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ABSTRACT 

The purpose of this study was tc compare the relationship 

between immediate-type hypersensitivity disorders and persistent EBV 

infections in chronic EBV subjects. Individuals from three groups were 

evaluated: EBV-positive atopic ill (chronic EBV), EBV-positive atopic 

healthy, and EBV-positive non-atopic healthy subjects. 

Studies revealed that subjects with chronic EBV: (1) have 

significantly higher anti-VCA and anti-EA titers; (2) have elevated 

values of IgE in their serum; (3) have a greater number of lgE+ cells; 

(4) have significantly greater percentages of both IgE+ T- and B-cell 

populations; and (5) tend to have and maintain greater numbers of 

IgE+ B-cells in culture when in the presence of the culprit allergen 

or purified EBV. The data suggest that EBV can cause in certain 

individuals an abnormality not previously recognized. 

viii 



CHAPTER 1 

INTRODUCTION 

The immune system, characterized by the ability to recognize and 

respond specifically to a large number of immunogens, is comprised of two 

types of immune responses: cell-mediated and humoral immunity. Cell-

mediated immunity, dependent upon effector T lymphocytes and their cellular 

byproducts, is the prevalent response in host protection against intracel

lular bacterial, fungal, viral, and protozoan parasites (1). It also plays 

a major role in graft rejection, graft-versus-host reactions, delayed-type 

hypersensitivity {DTH), certain autoimmune phenomena, tumor immunology, 

and immune regulation (2, 3). Humoral immunity, effected-by B-lymphocytes 

that synthesize and secrete antibody, is involved in immediate-type 

hypersensitivity reactions, neutralization of viruses in endogenous body 

fluids, autoimmune diseases, antibody dependent cell-mediated cytotox

icity reactions, and preventing recurrent microbial infections (4-6). 

Identification and Function of T-cell Subsets 

Human T-cells can be identified by their ability to form rosettes 

with sheep red blood cells (7, 8) or by using fluorescent monoclonal 

antibodies that detect unique, stable cell surface glycoprotein antigens; 

all T-cell subsets express human leukocyte antigens (HLA), la markers 

(gene products that help in cell-cell recognition), and Leu 1 (0KT3) 

markers (9, 10). Pour functionally distinct T-cell subsets have been 

1 
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identified: T-suppressor (Ts) cells, T-helper (Th) cells, T cells 

responsible for mediating delayed-type hypersensitivity (T ), and 
DTH 

T-cytotoxic (Tc) cells (11). 

Ts cells (0KT8+, Leu 2a+) suppress antibody response to specific 

antigens by blocking the development of B and T effector cells and the 

reactivity of Th cells (11, 12). Ts cells are also responsible for the 

induction and maintenance of tolerance (12). Th cells (0KT4+, Leu 3a+) 

provide a mitogenic stimulus that provokes B-cell proliferation and as 

a result the production and secretion of the immunoglobulin classes (13). 

TDTH ce^s react to presence of antigens at local sites of infection 

by proliferating and releasing lymphokines that attract and activate non

specific populations of bone-marrow macrophages (14). The macrophages 

continue to proliferate and infiltrate at reaction sites, becoming pre

dominant in the lesions. Tc cells (0KT8+, Leu 2a+) specifically destroy 

allogenic cells, tumors, and virus-infected cells (15). It is suspected 

that Tc cells recognize target cell antigens using specific receptors. 

Cellular lysis may then be dependent upon direct contact between the 

target cell and the Tc cell (16). Tc activity is of considerable sig

nificance to host defenses, both in allograft rejection and in control

ling the spread of viral infections. 

Mitogens such as phytohemagglutinin(PHA), concanavalin A (Con A), 

sodium periodate (NalO^), antilymphocyte antiserum (ALS), and peanut 

agglutinin (PNA) can activate purified T but not B cells (17, 18). Con

versely, mitogens such as endotoxins and anti-immunoglobulins stimulate 

B but not T lymphocytes (19, 20). T cells are responsive toward enzymes 
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such as neuraminidase and 2-aminoethylisothiouronium bromide hydrobromide 

(AET). Neuraminidase cleaves sialic acid groups off cell membranes, 

exposing carbohydrate groups (21); AET increases cell membrane stability 

(22). Both of these enzymes are used to increase binding affinity between 

SRBCs and T cells in rosette formation procedures. 

Cellular Interactions; Humoral Immunity 
and Cell-mediated Immunity 

The expression of humoral immunity is partially dependent on the 

type of immunogen or antigen. Thymus-dependent antigens require antigen-

specific Th cells and macrophages to induce antibody production in B 

cells (23); thymus-independent antigens do not require Th cells to trig

ger antibody production by B cells (24). 

Cooperative interactions between humoral and cellular immune 

effectors occur in the expression of cell-mediated cytoxicity and in con

trolling viral infections. In antibody-dependent cellular cytotoxicity 

(ADCC), effector lymphocytes, monocytes, and polymorphonuclear leuko

cytes (PMN) use Fc receptors to bind immunoglobulins that have attached 

to the surface of target cells; this step initiates target cell lysis 

(25). Cytotoxic T cells, in cooperation with B cells, macrophages, or 

both, produce immune interferon that inhibits the growth of viruses (26). 

Lymphokines 

In immune regulation, T-cell subpopulations help or suppress the 

activity of antigen-sensitive lymphocytes by synthesizing and releasing 

a wide variety of lymphokines (27). Lymphokines are biologically active, 

soluble protein and glycoprotein factors with potent physiological 
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effects in inflammation and immunity. These regulatory factors modulate 

the movement of cells, cell growth, and differentiation (28, 29). Lym-

phokines affect lymphocytes, macrophages, neutrophils, basophils, eosin

ophils, thymocytes, fibroblasts, and endothelial cells (30). 

Macrophages produce a number of lymphokines, including lymphocyte-

activating factor Interleukin 1 (11-1) (31). 11-1 stimulates the respon

siveness of thymocytes to mitogens and signals precursor Th cells to dif

ferentiate into effector Th cells. Th cells develop receptors for another 

lymphokine, Interleukin 2 (11-2); at the same time, they acquire the 

ability to secrete 11-2 themselves (32). Interleukin 2 is one of the 

best characterized of the growth-stimulating lymphokines. It is mito-

genic for thymocytes (33), promotes antibody production by B cells in 

response to T-dependent antigens (34), promotes the development of Tc 

cells (35), and can support the continued growth of T-cell lines in 

vitro (36). Signals or mediators may also be passed among Th cells. 

Ts cells, and Tc cells. For example, antigen-stimulated Th cells can 

induce resting Ts and Tc cells to develop feedback inhibitory activity 

(37). 

Identification and Function of B Lymphocytes 

Humoral immunity is effected by B cells and their antibody prod

ucts. B cells respond to antigenic stimulation by proliferating and 

differentiating into plasma cells (38). Plasma cells of a given clone 

secrete antibody that is homogeneous with respect to idiotype, allotype, 

and isotype; this antibody has an idiotypic specificity identical to 

that of the surface receptors found on the plasma cells (39). 
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B-lymphocyte populations are characterized by surface markers 

and receptors. Fluorescent monoclonal antibodies detect the HLA-DRW 

(found on B cells and macrophages), Leu 10 (OKB7), and Leu 12 (OKB*2) 

surface markers (40). Identified B-cell membrane receptors include: 

1. Surface immunoglobulins (SIg), which recognize and respond to 

specific antigens (41), 

2. Complement receptors such as C'3b and C'3d (42), 

3. Receptors for 3-2 microglobulin (43), 

4. Receptors for lymphokines (44), and 

5. Fc receptors that bind to the Fc portion of immunoglobulin 

molecules (45). 

Identification and Function of Fc Receptors 

Fc receptors are detected by: 

1. Monitoring the binding of antigen-antibody complexes using 

autoradiography or immunofluorescence (46), 

2. Binding with fluorescent-labeled heat-aggregated antibody (47), 

or 

3. Forming rosettes with antibody coated erythrocytes (EA 

rosettes) (48). 

It is well known that Immunoglobulin E (IgE) binds with high 

affinity to Fc^ receptors on basophils, mast cells, and neoplastic coun

terparts of these cells (49); Gonzalez-Molina and Spiegelberg (50) and 

Spiegelberg and Melewicz (51) have described a subpopulation of B lym

phocytes that has Fc^ receptors that bind IgE with low affinity. Human 



PBL are analyzed for their ability to bind IgE through rosette formation 

with aldehyde-fixed ox red blood cells coated with IgE-myeloma protein 

(E'o-IgE) (50). On the average, 1-4% of normal human PBL bind E'o-IgE; 

patients with severe atopic disorders have increased numbers of PBL with 

Fc^ receptors (52,53). The Fc recep-tor on lymphocytes appears to have a 

regulatory function in B-cell proliferation, differentiation, and anti

body production, yet the role of Fc -positive lymphocytes in atopic dis-
£ 

ease is presently unknown. 

Polyclonal activators of B lymphocytes include: lipopolysaccha-

ride (LPS), purified protein derivative (PPD), macrophage and T-cell-

derived lymphokines, Fc fragments of immunoglobulins, proteolytic enzymes 

including trypsin and chyiriotrypsin, viruses and viral components, and 

parasitic components (54, 55). B lymphocytes respond to mitogens by 

undergoing blastogenesis and several cell divisions, by becoming trans

formed, and by producing antibody (56). 

Immediate-type Hypersensitivity 

Allergic responses are divided into two classes: immediate- and 

delayed-type hypersensitivity. Immediate-type hypersensitivity reactions, 

which include cytotropic reactions, cytotoxic reactions, and reactions 

due to antigen-antibody complexes, require only minutes to a few hours 

to appear. These reactions involve various types of antibodies present 

in the serum (57). Delayed-type hypersensitivity reactions, which devel

op after many hours, depend upon sensitized cells (58). 

Certain individuals are sensitized easily, even spontaneously, 

to a great number of environmetnal allergens. Classical examples of 
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cytotropic hypersensitivity include seasonal hay fever, acute reactions 

to foods, and asthma precipitated by exposure to animals, pollens, molds, 

and house dust (59). The facility to become allergic (atopic) is prob

ably genetically controlled (60, 61). 

Immunoglobulin E: Properties and 
Serum Concentrations 

Immunoglobulin E is a glycoprotein having a sedimentation coeffi

cient of 8S and a molecular weight of 196,000 daltons (62). IgE synthe

sis is dependent upon cooperation between T and B cells (63). Th cells, 

as well as Ts cells, appear to exert strong influences on the IgE response 

to both infectious agents and allergens (64). 

The serum concentration of IgE in normal individuals is extremely 

low, with mean values ranging from 180 to 350 ng/ml (65). Serum IgE 

levels are preferentially expressed in International Units (I.U.) per 

milliliter (66). Laboratories working independently have now confirmed 

that one I.U. is equivalent to approximately 2.4 ng of IgE protein (69). 

Serum IgE levels are age-dependent. The IgE level of cord sera 

is less than 2 I.U./ml (68). Mean serum IgE levels progressively in

crease with age until about 12 years of age, after which there is a mod

est decline to adult levels (68). Normal total serum IgE levels in 

adults differ slightly from laboratory to laboratory, depending on the 

serological technique employed and the sensitivity of the system. Nye 

et al. (69) determined by competitive radioimmunoassay that a population 

of non-atopic adults between the ages of 18 and 83 had mean total serum 

IgE levels on the order of 36.7 I.U./ml. Serum IgE levels greater than 
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103.3 I.U./ml are generally considered abnormally elevated (70). The 

great majority of individuals with elevated serum IgE levels have atopic 

disorders such as atopic rhinitis, extrinsic asthma, and atopic derma

titis (70). The sera of individuals with parasitic and viral infections 

also contain significantly elevated levels of IgE (71). In addition, 

serum IgE levels are knwon to fluctuate as a function of exposure to 

relevant allergens. 

Immune Response to Viral Infections 

The nature of immune responses to viral infections is inherently 

complex. The response varies according to the properties of the individ

ual virus such as immunogenicity, site of infection, method of replica

tion, and method of spread. At the cellular level, three types of viral 

transmission have been identified (72): 

1. Extracellular transmission, where infectious virions released 

from cells spread in the extracellular space and infect new 

cells, 

2. Intercellular transmission resulting from viral spread through 

desmosomes or intercellular bridges, and 

3. Nuclear transmission, in which the latent viral genome is 

passed from parent cells to progeny during mitosis. 

Extracellular and intercellular infections are referred to as horizontal 

transmission; nuclear infection is referred to as vertical transmission. 

Resistance to viral infections is based on natural (or nonspecific 

immunity) and specific immunity. Natural resistance refers to the abil

ity of an individual to resist infections through normal body functions; 
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specific immunity results from previous exposure to a virus and can be 

either antibody mediated, cell mediated, or both (73). 

Antibody exerts antiviral activity by complexing with the virus 

and sometimes activating complement. The main function of antibody is 

to neutralize the virus, preventing fixation to susceptible cells; this 

may occur if the virus is intravascular, in the extracellular fluid, or 

on the mucous membrance (74). Viral antibody may be IgG, IgA, or IgM. 

The IgM antibody, ineffective alone, participates in complement-dependent 
• 

reactions (75). IgA antibody plays a major role in preventing viral fixa

tion to the mucous membrane and neutralization of viruses (75). IgG anti

body appears to play a role in complement-dependent lytic reactions, viral 

neutralization, and blocking viral attachment to susceptible cells (75). 

The function of IgE in immunity to, or pathogenesis of, viral 

infections has not been studied extensively (76). Several studies sug

gest that IgE assists macrophages (77), lymphocytes (78), and eosinophils 

(79) in clearing infectious agents. There is no definitive evidence 

that IgE antibodies are critical to resistance of viral or parasitic 

infections. However, IgE antibodies are critical in mediating allergic 

reactions and may have a role in neutralization of virus in endogenous 

tissues (80). 

In most viral infections, antibody and cell-mediated mechanisms 

operate together. For certain viruses, particularly those expressing 

viral antigen on the host-cell membrane, cell-mediated immunity appears 

to be of major importance. A number of different cell types including 

T cells, antibody dependent killer (K) cells, natural killer (NK) cells, 
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and macrophages are involved in the cellular response to viral infections. 

Tc cells may kill the virus-infected cell directly or may induce the 

participation of other cell types, particularly monocytes, macrophages, 

and NK cells, by secreting soluble lymphokines and interferon (81). 

The role of T cells in viral infections is clearly demonstrated 

in the T-cell deficiency states in which a variety of recurring and some

times fatal viral infections occur. In the absence of T cells, the virus 

proliferates, leading to the destruction of various cell and tissue types. 

Severe generalized infections with herpes simplex virus (HSV), for example, 

are common in T-cell deficiency states (82). It is becoming increasingly 

clear that infection with many viruses results in immunosuppression of 

the host, and this may facilitate viral persistence. Many viruses mul

tiply and persist in macrophages and lymphocytes (Epstein-Barr virus 

(EBV) in human B cells, HSV in T cells and macrophages), which may lead 

to immunosuppression and be related to the pathogenesis of several 

immunopathological diseases (83). 

Persistent Viral Infections 

Viral infections may persist for months, years, or for the life

time of the infected host. Host determinants may contribute to the per

sistence of the viral infection. Such host determinants include age, 

genetic factors, the degree of maturity of the immune system, the cell 

types involved in the viral infection, and the presence of underlying 

diseases (84). 

Some chronic viral infections do not produce a clinical disease 

state. These viral infections persist at low titers in the tissues (85). 
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For example, adenovirus commonly persists in tonsillar tissue (86); 

similarly, cytomegalovirus (CMV) may occasionally be recovered from 

human kidneys; and both CMV and EBV can persist in circulating B 

(87). Cytomegalovirus is one of the commonest persistent viral infec

tions in man, yet the virus rarely causes disease (87). In contrast, 

some chronic viral infections are characterized by long periods of 

latency with brief episodes of viral activation accompanied by clinical 

disease. These viruses, particularly of the herpes virus group, main

tain high titers in serum and tissues (88). 

Viruses are suspected as the aetiological agents in a number of 

chronic disease states. Herpes simplex virus has long been associated 

with carcinoma and dysplasia (89). There is an association between 

raised antibody levels to measles virus and multiple sclerosis (90); pro

gressive multifocal leuco-encephalopathy is caused by a papova virus 

(91); and subacute sclerosing panencephalitis is caused by a measles 

virus (91). 

Epstein-Barr Virus; Significance, Types of 
Cellular Infection, and Immune Response 

Epstein-Barr virus is the etiologic agent responsible for causing 

infectious mononucleosis. It represents the first human cancer virus 

implicated in the genesis of malignant diseases such as endemic Burkitt's 

lymphoma (BL) and nasopharyngeal carcinoma (NPC) (92). 

Infectious mononucleosis (IM) is a self-limiting disease that can 

occur in young children and older adults, but is most common between the 

ages of 17 to 25 (93). Infectious mononucleosis is found predominantly in 



economically advanced nations among members of the middle and upper clas

ses (94). In other situations, natural primary EBV infections occur dur

ing early childhood and remain mostly silent or are accompanied by such a 

mild, uncharacteristic illness that a diagnosis of IM is not suspected. 

Infectious mononucleosis is often transmitted by kissing or by 

contaminated eating and drinking utensils, presumably as a result of mas

sive ingestion of viral particles shed in the saliva of healthy seroposi

tive individuals (95). The clinical illness often develops after an 

incubation period of 5-7 weeks. The first symptoms of clinical illness 

usually follows 4-5 days of headaches, chills, fever, sore throat, and 

lassitude. The full-blown mononucleosis syndrome persists for about 3-8 

weeks and consists of fever, pharyngitis, lymphadenopathy, splenomegaly, 

periorbital edema, skin rashes, and mild hepatocellular dysfunction. 

Complications involve the development of autoantibodies, hemolytic 

anemia, thrombocytopenia, and agammaglobulinemia (96). After 3-4 weeks, 

most of the symptoms and signs resolve, and complete recovery almost 

always ensues. Recurrences are rare or nonexistent. Epstein-Barr virus 

infects only B lymphocytes, and even in these cells, the virus is only 

produced by an occasional cell (97). A continuing low level of EBV infec

tion persists for life, as evidenced by the lifelong ability to estab

lish EBV-containing lymphoblastoid cell lines (98) and recovery of virus 

in oropharyngeal secretions of healthy seropositive donors (99, 100). 

This persistent infection is held in check by a lifelong presence of 

neutralizing antibody and cellular defense mechanisms. 
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Five different virus-determined antigens have been identified 

from EBV-infected cells. Four were discovered by use of naturally 

occurring human antibodies, namely: 

1. Epstein-Barr nuclear antigens (EBNA). EBNA is a DNA-binding 

nonhistone protein (101), 

2. Membrane antigen (MA). Two subtypes (early and late) (102), 

3. Early antigen (EA). Two subtypes (diffused and restricted) 

(103), and 

4. Viral capsid antigen (VCA). First EBV Ag detected by indirect 

immunofluorescence. Originally known as the "EBV Antigen" (104). 

The fifth antigen is a lymphocyte-detected membrane antigen referred to 

as (LYDMA). 

In the normal healthy adult, the response to EBV infection in

cludes both humoral and cell-mediated responses. Humoral responses, 

evoked by lytically and nonlytically infected B lymphocytes, include the 

production of neutralizing antibody and antibodies directed against viral-

specific antigens (96). Cell-mediated responses include: 

1. T cells capable of suppressing infected B-cell DNA synthesis, 

EBNA induction, transformation, and immunoglobulin synthesis; 

2. T cells specifically primed against EBV-transformed lymphoblas-

toid cells; 

3. K cells that function through ADCC; and 

4. Natural killer cells (96). 
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Chronic Epstein-Barr Virus 

By definition, a virus that produces a chronic infection is one 

that has very little or no cytopathogenicity. Chronic EBV is perhaps a 

disease condition of long standing that only in the past few years has 

been recognized by the clinician and researcher. It appears that chronic 

EBV manifests itself in a small percentage of people who have recovered 

from IM (123). 

The predisposed individual's immune mechanisms are abnormal and 

respond aberrantly to the presence of the virus. The symptoms show con

siderable variation from one individual to another, but the most noted 

symptoms are fatigue, pharyngitis, dizziness, malaise, paresthesias, 

paresis, changes in emotional status, blurring of vision, sleep disorders, 

myalgia, and depression. 

It has been revealed that many chronic EBV patients have hyper

sensitivities toward environmental agents. The EBV is a B-cell mitogen 

and may precipitate atopic disease by causing B cells to produce IgE 

antibodies against allergens encountered during EBV infection (105). 

Based upon these observations, I believe that a positive correlation 

exists between the presence of immediate-type hypersensitivity disorders 

and the inability of the body to properly manage the EBV following natu

ral primary infection or infectious mononucleosis. 

Tnis was a preliminary study to detect the sensitivity of PBL from 

three groups of people toward common allergens and the EBV. The three 

groups of people are: EBV-positive non-atopic individuals, EBV-positive 

atopic healthy individuals, and EBV-positive atopic ill individuals 
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(chronic EBV). Determinations were made of major lymphocyte subpopula-

tions (percentages of T and B cells), the total percentage of cells that 

have surface IgE, and the percentage of cells within the major lympho

cyte subpopulations that have surface IgE. A correlation between the 

allergen, lymphocyte stimulation response, clinical signs, EBV serology, 

and serological testing to detect serum IgE was made. Then, in each 

case, PBL was placed into cell cultures with the culprit allergen and 

EBV, and then the cultures were assayed for surface IgE expression. 

This determined if the B cells from the chronic EBV group show greater 

numbers of IgE-positive cells than the other two groups. I also show, 

over a period of 16 days, how surface IgE expression changes in response 

to the culprit allergen and EBV. 



CHAPTER 2 

MATERIALS AND METHODS 

Materials 

Peripheral Blood Lymphocytes 
and Serum Samples 

Blood was obtained at two different times from three groups of 

people: EBV-positive non-atopic subjects, EBV-positive atopic healthy 

subjects, and EBV-positive atopic ill subjects (chronic EBV). In each 

case the blood was collected via intravenous puncture and immediately 

defibrinated by shaking in plastic tubes with 5-mm diameter acid-washed 

sterile glass beads. The blood samples were separated to obtain serum 

and peripheral blood lymphocytes (PBL) samples, as described later in 

the basic procedure. 

Allergens 

Allergens representing common pollens and other environmental 

reagents were purchased from Hollister-Steir (Division of Cutter Labora

tories, Inc., Woodland Hills, California). Each allergen preparation 

was dialyzed using size 8 dialyzing tubing, against 4 liters of saline 

for 72 h. The saline was changed 4 times in the 72-h period. Allergens 

were passed through a 0.45-pm diameter Millipore filter, portioned into 

1-ml quantities, and then stored at 4°C. Allergens obtained from 

Hollister-Steir included: Bermuda grass, Johnson grass, privet, olive, 

mulberry, mesquite, ragweed, dog dander, and cat dander. Herpes Simplex 

16 
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Virus (HSV) I and EBV antigens (gifts from Dr. R. Pritchett, Department 

of Microbiology, The University of Arizona, Tucson) and Coccidiodes 

immitis antigen (1:3 dilution; Travenol Laboratories, Costa Mesa, Cali

fornia) were portioned into 0.2-ml quantities in small vials and stored 

at -20°C. 

Culture Medium 

RPMI 1640 (Gibco Laboratories, Grand Island, New York) was recon

stituted according to directions. The RPMI 1640 culture medium contained 

Hepes buffer (Appendix A) at a concentration of 0.0825 mg/ml, L-glutamine 

(Nutritional Biochemicals Corporation, Cleveland, Ohio) at a concentra

tion of 2 mM, and gentamicin at a concentration of 100 ug/ml. The medium 

was adjusted to a pH of 7.2 to 7.4 and then supplemented prior to use 

with complement-inactivated Fetal Calf Serum (FCS; Gibco Laboratories) 

at a concentration of 20%. 

AET-treated Sheep Erythrocytes 

Sheep blood was obtained from a designated ewe housed at the 

University of Arizona Agricultural Center, Tucson, Arizona. Blood was 

collected in Alsever's solution (Appendix A) every 2 wk. SRBC prepara

tions to be used for PBL rosetting procedures were treated with AET (2 

aminoethylisothiouronium bromide hydrobromide; Sigma Chemical Company, 

St. Louis, Missouri) to increase the stability of the cell membranes 

(106). SRBC in Alsever's solution were washed 4 times in phosphate-

buffered saline (PBS, ph of 7.2) and then centrifuged at 400 x g for 10 

min to yield a packed cell volume. Next, 1.96 g of AET was dissolved in 
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35 ml of distilled water and the pH was adjusted to 8.0. Four volumes of 

AST were added to 1 volume of washed packed SRBC, incubated at 37°C for 

25 min with intermittent vigorous shaking, and then washed 5 times with 

PBS. The treated cells were stored at 4°C and used within a 48-h period. 

SRBC Absorbed FCS 

SRBCs used in PBL-rosetting procedures were treated as follows: 

1 volume of packed washed SRBC was mixed with 10 volumes of heat-

inactivated (56°C for 30 min) FCS, incubated at 37°C for 30 min, and 

then incubated a second time at 4°C for 30 min (106). The preparation 

was centrifuged at 400 x £ for 10 min and the supernatant fluid was 

passed through a 0.45-ym Millipore filter. The finished product was 

portioned into small vials and stored at -20°C. 

Antisera 

Monoclonal antibodies were used to identify specific lymphocyte 

subpopulations based on their cell surface membrane antigens. T and B 

lymphocytes were detected using an indirect immunofluorescent technique 

as described later in the basic procedure. T lymphocytes were identified 

by using Mouse anti-Human Leu 1 (Becton Dickinson Co., Mountain View, 

California) and fluoresceinated Goat anti-Mouse IgG (H+L Chain) (Becton 

Dickinson Co.). B lymphocytes were identified by using Mouse anti-Human 

HLA-DRW (Becton Dickinson Co.) and fluoresceinated Goat anti-Mouse IgG 

(H+L Chain). 

The percentage of lymphocytes with surface IgE was detected using 

both direct and indirect immunofluorescent techniques as described later 
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in the basic procedure. Fluorescein isothiocyanate-conjugated anti-

human IgE (produced in goats) (Miles-Yeda Ltd., Elkhart, Indiana) was 

used for the direct analysis technique. Affinity purified antibody to 

human IgE (produced in goats) (Research Products International Corpora

tion, Elk Grove Village, Illinois) and fluorescein isothiocyanate-

conjugated (FITC) Rabbit anti-Goat IgG (Nutritional Biochemicals Corpo

ration, Cleveland, Ohio) were used for the indirect technique. 

The percentage of T and B lymphocytes with surface IgE was de

tected using antibody conjugated immunospheres as described later in the 

basic procedure. Sheep anti-Human IgE (Epsilon chain specific) IgG 

Fractionated Antisera (United States Biochemical Corporation, Cleveland, 

Ohio) was conjugated to activated fluorescent microspheres containing 

rhodamine (Covalent Technology Corporation, Ann Arbor, Michigan). 

Poly L-lysine-treated Slides 

Microscope slides, for antibody labeled cell analysis, were 

washed with a soap solution, rinsed with distilled water, and then im

mersed in poly L-lysine (50 mg/liter; Sigma Chemical Company) for 45 min 

at room teng>erature. Slides were rinsed in several changes of PBS and 

stored at 4°C (107). 

Basic Procedures 

Preparation of Serum Samples 

Defibrinated blood (7 to 10 ml) from each subject was diluted 

threefold with PBS, layered over 1 volume of Ficoll-Hypaque fluid (Appen

dix A) and centrifuged at 200 x g for 30 min (108). The mononuclear 
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cells were removed from the Interface and washed 3 times with Eagle's min-

imun essential medium (MEM; Appendix A). The viability and total numbers 

of PBL for each preparation was determined by regular cell counting pro

cedures using trypan blue as the indicator dye. The PBL preparations 

were used directly in the immunofluorescence tests, lymphocyte stimula

tion tests, or purified further to obtain pure B-cell populations. 

Detection of Cell Surface 
Membrane Antigens 

T lymphocytes were identified in the following manner: 0.1-ml 

0 
portions of PBL containing 1 x 10 cells were incubated with 10-yl Mouse 

anti-Human Leu 1 (diluted 1:10 in PBS) for 20 min in an ice bath (4°C), 

washed 3 times with cold PBS and then incubated with 1-yl fluoresceinated 

Goat anti-Mouse IgG (diluted 1:100 in PBS) for 20 min at 4°C. Following 

3 washes with cold PBS, the cells were resuspended in 200 yl of parafor

maldehyde (Appendix A) and fixed for 24 h at 4°C to prevent changes in 

membrane structure such as capping and patch formation. The fixed cells 

were gently pelleted onto poly L-lysine-coated glass slides using an IEC 

microscope slide carrier (IEC, Nedhambts, Massachusetts). Following 10 

minutes of centrifugation at 200 x g, the cells were overlayed with 10% 

glycerol in PBS and a glass coverslip. Quantitive results were deter

mined exclusively by examination <^f wet mounts using a Leitz-phase con

trast fluorescence microscope equipped with a Polemopac illuminating 

system (Leitz Wetzlar, Germany). From each preparation 200 to 300 cells 

were counted. 
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B lymphocytes were identified in a similar manner: 0.1-ml por-

£ 
tions containing 1 x 10 cells were incubated with 10-yl Mouse anti-

Human HLA-DRW (diluted 1:10 in PBS) for 20 min at 4°C, washed 3 times 

with cold PBS, and then inubated with 1-yl fluoresceinated Goat anti-

Mouse IgG (diluted 1:100 in PBS) for 20 min at 4°C. Following 3 washes 

with cold PBS, the cells were resuspended in 200 yl of paraformaldehyde, 

fixed for 24 h at 4°C, and assayed as mentioned above. 

Cells expressing surface IgE were identified by using both direct 

and indirect immunofluorescent techniques. The direct method proved to 

0 
be the method of choice. Portions (1.0 ml) of PBL containing 1 x 10 

cells were incubated with 15-yl FITC-conjugated anti-Human IgE (diluted 

1:10 in PBS) for 20 min at 4°C. Following 3 washes with cold PBS, the 

cells were resuspended in 200 yl of paraformaldehyde, fixed for 24 h, 

and assayed as mentioned earlier. 

The indirect immunofluorescence technique is as follows: 1.0-ml 

0 
portions of PBL containing 1 x 10 cells were incubated with 10 yl of 

affinity purified antibody to human IgE (produced in goats) for 20 min 

at 4°C, washed 3 times with cold PBS, and then incubated with 2 yl-Rabbit 

anti-Goat IgG for 20 min at 4°C. Following 3 washes with cold PBS, the 

cells were resuspended in 200-yi paraformaldehyde, fixed for 24 h, and 

then assayed as mentioned earlier. 

Coupling of Anti-IgE to Covalent 

Immunospheres 

Sheep anti-Human (Epsilon chain specific) IgG-fractionated anti

serum was conjugated to activated fluorescent microspheres containing 
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rhodamine (Covaspheres) using the following procedure: The covaspheres 

were sonicated (using an ultrasonic cleaner) to alleviate minor clumping 

that may have occurred because of refrigeration. In a small plastic 

microfuge tube, 10 yl of microsphere suspension was added to 20 yl of 

Sheep anti-Human IgE (diluted 1:5 in 0.02 M PBS). The bead-ligand mix

ture was once again sonicated for 5 to 10 min to ensure a single-sphere 

suspension. Sonification for time periods greater than 10 min should be 

avoided because heat generated will destroy the coupled protein. The 

bead-ligand mixture was incubated for 1 h at room temperature (with gen

tle agitation every 15 min), followed by 2 h of incubation at 4°C. The 

bead-ligand mixture was then centrifuged at 11,000 x £ for 5 min, washed 

twice with cold PBS, and finally resuspended in 0.5 ml of 1% Bovine Serum 

Albumen (BSA; in 2X PBS). Prior to use for cell labeling, the beads were 

sonicated to ensure a single microsphere suspension which was checked 

with a microscope. 

Detection of T and B Lymphocytes with 
Surface IgE: Simultaneous Analysis of 
Cell Surface Antigens Using Immunospheres 

The percentages of T and B lymphocytes with surface IgE were 

quantitated using anti-Human IgE coupled immunospheres as prepared above. 

Cells previously labeled with anti-Leu 1 and anti-DRW were separately 

adjusted to 1 x 10® cells/0.5 ml in PBS, added to 0.5-ml portions of 

anti-IgE fluorescent bead conjugate, and gently centrifuged at 200 x g 

for 5 min bringing the cells and microspheres together in a monolayer. 

Following 3 h of incubation at 4°C, the cells were gently resuspended 

with a Pasteur pipette and then centrifuged at 300 x g for 15 min through 
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an underlayer of 6% BSA. Free microspheres that remained above the 

interface were discarded with the supernatant; cells and beads remaining 

in the pellet were gently resuspended in 200 \il of paraformaldehyde, 

fixed for 24 h, pelleted onto poly L-lysine glass slides, and assayed as 

mentioned earlier. Positive cells were defined as FITC-positive cells 

having 3 or more cell-bound rhodamine-labeled immunospheres. 

Rosette Procedure to Obtain 
B Lymphocytes 

T lymphocytes can be removed from PBL by rosetting the cells with 

SRBC (106). PBL were diluted to 1 x 10^ cells per ml in Eagle's MEM in 

a 50-ml round-bottom siliconized tube. A final 1% (vol/vol) mixture of 

AET-treated SRBC was made by adding the previously treated SRBC. 

The mixture was incubated at 37°C for 10 min, centrifuged at 200 

x g for 10 min, then placed upright in an ice bath for an hour. All but 

7.5 ml of the supernatant fluid was removed without disturbing the cell 

pellet. The tube was then placed in a horizontal position and rotated 

gently to resuspend the cell pellet, which was then layered over a Ficoll-

Hypaque gradient and centrifuged at 300 x g for 40 min at 23°C. The 

rosetted T cells were removed leaving the purified B cells at the inter

face. The B cells were removed, washed 3 times with Eagle's MEM, and 

5 
suspended at a concentration of 1 x 10 cells/ml in RPMI 1640 tissue 

culture medium. Purity of the separation was checked by the indirect 

immunofluorescence technique using anti-Human Leu 1 as mentioned previ

ously . 
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Procedure for Preparation of 
Epstein-Barr Virus 

Virus preparations were grown on a transformed B-lymphocytic 

line (Bg^_g) maintained in the laboratory using RPMI 1640 culture medium 

supplemented with 10% FCS (109). Supernatant fluid was removed 12-13 

days after the cultures had been split and centrifuged at 300 x g for 

10 min at 4°C to remove cellular debris. The supernatant fluid was 

centrifuged a second time over a sucrose gradient (1-ml 40% sucrose) at 

30,000 x £ for 2.5 h at a maximum temperature of 10°C. The pellet was 

suspended in 1-ml MEM and assayed for virus activity using the lympho

cyte stimulation assay (see below). A 1:10 dilution usually proved to 

be most effective in causing blast transformation. The purified virus 

was placed in 200-pl amounts in vials and stored at -70°C. 

Lymphocyte Stimulation Assay: 
To Assay Virus Activity 

Peripheral blood lymphocytes from a seronegative donor (VCA- EA-) 

and from a seropositive donor (VCA+ EA+) were separated from whole blood 

as described earlier. The cells were diluted to 1 x 10 cells/ml in 

RPMI 1640 culture medium, and 0.1 ml of the cell suspension was placed 

into appropriate wells of a Limbro Microtiter plate (110). The cells 

were cultured with 100 yl of different dilutions of the EBV in tripli

cate. A final volume of 0.2 ml was maintained in each well. The cul

tures were incubated at 37°C for 5 days in a humidified 5% CO^ chamber 

and then pulsed with 25-yl tritiated thymidine (containing 1 yci) (spe

cific activity 5 Ci/mMol; Amersham Searle Corporation, Arlington 

Heights, Illinois) for 24 h. 
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The cultures were harvested onto glass fiber filters using an 

automated instrument (Mini-Hash; Bioproducts, Walkersville, Maryland). 

The filters were air-dried overnight at room temperature, then placed 

into scintillation fluid (PPO-POPOP toluene; Appendix A), and the amount 

of radioactivity was determined on a Packard Tri-carb Liquid Scintilla

tion Counter (Packard Instrument Company, LaGrange, Illinois). Data were 

expressed as counts per minute (CPM) for each sample, and mean values 

for each set of triplicates were determined. The dilution of purified 

virus yielding the greatest number of CPM (1:10 dilution) was used for 

stimulation of B lymphocytes in phase 2 analysis. 

Determination of Antibodies to 
Epstein-Barr Virus 

Anti-VCA, anti-EA, and anti-EBNA were determined from the serum 

of each subject. The assays were conducted by the Virology Clinical 

Laboratories of the Arizona Health Sciences Center and the procedures 

are recorded in Appendix B. 

Determination of Serum IgE Concentration 

The concentration of IgE in the serum was determined for each 

subject using the Phadebas IgE PRIST® (paper Radio Immuno Sorbent Test) 

radioimmunoassay. The assays were conducted by St. Luke's in the Desert 

Clinic for Allergies and Chest Problems of the Arizona Health Sciences 

Center and the procedures are recorded in Appendix B. Serum IgE levels 

were reported as International Units (I.U.) per milliliter. One I.U. is 

equavalent to 2.4 ng of IgE protein per milliliter (67). 



26 

Detection of IgE-positive Cells 
in Cultured B Cells 

g 
A quantity of 4 x 10 purified B cells from each subject were 

suspended in RPMI 1640 culture medium plus 10% PCS, gentamicin, L-

glutamine, and Hepes buffer, and were cultured for up to 16 days in the 

presence of purified EBV, the culprit allergen, or by themselves in 

small 10-ml plastic tubes with two-step screw caps (VWR Scientific, Los 

Angeles, California). The 3 cell cultures per subject were incubated at 

5 
37°C in 5% CO^. Approximately 4 x 10 cells were removed at 0, 1, 2, 4, 

8, and 16 days from each cell culture, and the cells were assayed for 

expression of surface IgE using the direct immunofluorescence technique 

explained previously. Three hundred cells were counted for each sample, 

and a short description of the cellular morphology and fluorescence pat

terns was recorded. 

Statistical Analysis 

Data from all studies were prepared for analysis in the follow

ing manner: The percentages of T cells, B cells, IgE-positive cells, 

IgE-positive B cells, and IgE-positive T cells were transformed to arcsin 

values to normalize the distribution of values. The serum IgE levels 

were transformed to log base^ values to accommodate a wide range of 

values. The anti-VCA titers and anti-EA titers were transformed to log 

base2 values to satisfy assumptions for a valid analysis of variance. 

The data were analyzed by analysis of variance, multiple discrim

inant analysis, and multiple regression analysis on Control Data Computer 

(CED) Cyber 175 and DEC-10 at the University of Arizona Computer Center, 
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using programs provided by Dr. L. M. Kelley, Department of Microbiology 

and Immunology, The University of Arizona, Tucson (Appendix C). 

Protocols 

Protocol One 

Serum and PBL from EBV-positive non-atopic, EBV-positive atopic 

healthy, and EBV-positive atopic ill (chronic EBV) subjects were obtained. 

The serum and cells from each subject were treated according to the fol

lowing procedures: 

1. A serum sample was assayed for anti-EA, anti-VCA, and anti-EBNA 

antibodies. 

2. A serum sample was assayed for XgE antibodies. 

3. PBL were placed into cell culture with approximately 10 differ

ent allergens to ascertain an individual's hypersensitive status 

and to determine which allergen would be used in phase 2. 

4. Percentages of T and B cells from each PBL were quantitated 

using indirect immunofluorescence techniques. 

5. Percentages of PBL with surface IgE were quantitated using both 

direct and indirect immunofluorescence techniques. 

6. Percentages of IgE+ T and B cells were quantitated through simul

taneous analysis of rosetted anti-Human IgE conjugated immuno-

spheres with indirect anti-Leu 1 and anti-DRW immunofluorescently 

stained cells. 

The data from each subject were analyzed individually and col

lectively to: 
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1. Ascertain the existence of the 3 desired groups, 

2. Correlate the serological data, 

3. Correlate the percentages of T and B cells from each PBL sample, 

4. Correlate the percentages of IgE-positive PBL, and 

5. Correlate the percentages of T and B cells with surface IgE. 

Protocol Two 

This portion of the project was to determine the existence and 

emergence of IgE-positive B cells in cell cultures of each subject fol

lowing in vitro stimulation with the culprit allergen and purified EBV. 

PBLs from each subject were rosetted with AET-treated SRBCs to obtain 

pure B cells and were treated as follows: 

1. The purity of the B cells was checked by immunofluorescence 

techniques using anti-Leu 1, and 

2. The remainder of the purified B-cell population was adjusted to 

0 
2 x 10 cells/ml in RPMI 1640 culture medium. 

Three cell cultures were prepared from the remaining cells: 2 ml of cell 

preparation were cultured with 300 pi of the culprit allergen; 2 ml of 

cell preparation were cultured with 300 yl of purified EBV (a 1:10 dilu

tion); and a third culture was established as a cotnrol by adding 300 yl 

0 
of RPMX 1640 culture medium per 4 x 10 cells. 

Samples of cells from each culture preparation were obtained at 

0 time and 1, 2, 4, 8, and 16 days later and were analyzed for the pres

ence of surface IgE by direct immunofluorescence technique. Three hun

dred cells were counted for each sample and a short description of cellu

lar morphology and fluorescence patterns was recorded. 
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The data from each subject were analyzed individually and collec

tively to: 

1. Determine the original percentage of IgE-positive B cells per 

subject, 

2. Determine changes in IgE expression and cellular morphology 

caused by the culprit allergen over a period of 16 days, 

3. Determine changes in IgE expression and cellular morphology 

caused by the purified EBV over a period of 16 days, 

4. Determine changes in IgE expression in the controls which may be 

related to the latent EBV in the B cells of seropositive individ

uals , and 

5. Correlate and analyze that data supporting the idea of the 

existence of the 3 groups of experimental subjects. 

I 



CHAPTER 3 

RESULTS 

The original goal of this study was to determine the EBV serol

ogy and serum IgE levels of enough people to classify at least 10 sub

jects into each of 3 groups: chronic EBV, EBV-positive atopic, and EBV-

positive non-atopic people. In total, serum and PBL from 51 subjects 

were analyzed. Six were found to have negative EBNA serology and are 

not included in this study. Each subject included in this study had an 

anti-EBNA titer greater than 2. 

The interrelationship for anti-VCA and anti-EA titers for sub

jects in the 3 groups was ascertained by graphing the data in a bivariate 

plot (Figure 1). Results indicate chronic EBV subjects had anti-VCA 

titers greater than 160 and anti-EA titers greater than 80. The bivari

ate mean and 95% confidence region of the means (transforms of data) 

show the chronic EBV subjects to have significantly higher titers than 

do members of the other 2 groups. Members of this group complained of 

such problems as: fatigue, pharyngitis, dizziness, malaise, paresthe

sias, paresis, blurring of vision, sleep disorders, and depression. 

Levels of IgE in the serum of 45 subjects, as ascertained by 

PRIST® technique, are shown in Figure 2. High values of IgE were found 

in serum from chronic EBV and EBV-positive atopic subjects, and these val

ues were significantly greater than levels associated with EBV-positive 

30 
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non-atopic subjects (p < 0.05). IgE levels greater than 30 I.U./ml of 

serum are considered as above-normal values. 

The levels of T and B cells in subjects of the 3 groups did not 

differ from normal values of approximately 52-58% for T cells and 20-25% 

for B cells (p > 0.05) (Table 1). However, cells reacting with anti-

Epsilon immune serum (IgE+) were significantly greater in the chronic 

EBV group than in the other 2 groups (p < 0.05) (Table 1). To ascertain 

if the IgE+ cells were uniformly increased in the T- and B-cell popula

tions, I ascertained via a double-labeling procedure the percentage of 

IgE-positive T cells and IgE-positive B cells. Results presented in 

Table 2 show a significant increase in IgE+ cells in both the T- and B-

cell populations of the chronic EBV group (p < 0.05). Closer inspection, 

however, shows a 30% increase in the T-cell population compared to a 10% 

increase in the B-cell population. 

The interrelationship between the levels of serum IgE and the 

percentages of IgE-positive B cells and T cells is expressed in Figure 3a 

and b. The bivariate means and 95% confidence regions of the serum IgE/ 

IgE+ B-cell means show: 

1. No significant difference between the chronic EBV and EBV-

positive atopic groups, 

2. The bivariate mean for the EBV-positive non-atopic group is 

significantly less than the means for the other 2 groups, and 

3. The vertical major axes of these elipses testify to the fact 

that correlation coefficients for these variables are insignif

icant . 



34 

Table 1. Distribution of T cells, B cells and IgE+ cells in periph
eral blood samples from chronic EBV, EBV+ atopic, and EBV+ 
non-atopic subjects 

Immunofluorescence3 

Group % T Cells % B Cells % IgE+ Cells 

Chronic EBV 52.6±0.69b 24.2±0.62 18.3+0.75° 

EBV+ Atopic 5.28±0.81 23.6±0.72 15.110.87 

EBV+ Non-atopic 52.6±0.63 24.510.57 14.610.68 

(£ values) 0.9745 0.6032 0.0020C 

a. PBL were incubated 100 pi of the appropriate monoclonal antibody 
(1:10 dilution) followed by lOO-pl FITC-conjugated goat anti-mouse 
IgG (1:5). 

b. Values represent the means and standard errors for the ANOVA of 
arcsin transforms from the percentage of fluorescing lymphocytes 
in single labeling tests. 

c. Chronic EBV subjects have significantly greater percentages of 
IgE-positive cells than do EBV+ atopic and EBV+ non-atopic 

subjects. 
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Table 2. Distribution of IgE-positive T cells and B cells in peri-
pherial blood samples from chronic EBV, EBV+ atopic, and 
EBV+ non-atopic subjects 

Immunofluorescence 

Group % IgE+ T Cells % IgE+ B Cells 

Chronic EBV 12.7±0.53b,C 34.7+0.99° 

EBV+ Atopic 9.9±0.61 31.9+1.15 

EBV+ Non-atopic 9.4+0.48 31.4+0.90 

(j> values) 0.0002° 0.0474° 

a. PBL were incubated with 100-yl of the appropriate monoclonal anti
body (1:10 dilution) followed by 100-yl FITC-conjugated goat anti-
mouse IgG (1:5 dilution). The cells were then rosetted with anti-
human IgE-conjugated fluorescent immunospheres. 

b. Values represent the means and standard errors for the ANOVA of 
arcsin transforms from the percentages of fluorescing lymphocytes 
that rosette fluorescent immunospheres in double-labeling tests. 

c. Chronic EBV subjects have significantly greater percentages of 
IgE+ T and B cells than do EBV+ atopic and EBV+ non-atopic sub
jects. 
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The bivariate means and 95% confidence regions of the serum IgE / 

IgE+ T-cell means show: 

1. Chronic EBV subjects have a greater bivariate mean than do mem

bers of the other 2 groups; and 

2. The 3 groups have a tendency to separate one from another. 

A multivariate discrimination analysis was applied to determine 

the extent and manner in which the chronic EBV, EBV-positive atopic and 

EBV-positive non-atopic groups were differentiated by a set of 6 depen

dent variables operating together. The variables were anti-VCA titer, 

anti-EA titer, serum IgE levels, and the percentages of IgE-positive 

cells, IgE+ B-cells, and IgE+ T cells. Analysis of the 3 groups gave 2 

roots that were significant by the Chi-square test (p < 0.05; F ratio = 

8.15) and each of the above-listed variables was found to be signifi

cantly different between groups. The centroids for the 3 groups are 

shown in Figure 4, and a further discussion of the statistical analysis 

is presented in Appendix C. 

A second goal of this study was to determine the existence and 

emergence of IgE-positive B cells in cell cultures following the addi

tion of EBV and culprit allergen. Purified B cells from each subject 

were cultured alone, with the culprit allergen, or with the purified 

EBV. The culprit allergen for each subject was determined in a previous 

study by reacting the PBL of the subject with a battery of antigens in 

the lymphocyte stimulation test (111). The antigens that caused the 

maximum incorporation of tritiated thymidine into DNA in each case 

were called culprit allergens and included Bermuda grass, mulberry, 
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cocci, HSV-1, ragweed, olive, cat, and mesquite. Samples of cells from 

each preparation were obtained at time 0 and 1, 2, 4, 8, and 16 days 

later and analyzed for the presence of surface IgE-positive B cells by 

direct immunofluorescence. Figures 5, 6, and 7 show the arcsin trans

formed percentages of IgE-positive B cells in the B-cell cultures from 

the chronic EBV, EBV-positive atopic, and EBV-positive non-atopic sub

jects , respectively. 

Chronic EBV subjects demonstrated a greater incidence of IgE-

positive B cells at zero time and their cells maintained the expression 

of surface IgE to the greatest extent during the 16-day period when com

pared to the other 2 groups. However, the controls for chronic EBV sub

jects show a gradual decrease in IgE-positive cells to yield a range of 

0 to 17% by Day 16. In the presence of the culprit allergen, the cells 

tend to show an earlier increase in expression of IgE and a lesser drop 

over the culture period to yield a final range of 7-47% for IgE+ cells. 

The same trend is evident when the cells are cultured with the EBV. 

Cells from the 2 control populations when compared to the cells 

of chronic EBV subjects reveal the following: 

1. Lesser mean values and range of data points for cells cultured 

for 16 days without the addition of culprit allergen or EBV, 

2. Lesser mean values and range of data points for cells cultured 

for 16 days in the presence of the culprit allergen; 

3. Similar mean values for all 3 groups when the cells were cul

tured for 16 days in the presence of EBV; and 

4. A greater range of data points for cells cultured for 16 days 

in the presence of EBV (Figures 5, 6, and 7; Table 3). 



CHRONIC EBV B CELLS 

VIRUS NONE CULPRIT Ag 

DAYS 

Figure 5. Percent IgE-positive B cells as a function of time in the B cell cultures 
from chronic EBV subjects when incubated alone, with the culprit allergen, and with the puri
fied EBV. 



EBV+ ATOPIC B CELLS 

40n NONE CULPRIT Ag VIRUS 

DAYS 

Figure 6. Percent IgE-positive B cells as a function of time in the B cell cultures 
from EBV-positive atopic subjects when incubated alone, with the culprit allergen, and with 

the purified EBV. 



EBV+ NON-ATOPIC B CELLS 

CULPRIT Ag NONE 

DAYS 

VIRUS 

Figure 7. Percent IgE-positive B cells as a function of time in the B cell cultures 
from EBV-positive non-atopic subjects when incubated alone, with the culprit allergen, and 

with the purified EBV. 
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Table 3. Means and confidence limites of the percentage of IgE+ 
B cells on Day 16 in cell cultures 

Arcsin Transforms of the 
Percentage of IgE+ B Cells 

Group None 

Culprit 

Allergen Virus 

Confidence 
Limits*1 

Chronic EBV 9.71c 16.24 20.14 ±4.69 

EBV+ Atopic 5.27°  10.37 14.01 ±4.45 

EBV+ Non-atopic 5.01d 7.53d 18.90 ±7.46 

a. Mean value as detected by direct immunofluorescence using FITC-
conjugated anti-human IgE. 

b. Confidence units are expressed at the 95% level (CLg^%) computed 
from the mean square error and t 18 df) = 2.101. 

c. The percentage of untreated IgE+B cells for chronic EBV and EBV+ 
atopic subjects is significantly smaller than the percentage of 
IgE+ B cells treated with culprit allergen and purified EBV. 

d. The percentage of untreated IgE+ B cells and IgE+ B cells 
cultured in the presence of the culprit allergen are significantly 
smaller than the percentage of IgE+ B cells treated with purified 
virus for members of the EBV+ non-atopic group. 
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Further evaluation of the data obtained from B cells cultured 

for 16 days in the presence of EBV suggest the virus causes a significant 

increase in the number of IgE-positive cells in all 3 groups. An analy

sis of variance of the data presented in Table 4 sugests that: 

1. There is a significant difference between the 3 cell culture 

treatments for all 3 groups of subject, and 

2. There is no significant difference in response to the 3 treat

ments between the 10 members of each group. 

A record of the visual examination of the cultured cells was 

made at the time of each reading. Cultures from chronic EBV subjects 

showed a heterogeneous population of mostly small- and medium-sized lym

phocytes on day zero. Most of these cells had large, irregularly shaped 

nuclei (kidney bean to horseshoe shaped) with a dark granular appearance. 

Characteristic, small vacuoles were found within the cytoplasm adjacent 

to the nuclear membrane. The fluorescence pattern, seen mostly on small 

cells, was over the entire membrane surface with bright, complete rims. 

Following 24 h of incubation with the culprit allergen purified 

EBV, or by themselves, varying numbers of transformed cells could be 

found in each cell culture. The transformed cells were characterized by 

large nuclei (approximately 2 to 3 times the size of small cell nuclei), 

2 or 3 prominent nucleoli within the nucleus, and an increased amount of 

cytoplasm surrounding the nucleus. Transformed cells persisted in all 3 

cultures through Day 8, and in many cases developed large, opaque vacu

oles within the cytoplasm. 
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Table 4. Analysis of variance of IgE+ B-cells in Day 16 cell cultures 

Source of Sum of Mean 
Variation Squares Df Squares F Value Alpha 

Chronic EBV 49.76b 

For 3 treatments 555.45 2 277.72 9*. 58 0.025 

Within group 783.41 9 87.04 1.75 
c 

n.s. 

EBV+ Atopic 44.99b 

For 3 treatments 385.49 2 192.74 *4.28 0.05 

Within the group 586.05 9 65.12 1.45 n.s. 

EBV+ Non-atopic 125.72b 

For 3 treatments 1093.51 2 546.75 
94-35 

0.05 

Within the group 1182.89 9 131.43 1.05 n.s. 

a. The percentage of IgE+ B cells was determined by direct immuno
fluorescence using FITC-conjugated anti-human IgE. 

b. Error 

c. Not significant 
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The number of medium-sized cells decreased as a function of 

time. The medium-sized cells, which contained small dark cytoplasmic 

granules, developed large cytoplasmic and nuclear vacuoles by Day 4 in 

all 3 cultures. These cells began to autofluoresce on Day 8 (dull 

orange fluorescence), but were not found in any of the Day 16 cell cul

tures. The number of small cells in the preparation fluctuated with 

time. The small cell population showed positive immunofluorescence on 

peripheral rims for the entire 16-day period. 

Cultures from EBV-positive atopic subjects showed a heterogene

ous population of small and mostly medium-sized lymphocytes with typical 

lymphocyte morphology on day zero. None of these cells had small gran

ules or vacuoles. The fluorescence pattern, seen mostly on small cells, 

was brightly speckled stricktly on the peripheral rims of IgE-positive 

cells. 

Similar to the cultures of chronic EBV subjects, transformed 

cells were identified in culprit allergen and purified EBV cell cultures. 

These transformed cells had similar morphology to the cell type described 

earlier and did not fluoresce in the presence of anti-human IgE. The 

transformed cells were found in culture through Day 4 and were only 

found in the purified virus culture through Day 16. 

Most cells present in culture showed small vacuoles and granules 

by Day 2. The vacuoles progressed in size through Day 16; some com

pletely filling up the cytoplasm. Most heavily vacuolated cells auto-

fluoresced dull orange beginning on Day 4, and increased in numbers 

through Day 16, especially in the culprit allergen culture. 
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Again, immunofluorescence was limited to small- and medium-

sized cells. The fluorescence patterns were retricted to the peripheral 

rims and the caps of positive cells. Host cells appeared smaller on 

Days 4 and 8 for the control cultures, and on Days 8 and 16 for the 

virus and culprit allergen cell cultures. Cellular debris and heavy 

autofluorescence were visible in Day 8 and Day 16 cultures for all 3 

preparations. 

Those subjects that showed increases in IgE-positive B cells as 

a function of time in virus and culprit allergen cultures had large num

bers of small, lightly speckled and capped fluorescent cells. Many of 

these subjects had transformed cells in all 3 cell cultures through 

Day 8. 

Cultures from EBV-positive non-atopic subjects showed a hetero

geneous population of mostly small and few medium-sized lymphocytes, all 

exhibiting typical lymphocyte morphology. None of the small cells had 

small granules or vacuoles. The fluorescence pattern was seen mostly 

on small cells and was lightly specked over the peripheral rims and caps 

of positive cells. There were a few medium-sized cells that fluoresced 

lightly over their entire surface. 

Transformed cells were found mostly in purified virus prepara

tions and these cells had morphologies similar to those mentioned ear

lier. None of the transformed cells fluoresced and most cells developed 

vacuoles in the cytoplasm by Day 2. 



CHAPTER 4 

DISCUSSION 

Epstein-Barr virus is the etiological agent responsible for 

infectious mononucleosis, Burkitt1s lymphoma, nasopharyneal carcinoma, 

and X-linked lymphoproliferative syndrome. Data from this study support 

the hypothesis that chronic EBV represents still another abnormality 

that is associated with persistent EBV infections. 

The major objective of this research was to investigate a corre

lation between the presence of immediate-type hypersensitivity disorders 

and the inability of the chronic EBV subjects to properly manage the 

EBV. Fifty-one individuals particpated in this study; placement of at 

least 10 subjects into each of 3 experimental groups was secured: 

EBV-positive atopic ill (chronic EBV), EBV-positive atopic healthy, and 

EBV-positive non-atopic healthy subjects. 

Major findings of this research revealed that subjects with 

chronic EBV: 

1. Have significantly higher anti-VCA and anti-EA titers, 

2. Have elevated values of IgE in their serum, 

3. Have a greater number of IgE+ cells, 

4. Have significantly greater percentages of both igE-positive 

T- and B-cell populations, and 
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5. Tend to have and maintain greater numbers of IgE+ B cells in 

culture when in the presence of the culprit allergen or puri

fied EBV. 

Various immunologic and immunopathologic mechanisms exist during 

the course of a viral infection. Although a great deal is known about 

the humoral and cellular immunity in viral infections (74, 84, 112), 

there are little data on the existence or importance of immediate-type 

hypersensitivity reactions in viral diseases. Elevated serum levels of 

IgE were at first thought to be related to atopic disorders and parasitic 

infestations (113). Perelmutter, Potvin, and Phipps (114) found that 

naturally occurring viral respiratory infections modulated serum IgE 

levels in both atopic and non-atopic individuals. Furthermore, they 

showed that IgE levels in patients with IM changed with a definite pat

tern, consisting of elevation in acute illness, followed by a signifi

cant drop reacing a nadir by the third month after symptoms. Other pre

liminary studies by Heiner and Bahna (115) and Perelmutter, Phipps, and 

Potvin (116) have detected specific IgE antibodies to EBV and influenza 

virus in patients with those viral infections. Elevated serum IgE lev

els found during the acute phase of IM may be due, in part, to specific 

IgE antibodies against the virus. The increased IgE levels found in 

chronic EBV subjects of this study may be indicative of a disease 

process correlated with the persistent high titers of EBV. 

Chronic EBV subjects may have a compromised ability to control 

latent EBV infections, resulting in constant outbreaks of the virus 

and associated symptoms. This compromise may be manifested in 
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T-lymphocyte abnormalities. Several studies have described the action 

of suppressor and cytotoxic T cells against EBV-altered cells in IM 

(117, 118). Chronic EBV subjects may have abnormal Tc cells, NK cells, 

or Ts cells, allowing EBV-infected B cells to remain in circulation. 

This would allow for the production of new virus particles which subse

quently infect other circulating B cells. Studies by Juto, Strannegard, 

and Strannegard (119) have also shown that when Ts cell activity is 

low, B cells stimulated by viruses and mitogens show an increased producO 

tion of IgE. 

Cellular and serological data from this study support the idea 

that chronic EBV infections are associated with atopic disease states, 

perhaps resulting from abnormal interaction between T- and B-cell popu

lations, or ineffective T-cell subsets. 



APPENDIX A 

SOLUTIONS 

Phosphate Buffer Saline (IX) 

PBS was prepared by dissolving NaCl 8 g, KC1 0.3 g, Na2HP04 

0.975 g, KI^PO^ 0.02 g, and glucose in 1,000-ml dd I^O. pH was then 

adjusted to 7.2. The solution was sterilized by filtration through a 

0.45-ym Millipore filter and stored at 4°C. 

Ficoll-Hypaque Gradients 

Eighteen grams of Ficoll (Pharmacia Fine Chemicals, Piscataway, 

New Jersey) were imbibed into 230-ml double distilled water, 60-ml 

Hypaque (Winthrop Laboratories, New York) was then added. The prepara

tion was autoclaved and stored at 4°C until used. 

Minimum Essential Media (Eagle) 

9.6 g of MEM (GIBCO, Grand Island, New York) was dissolved in 

lf000-ml dd 1^0, pH adjusted to 7.2 and then the fluid was sterilized 

by filtration through 0.45-pm Millipore filter. 

PRO-POP Scintillation Cocktail 

PPO-POP Scintillation Cocktail was prepared by mixing 100-ml 

toulene with 8 g PPO (2,5 diphenyloxazole) and 0.45 g or POPOP (1,4-bis 

[2-(5-phenyloxolyl)] benzene). The mixture was stirred for approxi

mately 2 h on a magnetic stirrer. 
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Alsever's Solution 

Alsever's Solution was prepared by dissolving 20.5 g dextrose, 

4.2 g NaCl, and 8.0 g sodium citrate in 1,000-ml water. Alsever's 

solution was then sterilized by membrane filtration through a 0.45-ym 

Millipore filter and stored at 4°C. 

Hepe's Buffer 

Hepe's Buffer was prepared by dissolving 0.8 g NaCl, 0.04 g 

KC1, 0.01-g Na2HP04» 0.1-g dextrose, and 23.8-g Hepe's in 100-ml dd 

H20. The solution was passed through a 0.45-pM Millipore filter and 

stored at -20°C. 

Paraformaldehyde 

Paraformaldehyde was prepared by adding 2-g paraformaldehyde 

to 500 ml of dd H20. The solution was heated to 70°C for 30 min, then 

filtered through Whatman #1 filter paper. 450 ml of saline (8.26-g 

NaCl in 450-ml dd H20) was added to the paraformaldehyde making a 1% 

mixture. 



APPENDIX B 

SEROLOGY 

University of Arizona Health Sciences Center 
Clinical Laboratories—Virology; 

Epstein-Barr VCA Serology 

Principle 

The indirect fluorescent antibody method is used in the Epstein-

Barr VCA Test. Patient serums are reacted with Burkitt's lymphocytic 

cells fixed on microscope slides (Gulf Laboratories). If serum anti

bodies to Epstein-Barr virus (EBV) are present, they will bind to the 

antigen substrate and not be rinsed off. Subsequently, when anti-human 

globulin tagged with fluorescein is added to the reaction site, it will 

bind with the patients' immune antibodies causing the antigenic struc

tures to fluoresce when viewed through a fluorescence microscope. 

Reagents 

Precaution: For In Vitro diagnostic use only. 

Preparation and Storage 

1. Phosphate Buffered Saline: Rehydrate in 1-liter distilled 

water. The PBS, which is buffered with 0.1 M phosphate, has a 

pH of 7.5 ± .1 and contains 0.01% merthiolate as preservative. 

The PBS should be stored at 2-8°C. 
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2. Anti-human Globulin (Caprine), FITC-labeled, Lyophilized: 

Reconstitute with 3-ml PBS. The conjugate is pretitered, con

tains Evans blue counterstain, and is ready for use. The 

reconstituted conjugate can be stored 4 wk at 5°C or aliquoted 

and stored up to 8 mo at -20°C. 

3. Positive and Negative Control Sera, Lyophilized: Reconstitute 

with 1-ml PBS. This gives a 1:10 dilution of the sera. The 

reconstituted sera are stable for 6 wk at 5°C or 8 mo at -20°C. 

4. Mounting Fluid: The mountant is glycerol buffered to pH 8.0. 

It is ready for use and can be stored at room temperature. 

5. Antigen Substrate Slides: The viral antigen slides are immedi

ately ready for staining. The antigen slides consist of HRIK 

Burkitt's lymphocytic cells in which the percentage of cells 

demonstrating virus has been enhanced to about 5% to pemit easy 

reading and optimal contrast. The slides have been fixed and 

are noninfective. The slides stored at 2-8°C are stable until 

the date indicated on the slide package label. 

Specimen Collection and preparation 

Blood obtained by venipuncture should be allowed to clot and 

then centrifuged. The serum should be separated and refrigerated or 

stored frozen if not tested in the same week. 

Instructions for Use of Kit 

The entire kit should be stored in the refrigerator. The kit is 

for use after reconstitution of reagents. Individual slide packets 

should be only be opened just before use. 
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Material Provided 

1. Epstein-Barr Virus Antigen Slides, 10 slides with 10 wells 

each. 

2. Antihuman Globulin, FZTC labeled, 3-ml working solution con

taining Evans blue counterstain. 

3. EBV Positive and Negative Control Sera, 1 ml each. 

4. PBS Powder, 1 liter. 

5. Mounting Fluid, 3 ml. 

Test Procedure 

1. Fill out worksheets. 

2. Dilute positive control through 1:1280 in PBS. Note: Recon

stituted control is 1:10. 

3. Dilute patient serum 1:10 through 1:2560 in PBS. 

4. Remove 1 slide for each patient serum plus 1 control slide. 

5. Using a Pasteur pipette, add just enough approximately diluted 

serum to cover each reaction site. Use 1 slide for positive 

control titration and 1 well for negative control. 

6. Place slide in a moist chamber and incubate at room temperature 

for 30 rain. 

7. Rinse slide briefly with a gentle stream of PBS and then rinse 

5 min in PBS. Do not rotate. 

8. Remove excess PBS. 

9. Add just enough conjugate to cover each reaction site. 

10. Incubate slide at room temperature in a moist chamber for 30 

min. 
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11. Rinse and remove excess PBS as in 7 and 8. 

12. Using glycerol mountant, coverslip. Note: Place positive 

control at 1:10 and negative control at Is10 on each slide. 

13. Read slide as soon as possible at 150X to 200X magnification 

using fluorescence microscope. 

Quality Control 

Each kit contains positive and negative control sera which 

should be incorporated into each testing run. The negative control 

must be negative at the screening dilution. The positive control serum 

is titered to provide a standard for checking test sensitivity. It 

should exhibit a 4+ reaction at the screening dilution and diminish 

to a 1+ reaction at its titer dilution. A day-to-day variance of one 

2-fold dilution on either side of the stated titer is acceptable 

performance. 

Results 

Since approximately 5% of the cells express the virus, the 

reaction is POSITIVE when 5% of the cells in each field exhibit a 

greenish-yellow fluorescence. The remaining lymphocytes provide a red 

contrasting background. 

The reaction is NEGATIVE when cells do not fluoresce greenish-

yellow, but appear red due to the counterstain. 

The EBV titer is the highest dilution of serum that produces a 

1+ fluorescence in some of the cells. A titer less than 1:10 indicates 

susceptibility and a titer of 1:10 or greater indicates immunity to 

infectious mononucleosis (IH). 



57 

Test Limitations 

Antinuclear antibodies present in serum may interfere with 

the EBV test. However, the diffuse, reticular, or peripheral staining 

produced by the antinuclear antibodies is easily distinguished since 

it is dull and involves most of the cells. The homogeneous staining 

of EBV antibody involves only 5% of the cells. 

Expected Values 

In classical IM antibodies to Epstein-Barr virus develop early, 

reach peak titers within a few weeks and then decline to lower levels 

which persist indefinitely. Measuring a 4-fold rise in titer is 

diagnostic of active disease. However, since peak titers are often 

reached before the taking of an acute phase serum, a single serum titer 

of 320 is strongly suggestive and a titer of 640 is definitive of 

active or recent EBV infection. Females and tonsillectomized children 

develop higher titers to EBV than their respective male and nontonsil-

lectomized counterparts. Higher titer levels are also developed by 

persons with histories of pneumonia or urinary tract infections. A 

later rise in titer, which can exceed 2560, is the result of secondary 

disease, such as Burkitt's lymphoma or nasopharyngeal carcinoma. The 

titer of antibodies to EBV, as with heterophile antibodies, does not 

reflect the severity of clinical symptoms in IM. See EB titer corre

lations . 

Performance Characteristics 

Results of the indirect fluorescent antibody test for EBV 

parallel those of complement fixation test, but do not correlate with 



58 

the heterophile antibody test. In EBV IM, heterophile antibody fails 

to develop in about 10% of adults, more frequently in children, and 

almost uniformly in infants. The development of EBV antibody occurs in 

all EBV infections and is not affected by age. Heterophile antibody 

is short-lived; whereas EBV antibody persists indefinitely. 

Antibodies to VCA as measured in the indirect fluorescent 

antibody test are a dependable indicator of immunity and can serve to 

diagnose active disease. The antibody titers are not affected by other 

febrile viruses, such as coxsackievirus, adenovirus, myxovirus, and 

other herpes viruses. Results are reproducible within 1 tube dilution. 
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Epstein-Barr Virus Early Antigen Serology 

Principle 

This test is for detection of antibody to Epstein-Barr virus 

early antigen by indirect immunofluorescence. Antibodies to early 

antigen (EA) are present as a result of active replication of EB virus. 

This may either be due to acute or reactivation infection. 

Materials 

1. EB-EA slides containing 10 wells of EB-EA positive NC37 cells. 

2. FITC-conjugated Goat anti-human IgG (H+L) (working dilution of 

1:25 - 1:100). Store at -60°C in .1-ml aliquots. 

3. Evans blue in PBS. 

4. PBS (Phosphate Buffered Saline). 0.15 M NaCl in 0.10 M 

phosphate buffer, pH 7.5. 

^2^0^ (anhydrous) 1.236 g 

NaH2P04*H20 0.18 g 

NaCl 8.5 g 

Distilled water q.s 1,000.0 ml 

5. Mounting Fluid, Buffered glycerin pH 7.5. 

PBS pH 7.5 1 volume 

Glycerin (reagent grade) 9 volumes 

6. Positive and negative control sera (aliquot in 100 ill samples 

and store at -60°C). 
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Specimen Collection 

Test sera should be promptly removed from clotted blood and 

stored at -20°C or below until day of testing. 

Procedure 

1. Remove one 10-well EB-EA test slide from the freezer for each 

2 samples, plus one for a control slide. Allow to warm to 

room temperature before openi.ng. 

2. Make out worksheet and identify slides with appropriate label

ing. Be sure to record the slide, conjugate and control lot 

numbers. 

3. Make fresh dilutions of the test and positive control sera as 

follows: 

a. 1:20 (0.1-ml serum + 1.9-ml PBS). 

b. Serial dilutions of 1:20 dilution to 1:320 (2-fold dilu

tions) . 

c. Negative control serum needs only to be used at 1:20. Use 

also a PBS control on one well of control slide. 

4. Place each slide with well side up in humidified chamber. 

5. Using a micropipette or Pasteur pipette, place 15-25-yl 

diluted serum or PBS on appropriate well. The same pipette may 

be used for all dilutions of a serum if the order of pipetting 

is from the highest to the lowest. 

6. Incubate at 35°C in humidified chamber for 30-60 min. Be 

careful in handling the chamber to avoid allowing the sera from 

running together. 



7. Remove slides from humidified chamber and gently rinse each 

slide with PBS from a wash bottle. Be careful not to direct 

stream of PBS directly on wells. 

8. Wash for two 5-min PBS washes in staining dish. 

9. Drain excess PBS from slide. 

10. Return to humidified chamber. 

11. Cover wells with FITC-conjugated goat anti-human IgG at appro

priate dilution. 

12. Incubate in humidified chamber at 35°C for 30-60 min. 

13. Repeat steps 7-9. 

14. Counterstain with Evans blue for 1 min. 

15. Mount slide with buffered glycerol and coverslip. Drain off 

excess mountant onto terri towel. 

16. Read with FA scope using 40X objective. If slides cannot be 

examined immediately, store at 2-8°C in a light-tight con

tainer. 

Reading of Slides 

Sera containing antibody to EB-EA will demonstrate lime-green 

fluorescence on the EB-EA positive cells. Only 30-80% of the cells 

should be EB-EA+. If all cells fluoresce, check for ANA. If problems 

occur, consult your supervisor. 

Interpretation 

While a positive EB-EA serology is indicative of active viral 

replication, the results should be considered the VCA and EBNA 
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serologies before a final interpretation can be made. The patient's 

clinical history must also be considered. 

In General 

VCA 

Positive 

Positive 

Positive 

Positive 

EBNA 

< 2 

> 2 

> 2 

negative 

EBEA 

positive 

negative 

positive 

negative 

Consistent with 

acute infection 

past infection 

active infection 

acute infection 
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EBNA Serology 

Slides 

Use 12-well Bellco slides 

Preparation of Cells 

1. Raji cells are used for EBNA. 

2. Cells which are ready to be split are harvested by centrifuging 

at 500-1,000 rpm for 5 min to pellet cells. Media should be 

discarded in dirty discard pan. 

3. Cells should be resuspended in PBS without phenol red and 

washed once in PBS with phenol red. Washing is accomplished 

by resuspending in fresh PBS with phenol red and repelleting. 

After washing, resuspend cells in fresh PBS with phenol red. 

Some of the clumps of cells may not readily break up; these 

these should be allowed to settle out, using only the single 

cell suspension. 

4. Dilute cells to make a slightly cloudy suspension and drop onto 

wells in the slide made above. Drops should not be so large as 

to become confluent. Allow to dry. Use of 25-yl dropper may 

be useful. 

5. Fix in -20° acetone for 10 min. 

6. Allow to dry. 

7. Store at -60°C. 



64 

Preparation of Serum 

1. Blood should be aseptically collected, allowed to clot, centri

fuge at 2,500 rpm for 10 min, and serum removed to a sterile 

1-dram vial. 

2. If not to be run within 24 h, sera should be stored at -20*C 

or lower. If paired sera are to be collected, both specimens 

should be run at once. 

3. Mix serum gently to avoid layering due to refrigeration or 

freezing. 

4. Dilute in PBS without phenol red pH 8.0 to the following 

dilutions: 1:2 to 1:32. 

5. Dilute positive control as patient serum. 

6. Dilute negative control 1:2. 

EBNA 

1. Overlay positive and negative controls and diluted patient's 

serum in appropriate wells. 

2. Incubate in humidified chamber at 35°C for 60 min. 

3. Wash in two 5-min washes in PBS. 

4. Overlay with guinea pig complement. This should be stored at 

-70°C until used and aliquoted out so that only the portion to 

be used is thawed. This is fresh guinea pig serum which is 

overlaid as a source of complement. Dilution is noted on 

vial or box. 

5. Incubate in moist chamber at 35°C for 60 min. 

6. Wash in PBS for two 5-min washes. 
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7. Overlay with anti-guinea pig cornplenent conjugate and incubate 

in moist chamber at 35°C for 60 min. 

8. Wash as in #3 and #6. Mount and coverslip. - 80% should 

express EBNA and be fluorescent positi-ve in this test. The 

pattern is one of speckled nuclear fluorescence. 

Sources of Problems 

1. Use of unclean slides will give nonspecific fluorescence. 

2. Failure to completely overlay sera, complement or conjugate 

over the slides will cause false negatives. 

3. Incomplete washing at any stage can cause false positives. 

This is controlled with negative control. 

4. Overwashing can cause false negatives. 

5. Too thick a cell layer can cause a loss of reactive cells 

during washing. 

6. Inactive conjugate can cause false negatives, but this is 

controlled by the positive and negative controls. 

7- Drying of slide at any step can cause false positives. This 

can be prevented by overlaying complement and conjugate with 

parafilm during incubation. 

Interpretation 

1. VCA - Positive 

EBNA - < 2 

Consistent with acute infection (ACUT). 
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2. VCA - Positive < 160 

EBNA - > 2 Positive 

Consistent with past infection (CPI). 

3. VCA - > 320 

EBNA - > 2 

Do EB-EA or IgM VCA. If positive, consistent with active 

infection (CAI). If negative, consistent with past infection. 

4. VCA - Negative 

EBNA - Negative 

Report as NO EB. 

5. If 4-fold or greater change in titer between acute and 5 

convalescent sera, this is usually consistent with acute or 

active infection. If VCA rises or remains stable and EBNA 

goes from negative to positive, it is an acute infection. 



University of Arizona Health Sciences Center 
St. Lukes in the Desert Clinic for 

Allergies and Chest Problems 

IgE Concentrations Measured by PRIST® 

Principle 

The Phadebas IgE PRIST® (Paper Radio Immuno Sorbent Test) is 

a direct radioimmunoassay using paper discs as a solid phase. Anti-

IgE covalently coupled to the paper disc is allowed to react during the 

first incubation with IgE in the serum sample. After washing the disc, 

125 
a fixed amount of immunosorbent purified I-labeled antibodies form 

a complex with the IgE molecules bound to the antibodies on the paper 

disc. Free radioactive anti-IgE antibodies are separated by washing 

the disc. The radioactive complexes are then measured in a gamma 

counter. The amount of bound radio activity is directly proportional 

to the concentration of IgE in the serum sample (120). 

Reagents 

Precaution: For in vitro diagnostic use only! 

Preparation of Reagents 

125 
1. Anti-IgE I Solution; Reconstitute the anti-IgE 1251 by 

125 
adding 6.5-ml dd water. The anti-IgE I solution can be 

stored at 2-8°C for 1 wk, or at -20°C until expiration date. 

2. IgE Standard Solutions: The kit provides pre-dispersed IgE 

standards (in horse serum) at the following concentrations: 

0.5 kU/L, 1.0 kU/L, 2.5 kU/L, 7.5 kU/L, 20 kU/L, 50 kU/L, 
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and 100 kU/L. The standards can be stored at 2-8°C until 

the expiration dats. 

3. Control Serum: Reconstitute the control serum by adding 

500-yl dd water. The control serum should be diluted as an 

unknown sample before assaying. The concentration of the con

trol serum, stated on the vial label, is approximately 100 

kU/L. The control serum can be stored at 2-8°C for 1 wk or 

at -20°C until the expiration date. 

4. IgE-free Diluent; The kit provides 18-ml IgE-free diluent 

(horse serum). The diluent is ready to use and can be stored 

at 2-8cC until the expiration date. 

5. Washing Solution: Add the contents of 1 vial of washing solu

tion additive (16 ml) to 1,000 ml of 0.9% sodium chloride. 

If the entire kit is not being used, prepare only the volume 

of solution needed. The washing solution should be prepared 

fresh for each test occasion. 

6. Anti-IgE Discs: Anti-IgE discs (antiserum raised in sheep) 

are supplied in buffer solution, ready to use. The discs can 

be stored at 2-8°C until the expiration date. 

Specimen Collection and Preparation 

Blood should be collected by venipuncture, allowed to clot, 

and the serum separated by centrifugation. Although IgE is stable at 

room temperature for up to 1 wk, samples should always be capped and 

stored at 4°C after centrifugation. For longer periods, storage at 

-20°C is recommended. 
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Instructions for Use of- the Kit: Materials provided (see 

under "Reagents"). Materials required, but not provided: 

1. 1 10-ml graduated pipette 

2. 1 each: 50-, 100-, 500-pl micropipettes with disposable 

plastic tips 

3. 12.5-ml repeating pipette 

4. 86 polystyrene centrifuge tubes with round bottoms (12 

mm/O.D. x 55-75 mm) 

5. 62 corresponding caps 

6. forceps 

7. vortex mirror 

8. aspirator 

9. shaker (200 rpm at an amplitude of 2.5 cm) 

10. dd water 

11. 0.9% sodium chloride 

Test Procedure 

Overnight Protocol: Label and arrange tubes according to the 

test schedule. Each determination should be performed in duplicate for 

standards and unknowns. A standard curve should be prepared each time 

the assay is performed. Avoid dispensing onto the walls of the tubes. 

1. Add 1 anti-IgE disc to the bottom of each tube except 1 and 2 

(total activity tubes). When transferring the discs to the 

tubes, note the following points: Blot the discs with absorbent 

paper to remove surplus moisture. Handle the discs with clean 



forceps. Avoid evaporation of buffer by keeping the cassettes 

closed when not in use. 

2. Pipette 100 yl of each standard in duplicate, tubes 3-16. 

3. Pipette 100 yl of each unknown, including controls, in dupli

cate, tubes 17, 18, etc. 

4. Cover the tubes with plastic film. Allow to stand for 3 h at 

room temperature. 

5. Note; New washing procedure as follows: add 2.5-ml washing 

solution to all tubes except 1 and 2 in the same order. 

Remove all of the liquid from each tube using Pasteur pipette 

coupled to an aspirator or vacuum pump or a dispenser aspirator. 

Touching discs with the tip of the pipette does not influence 

the results. Repeat this washing procedure 2 additional times. 

Make certain that all liquid is removed before the next step. 

125 
6. Pipette 100 yl of the reconstituted anti-IgE I solution into 

the bottom of all tubes, including 1 and 2. Tubes 1 and 2 

should be capped immediately and set aside. They are used to 

determine total activity added. 

7. Cover the tubes with plastic film. Allow to stand overnight 

at room temperature. 

8. Wash 3 times according to step 5. 

9. Cap the tubes. Measure a sufficient number of counts in each of 

the tubes including Tubes 1 and 2 in order to obtain an accept

able counting precision. The background is determined by 
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counting an empty tube. Table B-2 presents the steps of the 

overnight protocol in greater detail. 

Quality Control 

The use of control sera is advised to assure day-to-day validiy 

of results. Good technique dictates that both normal and abnormal 

value controls be used. It must be noted that results obtained with 

commercial control sera may differ from those claimed by the manu

facturers of the kit. 

Preparation of the Standard Curve 

A standard curve should be prepared on each test occasion. 

Each standard should be run in duplicate. Label, arrange and pipette 

the standards according to the test schedule. Prepare the standard 

curve as described under "Calculation of Results" (below). The stand

ard curve covers the range 0.5-100 Ku IgE/L. Depending on how much 

the samples have been diluted, serum IgE levels from 0.5-1,000 ku 

IgE/L can be measured. 

Calculation of Results 

1. Express the counts (B) for each of the standards, controls, and 

unknowns as the percentage of the mean counts of the "total 

activity" (T) added. Subtract background counts if significant. 

% activity bound = B/T x 100. 

2. Plot the percentage values obtained for the IgE standards against 

the IgE concentration on lin-log paper. Construct a standard 

curve. 
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3. Read the concentration of IgE in kU/L from the standard curve. 

Multiply the result by the dilution factor. 

4. The ratio (B^0Q/T) between the mean counts of the "100 standard" 

(Bioq) and the mean counts of "total activity" (T) added should 

be greater than 40% if the test reagents are performing cor

rectly. 

Limitations of the Procedure 

As with all diagnostic tests, a definitive clinical diagnosis 

should not be based on the results of a single test, but should only 

be made by the physician after all clinical and laboratory findings 

have been evaluated. 

Expected Values; IgE values, in a normal, healthy adult pop

ulation (at various ages) determined with Phadebas IgE PRIST® are seen 

below: 
Geometric 

Age Mean (kU/L) 

11-14 yr. 27 

15-19 yr. 24 

20-30 yr. 14 

31-50 yr. 19 

51-80 yr. 12 

Investigators may find similar normal values as those presented above, 

but expected values may vary with diet, geographical location, and 

other factors. Good practice dictates that the user establish his 

own expected range of values. 
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Test System: The Phadebas IgE PRIST*® test kit is manufactured 

in Sweden for Pharmacia Diagnostics, Division of Pharmacia Inc., 800 

Centennial Avenue, Piscataway, New Jersey, 08854. 



APPENDIX C 

COMPUTER ASSISTED DATA ANALYSIS 

Analysis of data for this study was performed on Control Data 

Computer Cyber 175 and DEC-10 at The University of Arizona Computer 

Center, Tucson. Following the creation of data files, data were trans

formed by Fortran to normalize the distribution of variables, to accom

modate a wide range of values, and to satisfy assumptions for a valid 

analysis of variance. Geometric means, standard deviations, error mean 

squares, 95% confidence limits, F tests, £ values, and correlation 

coefficients, as well as multiple discriminant analysis were obtained 

using the programs DISCRIM and REGRAN as described by Veldman (121) 

and the program A3.5 Factorial ANOVA (FACTR9) presented in Sokol and 

Rohlf (122). These programs were provided with minor modification by 

Dr. L. M. Kelley, Department of Microbiology and Immunology, The Uni

versity of Arizona, Tucson. 

Preparation of Data for Computation 

Data were organized into three files by using the Son of Stopgap 

Text Editor (SOS), a software program for file editing. Each set of 

data was identified by a subjects identification number, and a dichoto-

mous score (of 1 or 2) designating which study phases were completed 

for the particular subject. Each data file separated the 51 subjects 

into the three designated study groups. The data files were ordered in 

the following manner: 

75 



76 

Line 3 

FORTRAN 
Column Data 
Nurabex Test Format 

7-LO % lea-1 Positive CeLls F4.1 
12-L5 % DRW Positive Cells F4.1 
17-20 IgE Positive Cells F4.1 

22-25 % IgE Positive B Cells F4.1 
27-30 % IgE Positive T CeLls F4.1 
32-37 Serum IgE Concentration (I.U./inl) F7.4 
40-41 :t&G2 VCJV liter F2.0 

44-45 L O G E f t  T i t e r  F2.0 
47-50 s* IgE Positive B CeLls, Bay 0 F4. 1 
52-55 si IgE Positive B CeLls, Bay 1 

(Cells Only) F4.1 
62-60 IgE Positive B CeLls, Day 2 

(Cells Only) F4.1 
62-65 * IgE Positive B CeLls, Day 4 

(Cells Only) F4.1 
67-70 IgE Positive B Cells, Day 8 

(Calls Only) F4.1 
72-75 * IgE Positive B CeLls, Day 16 

(Cells Only) F4.1 

Line 12 

2-5 % Ige Positive B Cells, Day 1 
(4EB.V) F4.1 

7-10 % IgE Positive B CelLs, Da/ 2 
(+E&V) F4.L 

12-15 % IgE Positive B CelLs, Da/ 4 
(+EBV) F4.L 

17-20 % IgE Positive B CelLs, Day 8 
C+EBV) F4 .L 

22-25 % IgE Positive B CelLs, Day 16 
CEBV) F4 .L 

27-30 \ IgE Positive B CelLs, Day 1 

C Culprit Ag) F4 .L 

32-35 % IgE Positive B CelLs, Day 2 
C+Culprit Ag) F4 .L 

37-40 t IgE Positive B CelLs, Day 4 
C+Culprit Ag) F4 .L 

42-45 1 IgE Positive B CelLs, Day 8 
(•Culprit Ag) F4 .L 

47-50 % IgE Positive B CelLs, Day 16 
(+Culpr:it Ag) F4.L 



Logarithmic transforms, arc-sin transforms, and geometric means were 

computed for each of the data samples. The data file was proofread 

prior to computation and all errors were corrected. 

REGRAN Program 

The REGRAN Program, designed to yield multiple regression 

analysis, was used to calculate means, sigmas (standard deviations), 

and correlation coefficients for the entire set of variables. The 

correlation coefficients which exceeded the critical R-value for N-2 

degrees of freedom (showed a significant correlation between variables) 

were marked and then cited in the "Results" section of this text. 

DSCRIM Program 

Analysis of variance is considered a method for determining 

the significance of observed differences among the means of particular 

groups of data. Multiple discriminant analysis, an extension of analysis 

of variance, is used to determine the extent and manner in which two 

or more previously defined groups of subjects may be differentiated by 

a set of dependent variables operating together (121). The DSCRIM Pro

gram, designed to yield multiple descriminant analysis, was used to cal

culate geometric means, variable F_ ratios for individual variables, 

F values, P_values, and error mean squares, in addition to multivariant 

discrimination of pre-determined groups of subjects. The DSCRIM Pro

gram also offered the following statistical analyses: 

1. Wilks Lambda, a test which determines the extent to which the 

discrimination of groups by chance alone would be significant 

of group separation. 
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2. F ratio, which indicates significance of overall group differ-

entation. 

3. Chi square test (for two roots) which tests the significance 

of each discriminant function. 

4. Centroids, which are determined from the H matrix containing 

three groups and "N" variables by multivariate means. The 

centroid describes an area in space described by the mean 

values of discriminant score coordinates. 

The program also gives the geometric mean for the variables and lists 

the discriminant scores for each of the subjects. 

Program A3.5 Factorial ANOVA (FACTR9) 

Program FACTR9, designed to yield analysis of variance, was 

used to compute sum of squares, error-mean squares, and standard 

errors. The standard error along with the t_value at the 0.5 level was 

used to calculate the 95% confidence levels for the group means for the 

percentage of IgE-positive B cells on Day 16 of Phase II analysis. 

From the degrees of freedom, an F_ ratio was determined to test the null 

hypothesis concerning the significance of sources of variation. 
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