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Abstract

The main aim of this study was to determine the sero prevalence of
Epstein-Barr  virus (EBV) IgG antibody using enzyme linked
immunosorbent assay (ELISA) among leukemic patient attending
Radiation Isotop-center-Khartoum (RICK )from April to June 2015

This study had also examined age, gender and type of leukemia
antibodies as risk factors.

A total of 80 subjectsof leukemicpatients were examined.

The results revealed that the prevalence of Epstein-Barr virus (EBV)IgG
among total leukemic patients was 60(75%)

The results showedthat the prevalence of Epstein-Barr virus
infectionwas21 (23%) in patient withacute lymphoid leukemia(ALL), 13
(14%)inchronic Leukemia(CLL), 8(8.9%) acute myeloid leukemia
(AML) and 18(20%. chronic myeloid leukemia (CML) .According to
gender it was 34(42.5%) in males,in females 26(32.5%).

Also the results showed high occurance of EBV IgG antibodies in age
groupsbetween (1-20)years which represent21(26.3%), followed by the
age groups between(41-60) years which represent 19(23.8%) and then
age groups between (21-40)years represent 16 (20.0%),and less
occurance in age groups between (61-80)which resemble 4(4%).

From this Study concluded that there is significant correlation between
leukemia and Epstein-Barr virus .The study showed that EBV was one of
the causes of leukemia and recommended further studies to enhance these

results.
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CHAPTER ONE
1. Introduction

1.1Introduction
Epstein-Barr virus(EBV) is a member of the herpesvirus family. As with
other herpes viruses, EBV is an enveloped virus that contain DNA core
surrounded by an icosahedral nucleocapsid and tegument .Family
members include herpes simplex I and II and varicella zoster virus
(alpha-herpesvirus subfamily),cytomegalovirus and human herpes
virus(HHV-6) and( HHV-7) (beta-herpesvirus subfamily) and ( HHV-8)
and EBV(gamma-herpesvirus subfamily).(Young and Rickinson .,2004).
Human tumors have been attributed to both HH-8(Kaposi
sarcoma),primary  effusion lymphoma(PEL) and EBV(Burkitts
lymphoma,nasophrangeal carcinoma ,and Hodgkin's lymphoma)and non-
Hodgkin's lymphoma). (Chen et al., 2007)
EBV has a world-wid distribution being able to establish a long life
infection is more than 90% of individuals. Primary infection is usually
asymptomaticand only when it delays until adulthooda being
lymphoproliferative disease known as infectious mononucleosis(IM),may
occur. The main site of EBV persistence in vivo is represented by
latently infected B-cell showing feature of resting memory B lymphocyte
in vitro.(Miyashitaetal.,1997)
The presence of EBV genomes and constant expression of viral protein,
strongly support the involvement of EBV in the pathogensis of awide
spectrum of human malignancies. These include lymphomas of B,T and
NK cell origin such as the immoblastic lymphoma of immuno
suppressed,endemic Burrkitt's
lymphoma(BL),Hodgkin'slymphoma(HL).But  also  carcinoma  of

thenasopharynx and leiomyosacoma arising in organ transplant patient



and HIV infected individuals.(Chen et al., 2007).This work was carried
out to find on association between EBV infection and leukemia.

2.1 Rationale

Epstein-Barr virus ,awidely distributed herpes virus that associated with
several malignant diseases.The major target cell for EBV is the B-
lymphocytebut can also infect other cell lymphoproliferative disorders
that have been reported to be EBV associated include a subset of
peripheral T-cell lymphomas, angioimmunoblastic T-cell lymphoma
(AILT), extranodal nasal type NK/T-cell lymphoma,enteropathy-type T-
cell lymphoma, +vy8 T-cell Ilymphomas (hepatosplenic and
nonhepatosplenic), T-celllymphoproliferative disorders after chronic
EBV infection, EBV-associated cutaneousT-cell lymphoproliferative
disorders and aggressive NK-cell leukemia/lymphoma (Rezk and Weiss.,
2007)Epstein Barr Virus associated with acute Lymphocytic leukemia in
childhood(Sehgaletal.,2010).

EBV also associated with well defined group of lymphoid and
epithelialtumar in which thevirus directly drives transformation of
infected cells.Recent evidence however indicates that this virus may
infect a sub population oftumar cells in patient with chronic lymphocytic
leukemia (CLL).

EBYV is one of the serious virus in sudanamong adults and child,among
childhood observed with high incidence Of EBV with acute
leukemia.(Hussein et al.,2011). According to (Elwadet al.,2014) there is

on evidence of the involvement of EBV in patients with leukemia.



1.30bjectives
1.3.1General objective
To investigate the seroprevalence ofEpstein Barr Virus antibodies among

leukemic patients areattendingRadiationIsoptop Center-

Khatoumstate(RICK).

1.3.2Specific objective

1-Todetect the specific Epstein Barr Virus IgG(VCA)in serum obtained
from leukemic patient s using
enzymelinkedimmunosorbentassay(ELISA) .

2-To find out the major risk factor associated with EBV infection among
leukemias.

3-To compare findingbetweenLymphobastic =~ leukemia  (Acute
lymphoblastic leukemia (ALL),Chronic lymphoblastic
leukemia(CLL))and myeloid leukemia(Acute myeloid leukemia (AML),
Chronic myeloid leukemia (CML)).
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CHAPTER TWO
2.Literature review
2.1Historical background

EBV was discovered as a result of pioneering work in the 1950 ,by Denis
Burkitt. Burkitt identified a previously unrecognized form of cancer
which affected the jaws of young African children, and he made the
crucial insight that the distribution of this common tumor (known as
Burkitt’s lymphoma) appeared to be influenced by climatic factors

notably temperature and elevation.

Epstein and Yvonne Barr were the first identify EBV in tumor tissue
associated with Burkitt'sLymphoma. The researchers used electron
microscopy to determine that these viral particles were very similar in

structure to Herpes simplexvirions (Epstein et al.,1964).

2.2Virusclassification and Genome

The Epstein-Barr virus is a Baltimore Class [ virus of the
familyHerpesviridae. It is a gammaretrovirus also designated as Human
Herpes Virus 4 (HHV-4). The genome of EBV is composed of double-
stranded DNA and is 172,282 base-pairs long(Baer etal.,1984) . This
relatively long genome is characteristic of Herpes viruses; Herpes
simplex has a 152-kilobase genome(Mahieter al.,2012). The open
reading frames (ORFs) or EBV are generally broken up into separate lytic
and latent sections . While most of the viral genes encode proteins, some
of the latent genes remain untranslated (EBERs: ENV encoded RNAs)
and several micro-RNAs are coded for(Mahietetal., 2012). The relativity
large dsDNA genome of the Epstein-Barr virus exhibits separation of

ORF sections coding for genes associated with its two different



replicativestrategies.During latent infection, the EBV genome exists in a
circularized form localized in the host cell nucleus(Young and
Rickinson.,2004 )The reading frames for the LMP and EBNA proteins

are clustered separately
2.3Epstein-Barr virus-Virion structure

EBV-observed that this lymphoma-associated virus was about20%
smaller than typical Herpes simplex virion(Epstein et al.,1964) .Similar to
other Herpesvirus,the inner most part of the EBV virion consist of DNA
wrapped around a centeral a nucleocapsid,alyer of protein tegument,and
finallyand outer envelope with spike
glycoprotein(LiebowitzandKieff.,1993)See (figureA) Similar to many
other viruses,many of these glycoprotein are vital for host cell entry
mechanism. Infected host cells release EBV virionexclusively during the

lytic cycle.

STRUCTURE OF A HERPESVIRUS

1200,
1500 4

Figure(A). A general diagram of a herpes virusvirion. Note that the
dsDNA genome 1is wrapped around a central nucleo-protein.
Spike.glycoprotein on the surface play a role in host cell entry (Young
and Rickinson .,2004)



2.4Strains of Epstein-Barr virusThere are two strains of EBV,EBV -
land EBV-2,which differ in the regions that code for the EBNAs and
EBERs.EBV-2 is less effective at causing B-cell growth and proliferation
than EBV-1

This is mainly a result of differences in the coding regionof thegene for

EBNAZ2 (Baumforth et al.,19991).
2.5 Transmission of infection

EBV transmission take place through oropharyngeal secretion .In
adolescent and adult cases of infectious mononucleosis intimate kissing
has been the main route of transmission whereas saliva.(Sawyer et
al.,1971). EBV infection frequently takes place among smaller children
of low socio economic status,in nurseries and when sharing a room

(Crawford et al., 2002)

EBYV has been detected in cervical secretions in between 8 and 28% of
teenage girls and adult women,and in semen samples in men (Enbomet
al.,2001),but evidence on whether EBV 1is transmitted through genital

contact i1s limited.

EBV may be spread through blood transfusion an as a result of organ

transplantation( Scheenstraet al.,2004).

Transmission is of particular concern in association with organ
transplantation where primary EBV infection is amajor risk factor for
post-transplant  lymphoproliferativedisease(PTLD) (Scheenstraet al.,
2004).



2.6Epidemiology of Epstein-Barr virus

Endemic Burkitt's lymphoma occurs frequently in young children in the
equatorial regions of Africa and Papua New Guinea and has an incidence
of 50-100 cases per 1,000,000 individuals (Kutok and Wang.,2006). In
contrast, EBV-associated sporadic lymphoma occurs in children and
young adults and has no specific geographic distribution, with an
incidence of 2-3 cases per 1,000,000 individual. It accounts for 40 and
50% of childhood non-Hodgkin's lymphomas (NHLs) and 1-2% of adult
lymphomas in Western Europe and the United States(Yusteinand
Dangetal., 2007). Nasopharyngeal carcinoma (NPC) is most common in
southern China, and accounts for approximately 20% of all adult cancers
(Shah and Youngetal.,2009). It is extremely rare in Europe and North

America, with an incidence rate is <1 per 100,000 population.
2.7 life cycle

Knowledge of the EBV life cycle is important to better understand
clinical symptoms andEBV diagnostics. The 186-kb double-stranded
DNA EBV genome codes for a number of structural and nonstructural
genes. The port of entry for EBV is also the port of exit, i.e; the
oropharynx. After entry, EBV replicates in epithelial cells and B- cells in
the oropharynx and spreads through the body via infected B cells, while
latent genes that either drive B cells to EBV lytic cycle entry or acquire
the status of latency are differentially expressed (Borza and Fletcher.,
2002) . Like other herpesviruses,EBV follows a The latent infection is
established by self-replicating extrachromosomal nucleic acid, the
episomes (Crawford eta.,2002) . The virus is intermittently shed from
saliva; thus, the main route of transmission is directly from person to
person; however, transmission via blood products, transplantation, and

sexual transmission were shown Interestingly, found that healthy



individuals may be infected with multiple different EBV genotypes, in
which the sequences of the open reading frames encoding EBV nuclear
antigens (EBNAs) differ among the different genotypes (Crawford et
al.,2002) Taken together, the prevention of virus spread seems
impossible.EBV transforms B cells in vivo (in the body) and in vitro (in
cell culture), thus immortalizing B cells.

2.8 EpsteinBarr Virus Lytic Cycle

While the EBV lytic life cycle is more rarely observed than it is the only
way that the virus may make virions and be transferred horizontally
between hosts (or cells) (LiebowitzandKieff.,1993) Immunosuppressive
diseases like AIDS typically show increased free virion levels in the
blood, a marker of increased lytic activity. While virionsare often found
in the saliva of infected hosts, little to no lytic-infected cells are typically
detected in the body(Swamminathanand Kenny.,2009). Human cytotoxic
T-cells are particularly adept at recognizing and destroying
lyticallyinfected cells expressing certain early stage lytic
genes(Steveneral.,1997). Hence, lytic activity appears to drive EBV
spread in human populations. However, the latent replicative cycle is
favored under normal conditions within a host, possibly as a means to
evade host immune responses. Alpha and Beta herpesviruses have
elaborate mechanisms for lytic gene concealment from the host immune
system while EBV has few mechanisms to prevent immune mediated
destruction of lytic-infected cells For example, Herpes simplex may be
capable of inhibition of host.MajorHistocombatibility Complex, which
reduces B-cell antigen presentation and recognition by cytotoxic T-
cells(Steveneral.,1997). In contrast to other herpesviruses,
gammaherpesvirusessuch as EBV have a different mechanism for
avoidance of host immune response. EBV primarily relies on a latent

replication cycle in which its genome proliferates via clonal replication



within dividing host B-cells .Hence, unlike other herpesviruses that rely
on lytic replication for spread within a avoidance traits. Host, EBV relies
more on its latent mechanism. Virion production by EBV takes on a
specific "niche role" vital for the initial infection of a new human host.
Because latent mechanisms are responsible for sustained infections, EBV
is not under significant selective pressure to "develop" elaborate lytic
immune. The lytic cycle begins with mature EBV virions reaching target
host cells, such as B-cells. Contact between the virion and B-cell is
initiated by the binding glycoprotein 350 to B-cell of EBV CD-
21(Nemerowet al.,1989) For the most part, EBVinfection is specific to
cells expressing membranous CD-21 (namely B-cells and some
epithelia), though some CD-21 independent attachment mechanisms are
possible albeit with low efficacy (LiebowitzandKieff.,1993)EBV 350 is
an example of a lytically expressed gene that is specifically targeted by
the human immune system This gp350 binding is complemented by the
binding of EBV gp42 to B-cell MHC-II(Borza and Fletcher.,2002 ).In
order for the viral envelope and B-cell membrane to fuse, the EBV virion

must have functional gH, gL, and gp42 to B-Cell MHCII-I

Once the gH/gl/gp42 complex penetrates the B-cell membrane, the viral
capsid is dissolved, allowing the viral dsDNA genome to enter the
cytoplasm. Interesting, viral, viral dsDNA generally localizes to the
nucleus forreplication(Daikokuet al., 2005). Viral dsDNA is replicated
using host machinery, which stimulates the production of viral structural
proteins. Viral particles are then assembled in the nucleus
(Swaminathanand Kenny .,2009). After full particles are assembled, they
bud out of the nuclear membrane, then the cell membrane. When exiting
the host cell, these virions may acquire their primary envelope from the

nuclear membrane, and the outer envelope from the cell membrane (Gong



and Kieff.,1990).Unlike many other herpesviruses, this exit mechanism
does not initiate mandatory cell death. In the lytic life cycle, viral ds
DNA generally localizes to the nucleus for replication (Daikoku et
al.,2005). Viral dsDNAisreplicated using host machinery, which
stimulates the production of viral structural proteins. Viral particles are
then assembled in the nucleus(Henson etal.,2009). After full particles are
assembled, they bud out of the nuclear membrane, then the cell

membrane.
2.9Latent life cycle

Thelatent  life cycle makes a  moredirectcontribution  to
lymphoproliferative begins at either the Wp or Cp promoter differential
splicing disease. In most cases, once EBV virions achieve primary
infection of B-lymphocytes, the virus primarily replicates by a latent
mechanism (Jochumetal.,2012). This results in the transformation of B-
cells into ever-proliferating lymphoblastoid cell lines (LCL's) (Young and
Rickinson.,2004). The latent phase in the EBV viral life cycle is defined
by:((1)No production of virions, and (2) the production of a select few
viral proteins and transcripts (Cesarman.,2011)). Many of these select
latent viral proteins modulate the character of host B-cells and contribute
to lymphoproliferation(Cesarman.,2011) .In contrast to the lytic cycle
where the viral genome is brought to the nucleus and copied, under the
lytic cycle infected B-cells contain several copies of extrachromosomal
EBV episomes (Young and Rickinson.,2004 )Hence, as the B-cells
proliferate, so does thevirusLatency can be divided into 3 distinct stages
defined by which latent genes are being expressed In latency I, only
EBNAI is expressed(Cesarman.,2011), while in latency II EBNAI is
expressed along with intermediate levels of other EBNAs and LMP
proteins (Youngand Rickinson.,2004). Latency II can be subdivided into

10



ITa, where EBNA2, but not LMPI1 is expressed, and IIb, where the
expression of these two proteins is reversed(Cesarman., 2011) .Latency
IIT is characterized by unregulated expression of the complete latent viral
proteome which includes EBNAs 1-6, as well as 3 LMP proteins (1,2A,
and 2B(Cesarman., 2011) . B-cells must have latency III expression
profiles for successful generation of LCLs in vitro (Klein., 2007). In
addition to these viral proteins, several non-coding RNAs (EBERs) and
micro-RNAs are also produced during all three stages of latency (Foket

al.,2006)
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Figure B. The spectrum of viral latent gene expression in EBV infected
B-cells. Below the schematic for each latency pattern are the
lymphoproliferative disorders associated with each type of expression.

Source:(Cesarmanetal.,2011)

2.10 Pathogenesis of EpsteinBarr virus
After infecting the oropharynx tissue such as the salivary gland,EBV then
infects and transforms B-cells s into B -cells withunilimited growth

potential. Cytotoxic T-cells and Natural Killer cells are then activated in

11



defense against EBV and regulate the elimination of infected B-cell. In
extreme case when long lasting infection results,agammaglobulinemia,
the lack of gamma globulin occur due to T cells severely suppressing the
B cells. in such cases chronic EBV syndrome observed, and symptoms
from EBV last for up to six months due to the severity of B-cell
suppression .At this time other infection can occurring infections are
treated and eventually the patient recovers.If the T-cell response is not
strong lymphocytes occurs resulting in alymphoma.Normally an EBV
infection can occur,and patient observes the usual symptoms such as
fever and swollen lymphatic tissue that result from the immune system
fitting the proliferation of infected B-cell until full recovery is
accomplished (O.R.R.,1981).

2.11 Clinical significance

Most primary infections in children are asymptomaticln adolescents and
young adults, the classic syndrome associated with primary infection in
infectious mononucleosis(50% of infection).EBV also is associated with

several types of cancer.(Geo etal., 2013).

2.11.1 Infectious mononucleosis

After an incubation period of 30-50 days, symptoms of head-ache,fever ,
malaise, fatigue and sore throat occur. Enlaged lymph node and spleen

are characteristic. Some patients develop signs of hepatitis.

The typical illness is self-limited and lasts for 2-4 weeks. During the
disease,there is an increase in the number of circulating white blood cells,
with predominanceof lymphocytes.Many of these are large,atypical T
lymphocytes.Low-grade fever and malaise may persist for weeks to
months after acute illness. Complications are rare in normal hosts.( Geo

et al., 2013).

12



2.11.2EpsteinBarr virus and malignant disease

EBV associated with several type cancersuch as nasopharyngeal

carcinoma,Hodgkin lymphomas ,and Gastric carcinoma(Geoet a/.,2013)

2.11.2.1Burkitt's Lymphoma

Burkitt's lymphoma is a highly proliferative B-cell tumor that includes
three variants: endemic (affecting children in equatorial Africa and New
Guinea), sporadic (affecting children and young adults throughout the
world) and immunodeficiency related (primarily in association with HIV
infection). EBV has been detected in virtually all cases of the endemic
variant, 15%-20% of cases of the sporadic variant, and 30%—40% of
cases of the immunodeficiency-related variant ( Young and

Rickinson.,2004)

2.11.2EpsteinBarr Virus Associated Lymphomas

inimmunocomporomised individuals

Thereexist several distinctclasses ofEB-associatedlymphoproliferative
disorders in immune compromised individuals. First, there is a disorder
resulting from an inherited immunodeficiency known as X-linked
lymphoproliferative disorder. Second, there are lymphomas associated
with immunosuppressive drugs given to transplant recipients. Finally,
there are AIDS-relatedlymphoproliferative disorders. The most common

gene-expression pattern in these disorders is latency III.

2.11.2.3Nasopharyngeal Carcinoma(NPC)
A cancer of epithelial cells and common in males of Chinese origin.EBV

DNA is regularly found in nasopharyngeal carcinoma cells, and patient

13



have high levels of antibody to EBV. EBNA1 and LMP1 are expressed.
Genetic and environmental factors are believed to be important in the

development of nasopharyngeal carcinoma(Geo etal.,2013)

2.11.3 X-linked lymphoproliferative syndrome

X-linked lymphoproliferative syndrome (XLP) or Duncan’s disease is a
rare, primary immunodeficiency that was first described as a familial
disorder affecting males with a rapidly fatal course in response to EBV
infection (Purtiloer al., 1975). XLP is characterized by three major
phenotypes (fulminant infectious mononucleosis, B-cell lymphoma and

dysgammaglobulinemia

2.11.4 Post-transplant lymphoproliferative disease

“Post-transplantlymphoproliferative disorder” (PTLD) in reality defines a
spectrum of lymphoid hyperproliferative states that may be observed in
solid organ and bone marrow transplant recipients (Loren et al .,2003). It
has been suggested that EBV-associated PTLD should include two of the
following three features: disruption of underlying architecture by,
presence of monoclonal or polyclonal cell populations, and evidence
(typically by in situ hybridization for virus-encoded RNA) of EBV in
many of the cells (Payaet al.,1999)

2.12Immune system react with EpsteinBarr virus

Cytotoxic CD8 T-Cells specific for a certain EBV antigen find B-Cells
bearing their antigen and kill them; NK Cells can also kill EBV infected
B-Cells. During the latent stage, CD8 T-Cells for latent proteins regulate
the amount of latent protein expressing EBV infected B-Cells also.

(Steven et al .,1997).
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Constant exposure to IL-10, as seen in patients with chronic
EBVinfections, results in anti-IL-10 antibodies being made. These
antibodies are hypothesized to be produced by CD5 B-Cells which are
known to be the source of autoantibodies such as ones against IL-10, and
CD5 B-Cells have been shown to increase by three fold during an EBV
infection. Thus the immune system fights back with anti-IL-10 antibodies
to unsuppress macrophage activation. (Tanneret al.,1997) .

Infected B-Cells can be caused to undergo CD95-CD95L-mediated
apoptosis (Fas/FasL apoptosis) by CD4 T-Cells. Some TH1 CD4 T-Cells
bear CD95L and can bind to EBV infected B-Cells bearing the CD95
receptor ultimately resulting in apoptosis. This normal mechanism of
regulation of B-Cell growth is observed during EBV infection (Wilson et
al., 1998).

2.13 Serologic Response of patient with Epstein —-Barr virus-
associated disease

Immunoglobulin M anti bodies to EBV viral capsid antigen (anti-VCA)
evolve quickly with infection, persist for weeks to month and do not re
appear .Thus their detection is presumptive evidence of recent primary
infection.Analysis of paired acute and convalescent sera show arise a
subsequent fall ,and along life persistence of IgG anti VCA.

IgA antiVCA is not useful except in the diagnosis and management of
nasopharyngeal carcinoma.

Antibodies to viral early (pre-DNA synthesis)antigens (anti —EA)of the
diffuse or restricted types develop in most primary infections.Its no
diagnostic significant.(Horwitzet al.,1985).

Antibodies to EBV nuclear antigen (anti-EBNA) are detected in
traditional assays relativelylate afterthe onset of symptoms in infectious
mononucleosis so that their absence in apreviously well person who

develops acute illness suggest an ongoing EBV infection.
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2.14 laboratory Diagnosis

Symptoms of an EBV infection resulting in mononucleosis can mislead
diagnosis. So may resemble other infections such as sore throat strep
infection.So the diagnosis includes:

-Hetrophil antibody test or(Paul-Bunnell test).

Used to detect EBV infection. heterophil antibodies have ability to clot
sheep or horse red blood cells,a small amount of the patient's blood is
added to some blood to see clotting occurs,but this method misleading
for younger children so do not produce enough heterophil antibody
.Also other infections can produce heterophil antibodies as well as
mislead diagnosis.(O.R.R .,1981).

-EBV-specific serological method,which detect of antibodies withantigen
coated beads.

-Immunoflourescent (IF)

-Western blot

-Polymerse chain reaction (PCR) analysis of DNA .Saliva,throat washing
can be used to detect EBV

2.15Treatment

There is no treatment for an EBV infection resulting in mononucleosis
except to treat symptoms.Acyclovir reduces EBV Shedding from the
oropharynx administration, but it does not affect EBV-immortalized B
cells. Acyclovir has no effect on the symptoms of mononucleosis and is
of no proved benefit in the treatment of EBV —associated lympho-masin

immunocompromised patients.(Geo et al.,2013)
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2.16 Prevention

-Restricting intimate contact during acute mononucleosis can reduce the
transmission of EBV but need lessly hamper contact with hamper contact
with many person who are already seropositive.

The transmissibility of EBV during a symptomatic viral shedding remains
problematic long after the acute illness.

-Avoidance of intimate contact is reasonable in the few instances when
the complication of infection could devasting.

-Nosocomialtransmission of EBV is largely preventable by attention to
precaution and hand washing. Isolation of person with acute infectious

mononucleos isgenerally unnecessary(Garner and Simmons.,1983)
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2.17.1 leukemia

Leukemiasare cancers of the white blood cells, which begin in the bone
marrow. This information refers to four types of leukaemia; acute
lymphocytic leukaemia, chronic lymphocytic leukaemia, acute myeloid

leukaemia and chronic myeloid leukaemia.

Leukaemiasare grouped in two ways: the type of white blood cell affected
— lymphoid or myeloid; and how quickly the disease develops and gets
worse — acute leukaemia appears suddenly and grows quickly while

chronic leukaemia appears gradually and develops slowly over months to

years. (Hoftbrandet al.,2006)
2.18.1Types of leukemia

There are several types of Leukaemia. Some types appear suddenly and

progress rapidly over days to weeks.

Leukemias are named according to the type of blood cells involved. The
myeloid leukemias are those which involve the granulocytes red blood
cells platelets and monocytes; the lymphocytic leukaemias are those

which involve the lymphocytes.
2.18.2.1Acute lymphocytic leukemia (ALL)

Acute lymphocytic leukaemia is most common in children.its incidence is
highest at 3-7 year,falling off by 10 years with asecondary rise after the of
40 (Hoftbrandet al., 2006)
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2.18.2.2Chronic lymphocytic leukaemia (CLL)

This leukemia also affects the lymphocytes, but usually develops much
more slowly than acute lymphocytic leukemia. It has peak incidence

between 60and 80 year Hoffbrandet al., 2006)

2.18.2.3Acute myeloid leukemia (AML)

This leukemia mainly affects adults, but can occur in children and
adolescents. It is common form of acute leukemia in adults and increasing

with age(Hoftbrander a/.,2006)

2.18.2.4Chronic myeloid leukemia (CML)

Chronic myeloid leukaemia isaclonal disorder of pluripotent stem cell.
can occur at any age, but is uncommon below the age of 20 years.

(Hoftbrandet al .,2006)
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CHAPTER THREE

3.Materials and methods
3.1Study design
The study was ProspectiveCross sectional.
3.2Study period
This work carried outin the period between April to June 2015.
3.3Study area
This study was carried out-in Radiation Isotope Center-Khartoum(RICK)
3.4Study population
Patientswho had already diagnosedby haematologist as leukemic ones
3.5Sample size
A total of 80 subjects ofleukemic patients.
3.6Data collection
The data was collected direct oral interviewing

questionnaire(questionnaire see in appendix(1)
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3.7 Ethical consideration

An approval for the work was taken from Research Ethical Committee in
Sudan university of Science and Technology,Leukemic patients were
informed for the purpose of the study and its objectives.

3.8 Specimen collection and preservation

Five ml of venous blood was collected by using venous puncture
technique the collected bloodwasdrawn into plain container,allowed to
clot and then centrifuged at 3000 rpm for Sminutes. The sera were
seprated intocryo tubes preserved at 2°C -8 °C until used.

3.9 Laboratory work

The preserved sera for leukemic patientsthen tested for antibodies raised
against the viral capsid antigen (VCA) of EBV using ELISA.Figure
3.1show microtiter ELISA(See appendix-2)

3.10 Principle

The test kit contains micro titer strips with 8 break-off reagent wells
coated with EBV-VCA.In the first reaction step,diluted samples are
incubated in the wells.In the case of positive samples ,specificlgG
antibodies will bind to antigens.To detect the bound antibodies ,a second
incubation is carried out using an enzyme labeled anti-human IgG
(enzyme conjugate) Catalysingacolour reaction.A third incubation is
carried out using chromogen/substrate solution.The reaction is then
stopped by adding acid .Colar intensity is determinedby micro ELISA
reader see (Appendix-3) and then the reading of samples is compared
with the controls and calibrators (EUROIMMUM, Germany).

3.11 Procedure

According to manufacturer guidelines (EUROIMMUM,Germany) the
following steps were followed(see appendix-6)

All reagentwere brought to room temperature approximately 30 minutes

before used.
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Washing buffer was prepared by adding 40ml of buffer to 360ml of
distilled water in flask.

Samples were diluted by adding 10 pl to 1ml of samples diluents. 100 pl
of calibrators, controls, and diluted sera were dispended into appropriate
wells incubated for 30 min at room temperature (18°C to 25°C) and

then washed three times using 300ul diluted washing buffer.Then 100 pl
of enzyme conjugate (peroxide-labled anti-human IgG ) were dispensed
into all wells, incubated for 30 min at room temperature (18°C -25°C),
and then washed three times using 300 m pl diluted washing buffer.
100ul of chromogen/substrate(TMB-H202)solution were dispensed into
all wells incubated for 15 min at room temperature.

100 ul of stock solution (0.5Msulphuric acid) was added to the wells
containingchromogen /substrate solution

The color intensity was read at wave length of 450nm within 30minutes

of adding stop solution. Reading of results( see appendix-5)
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3.12Calculation and interpretation of the result
Resultswere evaluated semi quantitatively by calculating a ratio of
extinction value of the control or patient sample over the extinction value

of calibrator 2.calculate the ratio according the following formula:

Extinction value of the control patients sample .
=Ratio

Exctintion value of the calibrator2

EURO IMMUN recommends interpreting results as follows:

Ratio <0.8: negative

Ratio >0.8to< 1.1: borderline

Ratio >1.1: positive

3.13 Data analysis

Data were analyzed by usingSPSSsoftware program version
21.0.Significance of differences was determine using chi-square test and

statistical significance was set at p>0.05
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CHAPTER FOUR
4.Results
4.1 Detection of anti-EBV among the leukemic patients
The results demonstrated that 60/ 80(75.0%) were anti-EBVIgG positive
and only 20(25.0%)were EBV negative among leukemic patient.
(Table4.1)

Table4.1The seroprevalence of anti EBVamong theleukemic patients

Anti-EBV

Study Positive Negative | Total
Group
Leukemic | 60 (75.0%) |20(25.0%) | 80(100%)

Patients
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4.2 The effect of gender on EBV IgG prevalence

Table:4.2 revealed there was difference in the prevalence of EBV in

males and females .The highest

males34(42.5%), females26(32.5%)

occurance

of anti-EBV positive in

Table 4.2 The effect of gender on EBV Prevalence

Anti-EBVIgG
Target Positive | Negative | Total%
Group
Males 34(42.5%) | 15(18.8%) | 49(61.3%)
Female 26(32.5%) | 5(6.3%) | 31(38.8%)
Total 60(75.0%) | 20(25%) | 80(100%)
P=0.189
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4.3The effect of age on EBV IgG prevalence
Table (4.3) showed that the age of leukemic patients prevalence of EBVin
this study(1-20)year which represent21(26.3%)were among(21-40)

16(20%) wereamong(41-60) represent 19(23.8)and 4(4% )among(61-80)

Table 4.3 The effect of age on EBV Prevalence

P=0.56

Anti-EBV
Age group Positive Negative Total
(1-20) 21(26.3%) | 9(11.3%) | 30(37.5%)
(21-40) 16(20%) | 4(5%) 20(25.0%)
41-60) 19(23.8%) | 7(8.8%) | 27(32.5%)
(61-80) 4(4.0%) | 0(0.0%) |4 (4.0%)
Total 60(75%) | 20(25.0%) | 80(100%)
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4.4 The effect of type of leukemia on EBV IgG Prevalence

The result in table (4.4) showed that the prevalence of Epstein-Barr
virus(VCA).IgG antibodies within type of leukemia increasing of Acute
lymphoid leukemia Acute lymphobastic leukemia 21(23%),Chronic
Acute myeloid leukemia 8 (8.9%) WhileChronic myeloid leukemia
18(20%).Table (4.4)

Table4.4 The effect of type of leukemia on EBV Prevalence

Anti-EBVIgG
Types  of | Positive Negative | Total
Leukemia
ALL 21(23%) | 5(5.6%) | 26(28%)
CLL 13(14.4%) | 5(5.6%) 18(20%)
CML 18(20%) | 8(8.9%) |26(28.9%)
AML 8(8.9%) 2(2.2%) 10(11.1%)
Total 60(75.0%) | 20(25%) | 80(100%)
P=0.77
Key:

ALL:acute lymphoblastic leukemia AML: acute myeloid leukemia
CLL: chronic lymphocytic leukemia CML: chronic myeloid leukemia
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CHAPTER FIVE
5.Discussion

5.1 Discussion
EBV infections are quite prevalent, affecting more than 90% of
individuals during the first two decades of life worldwide(In developing
countries, primary infections occur mainly in young children and are
often asymptomatic .In developed countries, primary EBV infections are
manifested mainly as infectious mononucleosis, and affect adolescents
and young adults (papeschand Watkins., 2001).
The aim of this study was determine that the prevalence of EBV infection
in leukemic by detection of EBV-IgG antibodies by using the enzyme
linked immunosorbentassay(ELISA).
Seroprevalence of EBV IgG(EBV) was found to be (75.0%) of
leukemicpatients.
The distribution of anti-EBV positive in 80 cases was 21(23%),13(14%),
18(20%),8(8.9%),wereacute lymphoblastic leukemia,chronic lymphocytic
leukemia, chronic myeloid leukemia and acute myeloid leukemia
respectively.
These results showedthat EBV was higherprevelanceamong patients with
acute  lymphoblastic  leukemia.  This  result agreed  with
(Hussainetal.,2011)  23(79%),5(17%),1(3.4)  acute  lymphoblastic
leukemia, acute myeloid leukemia chronic myeloid leukemia,
respectively. The currentresults was less percentage than the previous
study.That may apparently due to large sample size.
The current results also agreed with(Elawades al., 2015) the results
showed 33/88 Acute lymphoblastic leukemia (ALL),28/40 Chronic
myeloid leukemia,which found the evidence of the involvement of EBV
in patients with leukemia. These study also agreed with(Sehgal et al;

(2010).who examined 8/25 acute lymphoblastic leukemia(ALL) These
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mentioned study indicate that asignificant number of patients with ALL
show evidence of active EBV replication.Also the result showed that
EBV higher in age groups between (1-20) year which represent
21(26.3%)agreed with (Hussainet al.,2011)

The resultsobtained demonstrated that there was higher increase of
EBVamong males more than females, males34(42.5%),females
26(32.5%) this agreed with(Elwadet al.,2014)

5.2 Conclusion

Based on the results of this study suggested the evidence association

between EBV and leukemia.

5.3 Recommendation

Increase the sample size to maximize the benefits for better full diagnosis
of EBV.

Specific and sensitive EBV detection techniqueshould be used at early

stage in leukemia like polymerase chain reaction(PCR)
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contents are sensitive 1o light. The chromogensubstie solition must be Clear un use, Do not use
the salution if it is blue coloyred.

- Stop solution; Ready for use.

Warnlng: The control sera used have been lested negative for FBEAG, anti-HCY, ant-HIV-1 and ant.
HIV-2 wsing enzyme immuncassays and indirect immunofiuorescence  mathads. Nonetheless, ai

Preparation and stability of the patient samples

Sample material: Human BEfUM or EDTA, haparin o citrale plasma.

Stability: Patient samples 15 be investigated can perierally be stored at +2°C to +8°C for up 1e 14 days,
Dilited samples should be incubated within ane warking day.,

Sample dilution: Patient samples are diluted 1:104 sampse buffer. For example: dilute 10 ul serum in
1.0 ml sample buffer and mix wes by voriexing {sample pipeties are nol suilable for mixng),

MOTE: Callbrators and confrols are prediluted and ready for uge, do not dilute them,
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Incubation

For semiguantative analysis mcubate calibrator 2 along with the positiva and negabive conlrols and

patient samples. For quantitative analysis incubate callbrators 1, 2 and 3 @long with the possitice
negative controls and patient samples.

[Partly) manual test performance

sample incubation: Transfer 100 |4 of the calibrators, positive and negative conliols or diluted

1 patient samples into the Individual mieroplate wells according 1o the pipetiing
peotocol, Incubate for 30 minutes at room lemperature (+18°C o +26°C)
Washing: Wanual, Emply the wells and subsequently wash 3 limes using 300 ul of

working strenglh wash buffer for @ach wash,
Automatic: Vash reagent wells 3 fimes with 450 pl working strength wash
buffer (program sefing: e.g. TECAN Columbus Washer "Crearflow bocus"}.

Leave the wash buffer in each well for 30 fo 60 seconds per washing oyce,
fien empty tha wells, After washing (manual and automated tests),
thoroughly dispose of all Tiquid from the microplate by tzpping It on absorbeni
paper with the openings facing downwards to remove all resldual wash buffer.

Mote; Reskdval liguid (= 10 pf) remaining in the reagent wells afler washing
can interfere with the substrate and lead to false low exiinclion valuss,
Insufficient washing (2.9., less than 3 wash cycles, foo small wash huffer
walumes, or too short reaction times) can lead o false igh extinelion values,
Free positiens on the microplate strip should be fillad with blank wells of the
sam plate format a5 that of the paramater to be investigated.

Conjugate incubation:  Pipetle 100 pl of enzyme conjugate (peroxidasedabedled anfi-human G into

2 each of the microplale wells, Incubate for 30 minutes al room femreratme
[+18°C to 25°C).
Washing: Empty the wells. Wash as described above,

&gpujm incubation:  Fipette 100 1 of chromogen/substrate solution into each of the microplate
{3%) wells. Incubate for 15 minutes at room temperature (+18°C to 25°C) (prolec!

from direct sunlight).

Stopping the reaction:  Fipette 100 pl of stop selufion inte each of the microplale wells in the same
order and al the samea speed a3 the chromogen'subsirale solution was inlro-
duced,

Measurement; Photometric measurement of the colour Intensily should be made al a
wavelength of 450 nm and a reference wavelength of betwean 820 nm and
50 nm within 30 minutes of adding the stop selution. Frior to measuring,
slightly shalie the micro-plate 1o ensure a homogensous distibultion of the
solution,

Test performance using fully automated analysis devices

Sample dilufion and test performance are carried out fully automitically using the analysis device. The
incubation conditions programmed in the respective software authorised by EUROIMMUN may deviate
slightly from the specifications given in the ELISA lest instruction. However, these corelilions wero
validated in respect of the combination of the EURDIMMUN Analyzer |, Analyzer -2 or he DSX from
Dynex and this EURQIMMUN ELISA, Validation documents are availabde on inguiry.,

Automated lest performance using other fully aulomaled, open syslem analysis devices is possible,
however, the combination should be validaled by the user.
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Fipetting protocol

g2 [ s |dA]JslalTt[a]alwolnln
Aoy |P (P4 |paz C1 |k a|lPuz|P2p |
Blpos (P 7|P15[P2 | :‘: F5|FH Pzr
Clreg-[P B (P16 [P CIIP B |Pild|mz2

Dfp 1| % Py e (B OFIPAS | P2y

E{F 2|Fi0|Pu nen | P A {PAE | s
Fip1|mii|ma | FAP a|piT

alr dfpPiz|Pm LR 1] F'ﬁh i
HAP FiFw (P FoalPid l-w[ ]

The pipetting pretocal for microlier stips -4 is an example for the semiguantitative analysis of 24
patient samples (P 1 to P 24),

Tha pipetfing protocol for microtiter strips 7-10 is an example for the guantitative analysis of 24 patient
sera (P 110 F 24),

The: calibralors (C 1 to C 3), the posilive pos.) and negative (neg.) controls, and. the patien| samphas
fave each been incubated in one well. The relfabilily of the FLISA tes! can be improved by duplicals
delerminalions for each sample,

The reagent wells are break off format, Therefors, the number of tests performed can be matched 1o the
rumber of samples, minimizing reagent wastage.

Bolh positive and negative controls serve as intemal controls for the relizbility of the lest procedure,
They should be assayed with each test run,

Calculation of results

Semiquantitative: Resulls can be evaluated semiquantitatively by calculating a rafic of the exlinction
value of fhe control or patient semple over the extinction value of the calibrator 2. Calcudate the ratio
atcarding the following formula;

Extinctl the co or patient =a = Ratio
Extinction of calibrator 2 B

EURCIMMUN racommends interpreting resulls as follows:

Ratio <0.5: negative
Ratio =0.8 to <1.1: borderline
Ratio 21.1:_ positive

In cases of borderfine test resulls, an sdditional patient sample should be taken 7 days laler and ra-
tested in parallel with the first patient sample. The results of bolh samples aliow proper evalualion of titer
changes,

Quantitative: The standard curve from which the concentration of anlibodies in the patient samples can
ke taken ks obfained by point-lo-paint plotling of the extinciion values measured for the 3 ealibraticn Eera
against the corresponding units {inearlinear). Use “point-to-point” plotting for calculation of fhe standard
curve: by computer. The following plot is an exampie of a typical calibration cunve, Please do not use this
curve: for the determination of antibedy concentrations in patienl samples,
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If the extinction of a serum sampla lles above the value of calibrator 1 (200 FWiml). The resull should be
given as *>200 RUMml". It is recommended that the sample be re-tested at a dilulion of 1:400. The result
n RUmI read from the calibration curve for this sample must then be multiplied by a facior of 4,

The upper limil of the normal range of non-infected persons (cut-off valve) recommended by
EUROIMMUN iz 20 relative units {RUMml. EUROIMMUN recommends interpreting results as follows:

=16 RLimi: nagative
=16 1o <22 RU/ml: horderline
=22 RUimi; positive

For duplicate detarminations the mean of the two values should be teken, If the twe valies deviale
substandially from one another the sample should be relestod,

For diagnosis, the clinical symptoms of the patient should always be taken into account akong willy the
serological resulls.

Test characteristics

Calibration: As no inermational reference serum exists for antibodies against EBV-CA, the calibration is
performed in ralative wnits (RLY).

For every group of tests performed, Ihe extinction values of the callbrators and the relative units andfar
ratios determined for the posilive and negative conlrols muest lie within the limis stated for e relevan
test kit lot. A guality control cerificate contalning these reference values is Included. 1f the vales
sparcified for the confrols are not achleved, the test results may b2 inaccurate and the test should he

repeated.

The aclivity of the enzyme used is lemperalure-dependent and the exlinclion values may vary if a
thermostat is nof used. The higher the room temperature during substrale incubalion, the greater will be
the exdinclion values. Cormesponding varations apply also o the incubation times. However, the calibra-
lion sara are subject to the same influences, with the resull that sweh variations will be largely compen-
saled in the caloulation of the resull.

Antigen: The microplete wells were coated with the purified Epstein-Bar vines capsid anfigens. The
anligen source is provided by inactivaled cell lysates of human B cells infecled with the "PAHR1" strain
of Epslein-Barr viruses. '

L
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Linearity: The linearily of tha Anti-EBV-CA ELISA {lgG) was determined by assaying 4 seral dilutions of
different patient samples. The coeffident of determination R? for all sera was » 0.05. The Anfi-ERV-CA
ELISA (IgG) is linear at least in the tested cancentration range (4 RUm to 141 RLml].

Detection Nmit: Tha lower delection limit i= definad as the mean value of an analye-free sample plus

three times the standard devialion &nd is he smalles! delectable antibody er. The deteclion limi of the
AN-EBV-CA ELISA {lg3) is 0.9 2Um!,

Cross reactivity: The quality of the antigen and the sourcs of anligen (P3HRI-Calis ERY infectad) used

Ensures a high specificity of the ELISA. Mo cross reactivities with Herpes viruses were determined. The
test is anli-EBV specific.

Antibodies against . | n _Anti-EBV-CA ELISA (IgG)
Adenowvirys 10 0%

| Chlamydia pneumoniae g 0% {
Chav 3 1% |
Influenza virus A 4 | [ i
| Influenza virus B g 0% ]
| Measlas virus ] (%5

KMumps virus i 0%

| Miycoplagma pneumonias | 3 . 0%

Farainfluonza virus Pool il i

RSV i 0

Rubella virus 0 B [ B

WEW 3 %

Interference: Haemolytic, lipaemic and icteric samples showad na influence at the resull up o a

concentration of 10 mgfmi for hemoglobin, 20 mgimi for triglycerides and 0.4 mghmd far hilirubin in s
ELISA,

Reproducibility: The repreducibility of the test was investigaled by detarmining the inbra- and infer-
as5ay coefficients of varlation using 3 sera. The infra-assay CV's are based on 20 determinations znd the
inter-assay CVs on 4 determinations performed in & different test runs.

Ivlra-assay variation, i = 20 Inler-assay variation, n=4 x §
Sarum ean value CY Serum | Wean value cv
IRWmi) (%) G 5]

1 47 74 1 47 32

2 1 @0 5B 2 o0 32

3 a3 4,3 3 93 54

Specificity and sensitivity: 111 clinically and serologically precharaclerized sera (Interaboratory fest
sampies of INSTAND, Germany / Labquality, Finland) were examined wilh this EUROIMMUS ELISA,
The test showed 2 specificity and a sensilivity of 100% each.

r e 111 [ INSTAND/ Labquality

| N ] oty borderline | megativ |
positive 2 a 0

| EURCIMMUN barderling 3 1 0

| Antl-EBV-CA-ELISA negative 0 0 5

| (ige]_ ! P

Reference range: The levels of the anti-EBV-CA antibodies (193] were analyzed with this EUROIMMUN
ELISA in & collective of 500 healthy blood denars. With a cut-off of 20 Fliml, 23.4% of the blood donors
were anti-EBV-CA positive (1aG) which refiscts the known percentage of infections in adulis,
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Clinical significance

Epstein-Barr virus (EBV) and herpes simples virus lypes 1 and 2 belong to the mos ubiguitous human
berpes viruses in adulls {f]. Epstein-Barr wvirus is lhe causative agen! of infectious mononudecsis
{glandulzr fever), a febrile disease usually accompanied by pharyngitis and lymphadenopatty, frequen iy
by hepatosplenomegaly and more rarely by exanthema. EEV infections are also found in connedion
wilh the pathogenesls of Burkit's lymphoma, nasopharyngaal carcinoma, and, as currend research
results show, multiple sclerosis [1, 2, 3. 4, 5, 6, 7. dl. Infectious mononudeosis must be differentisted
from eytomegalic inclusion body diseass and toxoplasmosis and, in the case of atypical progress, alsa
from HIV or olher infections [1, 9, 10].

In pregnancy Epstein-Barr virus can cause infection of the placenta with damage to the foetal heart, BRES
and fvar |3, 11]. In children, accompanying infections of the kidney have been sbserved with symploms
from microscopic haematuria to acule kidney failure [1, 3, 12].

The Imimune response Lo an EBY infection is characlersed by formalion of antibodies against the gavy
capsid antigen (EBV-CA), agzinst EBV nuclear antigens (EBMA-1 to EBMA-S) and against EBV aarly
antigens (EBV-EA) [1,2,3,4,5,6,7, 8 13, 14,15, 16, 17, 18, 19).

In 80% of cases an acute EBV infection can ba characlensed serologlcally by the delection of EBV-CA
loh and an increase in titer of EBV-CA 193 usireg ELISA [13, 14, 18, 16].

A tier increase of at least wo-fold for anfi-EBV-CA lgG with eimultaneous lack of antibodles against
EBNA-1 demonsirales the early phase of an acute EBY infection [16]. OFf imporance in this respect is
that in an EBV Infection EBMA-1 to EBMA-G zre synthesised earlier than the olher EBV antigens {EAV-
CA and EBV-EA), bul they are only presented to tha mnmure syslem afier the destruction of B cells, so
lhal, timewlse, antibodies agalnst EBVACA and EBV-EA are delectabla before anfibodies against EEMA
I6, 19, 20).

An fghd imesine response to EBV-CA with a titer increase of EEV-CA G anfibodies s considerer -
relfable indicator of the presence of 2n acule EBV Infection [13. 15, 17]. An early EEY infection can be
confirmed using EBV-CA 1gG avidity determination [15].

InA anfibodies against early EBV proteing are detectable in primary infections, and rarely in reactivations
[B]. 1gG antibodies against early EBV proteins accur in 70% to 80% of patients with infoctious
mononucleosis, althaugh enly temporanily during the acute phaze,

High antibody titers of class [gA against EBV-GA, and also class 19G against EEV-EA can be evaluated
gs an indication of Burkitts lymphoma or rasophanymgesl carcinoma, which exends tha dizgrostic
pofential of this test [1, 3,4, 5,6, 7, 8. 18],

In considering the significance of the detaction of anlibodies against EBV-EA, il should be laken into
atcount thal these can, bul don't have to, ocour in sou'e infections and during an inapparent disesse
cowse. Differentiation between 3 primary EBY infection and the more rare reactivalion is hardly possible
serologically [13, 15, 19],

With the ELISA test for the quantitative in vitro determination of human IgG antibodies againsi
EBV-CA iIn cerebrospinal fluid {CSF) the CSFiserum quafient of the agent-specihic anfibodies G50 .
spee. (195} can be measured, The quolient can indicate EBV anlibady production i the cantral nenvous
systemn and thus enable diagnosis of a cerebral EBV infection [21].
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Anti-EBV-CA ELISA {IgG)
Test instruction

—
| __ORDER MO, ANTIBODIES AGAINST IG-GLASS | SUBSTRATE FORMAT
I Epstein-Barr virus Bg-coated

| El2TH-8601 G capsid antigen [EBV-CA) lgG microplate weils | 59 % 0 {80}

Principles of the test: The ELISA test kit provides a seminuantilative or guantitative in vilro assay for
human anlibodies of the g6 class againsl EEV-CA in serurm or plasma. Tha (est ki contains microlile
elrips each with B break-olf reagent wells coated wilh EBV-CA. In the first reaction step, diluted patient
samples are Incubated (n the wells, In the case of positive sampes, spedlic I9G anlibodies (also 1ga and
lghd} will bired 1o the antigens. To detect the bound antibodies, a second incubalion & carried oul using
an enzyme-labelled anli-human 195 (enzyme conjugate) catalysing & oaleur reaction,

Contents of the test kit
Component | Colour Format . Symbol
1. Microplate wells

coaled with anligens: 12 micronlate siips each ———
comlzining & individuzl break-off wells in 2 frame, - 1axs Levrirs ]
ready for use

2, Calibrator 1
200 Rl {laG, human). teady for use

3, Calibrator 2 =
20 RUfm {IgG, human), ready for use ed | 1x20mi | ciLE

|4, Calibrator 3

darkred | 1x2.0ml | [EaLT]

. Tr) f CALa
| 2RWmI {lgG, human), ready foruse kgt red x2am i
5. fl'ﬁ“'r“l'l:mmﬂm";'a v foe use oe | 1x20m FOS CONTHOL |
158 st e | geen | rx2om | Gesemme
. il e o e A b S
7. Enzymae conjugate . B
peroxidase-labeled anti-human IgG (rabbly, ready | green 1x12m [COMIUEATE]
~ Bar use {
2. fg&f‘;ﬂﬁ“ ight blue | 15 100 m! | (EAPLE BUFFEN]
a, E?E::ﬁram colourlsss | 1% 100 ml f [ W51 BUFFER 1-:.{|
10. ?;megﬁmﬁd"ﬁ“ colousless | 1x 12 mi I@w_&
IS0 P |
" gtﬁa Eiast:trgﬂunﬂc acid, ready for use | colourless. | 1 x 12 mi [ETOP Eau sp_LG_TE_E_h
12. Test instruction - Tbooklet |
13. Quality contral certificate - 1 protocod I
[COT] Lot Storage temperatuns
[WD]  Invitro determination ce & Unopered usable until

Storage and stability: The test kit has to be stored al a temperzure betwesn +2°C to +8°C. Do ol
feare, Unopenad, all test kit companents are stable unti the indicated expiry dats,

Waste disposal: Patient samples, calbrators, controls and incubated microptale stips should be

handled as infectious waste. All reagents must be disposed of in accordance with local disposal
requlations.

Pobmedinascsila A . TRRSRRA Libeck - Seekamp 31 - Tel, 025 175B66-0 - Fax 5055591



