to infectious blood or body 
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fluids containing blood .[54] Possible forms of transmission include sexual 

contact.[55] 

Transmission of the most communicable bacterial diseases 

        Pneumonia and Tuberculosis transmitted when germs from the body of 

someone with pneumonia spread to another person by Inhaling the infection. This 

can occur when a person When people with active infection cough, sneeze, speak, 

sing, or spit, they expel infectious aerosol droplets (the inhalation of fewer than 10 

bacteria may cause an infection). [58][59] [56]  Bacterial Vaginosis and Syphilis is 

transmitted primarily by sexual contact or during pregnancy from a mother to her 

baby; the spirochete is able to pass through intact mucous membranes or 

compromised skin.[57][60][61] It is thus transmissible by kissing near a lesion, as 

well as oral, vaginal, and anal sex.[60][62]. While typhoid Unlike other strains of 

Salmonella, no animal carriers of typhoid are known.[63] Typhoid Humans are the 

only known carriers of the bacteria.[63] S. enterica subsp. enterica serovar Typhi is 

spread through the fecal-oral route from individuals who are currently infected and 

from asymptomatic carriers of the bacteria.[63] 

Transmission of the most communicable fungal diseases 

        Genital Warts (HPV) is most commonly transmitted through penetrative sex. 

While HPV can also be transmitted via non-penetrative sexual activity, it is less 

transmissible than via penetrative sex.[64] While Candidiasis is not a sexually 

transmitted infection and can occur without sexual contact. However, Candida can 

sometimes be passed on during sex, and sexual activity can make thrush symptoms 

worse.[65] 
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Transmission of the most communicable parasitic diseases 

        Scabies is contagious and can be contracted through prolonged physical 

contact with an infected person.[66] This includes sexual intercourse, although a 

majority of cases are acquired through other forms of skin-to-skin contact. Less 

commonly, scabies infestation can happen through the sharing of clothes, towels, 

and bedding, but this is not a major mode of transmission.[67][68] Trichomoniasis 

is a sexually transmitted infection (STI) which is most often spread through vaginal, 

oral, or anal sex.[69] It can also spread through genital touching.[69] And 

Cutaneous leishmaniasis transmitted by the bite of a phlebotomine sand fly.[70] 

1. C. LIFE CYCLE 

Life cycle of the most communicable viral diseases  

A virus encounters multiple obstacles during its journey to enter the host cells. 

Cellular membranes pose as barriers for the invaders. The plasma membrane 

represents the first barrier that all animal viruses have to penetrate. [71] The nuclear 

membrane represents the second barrier to some viruses that replicate their genome 

in the nucleus.[72][73] Let’s see how viruses obviate the barriers. The virus life 

cycle can be divided into three stages—entry, genome replication, and exit (Fig. 1). 

The virus life cycle can be described in analogy with a businessman’s life; the entry 

to his way to work, the genome replication to his task at work, and the exit to his 

way home. The first stage is entry.[74] Entry involves attachment, in which a virus 

particle encounters the host cell and attaches to the cell surface, penetration, in 

which a virus. [74] Particle reaches the cytoplasm, and uncoating, in which the virus 

sheds its capsid. Following the uncoating, the naked viral genome is utilized for 

gene expression and viral genome replication. Finally, when the viral proteins and 

viral genomes are accumulated, they are assembled to form a progeny virion 
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particle and then released extracellularly. Virion assembly and the release from the 

cell constitute the exit.[75] 

 

 

Fig. 1: The lytic cycle involves the reproduction of viruses using a host cell 

Life cycle of the most communicable bacterial diseases 

The bacteria life cycle consists of the four phases: 

Lag Phase 

Bacteria do not grow during the lag phase. However, they do adjust to their 

environment and metabolize, that is, produce vitamins and amino acids needed for 

division. They begin making copies of their DNA, and if the environment supplies 

plenty of nutrients, the lag phase may be very short. Then the bacteria will proceed 

to the next phase of their life [76]. 

Log or Exponential Phase 

During the log or exponential phase, bacteria multiply rapidly, even 

exponentially. The time it takes for a culture to double is called "generation time," 

and under the best conditions, the fastest bacteria can double in about 15 

minutes.[77] Other bacteria take days. Within a bacterium, the DNA copy drifts to 
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the opposite side of the membrane. The bacterium then pulls apart, creating two 

identical "daughter cells," which begin dividing anew. This process is called binary 

fission.[78] 

Stationary Phase  

      During the stationary phase, bacteria growth dwindles. Due to accumulating 

waste and a lack of space, bacteria cannot maintain the clip of the log or exponential 

phase. If the bacteria move to another culture, however, rapid growth may 

resume.[79] 

Death Phase 

     During the death phase, bacteria lose all ability to reproduce, which becomes 

their death knell. Like the log or exponential phase, bacterial death may occur as 

rapidly as their growth.[80] 

Factors that Influence Growth 

Temperature, acidity, energy sources and the presence of oxygen, nitrogen, 

minerals and water all affect bacterial growth, thus affecting the bacteria life cycle. 

Optimal growing conditions depend on the bacteria. Psychrophiles, for example, 

thrive in arctic conditions while hyperthermophiles grow best in hot environments, 

such as ocean vents. Alkaliphiles require highly acidic environments while 

neutrophiles prefer places that are neither acidic nor basic. Of course, these are only 

two of many possible examples.[80] [81] 

Life cycle of the most communicable fungal diseases 

        Fungi usually reproduce both sexually and asexually. The asexual cycle 

produces mitospores, and the sexual cycle produces meiospores. Even though both 

types of spores are produced by the same mycelium, they are very different in form 

and easily distinguished (see above Sporophores and spores). The asexual phase 
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usually precedes the sexual phase in the life cycle and may be repeated frequently 

before the sexual phase appears.[82] 

Life cycle of the most communicable Parasite diseases 

        All parasites have a life cycle that involves a period of time spent in a host 

organism and that can be divided into phases of growth, reproduction, and 

transmission. Life cycles of parasites can be further divided into two categories: 

direct (monoxenous) and indirect (heteroxenous). Parasites with direct life cycles 

spend most of their adult lives in one host, known as the parasitic stage, with their 

progeny transmitted from one host to another, known as the free-living stage. Direct 

parasites often lack an intermediate stage and must leave their host. To do this, they 

must be able to survive in an environment outside their original host and then locate 

and establish in a new host. Parasites that depend on the host stage are called 

obligate parasites, whereas parasites that can skip the parasitic stage for several 

generations are called facultative parasites.[83] 

1. D. EPIDEMIOLOGY 

Table 1: RECENT ANNUAL STATISTICAL REPORT OF COMMUNICABLE 
DISEASES IN IRAQ 

DISEASE NO. OF CASES 

Viral diseases 

COVID-19 680288 

Chickenpox 31330 

Measles 3307 

Mumps 3259 

Hepatitis A 2811 

Hepatitis B 1422 

Bacterial diseases 

Pneumonia 32338 

Bacterial Vaginosis 20638 

Tuberculosis 6663 

Syphilis 2148 
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Typhoid 1120 

Fungal diseases 
Candidiasis 29690 

Genital warts 3369 

Parasitic diseases 

Scabies 54583 

Trichomoniasis 6977 

Cutaneous leishmaniasis 6199 

Epidemiology of the most communicable viral diseases 

        Covid-19, in early December 2019, a group of local health workers reported 

with pneumonia-like symptoms of unidentified cause, which were 

epidemiologically connected to the seafood market in Wuhan city, Hubei Province, 

Mainland China.[84] On January 7, 2020, WHO provisionally named the infection, 

2019-novel Coronavirus (2019-nCoV)[85] and it was consequently renamed as 

SARS-CoV-2 by the Coronavirus Study Group (CSG) of the International 

Committee on Taxonomy of Viruses (ICTV) on 11th Feb 202031 and on the same 

day the disease caused by SARS-CoV-2 was called as ‘COVID-19’.[86] On January 

30, 2020, the WHO announced the 2019-nCoV outbreak as 'Public Health 

Emergency of International Concern' (PHEIC), sixth and the latest in the 

chronological order after (i). H1N1 (2009), (ii). Polio (2014), (iii). Ebola in West 

Africa (2014), (iv). Zika (2016) and (v). Ebola in the Democratic Republic of 

Congo (2019). On March 11, 2020, the WHO declared COVID-19 as a 

'pandemic’.[87] As of November 30, 2020, this emerging highly infectious disease 

has spread to 216 countries and territories, infecting 62,195,274 individuals with 

1,453,355 deaths worldwide and the mortality rate: 2.34%.[88] 

The causative agent of MERS was first named as a novel Human Coronavirus 

Erasmus Medical Center (HCoV-EMC).[89] The virus was first identified among 

humans in Jeddah, Saudi Arabia in 2012.[90] In total, 2279 confirmed cases and 

806 deaths of MERS-CoV were reported worldwide by the WHO (mortality rate: 
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35.37%), of which 1901 confirmed cases and 732 deaths (mortality rate: 38.51%) 

were from Saudi Arabia.[91] 

        Primary varicella occurs in all countries worldwide. In 2015 

chickenpox resulted in 6,400 deaths globally – down from 8,900 in 

1990.[92] There were 7,000 deaths in 2013.[93] In temperate countries, 

chickenpox is primarily a disease of children, with most cases occurring 

during the winter and spring, most likely due to school contact. It is one 

of the classic diseases of childhood, with most cases occurring in children 

up to age 15.[94] Like rubella, it is uncommon in preschool children. 

Varicella is highly communicable, with an infection rate of 90% in close 

contacts. In temperate countries, most people become infected before 

adulthood, and 10% of young adults remain susceptible. [citation needed] 

In the tropics, chickenpox often occurs in older people and may 

cause more serious disease.[95] In adults, the pock marks are darker and 

the scars more prominent than in children.[96] In the United States, the 

Centers for Disease Control and Prevention (CDC) does not require state 

health departments to report infections of chickenpox, and only 31 states 

currently volunteer this information.[97]. 

Measles is extremely infectious and its continued circulation in a community 

depends on the generation of susceptible hosts by birth of children. In communities 

that generate insufficient new hosts the disease will die out. This concept was first 

recognized in measles by Bartlett in 1957, who referred to the minimum number 

supporting measles as the critical community size (CCS).[98] Analysis of outbreaks 

in island communities suggested that the CCS for measles is around 250,000.[99] 

To achieve herd immunity, more than 95% of the community must be vaccinated 
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due to the ease with which measles is transmitted from person to person.[100] In 

2011, the WHO estimated that 158,000 deaths were caused by measles. This is 

down from 630,000 deaths in 1990.[101] As of 2018, measles remains a leading 

cause of vaccine-preventable deaths in the world.[102][103] Even in countries 

where vaccination has been introduced, rates may remain high. Measles is a leading 

cause of vaccine-preventable childhood mortality. Worldwide, the fatality rate has 

been significantly reduced by a vaccination campaign led by partners in the Measles 

Initiative. Worldwide, the fatality rate has been significantly reduced by a 

vaccination campaign led by partners in the Measles Initiative: the American Red 

Cross, the United States CDC, the United Nations Foundation, UNICEF and the 

WHO. Globally, measles fell 60% from an estimated 873,000 deaths in 1999 to 

345,000 in 2005.[104] Cases reported in the first three months of 2019, were 300% 

higher than in the first three months of 2018, with outbreaks in every region of the 

world, even in countries with high overall vaccination coverage where it spread 

among clusters of unvaccinated people.[105] 

        Mumps is found worldwide.[106] In the absence of vaccination against mumps 

there are between 100 and 1,000 cases per 100,000 people each year, i.e. 0.1% to 

1.0% of the population are infected each year. The number of cases peaks every 2–5 

years,[107] with incidence highest in children 5–9 years old.[108] According to 

seroconversion surveys done prior to the start of mumps vaccination, a sharp 

increase in mumps antibody levels at age 2–3 was observed. Furthermore, 50% of 

4–6 year olds, 90% of 14–15 year olds, and 95% of adults had tested positive to 

prior exposure to mumps, indicating that nearly all people are eventually infected in 

unvaccinated populations.[109][110] 

Prior to the start of vaccination, mumps accounted for ten percent of meningitis 

cases and about a third of encephalitis cases.[111] Worldwide, mumps is the most 

common cause of inflammation of the salivary glands.[112] In children, mumps is 

the most common cause of deafness in one ear in cases when the inner ear is 
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damaged.[113] Asymptomatic infections are more common in adults,[114] and the 

rate of asymptomatic infections is very high, up to two-thirds, in vaccinated 

populations. Mumps' vaccination has the effect of increasing the average age of the 

infected in vaccinated populations that have not previously experienced a mumps 

outbreak.[115] While infection rates appear to be the same in males and females, 

males appear to experience symptoms and complications, including neurological 

involvement, at a higher rate than females.[116][117] Symptoms are more severe in 

adolescents and adults than in children.[118] 

        Hepatitis A is found throughout the world and manifests as large outbreaks and 

epidemics associated with fecal contamination of water and food sources.[119] 

Hepatitis A viral infection is predominant in children ages 5–14 with rare infection 

of infants.[99].Infection rates are highest in low resource countries with inadequate 

public sanitation and large concentrated populations.[120][121] In such regions, as 

much as 90% of children younger than 10 years old have been infected and are 

immune, corresponding both to lower rates of clinically symptomatic disease and 

outbreaks.[119][122] The availability of a childhood vaccine has significantly 

reduced infections in the United States, with incidence declining by more than 95% 

as of 2013.[123] Paradoxically, the highest rates of new infection now occur in 

young adults and adults who present with worse clinical illness.[120] Specific 

populations at greatest risk include: travelers to endemic regions, men who have sex 

with men, those with occupational exposure to non-human primates, individuals 

with clotting disorders who have received clotting factors, individuals with a history 

of chronic liver disease where co-infection with hepatitis A can lead to fulminant 

hepatitis, and intravenous drug users (rare).[119] 

        Hepatitis B is the most common cause of viral hepatitis in the world with more 

than 240 million chronic carriers of the virus, 1 million of whom are in the United 

States.[120][121] In approximately two-thirds of patients who develop acute 

hepatitis B infection, no identifiable exposure is evident.[122] Of those acutely 
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infected, 25% become lifetime carriers of the virus.[121] Risk of infection is highest 

among intravenous drug users, individuals with high-risk sexual behaviors, 

healthcare workers, individuals with a history of multiple transfusions, organ 

transplant patients, dialysis patients and newborns infected during the birthing 

process.[121]In endemic 

regions, transmission is thought to be associated with exposure during birth and 

close contact between young infants [120][121]. 

Epidemiology of the most communicable bacterial diseases 

        Bacterial infections have a large impact on public health. Disease can occur at 

anybody site and can be caused by the organism itself or by the body's response to 

its presence. Bacteria are transmitted to humans through air, water, food, or living 

vectors. The principal modes of transmission of bacterial infection are contact, 

airborne, droplet, vectors, and vehicular. Preventive measures have a dramatic 

impact on morbidity and mortality. Such measures include water treatment, 

immunization of animals and humans, personal hygiene measures, and safer sex 

practices. Bacterial resistance to antibiotics is a growing concern mandating their 

prudent use.[127] 

Epidemiology of the most communicable fungal disease  

Surveillance and outbreak investigations are important epidemiological tools 

for assessing the frequency, distribution, and determinants of infections. The 

primary goal of these activities is to identify measures to reduce the burden of 

disease. This chapter describes examples of surveillance and approaches to outbreak 

investigations that have formed the basis of fungal infection control measures. 

However, considerable knowledge gaps exist, new threats are emerging (including 

antifungal resistance), and healthcare advances are making more people susceptible 

to severe fungal infections. Expanded surveillance efforts, timely outbreak 
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detection, and effective outbreak investigations are needed to further reduce the 

burden of fungal infections. This will require confronting challenges that have held 

back fungal disease epidemiology, including limited clinical suspicion of fungal 

infections by clinical providers, difficulties in diagnosing fungal infections due to 

suboptimal diagnostic methods, limited availability of antifungal susceptibility 

testing and molecular subtyping, and a lack of mandated fungal disease surveillance 

in most countries.[128] 

Epidemiology of the most communicable parasitic disease 

         Cutaneous leishmaniasis is endemic in all tropical and subtropical areas of the 

world.[129] The distribution of this disease is very tightly linked to geography, and 

villages even 15 miles apart can have very different rates of cutaneous 

leishmaniasis. 

        Scabies is one of the three most common skin disorders in children, along with 

tinea and pyoderma.[130] As of 2010, it affects about 100 million people (1.5% of 

the population) and its frequency is not related to gender.[131] The mites are 

distributed around the world and equally infect all ages, races, and socioeconomic 

classes in different climates.[132] Scabies is more often seen in crowded areas with 

unhygienic living conditions.[133] Globally as of 2009, an estimated 300 million 

cases of scabies occur each year, although various parties claim the figure is either 

over- or underestimated.[134][135] About 1–10% of the global population is 

estimated to be infected with scabies, but in certain populations, the infection rate 

may be as high as 50–80%.[130] 

        There were about 58 million cases of trichomoniasis in 2013.[136] It is more 

common in women (2.7%) than males (1.4%).[137] It is the most common non-viral 

STI in the U.S., with an estimated 3.7 million prevalent cases and 1.1 million new 

cases per year.[138] It is estimated that 3% of the general U.S. population is 
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infected,[139][140] and 7.5-32% of moderate-to-high risk (including incarcerated) 

populations.[141][142] 

2. METHODOLOGY 

Diagnosis of the most communicable viral diseases 

Chickenpox, Measles, Mumps, Hepatitis A, B Typically, clinical diagnosis 

begins with the onset of the signs and symptoms Confirmation of the diagnosis is by 

testing for direct fluorescent antibody.[143] Blood tests can be used to identify a 

response to acute infection (IgM) or previous infection and subsequent immunity 

(IgG). Therefore, when a patient is positive for IgG antibody but negative for IgM 

antibody, he is considered immune from the virus via either prior infection and 

recovery or prior vaccination.[144] also Real-time reverse transcription polymerase 

chain reaction (rRT-PCR) can be used, and if there is a rash, we can use 

examination of the fluid within the vesicles of the rash.[145] 

While Covid -19 Along with laboratory testing, chest CT scans may be helpful 

to diagnose COVID-19 in individuals with a high clinical suspicion of 

infection.[146] Detection of a past infection is possible with serological tests, which 

detect antibodies produced by the body in response to the infection.[147] 

The standard methods of testing for presence of SARS-CoV-2 are nucleic acid 

tests,[148][149] which detects the presence of viral RNA fragments.[150] The test 

is typically done on respiratory samples obtained by a nasopharyngeal swab. 

Imaging Chest CT scans may be helpful to diagnose COVID-19 in individuals with 

a high clinical suspicion of infection.[151] 

Diagnosis of the most communicable bacterial diseases 

Bacterial infection can usually be diagnosed based on the pattern of symptoms. 

The location, timing, and severity of symptoms may be very characteristic of a 
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certain bacterial infection. Medical team may also want to verify your diagnosis 

before prescribing an antibiotic (antibacterial medication). This can be done with a 

fluid sample that is sent to a laboratory for examination. A swab from throat or ear 

can be sent for an evaluation. Infected areas of skin can also be swabbed, or pus can 

be examined. Similarly, sexually transmitted infections can be identified with a 

fluid sample from the affected area. A urine sample can identify bacterial infections 

of the bladder and kidneys. In some situations, a fecal sample may be helpful in 

identifying a bacterial cause of persistent gastrointestinal (GI) upset. Sometimes, 

blood tests can be used to identify infectious bacteria. Often, with a bacterial 

infection, you may have an elevated number of white blood cells (WBCs), which 

can be detected on a complete blood count (CBC).[152] 

Diagnosis of the most communicable fungal diseases 

Laboratory tests for superficial infections 

Many fungal skin infections are diagnosed by a healthcare practitioner based 

on a clinical evaluation and experience. In addition to general symptoms, many skin 

infections have characteristic signs. A clinical evaluation cannot, however, 

definitively tell the healthcare practitioner which microbe is causing a fungal 

infection. A few laboratory tests can be done. They may include: 

Microscopic examinations, such as potassium hydroxide (KOH) preparation 

and calcofluor white stain, Fungal culture and susceptibility testing, Tests for deep 

tissue, lung, and systemic infections 

Symptoms of lung and systemic fungal infections are frequently nonspecific 

and may be confused with those due to other microbes or another disease process. 

Laboratory testing is primarily used to diagnose these serious fungal infections, to 

identify the microbe responsible, and to determine its likely susceptibility to specific 

antimicrobial agents. The sample collected depends upon the suspected location(s) 
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of the infection. It may include the collection of blood, sputum, urine, cerebrospinal 

fluid (CSF), and/or the collection of a tissue biopsy. Testing may include: 

Microscopic examination of the sample using techniques such as KOH prep 

and calcofluor white stain to determine whether or not the infection is due to a 

fungus.[152] 

Susceptibility testing – a follow-up test to the fungal culture that is sometimes 

ordered to help guide treatment. 

Antigen and Antibody testing – available for a variety of different fungi but 

only for deep or systemic infections; may be performed on blood or other body 

fluids, such as CSF. Antibody testing typically involves measuring the level or titer 

of antibody.[153] 

Molecular testing may be used to detect the genetic material of the fungus 

causing the infection and may be performed on blood or other body fluids, or on a 

sample of the microbe grown in culture such as Gram stain, Blood culture – ordered 

when a blood infection (septicemia) is suspected, CSF analysis – to detect infection 

of the central nervous system. [153] 

Non-laboratory tests 

In some cases, imaging scans such as x-rays may be ordered to detect fungal 

masses, such as those that may develop in the sinuses or lungs, and to evaluate the 

extent of tissue damage.[153] 

Diagnosis of the most communicable parasitic diseases 

Diagnosis of Cutaneous leishmaniasis is based on the characteristic appearance 

of non-healing raised, scaling lesions that may ulcerate and become secondarily 

infected with organisms such as Staphylococcus aureus, in someone who has 

returned from an endemic area. [citation needed]. In resource limited settings, fine-
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needle aspiration of the lesion is confirmatory with identification of amastigote 

form of Leishmania.[154] The gold standard for diagnosis is PCR [155] 

(polymerase chain reaction). 

Scabies may be diagnosed clinically in geographical areas where it is common 

when diffuse itching presents along with either lesions in two typical spots or 

itchiness is present in another household member.[156] The classical sign of scabies 

is the burrow made by a mite within the skin.[156] 

There are three main ways to test for trichomoniasis. 

• The first is known as saline microscopy. This is the most commonly used method 

and requires an endocervical, vaginal, or penile swab specimen for examination 

under a microscope.[157]  

• The second diagnostic method is culture. 

• The third method includes the nucleic acid amplification tests (NAATs) which 

are more sensitive. 
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3. CONCLUSION 

Treatment of the most communicable diseases 

Treatment of an infectious disease depends on the cause. 

 Viral diseases: There are treatments for a few viral infections, such as shingles 

and hepatitis C, but for most virus's treatment focuses on relieving the symptoms. 

 Bacterial diseases: Most bacterial infections are treated with antibiotics. These 

medications kill bacterial or stop them from reproducing. Antibiotics may be 

given orally (pill, capsule or liquid) or by injection, intravenous (IV) line, creams 

or drops. 

 Fungal diseases: Fungal infections are treated with medications called anti-

fungal. They can be topical (creams) to treat infections such as athlete’s foot or 

vaginal candidiasis, or systemic, meaning they are taken by mouth or through an 

intravenous line. 

 Parasitic diseases: Parasitic infections can usually be treated with antiparasitic 

drugs. Albendazole and mebendazole have been the treatments administered to 

entire populations to control hookworm infection. However, it is a costly option 

and both children and adults become reinfected within a few months after 

deparasitation occurs, raising concerns because the treatment has to repeatedly be 

administered and drug resistance may occur. Another medication administered to 

kill worm infections has been pyrantel pamoate. For some parasitic diseases, 

there is no treatment and, in the case of serious symptoms, medication intended to 

kill the parasite is administered, whereas, in other cases, symptom relief options 

are used. Recent papers have also proposed the use of viruses to treat infections 

caused by protozoa.[158][159] 
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Preventing of the most communicable diseases 

The No. 1 way to avoid infectious diseases is getting vaccine. Infectious 

diseases are contracted a number of different ways. Preventing infectious diseases 

focuses on hygiene and making it difficult for the organism to spread.[160] 

 

Prevention methods include: 

 

• Frequent and thorough hand washing after coming in contact with someone who 

is ill, animals or animal droppings 

• Keeping your hands away from your mouth and nose 

• Maintain a hygienic, sanitary household with special attention to the kitchen and 

bathrooms. 

• Avoiding people who are coughing or sneezing, and if you must cough or sneeze, 

doing so in your elbow to limit the spread of any infections 

• Being up-to-date on vaccinations, to reduce the risk of viral infections 

• Keeping all open wounds clean and covered 

• Avoiding insect bites by covering up and using insect repellent 

• Drinking or eating food only from trusted sources.[160] 
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 الخالصة

األمراض المعدية هي األمراض التي تسببها الفيروسات والبكتيريا والفطريات أو بعض الطفيليات التي          

ينتشرها الناس لبعضهم البعض من خالل مالمسة األسطح الملوثة أو سوائل الجسم أو منتجات الدم أو لدغات 

معدية ، وبعضها يتطلب إبالغ هناك العديد من األمثلة على األمراض ال. الحشرات أو عن طريق الهواء

 .اإلدارات الصحية أو الوكاالت الحكومية المناسبة في المنطقة التي تفشى فيها المرض

وبحسب التقارير اإلحصائية السنوية األخيرة الصادرة عن دائرة التخطيط وتنمية الموارد التابعة لوزارة         

إحصائية وبرامج حاسوبية معتمدة في جميع المؤسسات  الصحة والبيئة العراقية ، والتي تعتمد على نماذج

، فإن العدوى المشتركة تم ترتيب األمراض حسب نوع المرض ومعدل ( مستشفيات ، مراكز صحية)الصحية 

، الجرب ، االلتهاب الرئوي ، جدري الماء ، داء المبيضات ، التهاب المهبل  COVID-19 :اإلصابة كما يلي

البكتيري ، داء المشعرات ، السل ، داء الليشمانيات الجلدي ، الثآليل التناسلية ، الحصبة ، النكاف ، التهاب 

 .ب ، والتيفوئيد. ، الزهري ، التهاب الكبد A الكبد

البراز الفموي ، أو المنقولة بالغذاء ، أو القطع الجنسي ، أو : ا لالنتشارتشمل األشكال األكثر شيوع           

تقوم هذه الدراسة بمراجعة . لدغات الحشرات ، أو مالمسة األبخرة الملطخة ، أو الخرز ، أو مالمسة الجلد

انتقال األمراض المعدية وتفحص جزء المجموعة المهنية في تجنب العدوى المعدية وتعليم المرضى 

 .استراتيجيات للحفاظ على إجراءات مخططة واضحة من انتقال األمراض المعدية
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Abstract 

Hemophilia is an inherited bleeding or coagulation disorder. 

Hemophilic patients lack the ability to stop bleeding because of the low 

levels, or complete absence, of specific proteins, called "factors," in their 

blood that are necessary for clotting. Hemophiliacs do not bleed faster 

than normal; they bleed for a longer time. 

Hemophilia can be classified into three main types namely A, B 

and C according to the affected clotting factor. Both hemophilia A and B 

are X-linked recessive genetic diseases that result from deficiencies or 

dysfunction of coagulation factor VIII (FVIII) and factor IX (FIX), 

respectively. While hemophilia C is autosomal genetic disease caused by 

defected clotting factor XI (FXI) whose gene is located on chromosome 

4. Hemophilia can also be classified according to the severity of the 

clinical phenotype into severe, moderate or mild.   

The major signs and symptoms of hemophilia are bleeding and 

bruising. The extent depends on the type and severity of the disease.  

Bleeding often occurs internally, such as in joints and muscles. If 

bleeding in the brain occurs, it is a medical emergency. 

To diagnose hemophilia, the physician will take a personal and 

family history, do a physical examination, and order blood tests. The tests 

will show if there is a bleeding problem, if it is due to hemophilia or 

another cause, and how severe the disorder is. 

Hemophilia is a common inherited bleeding disorder. Hemophilia 

occurs among about 1 of every 5,000 male births. Hemophilia A is about 

four times as common as hemophilia B, and about half of those affected 

have the severe form. The disease affects people from all racial and 

ethnic groups. 

The prevalence of hemophilia A is estimated to be around 1 in 

10.000males while hemophilia B has a prevalence of 1 in every 35.000 

males. Until the 1950s, both types were perceived as different disease, 

rather than two types of the same disease. 

The blood clotting disorder hemophilia is one of the most extensively 

studied monogenetic diseases in gene therapeutic approaches. 
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Chapter I 

 

1.1 Introduction 

Hemophilia is an inherited bleeding disorder. ―Inherited‖ means 

that the disease is passed down through a family, and ―bleeding disorder‖ 

means that hemophilia affects a person’s blood. Specifically, the blood is 

missing important proteins that are necessary for the blood to clot. When 

a person’s body is unable to clot blood correctly, the body has trouble 

stopping itself from bleeding (David et al., 2009). 

Blood-clotting factors are needed to help stop bleeding after a cut 

or injury and to prevent spontaneous bleeding. The hemophilia gene can 

contain many different errors, leading to different degrees of abnormality 

in the amount of clotting factor produced (Broos et al., 2011). 

Hemophilia affects all kinds of people.  Acquired hemophilia 

affects around 1 to 4 people per million of the population. Hemophilia A 

and B are equally affected both sexes but almost occur in males, while 

hemophilia C equally affects males and females (Peake et al., 1993). 

There are three major types of hemophilia: Hemophilia A (Classic 

hemophilia) Caused by a deficiency of active clotting factor VIII (8). 

Approximately 1 out of every 5,000 male babies is born with hemophilia 

A. Hemophilia B (Christmas disease): Caused by a lack of active clotting 

factor IX (9). It is less common, occurring in 1 out of every 30,000 male 

babies. Hemophilia C (severe form) occurs with an estimated prevalence 

of 1 case per 100,000 populations (Bogdanova et al., 2005). Hemophilia 

is usually classified by how severe it is. There are three levels of 

hemophilia, although they can overlap. The severity of the disease is 
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defined by how much clotting factor is produced and in what situations 

bleeding most often occurs. The three levels of hemophilia are: Mild 

Hemophilia, Moderate hemophilia and severe hemophilia (Hoyer, 1994). 

Hemophilia A(F8) and hemophilia B (F9) are caused by an 

inherited as an X-linked recessive trait Xq28 and Xq27 respectively, 

while the gene for Hemophilia C(F11) is on the distal arm of 

chromosome 4 (4q35) (Bowen,2002) . Mutations in the F8 or F9 and 

F11gene lead to the production of an abnormal version of coagulation 

factor VIII or coagulation factor IX, and XI factor or reduce the amount 

of one of these proteins. The altered or missing protein cannot participate 

effectively in the blood clotting process. As a result, blood clots cannot 

form properly in response to injury. These problems with blood clotting 

lead to continuous bleeding that can be difficult to control (Bain and 

Gupta, 2003).  

Hemophilia is a perfect candidate for gene therapy research; the 

disease is caused by mutations in a single gene. Hemophilia could be 

cured if clinical trials discover a way to replace or "repair" the defective 

gene (Pasi, 2001). 

 

1.2 Aim of the study: 

1. To focused on the types of hemophilia ,genetic mutations that 

cause the disease,  

2. To review the conventional and recent molecular methods for 

hemophilia treatment.  

 

 

 



 

3 
 

Chapter II 

Section one ………………………………………………The Blood 

2.1 The Blood   

Blood is a mixture of cells and watery liquid, called plasma that the cells 

float in. It also contains other things like nutrients (such as sugar), 

hormones, clotting agents, and waste products to be flushed out of the 

body. Everybody is familiar with the sight of blood - the red fluid that 

oozes out of the body when it has sustained a cut or a deep injury. The 

composition of blood is actually quite complex. Also, the blood is crucial 

to our survival (Marieb, 1998). 

           Blood is the medium in which dissolved gases, nutrients, 

hormones and waste products are transported. Blood along with the heart 

and the blood vessels (e.g. veins and arteries) comprises the circulatory 

system of the body. The circulatory system helps in maintaining balanced 

conditions within the body (i.e. homeostasis). For example oxygen is 

picked up by blood as it passes through the lungs- this blood in turn flows 

through successively narrower blood vessels: from arteries to arterioles 

and finally the capillaries, where the oxygen rich blood delivers its 

oxygen to the cells (Saladin, 2004). 

 

2.2 Composition of Blood  

        Blood is a complex fluid tissue. It circulates in a closed system of 

blood vessels and heart. The normal adult total circulatory blood volume 

is about 8% of the total body weight. Blood contains the blood cells 

which are called formed elements and liquid portion known as plasma 

(figure 2.1).  

 
A- Plasma: pale yellow sticky liquid; 55% of blood volume. 

Components: water 92%, dissolved protein, glucose, amino acids, 
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vitamins, minerals (mainly NaCl), urea, CO2, 

hormonesandantibodies8%(Sherwood, 2004). 

 

Plasma containing several proteins: 

 Albumin (synthesized by the liver) it makes the greatest 

contribution to the colloid osmotic pressure of plasma.  

 Globulins include specific transport proteins (e.g., transferring for 

iron), clotting factors, the complement system and inactive 

precursors of certain hormones, e.g., angiotensinogen. One 

subtype, known as gamma globulins, or immunoglobulin’s, acts as 

circulating antibodies important in specific immune responses. 

 Fibrinogen is converted to fibrin during clotting. 

 

 

Figure (2.1).Composition of Blood (Sherwood, 2004). 

 

B- Formed elements include  : ( Martinowitz and Schulman, 1995). 

1- Red Blood Cells  

 Tiny (8μ) biconcave disc-shaped cells. Do not have nucleus, 

mitochondria and ribosomes.  Cell full of hemoglobin – binds 

O2 (and CO).  

2- White Blood Cells (leucocytes)  
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 These are colorless cells and possess a nucleus. They function 

in defending the body against pathogens.  

3- Platelets  

• Responsible for clotting of the blood. 

• Responsible for repair of damaged tissue – releasing the hormone 

platelet growth factor. 

• Short life – less than 7 days. 

In general Blood has three main functions: transport, protection 

and regulation (Sherwood, 2004).(Figure 2.2) 

 

 

 

Figure (2.2).The blood cells (Martinowitz and Schulman, 1995). 

 

2.3 Blood development 

Blood develops initially within the core of "blood islands" in the 

mesoderm. During development, there follows a series of relocations of 

the stem cells to different organs within the embryo. 

In the adult, these stem cells are located in the bone marrow. At the 

time when blood first forms, there are no bones; blood initially develops 

along with the blood vessels in which it will flow. Blood itself is 
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considered as a form of "liquid connective tissue" consisting of a fluid 

and cellular component (William and Daley, 2004). 

Stem cells that form blood cells (Hematopoietic Stem Cells, HSCs) 

change their location during development moving from tissue to tissue 

until their adult bone marrow location is formed and populated (see figure 

2.3).  

 

Figure (2.3) Blood Cell Differentiation (Ajman and Rifkind, 1998). 

2.4 Clotting Factors 

In the 1960s, the blood proteins called clotting factors were 

identified. There are a large number of clotting factors and they are 

numbered with roman numerals in the order that they were discovered 

(Hoyer, 1994). 

The clotting factors react with one another in a series of chemical 

reactions that stop bleeding by producing a blood clot. By understanding 

clotting factors, researchers were able to determine that people diagnosed 

with hemophilia type A are deficient in factor VIII, and people with 

hemophilia type B are deficient in factor IX. Factor VIII and factor IX are 
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different structurally, and each plays a different role in producing a blood 

clot (Kasper and Buzin, 2009). 

Coagulation factor VIII is made chiefly by cells in the liver. This protein 

circulates in the bloodstream in an inactive form, bound to another 

molecule called von Willebrand factor, until an injury that damages blood 

vessels occurs. In response to injury, coagulation factor VIII is activated 

and separates from von Willebrand factor. The active protein (sometimes 

written as coagulation factor VIIIa) interacts with another coagulation 

factor called factor IX. This interaction sets off a chain of additional 

chemical reactions that form a blood clot (Kaufmann and Vischer, 2003). 

2.5 Hemostasis 

In the word hemostasis, ―hemo‖ means blood, and ―stasis‖ means 

to stop. Hemostasis thus describes how the body is able to stop the flow 

of blood after an injury. The process of hemostasis begins about 20 

seconds after an injury and is similar in all mammals. The clotting of 

blood, or coagulation, is an important part of hemostasis. Efficient 

coagulation requires a number of ingredients: platelets; a healthy liver 

(the clotting factors are made by the liver); vitamin K (necessary to 

maintain a healthy liver); and calcium (a mineral needed by the body to 

perform chemical reactions). Hemostasis is divided into two phases: 

primary hemostasis, which involves the injured blood vessel and platelet 

cells; and secondary hemostasis, which involves the clotting factors 

(Hertfelder et al., 2005). 

2.5.1 Primary Hemostasis 

The blood vessels play a key role in primary hemostasis  

Blood vessels are made up of three layers of cells. The outermost 

layer contains elastin and collagen fibers. Collagen fibers are long, tough 
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proteins that give this layer support and strength, and elastin fibers are 

elastic and allow the blood vessels to stretch. The middle layer is thick 

muscle tissue, which contracts and relaxes the blood vessel to control the 

flow of blood. The innermost layer is the endothelium, which is a single 

layer of endothelial cells that line the interior surface of the blood vessel 

(fig. 4)(Broosetal.,2011). 

Primary hemostasis begins with an injury to the blood vessel that is 

severe enough to damage the endothelium. Chemical signals released 

from the damaged endothelial cells help launch the process of hemostasis 

by signaling the body that an injury has occurred and that coagulation 

needs to begin. The blood vessel’s thick middle layer of muscle cells 

contracts to slow the flow and loss of blood (Figure 2.4) (David et al., 

2009). Next, the blood vessel’s outer cell layer plays its role. The 

collagen fibers within this outer layer are covered with von Willebrand 

factor (vWF) proteins. When platelets in the escaping blood encounter 

these proteins, they become activated. The activated platelets now release 

chemical signals that bring in additional platelets to the injured area. All 

of these activated platelets begin to change shape, become very sticky, 

and clump together. All combined, the result of primary hemostasis is the 

formation of a platelet plug that stops up the hole in the torn blood vessel 

(Clemetson, 2012). 
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Figure (2.4) Schematic showing the Primary hemostasis pathways(Broos et al., 2011) 

2.5.2 Secondary Hemostasis 

The platelet plug formed in primary hemostasis is able to seal the 

hole in the blood vessel only temporarily. It is not strong enough to hold 

together very long, which is why the second phase of hemostasis is 

important. Secondary hemostasis involves a complex set of chemical 

reactions involving the many different clotting factors, with the result 

being the production of fibrin. Fibrin is a long, thick, strong protein that is 

inserted into and around the platelet plug to strengthen it. The platelet 

plug now becomes a fibrin clot. The newly established fibrin clot is 

strong enough to hold the damaged blood vessel together while the 

different cell layers repair themselves (David et al., 2009). 

The chemical reactions in secondary hemostasis can be divided 

into three pathways: the extrinsic (tissue factor pathway), the intrinsic 

(contact actuation pathway), and the common. The extrinsic pathway is 

responsible for beginning the reactions of secondary hemostasis. The 

extrinsic pathway is not disrupted in a person with hemophilia; another 

pathway is the intrinsic pathway, which acts to strengthen the clotting 

process once it has been started by the extrinsic pathway. It is the intrinsic 
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pathway that is damaged in a person with hemophilia. The extrinsic and 

intrinsic pathways lead to the common pathway of reactions (fig. 5). It is 

important to understand that a person needs all of the clotting factors, 

each performing their assigned reaction, each in the proper order, for a 

stable fibrin clot to form (Hertfelder et al., 2005). 

The chemical reactions of secondary hemostasis have to occur in a 

specific order because each reaction creates the enzyme that will carry 

out the next reaction. More specifically, the chemical reactions of 

secondary hemostasis work like this. Think of the clotting factors XII, XI, 

X, IX, II, and I as scissors. To control when and what they cut, they are 

kept in inactive forms. Imagine the inactive clotting factors as scissors 

with rubber bands wrapped around the blades so that they cannot cut 

(Thomas et al., 2006).  

The only way to activate an inactive clotting factor is to cut the 

rubber band. For example, activated clotting factor A- active, which was 

activated in a previous chemical reaction, cuts the rubber band of clotting 

factor B, thus activating it. Then, the newly activated clotting factor B- 

active will go on to activate clotting factor C, and so on. The clotting 

factors V and VIII are not enzymes because they do not cut other 

proteins. They are cofactors, or ―enzyme helpers.‖ Cofactors are allowed 

to circulate in the bloodstream in their active forms (Broos et al., 2011) 

(Figure 2.5). 
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Figure (2.5).Schematic showing the intrinsic and extrinsic pathways of the 

coagulation cascade leading to fibrin formation (Hertfelder et al., 2005). 

 

In the following discussion of the intrinsic and common pathways, 

all of the clotting factors are designated by roman numerals and a small 

―a‖ following the number indicates the active form of the factor (Thomas 

et al., 2006). 

1. In the intrinsic pathway, the very first chemical reaction occurs on the 

collagen surface of the injured blood vessel. Factor XII is converted to 

the active form, factor XIIa. 

2. Factor XIIa converts factor XI to factor XIa. 

3. Factor XIa converts factor IX to factor IXa. Calcium is needed for this 

reaction. 

4. Cofactor VIII circulates in the bloodstream in an active form (factor 

VIIIa), and it circulates bound to another protein called the von 
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Willebrand factor (vWF). The vWF helps to stabilize the activated form 

of factor VIIIa. 

5. The factor VIIIa–vWF complex binds to factor IXa,thevWF is 

released, and the IXa + VIIIa combination is called the tenase complex. 

Calcium is needed for this reaction. 

6. The tenase complex converts factor X to factor Xa. Calcium is needed 

for this reaction. In addition to the intrinsic pathway, the extrinsic 

pathway also produces activated factor Xa, although by a different means. 

It is factor Xa that begins the common pathway of secondary hemostasis. 

7. Factor Xa binds to factor Va, and this complex is called 

prothrombinase. Calcium is needed for this reaction to occur. Just like 

factor VIII, factor V is a cofactor and circulates in the blood in its active 

form. 

8. Prothrombinase (Xa–Va) then converts factor II (prothrombin) to 

factor IIa (thrombin). 

9. Factor IIa converts factor I (fibrinogen) to factor Ia (fibrin). 

10. As the fibrin molecules accumulate, they collect in and around the 

platelet plug to glue it together. More specifically, the fibrin molecules 

are said to ―cross- link‖ the platelet cells. 

11. A fibrin clot has now been formed. 

2.6 History of Hemophilia 

The famous physician Al-Zahrawi - Albucasis (936-1013 AD), in 

the second essay of his medical encyclopedia ―Kitab al-Tasrif”, described 

a disease which he named " الذم علت  " or blood disease. His description 

corresponds with hemophilia and he was far ahead in his description 

(Ahmad, 2007). 
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In 1770, William Hewson challenged the cooling theory and 

believed that air and lack of motion were important in the initiation of 

clotting. Hewson described the clotting process, demonstrating that the 

clot comes from the liquid portion of blood, the coagulable lymph, and 

not from the cells, disproving the cooling theory (Ingram, 1976). 

The first recent descriptions of hemophilia are from the end of the 

18th century. In 1803, Dr. John Conrad Otto (1774-1844), an American 

physician, published an account about "a hemorrhagic disposition 

existing in certain families" in the "New York Medical Repository". He 

recognized that the disorder was hereditary and that although it affected 

only males the disorder was transmitted by unaffected females to a 

proportion of their sons. He was able to trace the disease back to a 

woman who settled near Plymouth, New Hampshire in 1720 AD. These 

accounts began to define a clinical syndrome on which the 19th century 

developed an extensive literature (Bain and Gupta,2003). 

2.7 Hemophilia is the royal disease 

Hemophilia has featured prominently in European royalty and thus 

is sometimes known as "the royal disease". Queen Victoria passed the 

mutation for hemophilia B to her son Leopold and through some of her 

daughters to various royals across the continent including the royal 

families of Spain, Germany, and Russia. In Russia, Tsarevich Alexei 

Nikolaevich, son of Nicholas II, was a descendant of Queen Victoria 

through his mother Empress Alexandra and suffered from hemophilia 

(Rogaev et al., 2009). 

 

 

 



 

14 
 

2.8 Carrier Status 

It is important to identify the female members of the kindred that 

carry the defected hemophilia gene. Carrier females may exhibit low 

levels of clotting factor activity due to lyonisation of the X chromosome. 

Levels in some carrier females may be <10 U/dl(Plug et al., 2006). 

Carrier females with low levels of clotting factor activity may 

bleed and require clotting factor therapy after trauma and surgery, as 

would a comparable male with mild hemophilia. Consequently, all 

females in kindred with hemophilia should have their factor level 

determined. Identification of carrier status is important for female 

members of the affected family. Women should be offered genetic 

counseling and prenatal diagnosis is possible (Sramek et al., 2003). 

As an X-linked recessive trait, hemophilia occurs almost exclusively 

in males. There are circumstances, however, when females experience 

bleeding symptoms (Peake et al., 1993). 

1. Symptomatic carriers: In some cases, female carriers of 

hemophilia can have low (< 50%) levels of FVIII or FIX and 

experience bleeding symptoms. Female carriers who have bleeding 

symptoms are called symptomatic carriers. 

2. Daughters of a father with hemophilia and a carrier mother: In 

rare cases, it is possible for a female to have a father with 

hemophilia and a mother who is a carrier, and thereby inherits an 

affected X chromosome from both parents. Such daughters would 

therefore have hemophilia. 

3. Turner’s syndrome: This is a rare chromosomal disorder in which 

females carry only one X chromosome. If these girls inherit the 

hemophilia gene, they will have hemophilia. 
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2.9 Symptoms of hemophilia  

Hemophilia symptoms vary, depending on the degree of blood 

clotting factor (coagulation factor) deficiency and they also depend on the 

nature of any injury. The common symptoms of hemophilia are: 

(Chambost et al., 2002) 

 bleeding into joints (knees, elbows, ankles, shoulders, hips, wrists 

in descending order of frequency) 

 bleeding into soft tissues and muscles (the ileopsoas muscle around 

the hip, calf, forearm, upper arm, Achilles tendon, buttocks) 

 bleeding in the mouth from a cut, bitten tongue or loss of a tooth 

(especially in children) 

 blood in the urine (hematuria) 

 surface bruising 
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Section two……………………………………..…Types of Hemophilia 

3.1 Hemophilia A 

Hemophilia is a genetic disorder which results from the deficiency 

of factor VIII of the coagulation system. (Factor VIII deficiency) an X-

linked (Xq28) disorder causing a deficiency of coagulation-factor VIII in 

males, the most common of the inherited bleeding disorders. About one-

third of all patients have no family history and result from a spontaneous 

mutation somewhere within the kindred, about 1 in 5000 males are 

affected. There is no evidence to suggest a variation in incidence among 

different ethnic groups (Sadek et al., 2000).  

Numerous mutations of the factor VIII gene have been identified 

that lead to hemophilia A of varying degrees of severity. Approximately 

50% of all cases of severe hemophilia A are due to a large inversion of 

the factor VIII gene (focusing on intone 22) on the X chromosome. The 

level of factor VIII determines the clinical severity of the disorder, the 

normal range being50 to 150 U/dl (Chambost et al., 2002).  

3.1.1 Laboratory Features 

The diagnosis is suggested by an isolated prolongation of the 

activated partial thromboplastintime and confirmed by a low factor VIII 

level on a specific assay. The prothrombintime, thrombin time, and 

bleeding time are all normal, as is Von Willebrand Factor, the factor VIII 

carrier protein (Kasper and Buzin, 2009). 

Clinical characteristics of hemophilia A included: 

 Severe hemophilia A, defined by less than 1% active factor VIII 

activity, is usually diagnosed in the first year of life due to 

spontaneous joint or deep muscle bleeding occurring two to five times 
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per month. Treatment involves prophylactic infusions of factor VIII 

concentrate every other day to maintain factor VIII clotting activity 

higher than 1 percent to prevent spontaneous bleeding. If bleeding 

does occur, intravenous infusion of plasma-derived or recombinant 

factor VIII concentrate is needed within the first hour of onset 

(Mannucci, 1997). 

 Moderate hemophilia A, characterized by 1–5 percent of factor VIII 

activity, is typically diagnosed by age 6 due to prolonged or delayed 

oozing after minor trauma, with episode frequency varying from once 

a month to once a year (Hoyer, 1994). 

 Mild hemophilia A, with 6–35 percent factor VIII activity, is not 

usually diagnosed until adulthood. Although spontaneous bleeding 

does not occur, abnormal bleeding is observed after surgery, tooth 

extraction, or major injuries. Bleeding frequency may vary from once 

a year to once in 10 years. Immediate treatment of bleeding is 

recommended, or patient may receive prophylaxis with intravenous or 

nasal desmopressin or factor VIII concentrate (Robbins et al., 2001). 

 10 percent of carrier females are symptomatic. They are usually 

mildly affected. Carriers should be monitored postpartum for delayed 

bleeding, unless their baseline factor VIII activity is normal 

(Antonarakis et al., 1995). 

3.1.2 The FVIII Gene 

The official name of FVIII Gene is ―coagulation factor VIII, 

procoagulant component. The FVIII gene spans 186 kb dispersed across 

26 exons near the tip of the long arm of the X chromosome (Xq28).The 

FVIII mRNA is approximately 9 kb in length and encodes an 

approximately 300 kD protein. The primary source of FVIII production in 

vivo is still unknown, although significant production can occur in the 
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liver, based on the correction of hemophilia A by liver transplantation. 

Gene expression has also been identified in peripheral blood cells, as well 

as some lymphocyte cell lines (Guillet et al., 2006). 

3.1.3 Polymorphisms  

The factor VIII and factor IX genes both contain two types of 

polymorphism: single nucleotide polymorphisms (SNPs) and length 

polymorphisms, also known as variable number tandem repeat sequences 

(VNTRs) or microsatellites. Polymorphisms have a scientific interest of 

their own and are useful in areas as diverse as forensic science (Gill et al., 

1985)and the study of human evolution (Paabo, 1999). They have clinical 

relevance in the context of hereditary disorders in that they can be used to 

track a defective (or normal) gene through an affected family. Such 

linkage studies have permitted carrier status investigation and prenatal 

diagnosis in hemophilia A and hemophilia B. There is an apparent 

paucity of polymorphisms in both the factor VIII and factor IX genes 

(Venter et al., 2001).  

In the human genome, two haploid human genomes chosen 

randomly differed by 1 base/1250 bases on average; therefore, the factor 

VIII and factor IX genes would be expected to contain approximately 144 

and 27 SNPs, respectively. However, these numbers are considerably 

greater than the number of polymorphisms detected so far in these genes, 

although this could reflect a problem of detection rather than a genuine 

paucity. Certainly, many more candidate polymorphisms have been 

identified as a result of the human genome sequencing programme (Saha 

et al., 2007). 

The factor VIII gene contains several SNPs, many of which fall 

into the subcategory of restriction fragment length polymorphisms 
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(RFLPs). In addition, two microsatellites have been reported within the 

gene, one in intone 13the other in intone 22 (Fig.3.1). (Lallozetal., 1992). 

 

Figure (3.1).The known polymorphisms in the human genes for (A) factor VIII 

(Lalloz et al., 1992). 

3.1.6 Management of hemophilia A 

Bleeding problems are treated by elevating the factor VIII level 

toward normal. This can be done by the administration of coagulation 

factor concentrates, with factor VIII as replacement therapy or, for mild 

patients, by administration of DDAVP (Mannucci, 1997).  

To control spontaneous hemorrhage, the factor VIII level must be 

raised to above 20% of normal, although generally more than this is 

given. For severe hemorrhage or to cover surgical procedures, the level 

must be raised to 100% of normal and maintained above 60% until the 

hemorrhage has stopped or healing has occurred. As the half-life of factor 

VIII is approximately 12 h, replacement therapy may need to be given 

twice daily. Anti fibrinolytic therapy, such as tranexamic acid, is a useful 

adjunctive treatment. The availability of coagulation-factor concentrates 

for factor VIII has revolutionized the treatment of hemophilia A. 

hemophilia A is an ideal target for somatic gene therapy (Hoyer, 1994). 
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3.2 Hemophilia B 

Hemophilia B is the second most common type of hemophilia.  

Itan X-linked disorder causing a deficiency of coagulation-factor IX 

(Cytogenetic Location: Xq27.1-q27.2) can also be known as factor IX 

deficiency, or Christmas disease.  It was originally named ―Christmas 

disease‖ for the first person diagnosed with the disorder back in 1952 

(Biggs et al., 1952).  

It is largely an inherited disorder in which one of the proteins 

needed to form blood clots is missing or reduced. In about 30% of cases, 

there is no family history of the disorder and the condition is the result of 

a spontaneous gene mutation (Knobe et al., 1999). 

There are different levels of hemophilia B: mild, moderate, and 

severe, depending on the amount of clotting factor in the blood (Shapiro 

et al., 2005): 

 People with mild hemophilia have 5% up to 50% of the normal 

clotting factor in their blood.   Most patients usually have problems 

with bleeding only after serious injury, trauma or surgery. In many 

cases, mild hemophilia is not diagnosed until an injury, surgery or 

tooth extraction results in prolonged bleeding. The first episode 

may not occur until adulthood. Women with mild hemophilia often 

experience menorrhagia, heavy menstrual periods, and can 

hemorrhage after childbirth. 

 People with moderate hemophilia about, 15% of the hemophilia 

population, have 1% up to 5% of the normal clotting factor in their 

blood. They tend to have bleeding episodes after injuries and some 

without obvious cause. These are called spontaneous bleeding 

episodes. 
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 People with severe hemophilia about 60% of the hemophilia 

population, have <1% of the normal clotting factor in their blood. 

They have bleeding following an injury and may have frequent 

spontaneous bleeding episodes, often into their joints and muscles. 

Everyone inherits two sex chromosomes, X and Y, from his or her 

parents. A female inherits one X chromosome from her mother and 

one X chromosome from her father (XX). A male inherits one X 

chromosome from his mother and one Y chromosome from his father 

(XY). The gene that causes hemophilia is located on the X 

chromosome (Bogdanova et al., 2007). 

3.2.4 Types of mutation in hemophilia B 

Mutations in the F9 gene cause a type of hemophilia called 

hemophilia B. More than 900 alterations in this gene have been 

identified. The most common mutations change single DNA building 

blocks (base pairs) in the gene. A small percentage of mutations delete or 

insert multiple base pairs or rearrange segments of DNA within the gene. 

Several mutations near the beginning of the F9 gene sequence 

cause an unusual form of hemophilia known as hemophilia B Leyden 

(Mutations in the factor IX promoter). People with these mutations are 

born with very low levels of functional coagulation factor IX, but 

hormonal changes cause the levels of this protein to increase gradually 

during puberty (Camerino et al., 1984).  

Chen et al., (1985) identified a partial intragenic deletion in the F9 

gene in 7 affected members of a family with severe hemophilia B.    

Peake et al., (1984) as having an X-chromosome deletion of minimum 

size 114 kb that included the entire F9 gene. 

Green et al., (1991) provided a list of point mutations that cause 

hemophilia B. Sommer et al., (1992) estimated that missense mutations 
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cause only 59% of moderate and severe hemophilia B and that these 

mutations are almost always (95%) of independent origin (i.e., de novo 

mutations). In contrast, missense mutations were found in virtually all 

(97%) families with mild disease and only a minority of these (41%) were 

of independent origin. 

Rogaev et al., (2009) identified a splice site mutation in the F9 

gene as the causative mutation for the 'Royal disease,' the form of 

hemophilia transmitted from Queen Victoria to European royal families 

and transmitted to her granddaughter, Russian Empress Alexandra and 

her son, Crown Prince Alexei 

3.2.5 Management of hemophilia B  

The mainstay of treatment is coagulation-factor concentrates — 

factor IX used in on demandor prophylaxis programs as with hemophilia 

A. Factor IX has a longer half-life than factor VIII (24 vs. 12 h). 

Replacement therapy is usually administered on a daily basis for acute 

bleeding episodes and twice weekly for prophylaxis. Recombinant factor 

IX is now widely available. High-purity plasma-derived factor IX 

concentrates are also available. Both preparations reduce the risk of 

thromboembolism seen with previous prothrombincomplex concentrates. 

Complications due to therapy and general principles of management are 

the same as for hemophilia A . As the factor IX gene is smaller and 

simpler than the factor VIII gene, hemophilia B is the ideal model for 

somatic gene therapy (Manno et al., 2003). 

3.3Hemophilia C 

Hemophilia C is a mild form of hemophilia affecting both sexes. 

However, Hemophilia C was first discovered and predominantly occurs 

in Jews of Ashkenazi descent in the 1950s. It is the fourth most common 

coagulation disorder after von Willebrand's disease, hemophilia A,  and 
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B. In the USA it is thought to affect 1 in 100,000 of the adult population, 

making it 10% as common as hemophilia A (Bolton et al., 1995). 

It is caused by a deficiency of coagulation factor and is 

distinguished from hemophilia A and B by the fact it does not lead to 

bleeding into the joints. Furthermore, it has autosomal inheritance, since 

the gene for factor XI is located on chromosome 4 (close to the 

prekallikrein gene); and it is not completely recessive, individuals who 

are heterozygous also show increased bleeding (Salomon et al., 2003). 

Many mutations exist, and the bleeding risk is not always influenced by 

the severity of the deficiency. Treatment is usually not necessary, except 

in relation to operations, leading to many of those having the condition 

not being aware of it. In these cases, fresh frozen plasma or recombinant 

factor XI may be used, but only if necessary. The afflicted may often 

suffer nosebleeds, and females can experience heavy menstrual bleeding 

(Shpilberg et al., 1995).  

 

3.3.3 Types of mutation in hemophilia  C 

Characterization of the F11 gene in 1987 enabled detection of 

mutations that cause FXI deficiency. The preferred method for mutation 

detection is direct sequencing of the coding regions, splice junctions and 

promoter of the F11 gene. Molecular diagnosis increases our 

understanding of the structure– function relationship in FXI (Mitchell     

et al., 2003) . 

Mutations in the factor XI gene cause the congenital deficiency of 

factor XI clotting activity. The inheritance pattern of factor XI is 

autosomal but not completely recessive, because heterozygote's may have 

bleeding ,the first 3 mutations in the factor XI gene were described in 6 

persons of Ashkenazi Jewish descent who were severely affected (Asakai 

et al., 1989). 
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More than 200 other mutations that cause factor XI deficiency have 

been described. Mitchell et al., (1999) performed single strand 

conformation polymorphism (SSCP) analysis of the F11 gene in 3 

patients with heterozygous factor XI deficiency. Three missense 

mutations were found: arg308 to cys, ala412 to val , and ser576 to arg . In 

these 3 patients the factor XI activity varied from 27 to 50%. Another 

mutation was discovered by Pugh et al., (1995) , who identified an A-to-

G mutation at the second to last base of intron 9 in the F11 gene in a 

patient with factor XI deficiency. This AG-to-GG change at the 3'-prime 

splice junction site is the type of change that has been observed as the 

cause of several disorders 

 In 2005 Hill and coworker identified 12 different mutations in the 

F11 gene in 30 patients from 13 unrelated non-Jewish families with factor 

XI deficiency. One of the mutations resulted in a full gene deletion (Hill 

et al., (2005). Various mutations have been identified in persons who are 

not Jewish. Two ancestral mutations are described: a mutation with a 

Cys38Arg substitution in exon 3 (observed in the French Basque 

Country) (Bauduer et al., 1999) and the mutation C128X in exon 5 

(occurring in England).Both mutations result in a factor XI level of less 

than 1 U/dL in affected homozygotes.  

In Arabs Wistinghausen et al., (1997) demonstrated a previously 

undescribed C-->A mutation at nucleotide 1254 in exon 11 resulting in a 

threonine to asparagine (T-->N) substitution at amino acid 386.  

3.3.4 Function of factor XI protein  

Factor XI is involved in the consolidation phase of blood 

coagulation by way of a thrombin generated feedback loop.  Factor XI is 

synthesized in the liver and circulates in the plasma as a complex with 

high-molecular-weight kininogen (HMWK), although factor XI has a 
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half-life of about 52 hours and its serves as a procoagulant and an 

antifibrinolytic agent, and the lack of factor XI in plasma results in a 

tendency to bleed. People with severe factor XI deficiency have a lower 

incidence of ischemic stroke (Gomez and Bolton, 2008).  

Factor XI has no role in the complement but has been shown to 

activate fibrinolysis. In severe deficiency factor XI, bleeding is related to 

injury, especially when trauma involves tissues rich in fibrinolytic 

activators, such as the oral mucosa, the nose, and the urinary tract. Unlike 

patients with severe hemophilia A or B, patients with severe factor XI 

deficiency do not spontaneously bleed (Emsley et al., 2010). 

3.3.5 Management of hemophilia C 

Treatments currently available in early cases of FXI deficiency, 

bleeding symptoms were treated with fresh-frozen plasma (FFP). 

Although this remains widely used, specific FXI concentrates have been 

available since the 1980s. 

These have the advantage of shorter infusion times because the 

volume is reduced and are not associated with unnecessary increases in 

other coagulation factor levels. For patients with severe deficiency 

undergoing surgery, FXI replacement is the treatment of choice (Bolton 

et al., 2004). 

3.4.1 Epidemiology of hemophilia in the Arab World 

Hemophilia is not as prevalent as other genetic blood disorders 

(G6PD deficiency, thalassemias, sickle cell disease) in most all Arab 

countries, it is the most prevalent form of inherited bleeding syndromes 

(IBS) in the region. In agreement with world data, hemophilia A accounts 

for the majority of Arab patients with IBS (Saudi Arabia 72%, Egypt 

60%, Iraq 53%, Jordan 26%), whereas hemophilia B occurs less 

frequently (Egypt 20%, Iraq 8%, Jordan 7%, Saudi Arabia 4%) 
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(Wistinghausen et al., 1997). Al-Yassiri,(2004). Indicated the presence of 

474 hemphilic patients, hemophilic patients A was 77.8%, while type B 

was 22.2%. 

Al-Kubaisy et al., (2006) studied the seroprevalence of human cyto 

HCV infection among HIV-infected hemophiliacs in 47 HIV-infected 

hemophilia patients. Polymerase chain reaction and DNA enzyme 

immunoassay analyses indicated that seroprevalence of anti-HCV 

antibodies was 66.0%. Of 31 HCV/HIV co-infected patients, 21 (67.7%) 

had no history of blood transfusion.  Al-Arrayed et al., (2006) indicated 

that hemophilia is not a very common disease in Bahrain. Only 10 

patients with hemophilia were under treatment at the Salmaniya Medical 

Complex at the time. 

Abu-Amero et al. (2008) selected 20 unrelated Arab male patients 

from Syria (11), Jordan (1), Yemen (2), and Saudi Arabia (6) with severe 

hemophilia A, in order to study the spectrum of FVIII mutations among 

Arabs. The patients underwent detailed clinical examination and 

evaluation of their plasma FVIII:C activity. None of the patients showed 

a deletion of the FVIII gene. An attempt to detect intron 22 inversion by 

PCR revealed that 11 patients (55%) had the defect. The remaining nine 

patients were screened for FVIII gene mutations. Eight base substitutions 

(six of them novel) were detected in nine patients (45%), while none had 

any insertions or deletions. Mothers of five patients were tested for their 

carrier status, suggesting a de novo mutation in the patients. 

The records of Child Protection Teaching Hospital / Baghdad 

teaching hospital demonstrated that the numbers of 530, 184, 8 were 

correspondent to hemophilia affected individuals of the types  A ,B, and 

C, respectively in Iraq during the period from 2009-2012 (personal 

recommendation).   
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In another study in Baghdad, Iraq, found the prevalence and incidence of 

hemophilia in Baghdad was doubled in 10-year period, the prevalence of 

hemophilia increased from 7.2/100 000 males in 2007 to 15.9/100 000 

males in 2016. Similarly, the incidence of hemophilia had increased from 

8.4/100 000 livebirths in 2007 to 16.3/100 000 livebirths in 2016. Severe 

hemophilia represented 63.4% of all types. Clotting factor inhibitors were 

positive in 11.6% and target joints were found among 45.1% of patients. 

About 27% were on prophylactic therapy. Only one death was recorded 

in 2016 (Kadhim et al. 2019).  
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Section Three……..Molecular approach for treatment of Hemophilia  

4.1Recombinant Clotting Factors 

Recombinant DNA is created by combining segments of DNA 

from different organisms. Recombination of DNA takes place naturally in 

bacteria. In the 1970s and 1980s, scientists developed methods for 

making recombinant DNA in the laboratory, allowing for the creation of 

recombinant proteins. These methods have been used to produce large 

quantities of factor VIII and IX for treatment of people with hemophilia 

A and B (Shapiro, 2000). 

In the 1980s, two separate research groups, at nearly thesame time, 

succeeded at synthesizing the entire factor VIIIgene and expressing the 

recombinant protein. At 186,000nucleotides long, this was the largest 

gene ever synthesized at that time, and the recombinant proteins obtained 

were found to be just as effective at clotting blood as cryo-precipitates . 

Recombinant factor VIII became commercially available in 1992, and 

recombinant factor IX followed in 1997. To produce a recombinant 

protein, there are many different and unique molecular biology methods 

available foruse .There are, however, basic steps common to producing 

recombinant proteins, which will be outlined next (Monahan et al., 1998). 

4.1.1 Isolating the Gene to Be Expressed:  

Before you can produce a recombinant protein, you need a gene, 

and isolating a human gene can be a little tricky. For hemophilia, the first 

step was completed in the early 1980s when the genes for factor VIII and 

IX were isolated and sequenced. The factor VIII gene has 186,000 

nucleotides, while the factor IX gene has 34,000 nucleotides. (Hedner  

and Ingerslev, 1998).  
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4.1.2 Recombinant Protein Expression Vectors 

After the gene to be expressed has been isolated, it needs to be put 

into an expression vector. This vector will help transfer the gene of 

interest into cells that will express that gene’s protein. Expression vectors 

can be made in the lab or purchased out of scientific catalogs. Most 

expression vectors are circular pieces of double- stranded DNA, and 

every expression vector needs at least three things: (1) an origin of 

replication, (2) a gene for antibiotic resistance, and (3)at least one unique 

restriction enzyme site. The origin of replication allows the vector to copy 

itself. A gene for antibiotic resistance is necessary because it is difficult 

to put expression vectors into cells, so it is necessary to be able to 

separate the cells that took a vector from those that did not (Erhardsen, 

2000) (fig. 4.1). 

 

Figure 4.1 Every expression vector needs to contain three important things: an 

origin of replication to allow transcription of the inserted gene; a unique restriction 

enzyme, so the vector will be cut only once; and a gene for antibiotic resistance to 

isolate the cells that received the vector(Erhardsen, 2000). 

4.2 Gene Therapy 

Gene therapy represents a completely new type of treatment for 

hemophilia. Gene therapy gets right to the source of a genetic disease by 

trying to correct the defective gene. 
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In gene therapy, a functioning gene is transported into the body and 

cells of a patient. The gene may insert itself into the patient’s DNA or it 

may remain independent; either way, the hope is that the gene will 

produce the protein that is lacking in the patient, thereby curing the 

patient of his or her disease. The following sections will cover the details 

of gene therapy (Pierce et al., 2007). 

4.2.1 Gene Therapy Performed 

The first step in gene therapy is to have a gene to deliver. For 

hemophilia A and B, this is relatively easy, because the genes for factor 

VIII and IX have been fully studied (Fallaux et al., 1996). 

The next step in gene therapy is to decide how to deliver the gene 

into the patient’s body; in other words, the gene therapy vector must be 

chosen. The most common gene therapy vectors used today are viruses. 

The biggest benefit of viral vectors is that they naturally invade human 

cells. these vectprs completely inactivated,  and cannot cause disease after 

they are introduced into the patient by genetic alteranation. In gene 

therapy for hemophilia, researchers have tested three types of viruses as 

vectors: retroviruses, adenoviruses, and adeno- associated viruses (Manno 

et al., 2006). 

4.2.2 Gene delivery systems 

The most challenging aspect of gene therapy for hemophiliaremains the 

production and development of a suitablegene delivery system, which 

will lead to high-level longtermexpression of coagulation proteins. 

Adeno-associated viral vectors like Adenoviruses and Retroviral vectors 

including Moloney murine leukaemia virus (MoMLV) have commonly 

been used for gene therapyprotocols and extensively studied as vector 

systems in hemophilia.  (Nathwani et al.,2011a). Adenoviruses as they 
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can be produced at high titre, have thecapacity to infect a wide variety of 

cells, integrate into thehost genome (so allowing possible long-term 

maintenanceof the transgene in daughter cells) and are relatively 

nonimmunogenic(McCormack et al., 1997) (fig 4.2). 

 

 

 

 

 

 

 

Figure (4.2).diagram shows the method of gene therapy (McCormack et al., 1997). 

4.3 Hemophilia as target for gene therapy  

Although the hemophilias have long been seen as a good clinical 

model for the development of gene therapy for single-gene disorders, it is 

a major target for gene therapy, as it has several fundamental advantages 

over other single-gene disorders: there is a simple cause and effect 

relationship between coagulation factor deficiency and disease 

phenotype/clinical symptoms (Koeberl et al., 1995). 

4.3.1 Gene therapy in Hemophilia A  

Factor VIII is significantly more difficult to express in gene 

therapy systems than factor IX for a variety of reasons. The factor VIII 

gene is a complex 26-exon gene of over 186 kb. The cDNA at 88 kb is 

also too large to be packaged by many vector systems. As outlined 

earlier, a B-domain deleted version has been used in the majority of 
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studies looking at gene therapy treatments for hemophilia A. Deletion of 

the B domain also has the added benefit of increasing factor VIII 

expression, compared with the fulgentclone. Not only is factor VIII 

cDNA a problem by virtue of its size, but it is also known to contain 

sequences, particularly within the A2 domain, that repress its expression, 

resulting in low levels of factor VIII mRNA (Doering and Spencer, 

2009). 

4.3.2 Gene therapy in hemophilia B 

Factor IX, unlike factor VIII, is relatively easy to express. It is 

widely distributed and can equilibrate between vascular and extravascular 

compartments (Liles et al., 1997). Unlike factor VIII, therefore, for 

successful gene therapy, factor IX production does not necessarily need 

to be from sites such that it is directly secreted into the circulation. 

An Adenoviral vector remains the most efficient vectors 

inachieving high-efficiency transduction in vivo. On 10 December 2011, 

a team of British and American investigators reported the successful 

treatment of hemophilia B using gene therapy. The investigators inserted 

the F9 gene into an adeno-associated virus-8 vector, which has a 

propensity for the liver, where factor 9 is produced, and remains outside 

the chromosomes so as not to disrupt other genes. The transduced virus 

was infused intravenously. To prevent rejection, the patients were primed 

with steroids to suppress their immune response (Nathwani et al., 2011b). 

4.3.3 Treatment of hemophilia C 

Persons with severe hemophilia C do not require treatment or 

prophylactic (preventive) therapy for daily activities. However, 

replacement therapy is required for dental extractions and surgery, and 

treatment options depend on the type of procedure. 
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Chapter III 

 

Conclusions and recommendations 

 Conclusions 

1) Hemophilia has a problem with certain proteins in the blood, 

called clotting factors, which help blood clot. 

2) There are three types of hemophilia: hemophilia A and 

hemophilia B are a recessive X-linked genetic disorder involving 

a lack of functional clotting Factor VIII and Factor XI, 

respectively, while hemophilia C is an autosomal genetic disorder 

involving a lack of functional clotting Factor XI.  

3) Hemophilia is a perfect candidate for gene therapy, special 

hemophilia B. 

 

 Recommendations 

1) Molecular screening studies for hemophilia with emphasis on the 

most common types in Iraq with regards to variation of ethnicity. 

2) National campaign to elucidate the seriousness and the 

tremendous negative consequences of the disease. 

3) Efforts should be directed for the most recent methods of 

treatment (gene therapy) rather than the conventional ones. 
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