
Cognitive dysfunction associated with chronic
or recurrent infection with Epstein-Barr virus.

Item Type text; Dissertation-Reproduction (electronic)

Authors Estes, Anne Lynnette

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 24/05/2023 21:40:32

Link to Item http://hdl.handle.net/10150/184801

http://hdl.handle.net/10150/184801


INFORMATION TO USERS 

The most advanced technology has been used to photo
graph and reproduce this manuscript from the microfilm 
master. UMI films the text directly from the original or 
copy submitted. Thus, some thesis and dissertation copies 
are in typewriter face, while others may be from any type 
of computer printer. 

The quality of this reproduction is dependent upon the 
quality of the copy submitted. Broken or indistinct print, 
colored or poor quality illustrations and photographs, 
print bleedthrough, substandard margins, and improper 
alignment can adversely affect reproduction. 

In the unlikely event that the author did not send UMI a 
complete manuscript and there are missing pages, these 
will be noted. Also, if unauthorized copyright material 
had to be removed, a note will indicate the deletion. 

Oversize materials (e.g., maps, drawings, charts) are re
produced by seetioning the original, beginning at the 
upper left-hand corner and continuing from left to right in 
equal sections with small overlaps. Each original is also 
photographed in one exposure and is included in reduced 
form at the back of the book. These are also available as 
one exposure on a standard 35mm slide or as a 17" x 23" 
black and white photographic print for an additional 
charge. 

Photographs included in the original manuscript have 
been reproduced xerographically in this copy. Higher 
quality 6" x 9" black and white photographic prints are 
available for any photographs or illustrations appearing 
in this copy for an additional charge. Contact UMI directly 
to order. 

lJ·M·I 
University Microfilms International 

A Bell & Howell Information Company 
300 North Zeeb Road, Ann Arbor, M148106-1346 USA 

313/761-4700 800/521-0600 





Order Number 9003483 

Cognitive dysfunction associated with chronic or recurrent 
infection with Epstein-Barr virus 

Estes, Anne Lynnette, Ph.D. 

The University of Arizona, 1989 

V·M·I 
300 N. Zeeb Rd. 
Ann Arbor, MI 48106 





COGNITIVE DYSFUNCTION ASSOCIATED WITH CHRONIC OR RECURRENT 
INFECTION WITH EPSTEIN-BARR VIRUS 

by 

Anne Lynnette Estes 

A Dissertation Submitted to the Faculty of the 

DEPARTMENT OF PSYCHOLOGY 

In Partial Fulfillment of the Requirements 
For the Degree of 

DOCTOR OF PHILOSOPHY 

In the Graduate College 

THE UNIVERSITY OF ARIZONA 

1989 



THE UNIVERSITY OF ARIZONA 
GRADUATE COLLEGE 

As members of the Final Examination Committee, we certify that we have read 

the dissertation prepared by Anne Lynnette Estes 

entitled Cognitive Dysfunction Associated With Chronic Or Recurrent 

Infection With Epstein-Barr Virus 

2 

and recommend that it be accepted as fulfilling the dissertation requirement 

for the Degree of Doctor of Philosophy 

Date 

rlf/lf 
Date 

George Olson, Ph.D. Date 

Date 

Ronald Pool, Ph.D. 

Final approval and acceptance of this dissertation is contingent upon the 
candidate's submission of the final copy of the dissertation to the Graduate 
College. 

I hereby certify that I have read this dissertation prepared under my 
direction and recommend that it be accepted as fulfilling the dissertation 
requirement. 

Date 



3 

STATEMENT BY AUTHOR 

This dissertation has been submitted in partial 
fulfillment of requirements for an advanced degree at The 
University of Arizona and is deposited in the University 
Library to be made available to borrowers under rules of the 
Library. 

Brief quotations from this dissertation are allowable 
without special permission, provided that accurate 
acknowledgment of source is made. Requests for permission 
for extended quotation from or reproduction of this 
manuscript in whole or in part may be granted by the head of 
the major department or the Dean of the Graduate College 
when in his judgment the proposed use of the material is in 
the interests of scholarship. In all other instances, 
however, permission must be obtained from the author. 



4 

ACKNOWLEDGEMENTS 

The author would like to express special thanks to 
Dr. Alfred Kaszniak, Dr. Robert Lansing, Dr. Harold Arkowitz 
and Dr. George Olson for their indispensable help in the 
completion of this dissertation. 



TABLE OF CONTENTS 

Page 

LIST OF ILLUSTRATIONS................................. 6 

LIST OF TABLES........................................ 7 

ABSTRACT. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 8 

INTRODUCTION. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 

METHOD. . . . . . . . . . .. . . . .. . .. . . . . . . . . . . . . . . . . . . . . . . . . . . .. 23 

Subjects. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 23 

Dependent Measures......... . . . . . . . . . . . . . . . . . . . . . .. 25 

Procedure. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 26 

Statistical Analyses....... . . . . . . . . . . . . . . . . . . . . . .. 27 

RESULTS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 29 

DISCUSSION. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 42 

APPENDIX A: HISTORY OF SYNDROME ASSOCIATED WITH 
CHRONIC/RECURRENT EBV INFECTION .......... 62 

APPENDIX B: DISCUSSION OF DIFFICULTIES IN ESTA
BLISHING A SPECIFIC VIRUS AS THE CAUSE OF 
A PARTICULAR SyNDROME .................... 67 

APPENDIX C: DESCRIPTION OF MEASURES AND RATIONALE FOR 
INCLUSION IN PRESENT STUDy ............... 70 

REFERENCES. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 78 

5 



6 

LIST OF ILLUSTRATIONS 

Figure Page 

1. Comparisons Between EBV Subjects and Controls 
on Measures Used in Discriminant Analysis ........ 31 

2a-d. T-Score Frequency Distributions for Selected 
Measures, Indicating Performances of Four EBV 
Subjects. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 35 

2e-h. T-Score Frequency Distributions for Selected 
Measures, Indicating Performances of Four EBV 
Subjects. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 36 

3. Comparison of EBV Subjects and Controls on 
Two Depression Measures. . . . . . . . . . . . . . . . . . . . . . . . .. 38 

4. Average MMPI Profiles for EBV Subjects and 
Controls (excluding Mf Scale) .................... 41 



7 

LIST OF TABLES 

Table Page 

1. Comparison of Significance Levels of Differences 
Between EBV Subjects and Controls for Each Measure 
Before and After Removal of Depression Effects ...... 30 

2. Comparison of Group T-Score Means and Standard 
Deviations on Measures Not Included in 
Discriminant Analysis ............................... 32 

3. Comparison of Group WAIS-R Intelligence 
Quotients. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 34 

4. Correlation Between Performances of EBV Subjects 
on Beck Depression Inventory and Cognitive 
Measures. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 39 



8 

ABSTRACT 

Twenty-two subjects with chronic/recurrent Epstein-Barr 

Virus (EBV) infection were compared with 22 controls to 

assess cognitive dysfunction. Subjects were compared on 15 

measures of cognitive functioning from the Boston Diagnostic 

Aphasia Examination, Perceptual Speed, Wer."sler Adult 

Intelligence Scale-Revised, Finger Tapping Test, Stroop 

Test, Trail-Making Test, Wisconsin Card Sorting Test and 

Revised Wechsler Memory Scale. They also were compared on 

measures of depression including the Beck Depression 

Inventory, Minnesota~Multiphasic Personality Inventory 

(MMPI) depression subscale and SCL-90-Revised depression 

subscale. Group differences were assessed using discrimi

nant analysis. Only some measures were included in this 

analysis, i.e. percent retention on Visual Reproduction and 

Logical Memory subtests of the Revised Wechsler Memory 

Scale, differential between time scores and between error 

scores on conditions three and two of the Stroop Test and 

total number of errors and perseverative errors on the 

Wisconsin Card Sorting Test. The Beck Depression Inventory 

was included to statistically remove depression effects from 

cognitive performances. Remaining measures were admin

istered for exploratory and/or comparative purposes only. 

Results from discriminant analysis revealed significant 

group differences on the Beck, but not on any cognitive mea

sure either before or after removal of depression effects. 

However, direction of group differences on cognitive mea

sures occurred as expected. Also, a post-hoc multivariate 

analysis of variance revealed significant group differences 

on MMPI scales 1, 2 and 3 with EBV subjects showing higher 

elevations. Significant group differences also occurred on 
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MMPI scale 7. Two categories of explanation for results are 

offered. The first suggests that cognitive deficits were 

missed due to shortcomings in study design. Remaining hypo

theses address the possibility that no cognitive deficits 

occur with chronic/recurrent EBV infection. Suggestions for 

why EBV patients complain of cognitive deficits include 

discussion of hysteroid tendencies and intensification of 

sensations by a focus on somatic processes. The usefulness 

of assuming a multifactorial basis for symptoms associated 

with chronic/re- current EBV infection, and the importance 

of abandoning the either/or approach of earlier investi

gators to hypothesizing about etiology, are discussed. 
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INTRODUCTION 

In the early 1980's a number of researchers began 

publishing the results of their investigations into a newly 

recognized syndrome associated with Epstein-Barr virus 

(EBV). While the syndrome per se had been described for 

decades, its relationship to EBV was not investigated in 

part because the development of techniques for detecting 

various EBV antibodies did not begin until the latter 1960's 

(G. Henle & W. Henle, 1966; W. Henle et al., 1970; Reedman & 

Klein, 1973) and did not result in commercially available 

measures until several years later. (See Appendix A for a 

review of the history of this syndrome). Tobi and his 

associates (Tobi et al., 1982) were the first to describe 

the syndrome in relation to EBV. They investigated seven 

patients who resembled one another in symptomatology and in 

the inability of physicians to diagnose the cause of their 

complaints and difficulties. Collectively, patients' 

symptoms included signs of prolonged illness, fever, 

lymphadenopathy, enlarged liver, enlarged spleen, weight 

loss, lymphocytosis, malaise, weakness, anxiety state, 

abdominal pains, nausea, myalgia and thyroiditis. Increased 

incidence of allergy was also prevalent. In an effort to 

discover the underlying basis of these symptoms, Tobi et al. 

tested for the presence of EBV. In all patients they were 

able to demonstrate unusually high and persistent titers of 

Immunoglobulin M (IgM) antibodies against the viral capsid 

antigen of EBV, a substance generally believed to reflect an 

active EBV infection. 

Similar symptom constellations associated with EBV 

infection were subsequently described by other researchers. 

Dubois et al. (1984) evaluated 14 patients with chronic 

symptoms of disability resembling those described by Tobi 
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(Tobi et al., 1982) and found serologic evidence for active 

EBV infection in all. Straus et al. (1985) examined 31 such 

individuals and found 23 to show strong signs of having a 

persistent EBV infection. Jones and his associates (Jones 

et al., 1985) assessed 44 individuals with inexplicable 

recurrent or persistent illness and found 39 to show 

evidence of active EBV infection as indicated by the pres

ence of anti-early antigen. Anti-early antigen is an 

antibody which typically occurs only in the initial stages 

of infection with EBV; it is usually replaced in one or two 

months by other antibodies which signal resolution of dis

ease. 

While reported symptoms among investigators of chronic 

and recurrent EBV infection have been similar enough to 

suggest a single nosologic and etiologic entity, differences 

are present. Unlike Tobi (Tobi et al., 1982), Dubois and 

his associates (Dubois et al., 1984) do not include anxiety 

state, abdominal pains, nausea or thyroiditis as prominent 

findings. However, they add several symptoms and character

istics not mentioned by Tobi including arthralgias, 

depression, recurrent pharyngitis and partial hypogammaglob

ulinemia as well as prior histories of tonsillectomy and 

infectious mononucleosis (IM). straus (Straus et al., 1985) 

corroborates Dubois's findings of pharyngitis and arthralgia 

and adds tachyarrhythmia, sleep disturbance, prostatitis, 

endometriosis, adenopathy, rash, headache and peripheral 

neuropathy. He makes no mention of Dubois' symptoms of 

lymphadenopathy and hypogammaglobulinemia. 

The symptom constellation delineated by Jones and his 

associates (Jones et al., 1985) most resembles that of 

Dubois (Dubois et al., 1984). The only symptoms and 

characteristics he fails to include are hypogammaglobu

linemia and prior histories of tonsillectomy and IM. His 

additions to Dubois' symptom list are increased incidence of 



headache (also reported by straus et al., 1985) and two 

additional symptoms not mentioned by any previous investi

gators, paresthesias and dyslogia. 

In summary, those symptoms most consistently reported 

by investigators of chronic/recurrent EBV infection (in at 

least three of four studies) are the following: prolonged 

illness for which no other cause has been found despite 

intensive efforts, fatigue/weakness/malaise, fever, weight 

loss, myalgias, arthralgias/arthritis, liver abnormalities, 

lymphadenopathy, pharyngitis, splenomegaly and emotional 

difficulties. For the present, these symptoms can be said 

to represent the core syndrome associated with chronic/re

current EBV infection. 
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While the significance of remaining symptoms is more 

questionable, their importance is far from eliminated 

entirely on the basis of the foregoing evidence. This is 

especially true for symptoms and characteristics with a 

particularly high incidence in anyone study such as 

adenopathy, hypogammaglobulinemia and prior histories of 

tonsillectomy and IM. These still may prove to be consistent 

and important features of chronic/recurrent EBV infection 

and are therefore worthy of continuing investigation. 

One symptom in particular which appears to deserve 

further study is that of dyslogia described in the Jones' 

investigation (Jones et al., 1985). Especially compelling 

is the clinical observation that nearly all of Jones' 

patients with chronic/recurrent EBV infection reported 

disruption of cognitive abilities. Specific problems 

described by patients included difficulties with abstrac

tion, memory, spatial perception/construction, 

concentration, word retrieval, spelling, comprehension, 

calculations and general language expression. A number of 

patients experienced distortions of body image, dereal

ization, tinnitus and interference with previously automatic 
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behaviors such as driving. Some reported visual and 

auditory hallucinations in addition to signs of possible 

central nervous system (CNS) dysfunction such as motor 

incoordination, dysmetria, ataxia, diplopia and faulty 

tandem walking. Prior to the Jones' investigation, symptoms 

suggestive of CNS dysfunction were not reported in asso

ciation with chronic/recurrent EBV infection. 

It should be stressed that the evidence for cognitive 

dysfunction in persons with chronic/recurrent EBV infection 

does not extend beyond subjective reports. While such 

evidence does not warrant any firm conclusions concerning 

the presence of cognitive dysfunction in patients with this 

syndrome, it is sufficient to motivate further investiga

tions. 

What approaches might be best for evaluating the 

possibility of cognitive dysfunction in association with 

chronic/recurrent EBV infection on standardized psycholog

ical instruments? The following literature review of 

cognitive deficits associated with numerous types of viral 

infections suggests some possible directions. 

Cognitive peficits Associated with Viral Infections 

Research on herpes simplex type I has revealed autopsy 

evidence of damage to the cerebral hemispheres. In fact 

this virus is the most common cause of nonepidemic fatal 

encephalitis in the United States (Johnson, 1982, p. 132). 

Pathology tends to involve the orbitofrontal and temporal 

lobes (Johnson, 1982, p. 135) and produces a number of 

different characteristic symptoms. Personality changes are 

usually most prominent several days to one week prior to the 

evolution of other symptoms. These may include acute epi

sodes of terror, hallucinations and bizarre behavior 

(Drachman & Adams, 1962). Seizures occur in 40% of patients 

(Olson, Buescher, Artenstein & Parkman, 1967) and hemi-

paresis in one-third, with frequent involvement of the face 



and arms. Aphasia may develop as well as a severe and 

lasting deficit in the ability to store new information 

(Adams & Victor, 1981, p. 520). Superior quadrant field 

defects may develop, again suggesting involvement of the 

temporal and orbitofrontal regions. 
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Arthropod-borne (Arbo) viruses may also cause encephali

tis (Adams & Victor, 1981, p. 519). Headache, listlessness, 

nausea or vomiting, drowsiness and fever are usually the 

first signs of infection. Convulsions, confusion and 

stupor, and stiff neck then become prominent. Photophobia, 

diffuse myalgia and tremor may occur as well as reflex 

asymmetry, hemiparesis, extensor plantar signs and sucking 

and grasping reflexes. Neurologic signs and symptoms usu

ally subside in 4 to 14 days unless death supervenes. At 

autopsy numerous pathologic changes can be observed in the 

cerebral hemispheres including widespread degeneration of 

single nerve cells and scattered foci of inflammatory necro

sis involving both gray and white matter. Lesions may be 

massive or microscopic depending on the type of arbovirus 

responsible. 

Studies of chickenpox (caused by the virus varicella 

zoster) have shown this disease, at times, to be associated 

with CNS dysfunction. After evaluating 57 patients with 

chickenpox, Johnson and Milbourn (1970) concluded that 

neurological symptoms were not only present, but of two 

types. The first, which they designated cerebral encephali

tis, was characterized by vomiting, lethargy, convulsions, 

headache and delirium. The second type, cerebellar 

encephalitis, was characterized by similar symptoms of 

vomiting, lethargy and headache, but in addition showed 

ataxia, dizziness and slurred speech. In their investi

gation, Hurwitz and Goodman (1982) discovered four cases of 

Reye's syndrome associated with a prodromal chickenpox 

illness. Reye's syndrome is an encephalopathy of childhood 
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marked by acute brain swelling associated with hypoglycemia, 

fatty infiltration of the liver, hepatomegaly, disturbed 

consciousness and seizures. Shope (1982) conducted a 

retrospective assessment of hepatic and CNS involvement 

associated with chickenpox and concluded that there were two 

types of CNS pathology. Encephalopathy, he suggested, 

stemmed from cytotoxic damage to cortical cells. This 

involves cellular edema without lymphocytic infiltrates. 

Patients usually recover free of long-term sequelae. The 

other pathologic pattern he termed encephalitis. This 

results from focal areas of demyelination with surrounding 

areas of microglial proliferation and perivenous mononuclear 

infiltrates. The cause of pathology is not known but may be 

due to an allergic encephalomyelitis produced by lymphocytes 

sensitive to myelin basic protein. Neurological damage in 

these instances is more often permanent. 

Viral hepatitis is another disease which has been found 

to be associated with cerebral dysfunction. Leibowitz and 

Gorman (1952) evaluated a 30 year old male who, shortly 

after receiving a diagnosis of hepatitis, demonstrated a 

memory deficit for recent events. He also demonstrated 

clear-cut signs of depression and paranoia, both of which 

began and resolved with other signs of illness. Strongly 

suggestive signs of cerebral dysfunction were found in a 

large sample of hepatitis patients studied by Apstein, Koff 

and Koff (1979). Although not all of them demonstrated all 

of these signs, as a group they displayed irritability, 

drowsiness, vertigo, headache, alterations of mental status, 

bizarre behavior, paranoia, mania, difficulties in concen

tration, convulsions and fatigability. 

Gauld, McMillan and Sinha (1979), in a study designed to 

assess the cognitive effects of infection with cytomegalo

virus, conducted a retrospective serological investigation 

of the prevalence of antibody to this agent in mentally 
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retarded patients resident in Wisconsin state institutions. 

They found a much higher proportion of positive titers in 

patients believed to have an encephalitic or psychologically 

(socioculturally) caused mental retardation than in patients 

thought to be mentally retarded as the result of a cranial 

anomaly or Down's syndrome. In a progress report on the 

nature of cytomegalovirus, Weller (1971a, 1971b) cited a 

number of studies in which this virus was detected in brain 

damaged newborn infants. In the most extreme cases mental 

retardation was severe and accompanied by microcephaly and 

other indications of CNS involvement. 

Sells, Carpenter and Ray (1975), in a follow-up study of 

children who had acquired enterovirus infections at a median 

age of 7 months (range from 1 to 64 months), found evidence 

of neurological and neuropsychological sequelae. Of the 19 

children evaluated, 3 showed clear-cut deficits including 2 

children with seizure disorder and 1 with severe quadri

plegia. In 3 children, a diagnosis of delayed speech and 

language development was made. Possible impairment includ

ing an intelligence quotient (IQ) falling in the range of 

from 70 to 89, speech delay and serious behavioral problems 

were suggested in 5 additional children. When compared to 

controls, post-infectious children overall scored low on IQ, 

speech and language measures. However, only those children 

infected before the first year of life showed deficits. 

IM is a disease which appears to be caused by EBV in the. 

majority of instances. A small proportion of individuals so 

afflicted experience clear-cut symptoms of neurological 

dysfunction with incidence estimations ranging from 1% to 

7%. Halcrow, Owen and Rodger (cited in Bergin, 1960) 

evaluated 296 cases of IM and found between 1% and 2% with 

signs of CNS involvement in the form of meningeal symptoms 

sufficiently severe to warrant lumbar puncture. Rugg-Gunn 

(cited in Bergin, 1960), in an estimation of the incidence 
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of neurological dysfunction occurring with 1M, found figures 

in several studies to suggest the incidence to vary from 

less than 1% to 5%. Gautier-Smith (1965) cites an incidence 

of 7%, but Schrader and his associates (Schrader, Henke, 

Messert & Peters, 1975) suggest this higher rate may possi

bly be an artifact of dealing with a population sick enough 

to be hospitalized. Based on a review of numerous studies 

Bergin concludes that an estimate of 1% to 2% is most 

reasonable and "in keeping with the experience of most 

phys icians" (p. 69). 

A variety of neurologic and psychologic signs and 

symptoms have been described as occurring in 1M. Copperman 

(1977) evaluated three patients who initially presented to 

him with complaints of visual distortions in the apparent 

sizes, shapes and spatial relations of objects (an expe

rience sometimes referred to as metamorphopsia). All were 

subsequently found to have 1M. Hendler and Leahy (1978) 

encountered a 14 year old male five months after he devel

oped a clear-cut and well documented case of 1M. The 

patient's electroencephalogram (EEG) findings were abnormal, 

showing diffuse slow activity of 2 to 7 cycles per second 

(cps) and diffuse low voltage, fast activity of 15 to 25 

cps. In addition, since his illness, he had experienced 

difficulty concentrating and a loss of athletic ability. He 

achieved a Wechsler Adult Intelligence Scale (WAIS) 

performance intelligence quotient (PIQ) of only 112 which 

was abnormally low relative to his verbal intelligence 

quotient (VIQ) of 145. Nine months later his EEG was normal 

and his PIQ had risen to 131. His VIQ remained comparable 

to the first examination. These same researchers also 

studied a 16 year old female who appeared to have suffered 

permanent intellectual deficits as the result of 1M. Ever 

since she contracted the disease at age 9 she had had 

difficulty concentrating, a decreased ability to perform 
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calculations, general difficulty in school and greatly 

impaired fine motor coordination. A neurological examina

tion provided evidence of CNS dysfunction. She was found to 

have unequal pupils, ataxia, difficulty with tandem walking, 

a bilateral intention tremor and an abnormal EEG (a great 

deal of diffuse low voltage activity of 15 to 25 cps and 

diffuse low to medium voltage activity of 2 to 7 cps). 

Pommer, pilz and Harrer (1983) reported on a 43 year old man 

who developed severe global amnesia, uncinate fits (episodic 

olfactory hallucinations) and generalized seizures 10 days 

after contracting 1M. Neurological signs and symptoms 

cleared in two weeks along with the more typical manifes

tations of active 1M. Additional examples of CNS 

dysfunction associated with 1M abound (Ambler, Stoll, 

Tzamaloukas & Labala, 1971; Bercel, 1952; Bernstein & Wolff, 

1950; Chang & Wurm, 1965; Durfey & Allen, 1956; Fine, 

Faciana & Bucher, 1966; Finkel, 1965; Friedland & Yahr, 

1977; Grose, Henle, Henle & Feorino, 1975; Hafstrom, 1963; 

Lawrence, Simons & MacGregor, 1962; Raftery, Schumacher, 

Grain & Quinn, 1954; Silverst~ Steinberg & Nathanson, 

1972; Slade, 1946; Sworn & Urich, 1970; Walsh, Poser & 

Carter, 1954). Symptoms encountered include convulsions, 

coma, disorientation, intention tremors, unsteady gait, 

incoordination, slurred speech, dysmetria, scanning speech, 

abnormal EEG's, dyssynergia, bilateral rebound, hypotonia 

and chorea. 

What factors might influence the susceptibility of the 

CNS to viral infection? Johnson (1979) proposes the follow

ing possibilities: (1) The absence of a lymphatic system in 

the CNS may retard the clearance of particles and the 

immunological detection of foreign antigens in the brain. 

(2) Transport systems of the neuronal processes may provide 

a mode of movement between distant areas of the brain. (3) 

The brain is unique in its high metabolic rate and relative 
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lack of regeneration. Thus viruses which usually cause only 

minor attenuation of cell functioning could manifest disease 

more easily and efficiently in the CNS and ultimately do 

more damage, especially to neurons. 

The affinity of certain viruses for the brain is so 

great they attack this organ but no others in the body. 

Cell populations of the CNS are more highly differentiated 

than most other cells and maintain complex, functionally 

integrated cell-to-cell connections. Their metabolic 

functioning is highly specialized. These factors, combined 

with the intense specialization of the neuron plasma mem

brane may attract a highly specialized type of virus that 

could not survive in other parts of the body or even parts 

of the CNS which differ only slightly. 

Even without entering CNS neurons, viral infection still 

could result in cognitive dysfunction. Stokes, Owen and 

Holmes (1945) suggest two potential mechanisms other than 

direct viral invasion of neurons to explain cognitive 

dysfunction associated with hepatitis. (1) Liver cells are 

autolyzed to produce a neurotoxin or (2) toxins from the gut 

pass through the diseased liver and affect nervous tissue. 

Davison, Williams, Mawdsley and Robon (1972) propose the 

deposition in the brain of circulating immune complexes. 

Johnson (1982, chap. 8) suggests that in some viral infec

tions demyelination may be responsible for subsequent CNS 

dysfunction. This may occur through viral infection and 

destruction of glial cells surrounding neurons. In other 

instances viral infections may cause the immune system to 

react to the body's own myelin as if it were a foreign 

substance. Several potential reasons for this phenomenon 

have been suggested. Viral infection of myelin supporting 

cells could introduce sequestered myelin antigens into the 

circulation by incorporating these antigens into their 

envelopes or by direct release. Alternately, virus specific 
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proteins might become inserted into the host cell's plasma 

membrane or viruses could share common a.ntigenic determi

nants with myelin. Demyelination could also occur 

indirectly by a mechanism known as the "innocent bystander" 

effect. During the inflammatory response evoked by the 

delayed hypersensitivity reaction, activated lymphocytes and 

macrophages release factors (probably proteases) that can 

destroy myelin. A final potential cause of demyelination 

might be the perturbation of immunological mechanisms. 

Recent evidence suggests that the immune reaction must 

continually be suppressed so as not to attack a person's own 

nervous tissue. T-cells are primarily implicated as 

suppressors, thus a derangement of T-suppressor activity 

could lead to demyelination. Evidence has been generated in 

support of many of these proposed mechanisms by which 

viruses can cause eNS dysfunction (for review, see Johnson, 

1982, chap. 8). 

The foregoing studies reveal a high incidence of 

definitive and probable cognltive aysfunction associated 

with numerous viruses and the high probability that it is, 

in part, the direct result of viral effects upon the eNS. 

These findings, in turn, encourage the systematic assessment 

of cognitive function in patients suffering from chronic/re

current EBV infection. Based on the kinds of deficits 

described in association with viruses, an assessment 

approach should include an evaluation of: (1) concentration 

difficulties, (2) speech and/or language impairment, (3) 

problems in the ability to store new information and perform 

other memory functions, (4) dyscalculia and (5) lowered IQ. 

It should be noted that the demonstration of cognitive 

dysfunction in patients with chronic/recurrent EBV infection 

would not be sufficient for concluding the presence of 

organic impairment in these individuals. As the following 

literature review indicates, another prominent symptom in 



patients with chronic/recurrent EBV infection, depression, 

is also known to result in cognitive abnormalities. 

Cognitive Deficits Associated with Depression 
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In 1976, Sternberg and Jarvic evaluated memory in 26 

hospitalized endogenously depressed patients identified via 

interviews, case record and the Zung Self-Rating Depression 

Scale (Zung, 1965) and compared their performances with 

those of 26 controls. None of the depressed patients had 

ever received antidepressant medication. Sternberg and his 

associates found that depressed individuals had signifi

cantly lower scores for immediate reproduction of material 

as assessed on the "15 word-pair test," the "15 figure test" 

and the "personal data test," all parts of a highly reliable 

memory test battery (Cronholm & Ottosson, 1963). Stromgrem 

(1977) examined 152 endogenously depressed patients who 

subsequently underwent electroconvulsive therapy. Aspects 

of depression assessed were depressive appearance, content 

of ideas and agitation. Prior to treatment a significant 

correlation was found between degree of depression 

(especially agitation and depressive affect) and overall 

impairment in memory as assessed using the Wechsler Memory 

Scale (Wechsler r 1945). Subfunctions of memory evaluated 

were mental control (i.e., Orientation and Digit Span 

Forwards), immediate recall of verbal material (Digit Span 

Backwards), immediate and delayed recall of verbal material 

(Logical Memory, Associate Learning), and immediate and 

delayed recall of visual stimuli (Visual Reproduction) . 

After treatment a correlation was demonstrated between 

change in degree of depression and improvement in memory. 

Henry, Weingartner and Murphy (1973) have also demonstrated 

memory dysfunction in association with depression. 

Forms of cognitive dysfunction other than memory defi

cits have been found in depressed individuals. In their 

investigation Zung, Rogers and Krugman (1968) administered 
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the Bender Gestalt test (Bender, 1938), the Benton Visual

Retention Test (Benton, 1974) and the Wechsler Memory Scale 

to moderately and severely depressed psychiatric inpatients 

prior to treatment with electroconvulsive therapy. Before 

treatment all performed in a range and manner characteristic 

of brain damage as assessed by comparison to normative 

criteria. Donelly, Dent and Murphy (1972) used the 

Halstead-Reitan Battery (Reitan & Davison, 1974) to compare 

temporal lobe epileptics to patients with affective dis

orders. Most of these latter patients were psychotically 

depressed or manic-depressed as assessed via psychiatric 

interviews, reports from other hospitals, interviews with 

the nuclear family and psychological testing. The mean 

impairment indexes (proportion of scores on the Halstead

Reitan Battery falling into the brain damaged range) in the 

two groups were not significantly different. Other studies 

conducted since the beginning of the present investigation 

also have demonstrated widespread cognitive deficits in 

depression (Richards & Ruff, 1989; Silverstein, McDonald & 

Meltzer, 1988; Taylor & Abrams, 1987). 

The foregoing investigations, as well as numerous others 

concerning cognitive deficits associated with depression 

(for review of earlier studies, see W.R. Miller, 1975) 

suggest dysfunction to occur most frequently in the follow

ing cognitive abilities: Attention, perception, speed of 

cognitive response, problem solving, memory and learning. 

Since these deficits overlap with those often involved in 

CNS viral infections, it seems reasonable that any assess

ment of cognitive dysfunction associated with CNS viral 

infections should include an evaluation of the degree to 

which deficits can be accounted for by depression. 

The goal of the present investigation was to assess 

cognitive dysfunction associated with chronic/recurrent EBV 

infection. This was accomplished by comparing controls and 
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patients with chronic/recurrent EBV infection on a number of 

cognitive measures. Given the findings that cognitive dys

function can be associated with depression in the absence of 

any other disorder, depression also was assessed and statis

tical analyses performed in order to determine the extent to 

which cognitive dysfunction, if present, exists separately 

from depression. Based on studies of neurological involve

ment associated with other viruses it was predicted that 

cognitive deficits would be demonstrated in patients with 

chronic/recurrent EBV infection. It was also predicted that 

cognitive dysfunction would be demonstrated to exist both 

separately and in association with depression. 

It should be noted that no attempt was made in the 

present study to determine the likelihood that cognitive 

deficits, if present, were caused by the virus itself. For 

a number of reasons, this would be a very difficult 

determination to make. Appendix B provides a thorough 

discussion of this issue. 

METHOD 

Subjects 

A total of 44 subjects was studied. This number was de

termined by the availability of patients with chronic/re

current EBV infection. Twenty-two of the subjects were 

patients with EBV and the accompanying syndrome described by 

Jones et al. (1985). Diagnosis was based on (1) complaints 

of chronic/recurrent illness of at least a one year duration 

and before which the patient was generally healthy, (2) 

titers of antibody to early antigen averaging 80 for at 

least one year, (3) the absence of any other cause of symp

toms despite intensive efforts to find one and (4) the 

absence of other longlasting illnesses such as cystic 

fibrosis, malignancy, immunodeficiency or autoimmunity which 

began before subjectively experienced symptoms associated 

with chronic/recurrent EBV infection. In addition to 
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diagnostic criteria other guidelines for inclusion in the 

present study of patients with chronic/recurrent EBV 

infection were negative histories for immunosuppressive 

therapy, developmental learning disability, aLd head injury 

resulting in unconsciousness requiring medical attention. 

Subjects were also required to have made complaints of 

neurological or neuropsychological dysfunction and to have 

an estimated premorbid IQ falling into the normal range as 

assessed by a regression equation devised by Wilson, 

Rosenbaum and Brown (1979). It should be noted that the 

diagnostic criteria presented above are probably too strict 

for clinical use and likely to exclude many persons suffer

ing from chronic/recurrent EBV infection. 

The remaining 22 subjects comprised the control group. 

To qualify for participation in the study they were required 

to be free of any current disease process which might affect 

cognitive functioning and to have a negative history for any 

prior disease process which might have adversely affected 

cognitive functioning on a permanent basis. They also were 

required to have an estimated IQ falling within the normal 

range as assessed by the regression equation used with EBV 

subjects (Wilson et al., 1979) and to be free of any Known 

history of developmental learning disability or head injury 

resulting in unconsciousness requiring medical attention. 

EBV subjects and controls were equated for age and 

education. Mean age was 37.3 years (S.D. = 11.39) for 

subjects with chronic/recurrent EBV infection and 35.3 years 

(S.D. = 7.8) for controls. As a t-test reveals, the 

difference between means was non-significant (t = .66; p = 
.511). Mean education was 15.1 years (S.D. = 2.3) for 

subjects with chronic/recurrent EBV infection and 15.6 years 

(S.D. = 2.7) for controls. The difference between education 



means also was non-significant (t = -.6; p 

subjects were Caucasian. 

Dependent Measures 
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.552). All 

The original choice of cognitive measures was guided by 

two factors: (1) Types of cognitive dysfunction informally 

reported by patients with chronic/recurrent EBV infection 

who participated in the investigation by Jones and his 

associates (Jones et al., 1985) and (2) principal types of 

cognitive deficits found to be associated with other types 

of viral infections. 

A variety of cognitive measures were selected. These 

included the Wechsler Adult Intelligence Scale-Revised 

(WAIS-R) (Wechsler, 1981), Wisconsin Card Sorting Test 

(Berg, 1948; Grant & Berg, 1948), Stroop Test (Nehemkis & 

Lewinsohn, 1972; Stroop, 1935), Trail-Making Test-part B 

(Armitage, 1946; Reitan & Davison, 1974), Perceptual Speed 

(Moran & Mefferd, 1959), Animal Naming subtest of the Boston 

Diagnostic Aphasia Examination (Goodglass & Kaplan, 1972), 

Finger Tapping Test (Reitan & Davison, 1974; Russell, 

Neuringer & Goldstein, 1970), the Revised Wechsler Memory 

Scale (Russell, 1975) and Speech Regulation of the Motor 

Act, a portion of the Motor Functions subtest from Luria's 

Neuropsychological Examination (Christensen, 1979). A pilot 

study was conducted on three EBV subjects to evaluate any 

potential difficulties in using these measures. Only one 

measure, i.e. Speech Regulation of the Motor Act, was 

excluded from the final battery of tests due perfect perfor

mances by all three pilot subjects. 

The primary measure chosen to assess depression was the 

Beck Depression Inventory (Beck, Ward, Mendelsohn, Mock & 

Erbaugh, 1961). Two additional measures, the Minnesota 

Multiphasic Personality Inventory (MMPI) (Hathaway & 

McKinley, 1951) and the SCL-90-Revised (SCL-90-R) 

(Derogatis, 1977), were selected for purposes of convergent 



validity of depression assessment. Appendix B contains a 

complete description of measures as well as the rationale 

for their selection. 

Procedure 
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The present investigation was conducted under the 

auspices of the Arizona Health Sciences Center in Tucson, 

Arizona. Subjects with chronic/recurrent EBV infection were 

recruited primarily through Jim Jones, M.D. who, until 

recently, was a physician affiliated with this hospital and 

who, in 1985, published an investigation of these patients' 

disorder in collaboration with other researchers (Jones et 

al., 1985). Additional subjects were obtained by contacting 

the EBV support group in Tucson, Arizona, an organization 

designed to facilitate the psychological well-being of 

patients with chronic/recurrent EBV infection. Twenty 

control subjects were solicited through the "Health Science 

News," the weekly newsletter of the Arizona Health Sciences 

Center. The advertisement contained a request for volun

teers who were willing to participate in a study designed to 

assess intellectual functions. Feedback on performances was 

offered. Two additional control subjects were obtained 

through personal contacts at the University of Minnesota 

Hospitals in Minneapolis, Minnesota. 

Tests were administered by Anne Estes, the author of the 

present investigation. Ms. Estes is an advanced graduate 

student trained in neuropsychological and psychological 

assessment. All but two control subjects and most EBV 

patients were tested in the psychiatric department of the 

Arizona Health Sciences Center. The two remaining control 

subjects were tested in the neuropsychology laboratory at 

the University of Minnesota Hospitals in Minneapolis, 

Minnesota. A small number of severely ill EBV patients were 

tested in their homes. Testing required up to 3 1/2 hours. 

Beforehand, subjects were informed of testing procedures and 



of the use to be made of test responses. They were asked 

for their written consent to these procedures. 

Statistical Analyses 
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Differences between the performances of controls and 

patients with chronic/recurrent EBV infection were evaluated 

via discriminant analysis using Mahalanobis' distance step

wise selection option (Klecka, 1980). The statistical 

program used for the analysis was the Statistical Package 

for the Social Sciences adapted for personal computers 

(Norusis, 1986, chap. 1). Discriminant analysis determines 

which linear combination of variables, if any, best distin-

guishes between groups of subjects. Since the number of 

tests administered to subjects clearly exceeded the number 

of variables appropriate for a discriminant analysis, only 

those measures determined a priori as most likely to 

discriminate between groups were included in the discrim

inant analysis. 

Measures of cognitive functioning included in the 

discriminant analysis were the following: (1) total number 

or errors and total number of perseverative errors on the 

Wisconsin Card Sorting Test, (2) percent retention of infor

mation after a thirty minute delay on both the Logical 

Memory and Visual Reproduction sections of the Revised 

Wechsler Memory Scale and (3) both the time differential and 

error differential between the second and third trials of 

the Stroop Test. This comprised a total of six measures of 

cognitive functioning. Remaining cognitive measures were 

administered to subjects to explore the range of cognitive 

deficits that might be associated with chronic/recurrent EBV 

infection. 

The measure of depression included in the discriminant 

analysis was the Beck Depression Inventory. As already 

indicated additional measures of depression were included in 

the study in an effort to increase the convergent validity 
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of depression assessment. For hypothesis generating pur

poses only, differences between groups on additional 

measures were analyzed via univariate analyses of variance. 

An additional function of the discriminant analysis was 

to ascertain the relative contribution of depression to 

cognitive dysfunction and to determine whether or not-any 

cognitive dysfunction remained once the variance shared with 

depression was removed. This was accomplished using the 

step-wise Mahalanobis' distance as the selection procedure 

and by forcing the measure of depression into the analysis 

before any other variables. 

Prior probabilities for classification of subjects into 

groups via discriminant analysis were set at 50%. The 

significance level for differences between groups on 

variables to be included in the analysis was set at .05 as 

was that for differences between groups on variables to be 

removed from the analysis. Tolerance, a measure of the 

correlation between variables and a means of preventing 

redundancy of information in the linear function, was set at 

.05 as well. 

After collection of data, obvious group differences 

which seemed to have relevance to other test results were 

noted on several scales of the MMPI. Two additional statis

tical analyses were conducted to evaluate these differences. 

At-test (Lingwood, 1984) was performed to assess group 

differences on scale 7 of the MMPI. A multivariate analysis 

of variance (Brecht & Woodward, 1984) was used to evaluate 

group differences on scales 1, 2 and 3. These latter scales 

were analyzed separately from scale 7 because they are 

considered to comprise a conceptual unit (Greene, 1980, pp. 

82-84) . 
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RESULTS 

As Table 1 reveals, mean differences between EBV sub

jects and healthy controls fail to reach significance on any 

cognitive measure included in the discriminant analysis. 

Group mean differences are non-significant both before and 

after removal of depression effects from cognitive 

performances. However, Figure 1 indicates group mean 

differences (represented by T-scores) to be in the expected 

direction ( EBV subjects having numerically lower means) . 

Large standard deviations appear to be an important factor 

contributing to non-significance of differences between 

groups (see Figure 1) . 

Of cognitive measures not included in the discriminant 

analysis, group differences on 13 of 15 measures occur in 

the expected direction (see Table 2; for raw score intel

ligence quotients, see Table 3). On the two remaining 

cognitive measures performance means are equal. Univariate 

analyses of variance reveal that differences are significant 

on three measures, the Finger Tapping Test-dominant hand 

(F 8.9; P = .005), the Trail Making Test-part B time score 

(F 4.48; P = .04) and the error score on the second 

condition of Perceptual Speed (F = 4.2; P = .05). 

Despite the dearth of significant differences between 

groups, the performances of a limited number of EBV subjects 

are consistently poor on several cognitive measures. These 

performances are graphically displayed in Figures 2a through 

2h as part of frequency distributions for various measures. 

Of all the variables included in the discriminant 

analysis, the only measure which shows a significant 

difference between groups is the Beck Depression Inventory 

(F = 20.86; P < .00005). Overall, EBV subjects are more 

depressed on this measure than controls (see Figure 1) . 

Using 13 as a cut-off score, 14 of 22 EBV subjects are 

depressed versus 2 of 22 controls. The results of the 
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Table 1 

Comparison of Significance Levels* of Differences Between 
EBV Subjects and Controls for Each Measure Before 

Measure 

WCSTE 
STROOPTD 
1ivCSTP 
WMSLPR 
STROOPED 
WMSFPR 

and After Removal of Depression Effects 

Significance of 
Differences 

Before 

.4151 

.2726 

.2095 

.1296 

.1018 

.0743 

Significance of 
Differences 

After 

.4984 

.6054 

.8233 

.9903 

.0822** 

.8069 

*Based on univariate F-ratios generated in stepwise 
discriminant function analysis. 

**Indicates measure on which significance level 
increased after removal of depression effects. 

WCSTE: 

Key to Table 1 

Total error score on Wisconsin Card 
Sorting Test 

STROOPTD: Difference between time scores of 
conditions three and two on Stroop 
Test 

WCSTP: 

WMSLPR: 

Perseverative error score on Wisconsin 
Card Sorting Test 

Percent retention on Logical Memory 
subtest of Revised Wechsler Memory Scale 

STROOPED: Difference between error scores of 
conditions three and two on Stroop Test 

WMSFPR: Percent retention on Visual Reproduction 
subtest of Revised Wechsler Memory Scale 
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Figure 1. Comparisons between EBV subjects and controls on 
measures used in discriminant analysis. 
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Table 2 

Comparison of Group T-Score Means and Standard 
Deviations on Measures Not Included in 

Discriminant Analysis 

32 

Measure Groups Size of Differences 
in Expected 

Direction 

FTAPDa 
TRAIBT 
PSE2 
VIQ 
FTAPN 
PST2 
PSTl 
FSIQ 
BOS 
PSEl 
PIQ 
WCSTU 
STROOPTl 
TRAIBE 
STROOPEl 

EBV 
Subjects 

45.9 (10.1)b 
46.9 (10.7) 
47.0 (12.7) 
47.4 (11.4) 
47.4 ( 9.4) 
47.5 (11. 9) 
47.7 (10.5) 
47.7 (11.2) 
47.9 (10.8) 
48.3 (12.6) 
48.6 (10.9) 
48.8 (11.5) 
48.9 ( 8.9) 
50.0 ( 7.2) 
50.0 (10.1) 

Control 
Subjects 

54.1 ( 8.1) ** 
53.1 ( 8.4) * 
53.0 ( 4.9)* 
52.6 ( 7.7) 
52.6 ( 7.4) 
52.5 ( 7.1) 
52.3 ( 9.1) 
52.3 ( 8.3) 
52.1 ( 8.8) 
51.7 ( 6.4) 
51.4 ( 9.1) 
51.2 ( 8.3) 
51.1 (11.1) 
50.0 (12.3) 
50.0 (10.1) 

8.3 
6.1 
6.0 
5.2 
5.2 
4.9 
4.7 
4.5 
4.2 
3.3 
2.7 
2.4 
2.3 
0.0 
0.0 

~. T-scores correlate negatively with degree of 
pathology. 

aNames of measures are represented by abbreviations. 
Full names presented on following page. 

bNumbers in parentheses are standard deviations. 

**Differences between groups significant at .005 level 
of probability. 

*Differences between groups significant at .05 level 
of probability. 



Key for Table 2 

FTAPD: Score for dominant hand on Finger Tapping Test 

TRAIBT: Time score on part B of Trail Making Test 

PSE2: Error score for second condition of Perceptual 
Speed 

VIQ: Verbal IQ on Wechsler Adult Intelligence Scale
Revised 

FTAPN: Score for non-dominant hand on Finger Tapping 
Test 

PST2: Time score for second condition of Perceptual 
Speed 

PST1: Time score for first condition of Perceptual 
Speed 

FSIQ: Full Scale IQ on Wechsler Adult Intelligence 
Scale-Revised 

BOS: Score on Animal Naming subtest of Boston 
Diagnostic Aphasia Examination 

PSE1: Error score for first condition of Perceptual 
Speed 

PIQ: Performance IQ on Wechsler Adult Intelligence 
Scale-Revised 

WCSTU: Number of unique responses on Wisconsin Card 
Sorting Test 

STROOPT1: Time score on first condition of Stroop Test 

TRAIBE: Error score on part B of Trail Making Test 

STROOPE1: Error score on first condition of Stroop Test 
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Table 3 

Comparison of Group WAIS-R Intelligence Quotients 

Group 

EBV Subjects 

Controls 

Full Scale 
IQ 

106 (12.9)a 

108 (11.5) 

Verbal 
IQ 

105 (12.4) 

108 (10.8) 

Performance 
IQ 

105 (13.3) 

107 (12.2) 

~. WAIS-R is an acronym for Wechsler Adult 
Intelligence Scale-Revised. 

aNumbers in parentheses represent standard 
deviations. 
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discriminant analysis, using a step-wise Mahalanobis' dis

tance procedure, are consistent with this finding; the Beck 

Depression Inventory is the only variable which is entered 

into the analysis (Minimum 0 2 = 1.89665; P < .00005) because 

0 2 is not significantly increased by the subsequent inclu

sion of other variables. Thus, depression is the only 

measure which reliably distinguishes between EBV subjects 

and controls. 

Performances on two depression measures not included in 

the discriminant analysis are consistent with above 

findings. As Figure 3 indicates EBV subjects are more 

depressed than controls on both the MMPI (F 39.86; 

p < .00005) and on the SCL-90-R (F = 11.10; P = .0018) , 
It is important to note that differences between groups 

on all but one cognitive measure diminish after depression 

is entered into the discriminant analysis and the effect of 

depression is removed from cognitive variables (compare 

significance levels in Table 1). This suggests that 

performances on depression and cognitive measures covary to 

some extent. However, analyses examining the bivariate 

correlation between EBV subjects' performances on the Beck 

and each cognitive measure reveal significant correlations 

with only two measures (see Table 4). These are percent 

retention on two subtests of the Revised Wechsler Memory 

Scale, Logical Memory and Visual Reproduction. 

On the basis of the discriminant scores generated by the 

analysis, accuracy of subject classification into groups is 

86.4 percent for healthy controls and 72.7 percent for 

persons with chronic/recurrent EBV infection. A total of 9 

out of 44 subjects is misclassified with 3 being false 

positive and 6 being false negative. 

An evaluation of scales 1, 2 and 3 of the MMPI reveal 

differences between EBV subjects and controls on these 

measures to be significant as assessed using a multivariate 
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Table 4 

Correlation Between Performances of EBV Subjects on 
Beck Depression Inventory and Cognitive Measures 

Measure 

WCSTEa 
WCSTP 
STROOPTD 
STROOPED 
WMSLPR 
WMSFPR 

Correlation Coefficient 
with Beck 

.21 

.12 

.34 
-.04 
-.49 
-.77 

Significance 
(One-Tailed) 

NS* 
NS 
NS 
NS 

<.025 
<.001 

aTest names are represented by abbreviations. 
Complete names are given below. 

*Indicates that correlation failed to r.each 
significance. 

WCSTE: 

Key for Table 4 

Total error score on Wisconsin Card Sorting 
Test 

WCSTP: Perseverative error score on Wisconsin Card 
Sorting Test 

STROOPTD: Difference between time scores of conditions 
three and two on Stroop Test 

STROOPED: Difference between error scores of conditions 
three and two on Stroop Test 

WMSLPR: Percent retention on Logical Memory subtest 
of Revised Wechsler Memory Scale 

WMSFPR: Percent retention on Visual Reproduction 
subtest of Revised Wechsler Memory Scale 
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analysis of variance (RAO's R = 21.9; P < .00001). Average 

T-score elevations for EBV subjects are 78 (S.D = 18.9) on 

scale 1, 76 (S.D. = 12.6) on scale 2 and 77 (S.D. 15.4) on 

scale 3. Four of the MMPI'S comprising these means reveal a 

profile configuration often referred to as a "conversion V" 

(Greene, 1980, p.82). In contrast, average elevations for 

controls are 50 (S.D. = 7.3), 56 (S.D. = 11.5) and 57 (S.D 

9.2) for scales 1, 2 and 3 respectively (see Figure 4). An 

informal evaluation of data does not suggest any correspon

dence between elevations on the neurotic triad and 

level/pattern of cognitive performance for EBV subjects. 

On scale 7 of the MMPI (see Figure 4), the average T

Score elevation for EBV subjects is 68 (S.D. = 9.3) compared 

with 55 (S.D.= 9.3) for controls. A t-test reveals 

differences between groups to be significant (t = 4.9; P 

<.0001) . 

It should be noted that one test performance was 

invalidated for each of four subjects. In two instances, 

EBV subjects were so impaired they were unable to concen

trate sufficiently to complete the Stroop Test. In one 

instance, a control subject's test performance on the 

Wisconsin Card Sorting Test was invalidated because of an 

instruction error on the part of the test administrator. 

Another control subject's performance on the Revised 

Wechsler Memory Scale was invalidated because she departed 

unexpectedly before administration of the delayed recall 

condition. In performing the statistical analyses, group 

means were substituted for each of the missing values. 

Though it is recognized that group means probably underesti

mate the extent of impairment where subjects experienced so 

much difficulty concentrating they were unable to complete 

the task, no other alternative seemed appropriate. 
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DISCUSSION 

Findings indicate that patients with chronic/recurrent 

EBV infection are more depressed as a group than control 

subjects. However, results fail to support the hypothesis 

that cognitive dysfunction is associated with chronic/re

current EBV infection regardless of whether infection occurs 

apart or in association with depression. 

Two general categories of interpretations for these 

results can be offered. (1) Study design did l.'ot allow for 

detection of cognitive deficits in subjects with chronic/re

current EBV infection, or (2) cognitive deficits are not 

present in these individuals. 

Within the first category, several hypotheses are 

suggested. One hypothesis relates to the large standard 

deviations which are present in the performances of EBV 

subjects on all measures. Despite suggestions of fairly 

widespread cognitive impairment in some persons with 

chronic/recurrent EBV infection, the broad range of 

performances among EBV subjects as a whole obscured any 

evidence of these differences in mean scores. This suggests 

that patients with chronic/recurrent EBV infection do not 

form a homogeneous group and that a select subset only of 

EBV subjects may be prone to cognitive dysfunction. 

Studies of chronic/recurrent EBV infection conducted 

since the beginning of the present investigation support the 

notion of considerable variability among individuals 

affected with the associated syndrome. For various reasons, 

these studies cast doubt on the association between 

chronic/recurrent EBV infection and related symptoms. 

Findings include (1) poor reproducibility of EBV serologic 

testing even within the same laboratory (Holmes et al., 

1987); (2) prolonged elevations of antibody titers to EBV 

for up to 104 months after recovery from IM in apparently 

healthy individuals (Horwitz, W. Henle, G. Henle, Rudnick & 
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Latts, 1985), (3) antibody titers to EBV in healthy controls 

which are not significantly different from those of patients 

with the associated syndrome (Buchwald, Sullivan & Komaroff, 

1987), (4) inability to determine a threshold EBV antibody 

titer for diagnosis of chronic/recurrent EBV infection 

(Holmes et al., 1987) and (5) elevated titers to several 

other viruses in patients with chronic/recurrent EBV 

infection (Holmes et al., 1987). On the basis of accumu

lating evidence, some researchers are suggesting that the 

syndrome associated with chronic/recurrent EBV infection may 

have little causative relationship to the Epstein-Barr 

virus; instead, it reflects a number of different diseases 

with a variety of causes. Merlin (1986), for example, lists 

sixteen diseases which are known to have symptoms similar to 

the syndrome associated with chronic/recurrent EBV infection 

and which could cause similar aberrations of EBV-specific 

serologic tests. Thus, wide variability in cognitive 

functioning among EBV subjects in the present study may 

relate to wide variability in etiology of symptoms. 

Negative findings in the present study also may relate 

to certain personality traits which may be characteristic of 

individuals with chronic/recurrent EBV infection. More 

specifically, the average score of EBV subjects on scale 7 

of the MMPI fell into a range which is often associated with 

perfectionistic tendencies (Greene, 1980, pp.99-101). 

If EBV patients as a group do exhibit perfectionistic 

tendencies, then their performances on cognitive measures, 

even with organically-based impairment, might be better than 

those of the average individual with a comparably-sized 

diminution of cognitive functioning. In essence, individ

uals with perfectionistic traits are likely to put forth 

more effort and, in many instances, may have a more 

comprehensive foundation of knowledge and acquired abilities 

with which to compensate for deficits. One result could be 



an overall elevation of performances of EBV subjects and 

thus a reduction of differences between EBV subjects and 

controls. 
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A final way that cognitive deficits could have remained 

undetected in the present study relates to the measures used 

to evaluate cognitive functioning. It seems reasonable to 

speculate that these measures may not have been the most 

appropriate for uncovering deficits present in individuals 

with chronic/recurrent EBV infection. Although many 

abilities were evaluated, numerous others were not. In the 

area of memory functioning alone, groups were not compared 

on the characteristics of their learning curves, order of 

recall or susceptibility to proactive or retroactive 

inhibition. These are all important memory indices, the 

assessment of which could be particularly useful when the 

results of more general measures of memory ability such as 

immediate and delayed recall suggest, but far from defini

tively indicate, dysfunction of the cerebral hemispheres. 

Although this argument seems weakened by the fact that 

other viruses tend to share many deficits in common with one 

another and that measures used in the present study have 

readily revealed these deficits, it seems possible that EBV 

nevertheless manifests and produces its deleterious effects 

on the eNS in ways that are fairly unique. It will be 

recalled from the literature review in the present paper 

that viruses have a variety of mechanisms for disrupting the 

functioning of the eNS (Davison et al., 1972; Johnson, 1982, 

chap. 8; Stokes et al., 1945). To reiterate, they can (1) 

autolyze liver cells to produce neurotoxins which infiltrate 

the eNS, (2) produce neurotoxins in the gut and damage liver 

cells so that neurotoxins pass freely to the eNS, (3) 

stimulate circulating immune complexes which become depos

ited in the eNS and (4) demyelinate eNS nerve cells in 

various ways. Also, viruses differ considerably in their 
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biochemical properties; thus, even when viruses invade brain 

cells directly, they may vary tremendously in the brain 

cells to which they are attracted. Given such diversity, it 

seems reasonable to speculate that location, type and/or 

severity of damage could differ tremendously among viruses 

and that the measures used in the present study were not the 

most appropriate for uncovering the damage produced by EBV. 

The foregoing completes the review of hypotheses for how 

cognitive deficits could have remained undetected in the 

present investigation. The only other explanation for why 

the results of the present study fail to indicate cognitive 

dysfunction in subjects with chronic/recurrent EBV infection 

is that no cognitive deficits are present. 

Why might EBV subjects have reported non-existent 

cognitive dysfunction? One possibility relates to inter

feron treatment that several of the EBV subjects received at 

some time during the course of their illness. A number of 

studies (Priestman, 1980; Reite, Laudenslager, Jones, ernic 

& Kaemingk, 1987; Smedley, Katrak, Sikora & Wheeler, 1983) 

suggest that interferon can result in side effects of 

confusion, abnormal EEG's, decreased REM latency, pares

thesia, and signs of upper motor neuron lesions in the legs. 

All these symptoms resolved after treatment with interferon 

was discontinued, a finding which could explain how some 

patients may at one time have experienced cognitive deficits 

while showing no such dysfunction on measures given at a 

later date when they were no longer receiving interferon 

treatment. 

The remaining hypotheses for why EBV subjects might have 

reported cognitive dysfunction despite a lack of evidence 

for its existence concern their psychological functioning. 

For example, complaints of cognitive dysfunction in subjects 

with chronic/recurrent EBV infection may relate, at least in 

part, to a hysteroid coping style in which an individual 
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experiencing emotional distress finds it much more com

fortable to express and admit to physiological versus 

psychological needs and/or difficulties. When psychologi

cally stressed, such individuals tend to report significant 

physical problems, a portion of which cannot be adequately 

explained on the basis of physiological abnormalities, 

aberrations and/or the presence of disease-causing organ

isms. The remainder of symptoms appear to relate to 

psychological factors and issues such as difficulty in 

recognizing and expressing depression and/or anger as well 

as unexpressed dependency needs which the individual finds 

difficult to admit to and satisfy in a direct and adaptive 

manner. They represent both a means of expression and, in 

some instances, an attempt at resolution. 

Diseases and symptoms vary in the extent to which they 

lend themselves to the expression of psychological issues 

and conflicts. Although some theorists suggest that all 

diseases are psychosomatic in that emotional factors are 

always relevant to the development and course of the disease 

(Alexander, 1950), those illnesses and syndromes which seem 

to have the largest psychological component tend to be 

associated with symptoms which often are diffuse, vague and 

difficult to substantiate with physiological correlates of 

dysfunction. Since many of the symptoms associated with 

chronic/recurrent EBV infection can be described in this 

fashion, the syndrome seems to be a good candidate for that 

category of disease most susceptible to the influence of 

psychological phenomena. 

If hysteroid tendencies are in fact relevant in 

understanding the symptoms of patients with chronic/re

EBV infection, then one important source of psychological 

distress which should be considered concerns personality 

characteristics of perfectionism which the results of the 

present investigation suggest may be prevalent in this 
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population. Because of their unrealistically high 

standards, individuals with this trait are unusually 

susceptible to feelings of failure, frustration and 

insecurity. If their insecurity is great enough, they can 

exhaust themselves in a never-ending quest to build self

esteem through increasingly perfect behavior and 

accomplishments. If they ultimately fail at this endeavor, 

they are subject to considerable psychological turmoil and 

distress. 

Psychological distress resulting from repeated failure 

to reach one's goals can be dealt with in various ways. 

Facing the loss, grieving it and ultimately changing unreal

istic standards is the most adaptive approach. Another way 

of coping is to deny the existence of psychological issues 

and conflicts, at least to some extent, and to focus instead 

on physical health problems as the primary cause of failure 

and dissatisfaction with life and/or as an attempt to gain 

the attention and nurturance that strivings for success 

failed to satisfy. The latter approach has been described 

as typical for individuals with hysteroid defenses (Shapiro, 

1965, chap. 4). 

MMPI profiles obtained in the present study could be 

interpreted as supporting an hypothesis of hysteroid 

components to illness in persons with chronic/recurrent EBV 

infection (Greene, 1980, pp. 81-84). They reveal elevations 

of scales 1, 2 and 3, a configuration often referred to as 

the neurotic triad and which is strongly associated with a 

hysteroid style of coping. 

An important question to consider is whether the 

traditional interpretation of the neurotic triad is appro

priate for individuals suffering from a chronic and 

unpredictable disease such as the syndrome associated with 

chronic/recurrent EBV infection. The relevant literature 

tends to be somewhat controversial in this respect. 
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Although the majority of individuals studying chronic 

illnesses (e.g., multiple sclerosis, rheumatoid arthritis, 

pulmonary disease, low back pain and spinal cord injury) 

agree that elevations on scales 1 through 3 on the MMPI do 

in fact suggest premorbid personality characteristics which 

are likely to be contributing to the development and course 

of the disease (Cantor, 1951; Bourestom & Howard, 1965; 

Lanyon, 1968; Shontz, 1955; Spergel, Ehrlich & Glass, 1978), 

an increasing number of investigators are disagreing with 

these conclusions. Marsh, Hirsch and Leung (1982), in a 

study of multiple sclerosis patients, found lowered eleva

tions on scales 1, 3 and 8 of the MMPI after deleting items 

reflecting disease symptomatology, a finding which they 

interpreted as suggesting "relatively intact emotional 

functioning" (p.1133). More recently, an even more com

pelling investigation was conducted by Patience Dirkx 

(1988). She was able to obtain the premorbid MMPI's of 51 

multiple sclerosis patients, all of whom had been required 

to take the MMPI as part of their admi~sions requirements to 

the University of Minnesota in the 1950's and early 1960's. 

Although the average MMPI elevations after diagnoses were 

73, 68 and 71 for scales 1, 2 and 3 respectively, they were 

49, 51 and 55 respectively long before a diagnosis of 

multiple sclerosis was suspected for most individuals. Both 

these studies cast doubt on more traditional interpretations 

of the neurotic triad in chronic illness and suggest that 

elevations on these scales are more reflective of an indi

vidual's reactions to and attempts to cope with a 

frightening, unpredictable and debilitating disease which 

may have radically altered long-term expectations and goals. 

While compelling, the few studies which seem to chal

lenge traditional interpretations of the neurotic triad in 

chronic disease are insufficient for disregarding the 

possibility of significant hysteroid components to symptoms 



associated with chronic/recurrent EBV infection. However, 

they do emphasize the need to further investigate a wide 

range of possibilities in attempting to clarify emotional 

factors relevant to the syndrome. 
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Hysteroid components to personality functioning are not 

the only potential explanation for how psychological factors 

might be contributing to erroneous reports of cognitive 

dysfunction in subjects with chronic/recurrent EBV infec

tion. Studies concerning the perception of sensation and 

influences which affect this perception suggest another 

hypothesis. Kanfer and Goldfoot (1966) evaluated the effect 

of focus of attention on reported intensity of certain 

sensations; in subjects whom they had instructed to attend 

to cold-pressor pain, they demonstrated increased self

reports of pain. They also demonstrated increased reports of 

pain after instructing subjects to attend to muscle soreness 

caused by squeezing of a hand dynamometer. Pennebaker and 

Skelton (1978) attempted to replicate these findings by 

asking subjects to focus on the condition of their noses and 

nasal passages; however, their subjects did not show in

creased reports of nasal symptoms compared to distracted 

controls. Pennebaker and Skelton speculated that the 

"interpretive set" (p. 527) of symptoms was a key component 

to the experiment. More specifically, they felt that apri

ori expectations of pain in the Kanfer and Goldfoot studies 

were critical in causing perceptions of increased intensity 

of sensations. Pennebaker and Skelton (1978, 1981) 

redesigned their study so that subjects were requested to 

focus on negative sensations of disruption and blockage of 

nasal passages rather than the mere condition of their nasal 

passages. This time they found significantly greater 

symptom reporting. These studies suggest that subjects with 

chronic/recurrent EBV infection might be perceiving cogni

tive deficits, at least in part, because they are expecting 
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deficits and closely monitoring their intellectual processes 

for signs of dysfunction. 

The question to answer at this point is why persons with 

chronic/recurrent EBV infection might be anticipating 

cognitive or other health problems and so closely monitoring 

body functions. One possibility is suggested by the litera

ture on panic disorder. Researchers in this area suggest 

that the panic cycle begins after the first panic attack 

when a person loses confidence in his/her body and/or mind 

(Clark, 1986). This causes the individual to become highly 

vigilant to any changes in body sensations as a means of 

detecting the occurrence of panic symptoms at an earlier 

stage and preventing escalation. However, as a result of 

such close monitoring, perception of the intensity of sensa

tions increases, thus increasing fears of an impending panic 

attack as well as the chances of actually facilitating its 

onset. An unusually high need for control, which is charac

teristic of persons who develop panic disorder, intensifies 

vigilance to body sensations as part of the effort to 

predict, prevent and prepare for any unpleasant changes. 

The notion of suddenly losing confidence that one's body 

and/or mind will function adequately seems relevant to the 

experience of persons with chronic/recurrent EBV infection. 

If, after leading fairly healthy lives, such individuals 

begin experiencing mysterious, incapacitating and unremit

ting symptoms which no one can explain and/or if they have 

received a diagnosis of chronic/recurrent EBV infection, a 

syndrome which is very poorly understood and which is 

believed by many experts to have numerous and potentially 

very serious manifestations, they might easily lose 

confidence in the physical integrity of their bodies and 

begin focusing on minor changes that previously they would 

have ignored. If, in addition, they are lead to expect 

particular symptoms such as cognitive dysfunction, they 
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might be inclined to perceive cognitive deficits more than 

other types of abnormalities. This latter notion is partic

ularly relevant to the present study since most subjects 

were part of the same EBV support group where each could 

have influenced the expectations of other members. 

Characteristics of perfectionism also may be relevant to 

increased perceptions of physiological abnormalities. If 

persons with chronic/recurrent EBV infection are, on the 

average, more perfectionistic than other individuals, they 

may be even more inclined to react strongly to the loss of 

control which having a chronic disease entails and to be 

more strongly motivated to monitor symptoms in an effort to 

regain some control. 

What do the results of the present investigation suggest 

about the direction of future studies? Since an hypothesis 

of organically-based cognitive deficits has not been defini

tively ruled out, it seems important to further evaluate 

this possibility. The finding that differences between 

groups, though non-significant, all occurred in the expected 

direction seems particularly important in suggesting the 

potential usefulness of reevaluating criteria and techniques 

for subject selection in an effort to maximize separation 

between groups. 

Suggestions that persons with chronic/recurrent EBV 

infection may be perfectionistic indicate that group 

separation might be increased by matching controls on this 

variable. This goal might be accomplished by devising a 

very brief screening questionnaire concerning perfection

istic characteristics and administering this questionnaire 

both to EBV subjects already included in the study and then 

potential controls. 

Assessing other types of abilities also may be an 

important aspect of future investigations. One verbal 

memory measure which might prove more useful than that used 
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in the present study is the Rey Auditory Verbal Learning 

Test (RAVLT) (Rey, 1964). Not only does this test assess 

delayed recall of verbal material, it also evaluates 

learning strategies, proactive and retroactive inhibition, 

interference effects and tendencies toward confusion and 

confabulation. The patient's learning curve also is delin

eated. Thus, the RAVLT covers several dimensions of memory 

not assessed by the more simplistic Revised Wechsler Memory 

Scale (Russell, 1975) and may therefore be more likely to 

detect subtle verbal memory deficits. 

The Wechsler Memory Scale-Revised (Wechsler, 1987) is 

another measure deserving of consideration in future 

investigations. This greatly expanded version of the origi

nal memory scale devised by Wechsler has several additions 

which may have greater potential than measures used in the 

present study for uncovering cognitive dysfunction 

associated with chronic/recurrent EBV infection. One 

important change involves measures of figural memory; 

instead of having just one test of this ability, the 

expanded version includes several indicators, an alteration 

which would seem to increase the likelihood of detectipg 

figural memory deficits. The new Wechsler scale also may 

represent a more pure measure of figural memory in better 

separating deficits in figural recall from those related to 

visual-constructional abilities. 

Other features of the newest Wechsler Memory Scale which 

might prove useful in future studies include an assessment 

of recognition in addition to free recall, the potential for 

a more accurate comparison among individuals of long-term 

retention and more reliable scoring of the Logical Memory 

and Visual Reproduction subtests. Also, instead of a single 

memory quotient as a measure of memory ability, the new 

Wechsler memory scale provides five composite scores 

(General Memory, Attention/Concentration, Verbal Memory, 
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Visual Memory, Delayed Recall) which reflect the multi

dimensional nature of memory skills. The composite scores 

have the additional advantage of being weighted in such a 

way as to give less emphasis to measures with greater error 

variance thus increasing the overall reliability of memory 

measures. In comparison with other weighting methods 

investigated when devising the new Wechsler Memory Scale, 

the method ultimately chosen shows a much larger difference 

between normative groups and dementia and seizure disorder 

groups on the delayed recall composite score (Wechsler, 

1987, p. 53). This aspect of the measure could be partic

ularly useful in maximizing differences between subjects 

with chronic/recurrent EBV infection and controls. 

Yet another consideration in designing future studies of 

cognitive deficits associated with chronic/recurrent EBV 

infection relates to the use of discriminant analysis in 

assessing differences between groups; if such an analysis is 

used it might be more advisable to conduct it without 

including a measure of depression. This reservation arises 

from evidence which suggests that organically-based cogni

tive deficits can, at times, correlate highly with 

depression. In such instances, removing the proportion of 

variance associated with depression from cognitive 

performances would in fact remove more than the effects of 

depression on performances. It would also eliminate 

differences accounted for by organically-based cognitive 

deficits correlating with depression. 

How could such a correlation occur? A study by Allen 

and Tilkian (1986) suggests one possibility. These investi

gators studied the peripheral blood of 12 depressed patients 

with previous diagnoses of mood and/or personality disorders 

who had also demonstrated resistance to IM during an epi

demic of that illness. All 12 patients had serologic 

evidence of a chronic or recrudescent viremia caused by EBV. 
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Allen and Tilkian also found a strong correlation between 

the intensity of depressive symptoms and the cellular immune 

response to the EBV infection. Since the cellular immune 

response to infection has been linked to cognitive dysfunc

tion as well (Davison et al., 1972), these findings suggest 

how a single physiological process (in this instance, the 

immune response) might be responsible for both depression 

and cognitive dysfunction. 

Of particular importance in future investigations may be 

a determination of whether cognitive deficits tend to occur 

only in a select subset of patients with chronic/recurrent 

EBV infection. The finding that a small number of EBV 

subjects in the present study demonstrated clear-cut, 

widespread deficits in cognitive functioning despite the 

overall absence of deficits in the group as a whole suggests 

this possibility. Thus, a highly useful next step in 

further clarifying cognitive dysfunction in this group of 

patients may be to evaluate covariation between cognitive 

performances and other medical/psychological variables. It 

may be that such variables are equally, if not more, impor

tant in the production of cognitive and possibly other 

symptoms. Potential relevant variables might include 

antibodies to other viruses or the presence of allergies or 

other immune system deficiencies. A variety of psycho

logical factors also may influence the occurrence and 

subsequent course of disease. 

If the presence of cognitive deficits in EBV patients 

(or a subset there of) other than those attributable to 

depression can be established, it will then 

clarify potential causes of such deficits. 

based cognitive dysfunction is not the only 

be important 

Organically

possibility. 

to 

Extreme fatigue, one of the most commonly reported symptoms 

by persons with chronic/recurrent EBV infection, also should 

be considered, especially since two of three measures 
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showing significant differences between EBV subjects and 

controls are highly contingent upon concentration and motor 

abilities. Such abilities seem more likely than most others 

to be affected by lowered energy levels. 

If the presence of cognitive deficits is both estab

lished and determined to result froTI. organically-based 

dysfunction of the cerebral hemispheres and/or other CNS 

structures involved in cognitive functioning, then the 

precise mechanism of dysfunction will remained to be estab

lished. It will be recalled that viruses have a variety of 

mechanisms for disturbing cognitive functioning other than 

through direct invasion of brain tissue. To reiterate, 

these mechanisms include production of virus-induced CNS 

toxins and stimulation of immune complexes which become 

deposited in the brain (Davison et al., 1972; Johnson, 1982, 

chap. 8; Stokes et al., 1945). 

One way to further assess the effects of the immune 

response on cognitive functions would be to evaluate 

correlations among depression, cognitive dysfunction and 

severity of the immune response to EBV infection and to 

compare them to those among the same variables in other 

viral illnesses. Among other uses this line of enquiry has 

potential to help distinguish between the effects of a gen

eralized immune response and physiological factors specific 

to a particular disease entity in causing depression and 

cognitive dysfunction. 

Much of the clarification of the nature of cognitive 

dysfunction in EBV patients will require input from non

psychological studies, especially if cognitive deficits 

continue to show a large correlation with depression. As an 

example, autopsies might eventually be an important source 

of information in terms of demonstrating structural alter

ations to or the presence of EBV components in brain tissue. 

Other laboratory procedures which might provide very useful 
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information are (1) computerized tomography (Adams & Victor, 

1981) which yields much more detailed pictures of the brain 

than traditional x-ray, (2) nuclear magnetic resonance (in 

recent years, more likely to be referred to as magnetic 

resonance imaging) (James et al., 1982) which is sensitive 

to molecular composition of tissue and can yield extremely 

detailed visualization of intracranial structures, (3) 

positron emission tomography (Mazziotta, Phelps, Carson & 

Kuhl, 1982) which distinguishes levels of activity in the 

brain on the basis of cerebral metabolism and allows for 

localization of brain activity during various cognitive and 

perceptual tasks and (4) cerebral blood flow measurement 

(Yamaguchi, Meyer, Yamamoto, Sakai & Shaw, 1980) which also 

facilitates an understanding of the functioning of the brain 

via radioactively labeled xenon introduced into the blood 

stream. 

Regardless of whether cognitive deficits are demon

strated in chronic/recurrent EBV infection, further 

evaluation of psychological and personality variables 

associated with the syndrome could provide very useful 

information. If objective and verifiable cognitive deficits 

are not present, such studies may further clarify those 

psychological variables most likely to result in reporting 

of cognitive difficulty. If cognitive deficits are present, 

a further understanding of associated psychological vari

ables may represent an important piece of the puzzle for why 

different individuals succumb to cognitive dysfunction and 

to the disease in general and exhibit differing degrees of 

severity and types of sympLJms. Further studies may also 

clarify the means by which individuals cope with chronic 

illness. 

A particularly useful study would be one in which 

personality measures are taken both before and after 
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development and/or reporting of symptoms. Such information 

would represent the most compelling indication of how much 

certain personality variables contribute to the development 

of symptoms versus being a reaction to the disease process. 

Unfortunately, such a study would be very difficult to carry 

out. While Dirkx (1988) had a good idea in chosing mUltiple 

sclerosis patients from a pool of previous university 

students who had taken the MMPI as part of their admissions 

requirements, the likelihood that most researchers would 

have access to such a population with premorbid psycholog

ical testing is very small, especially since the human 

rights movement of the 1960's which succeeded in limiting 

such routine personality assessments in non-patient 

populations. 

Most of the information concerning personality function

ing in chronic/recurrent EBV infection probably will be 

obtainable only with less direct methods and will require a 

gradually accumulating convergence of information from a 

variety of studies. Basic approaches to clarifying the role 

of personality variables in chronic/recurrent EBV infection 

might be to (1) more definitively rule out an organic basis 

for dysfunction (2) assess elevations on scales 1, 2 and 3 

of the MMPI both before and after deleting questions reflec

tive of EBV symptomatology, (3) assess the correlation 

between scale 3 of the MMPI and the number of objectively 

verifiable symptoms (a negative correlation would be 

suggestive of hysteroid components to symptoms in at least 

one subset of patients) and (4) further assess perfection

istic tendencies in persons with chronic/recurrent EBV 

infection. 

None of the foregoing suggestions and hypotheses is 

meant to imply a single cause of reported symptoms, either 

cognitive or otherwise, associated with chronic/recurrent 

EBV infection. As Franz Alexander (1950) emphasized nearly 
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four decades ago, etiology of disease, any disease, almost 

certainly is multifaceted. How and even whether a collec

tion of symptoms will manifest probably is related to a 

variety of factors, both physiological and psychological, 

including "hereditary constitution" (p. 54), birth injuries, 

organic diseases which increase the vulnerability of certain 

organs, nature of child care, accidental physical trauma 

occurring infancy and childhood, emotional climate of 

family, specific personality traits of parents and siblings, 

later physical injuries and later emotional experiences in 

intimate personal and occupational relations (Alexander, 

1950, p. 54). Although Alexander's terminology in some 

instances may be outdated, his essential point continues to 

be highly relevant, i.e. genetic make-up in combination with 

all those experiences which comprise an individual's life 

are likely to influence which diseases the individual will 

develop and how they will progress. Diseases differ 

primarily in the degree to which each of these factors tends 

to be relevant. And assessing the etiology of any 

particular disease process is primarily a matter of 

clarifying which components are most salient rather than 

discovering a single cause of symptoms. 

Alexander's (1950) theory of disease also implies at 

least some variation among individuals within each disease 

category. For example, while psychological factors may, in 

general, be more relevant in the development of hypeF

tension (Herd, 1984) than in trauma-induced paraplegia, the 

severity of symptoms will vary depending on genetic predis

position, diet, exercise and other factors which affect 

physical functioning. The importance of attending to 

individual differences in attempting to understand any dis

ease is underlined in a study by Peyser, Edwards and Poser 

(1980). Using cluster analysis, they identified six sub-

groups of patients with multiple sclerosis who varied not 
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only in the degree and type of physiological symptomatology, 

but also in the MMPI profiles associated with various 

combinations of physical symptoms. Interestingly, the 

subgroup with the least number of physical problems appeared 

to be strongest in hysteroid personality characteristics. 

In terms of the present study, the notion of individual 

differences suggests that differences in psychological 

functioning and/or co-existing health status may account for 

some variation in symptomatology among EBV subjects. 

The most controversial of Alexander's ideas concerns his 

suggestion that psychological variables are relevant to all 

diseases. However, once it is understood that he considers 

"psychic phenomena as {no more than} the subjective aspect 

of certain physiological processes" (Alexander, 1950, p. 49) 

which do not lend themselves to easy measurement by cur

rently available physiological techniques, his theory may 

seem more compelling. From this perspective it is more 

consistent with the traditional view of most physicians that 

the disease process is contingent upon other aspects of an 

individual's physiological functioning. Diseases differ 

more from one another in terms of the degree to which 

factors traditionally referred to as psychological are 

relevant. For some diseases or syndromes, variables which 

are usually thought of as physiological may be more rele

vant; for others, psychological factors may be predominant. 

Since Alexander's time, much research has been conducted 

to evaluate the influence of psychological factors in the 

disease process. That psychological processes are highly 

relevant in most diseases and syndromes is now a widely ac

cepted notion (Gentry, 1984, p. 4). 

Most earlier investigators of chronic/recurrent EBV 

infection have been fairly restrictive in their hypothe

sizing about the etiology of associated symptoms (Dubois et 

al., 1984; Holmes et al., 1988; Holmes et al., 1987; 
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Jacobson, 1988; Jones et al., 1985; Straus, 1987; straus et 

al., 1985; Tobi et al., 1982). Although the apparent link 

between EBV infection and reported symptoms has become 

progressively weaker (Buchwald, Sullivan & Komaroff, 1987; 

Holmes et al., 1988; Horwitz, W. Henle, G. Henle, Rudnick & 

Latts, 1985; Merlin, 1986), most researchers have considered 

only a few additional etiological possibilities, most of 

which are organic and suggested as a fairly exclusive 

explanation for symptoms. Two studies have suggested 

psychological phenomenon such as depression or anxiety as 

the sole basis for symptoms (Jacobson, 1988; Manu, Lane & 

Matthews, 1988). 

Only one group of individuals has seriously considered 

the importance of a multifactorial approach to hypothesizing 

about the syndrome associated with chronic/recurrent EBV 

infection (David, Wessely & Pelosi, 1988). These investi

gators decry the tendency of most investigators to focus on 

a single etiological factor as the primary cause of symptoms 

and the almost complete disregard of psychological variables 

and their potential influence on physiological processes. 

They emphasize that "it is time for ... {an} eclectic approach 

which acknowledges the many possible interactions between 

psychological and physiological influences on health, each 

of which needs further elucidation" (p.698). 

The absence of such an eclectic theoretical foundation 

in most studies of chronic/recurrent EBV infection may 

explain why the associated syndrome seems more baffling than 

ever. As long as researchers continue basing their investi

gations on the assumption of one or two etiological factors 

and especially if they ignore the entire realm of psycho

logical phenomenon, an understanding of the syndrome 

associated with chronic/recurrent EBV infection seems likely 

to remain elusive. The present author agrees with David et 

ale (1988) that future studies should begin with the 
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assumption of multicausality, both physiological and 

psychological. Then they could proceed to evaluate the role 

and importance of each factor in the disease process rather 

than taking the either/or approach of earlier investigators 

in assessing etiology of symptoms. 



APPENDIX A 

HISTORY OF SYNDROME ASSOCIATED WITH CHRONIC/RECURRENT 

EBV INFECTION 

62 

While the association between EBV and the symptom 

complex described in the present paper could not be studied 

until the 1970's when techniques for detecting the various 

antibodies to EBV became available (G. Henle & W. Henle, 

1966; W. Henle et al., 1970; Reedman & Klein, 1973), reports 

of the symptom complex per se have appeared in the litera

ture for decades. In 1938, Gilliam described an outbreak of 

clinically similar, but inexplicable, illnesses in which 198 

persons among the personnel at the Los Angeles County 

General Hospital were afflicted. Although many of the cases 

were typical for poliomyelitis, many were not. Houghton and 

Jones (1942) described seven cases of inexplicable illness 

occurring in the fall of 1939 among young nurses at 

Harefield Sanatorium in England. In this instance, the 

illness began as an apparent streptococcal pharyngitis; how

ever, after 7 to 14 days, it began to resemble the syndrome 

originally described by Gilliam. Similar outbreaks of this 

baffling syndrome were subsequently reported in other areas 

of the world (for review, see Acheson, 1959) including 

Australia, South Africa, Denmark and Germany. In the United 

States, cases were reported in Alaska, New York and 

Maryland. Over the years a variety of labels for this 

syndrome were provided. Among the more frequently encoun

tered have been Akureyri disease (Sigurdsson & Gudmundsson, 

1956), epidemic neuromyasthenia (Shelokov, Habel, Verder & 

Welsh, 1957), Iceland disease (White & Burtch, 1954), 

myalgic encephalomyelitis (Acheson, 1959), acute infective 

encephalomyelitis (Geffen & Tracy, 1957), atypical polio

myelitis (Gilliam, 1938), persistent myalgia following sore 
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throat (Houghton & Jones, 1942), and a disease resembling or 

simulating poliomyelitis (Sigurdsson, Sigurjonsson, 

Sigurdsson, Thorbelsson & Gudmundsson, 1950). 

In 1959, Henderson and Shelokov reviewed these instances 

of mysterious illnesses and summarized their primary, shared 

characteristics. Symptoms included fatigue, headache, 

alterations of emotional status, aching muscular pain, 

paresis and paresthesias. Their severity was variable. 

Except in rare cases laboratory findings were normal. The 

course was prolonged and debilitating and marked by frequent 

exacerbations. Young and middle-aged adults were the prin

ciple victims, with females suffering more frequent and 

severe afflictions. Attempts to characterize the illness, 

both etiologically and pathologically, were intensive, but 

unsuccessful. Henderson and Shelokov concluded that these 

similarities were sufficient to suggest a similar nosologic, 

if not etiologic association. Although they noted that 

differences were present, they considered them to be 

relatively minor. 

Subsequent investigators agreed with these conclusions 

(Acheson, 1959; Ebaugh & Holt, 1965; Jones et al., 1985). 

In addition, a number of them expanded on the list of 

potential symptoms, primarily neurological and neuropsy

chological in nature. Ebaugh and Holt summarized symptoms 

reported in several investigations. These included chorea, 

cogwheel rigidity, athetosis, torsion and other forms of 

dystonic movement, tremor, clonus, myoclonus, fascicu

lations, retarded speech, retarded translation of thought 

into action, hyperpathia, hyperesthesia, hyperalgesia, 

difficulties in concentration and thinking, defective recent 

memory and calculation abilities, retrobulbar neuritis, 

diplopia, loss of taste, vertigo, giddiness, dizziness, 

tinnitus, nystagmus, dysphagia and glossoplegia. 
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It should be noted that the failure of many investi

gators, especially early ones, to report neurological and 

neuropsychological symptoms does not necessarily represent 

evidence that they were absent in those patient populations. 

It seems likely that these symptoms were overlooked in many 

cases because the focus of physicians initially was on the 

more obvious complaints such as fever, sore throat, myalgia 

and paresis. Also, many neurologic and neuropsychologic 

features are so subtle that they could not be assessed until 

recent years when sophisticated neuropsychological measures 

were developed. Even with their present availability, many 

researchers have not acquired enough familiarity with 

neuropsychological measures to consider using them in their 

research. 

With the advent of serological techniques to detect 

antibodies to various components of EBV, a number of 

researchers began to speculate that the syndrome just 

described might be related to infection with this virus. As 

already mentioned in the introduction of the present paper, 

Tobi et al. (1982) was the first to suggest such an asso

ciation. Other researchers quickly followed with additional 

evidence to support Tobi's theory (Dubois et al., 1984; 

Jones et al., 1985; Straus et al., 1985). 

At the beginning of the present study, the foregoing 

stud~es represented the state of the art concerning the 

syndrome originally described by Gilliam in 1938. Shortly 

thereafter, reports from a number of investigations began 

appearing in the literature which cast doubt on the etio

logical relationship between chronic/recurrent EBV infection 

and associated symptoms. In 1985, Horwitz, Henle, Henle, 

Rudnick and Latts reported results from a long-term 

serological study of patients who had recovered from IM. 

They found elevated antibody titers to several components of 

EBV for as long as 30 to 104 months after disease onset in 
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apparently healthy individuals, a finding which they cited 

in recommending caution in specifying the etiology of the 

syndrome associated with chronic/recurrent EBV infection. 

Merlin (1986) also emphasized that elevated antibody titers 

to EBV are found in many healthy individuals and added that 

abnormalities in EBV-specific serologic tests are not 

specific for the suspected disease. He listed 16 diseases 

which result in similar serologic profiles and which are 

known to result in symptoms similar to those described as 

representing a unique syndrome associated with chronic/re

current EBV infection. He concluded that a "positive EBV 

serologic result ... neither establishes the existence of 

chronic mononucleosis nor excludes the possibility of other 

diseases" (p.6). 

In their study of patients with "chronic mononucleosis

like syndrome" Holmes et al. (1987) found that those 

patients describing the greatest severity of illness tended 

to have higher EBV titers overall than healthy controls and 

patients who were less severely afflicted, but did not find 

any threshold titer that could reliably place an individual 

in the appropriate group. Thus, no threshold titer for 

diagnosing the disease could be established. In addition, 

the most severely ill patients were found to have elevated 

antibody titers to cytomegalovirus, herpes simplex and 

measles virus. Thtse researchers concluded that the syn

drome under investigation may represent an exaggerated 

immunologic response to one or more inciting stimuli. 

Buchwald et al. (1987), in their investigation of "active 

Epstein-Barr virus infection" were unable to demonstrate 

statistically significant differences in EBV antibody titers 

between controls and patients with the syndrome. They 

concluded that "among unselected patients seen in general 

medical practice currently available EBV serologic test 

results must be interpreted with great caution" (p.2303). 
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Two additional and more recent hypotheses about the syndrome 

associated with chronic/recurrent EBV infection are (1) that 

a newly characterized virus, human B-Iymphotropic virus, may 

be of primary etiological importance (Straus, 1987) and (2) 

that it is a post-viral disease phenomena that can occur 

after infection with a variety of viruses including any of 

the 23 Coxsackie A viruses, herpes viruses and varicella 

(Archer, 1987; Behan, Behan & Bell, 1985; Calder, Warnock, 

McCartney & Bell, 1987; David et al., 1988). In 1988, a 

number of major researchers, including a number of those who 

had initially postulated EBV as a primary etiological agent 

in the associated syndrome were forced to conclude that the 

situation was more baffling than ever. They proposed that 

the most commonly occurring collection of symptoms be re

named the Chronic Fatigue Syndrome to indicate that the 

etiology was far from clearly established and that a variety 

of etiological mechanisms were possible and still under 

consideration (Holmes et al., 1988). 
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The findings of Tobi et al. (1982) and latter re

searchers suggest that EBV might be responsible for many 

cases of prolonged illness for which a cause has not been 

found despite intensive investigation. Unfortunately, the 

presence of EBV in patients complaining of ill health far 

from proves this organism to be the etiological basis for 

their symptoms. Since its discovery (Epstein, Achong & 

Barr, 1964) EBV has been found in association with a number 

of disease entities. It was first observed after a long 

search for the etiologic agent in Burkitt's lymphoma; virus 

particles were discovered in tumor cells taken from victims 

of this form of cancer. At the time, however, EBV was 

recognized only as a morphologically typical member of the 

herpes group of viruses and not as a new and distinct 

species; many subsequent investigations were required to 

establish its uniqueness. G. Henle and W. Henle (1966) 

began this endeavor. They demonstrated that antisera to 

known herpes viruses did not react to indirect immunofluo

rescence tests with Burkitt's lymphoma tumor cells carrying 

EBV. This finding strongly suggested that they might have 

discovered a form of herpes virus never before encountered. 

Subsequent investigations supported this hypothesis (Epstein 

& Achong, 1968; G. Henle & W. Henle, 1966). 

Numerous studies have strengthened the association 

between EBV and Burkitt's lymphoma (Andersson, Ziegler, 

Klein & Henle, 1976; Bornkamm et al., 1976; de-The, 1977; 

Epstein, Henle, Achong & Barr, 1965). In addition, EBV has 

been found in patients suffering from nasopharyngeal 

carcinoma (Henle, Ho, Henle & Kwan, 1973), another human 
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malignancy. Detectable titers of anti-early antigen have 

been found in patients with Hodgkin's disease (Hesse et al., 

1973; Levine et al., 1970) and lymphocytic leukemia 

(Johansson, Klein, W. Henle & G. Henle, 1971) although the 

relationship between the virus and these lymphoproliferative 

diseases is less firmly established. 

The first suspicions that EBV might be the etiologic 

agent in a non-malignant illness, IM, arose when a lab 

technician previously free of all EBV antibodies sero

converted during the course of the disease (G. Henle, W. 

Henle & Diehl, 1968). Many subsequent studies provided 

strong indications that EBV might be the responsible agent 

in most cases of 1M (W. Henle & G. Henle, 1973; G. Miller, 

1975; Niederman, McCollum, G. Henle & W. Henle, 1968). 

Detectable titers of antibodies to EBV also have been 

demonstrated in patients with recurrent parotitis (Akaboshi, 

Jamamoto, Katsuki & Matsuda, 1983) and immunosuppression 

(Schooley et al., 1983) and, more interestingly, in pregnant 

women (Fleisher & Bolognese, 1983) and persons of advancing 

age (Sumaya, 1977) 

Collectively, the evidence indicates coincidence of the 

presence of EBV and the occurrence of illness. However, 

available evidence does not allow the conclusion that EBV is 

causative of such illness. Proving that a certain organism 

is the cause of a particular disease requires that certain 

very specific conditions, developed in the last century and 

referred to as Koch's postulates (cited in Johnson, 1982, p. 

369), be met. (1) The organism must be present in every 

case of the disease in question and under circumstances that 

could account for the pathological changes and clinical 

course of the disease, (2) the organism must occur in no 

other disease as a fortuitous or non-pathogenic parasite, 

and (3) the agent must grow in pure culture and produce the 

disease anew. For a number of reasons these are conditions 
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all of which could never be met with viruses. Virtually no 

virus except rabies manifests itself as one clinical 

syndrome. In addition, no virus can be grown in pure 

culture. Finally, a viral disease produced in an experimen

tal host frequently will not duplicate the human disease. 

While modifications of these criteria for viruses 

(Koch's postulates are more appropriate for bacteria which, 

in general, were studied long before viruses) have been 

suggested (Johnson, 1982, p. 369), these have yet to be 

adopted. But even if new criteria were defined, the under

lying principles, i.e. making a case beyond a reasonable 

doubt for a cause and effect relationship, still would need 

to be retained and would continue to result in considerable, 

if not insurmountable, difficulties in establishing a 

particular virus as the cause of a particular disease. 
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Beck Depression Inyentory (Beck et al., 1961) 
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Description. This measure is a self-rating scale 

developed to assess depression. It consists of 21 items 

each of which contains four statements of graded severity 

expressing how a person might feel or think about a certain 

aspect of depression. For each item, the subject checks the 

statement which best describes the level of his or her 

difficulty. Points for each item range from "0" which 

represents an absence of the problem to "3" which represents 

a severe degree of the difficulty. Points for each item are 

added to yield a total depression score. In the present 

study, a score of 13 was chosen as the cut-off score for 

depression because this number is in the middle of the range 

consideren indicative of mild depression (Stehouwer, 1985). 

Rationale for selection. The Beck Depression Inventory 

is a comprehensive measure of depressive symptomatology. It 

correlates well with clinician rating scales (Williams, 

Barlow & Agras, 1972) and other self-rating instruments. It 

has been shown to be sensitive to clinical change (McNair, 

1974). Reliability appears to be good. Beck (1972) reports 

a .93 Spearman-Brown correlated split-half reliability. W. 

R. Miller and Seligman (1973) found a test-retest reli

ability of .74 for 31 undergraduates after three months. 

BQston Diagnostic Aphasia Examination-Animal Naming Subtest 

(Goodglass & Kaplan, 1972) 

Description. This measure consists of a verbal request 

by the examiner that the subject name as many animals as 

possible in 1 1/2 minutes. While the test manual directs 

that the score be based on the most productive consecutive 
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by determining the total number of words produced in the 

entire minute and one half. 

Rationale for selection. This measure was selected to 

71 

assess word fluency, another frontal lobe function (Dailey, 

1956) . 

Finger Tapping Test (Reitan & Davison, 1974; Russell et al., 

1970) 

Description. This test consists of an index finger 

tapping key and a device for recording the number of taps. 

In the present study, each subject was asked to make three 

10 second trials with brief rest periods between trials. 

The score for each hand was the fastest of three trials. 

Rationale for selection. This test of fine motor 

coordination is primarily useful in lateralizing lesions 

once other measures show indications of the existence of 

brain damage. The presence of lateralized lesions is 

suggested by a slowed tapping rate of the contralateral hand 

(Finlayson & Reitan, 1980; Haaland & Delaney, 1981). A 

slowed tapping rate of both hands may also indicate brain 

damage (Dodrill, 1978; Haaland, Cleeland & Carr, 1977; 

Landsell & Donnelly, 1977) when interpreted in conjunction 

with performances on other measures. Norms are available 

for interpretive purposes (Dodrill, 1979; Halstead, 1947; 

King, Hannay, Masek & Burns, 1978). 

Minnesota Mult iphasic Personality Inyentory (MMP I) (Hathaway 

& McKinley, 1951) 

Description. The MMPI assesses various aspects of 

personality functioning. It is a self-rating scale 

consisting of 566 questions to which the examinee is 

. requested to answer true or false. A number of subscale 

scores are derived from various combinations of items 

including one which represents level of depression. 
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Rationale for selection. Since the Beck Depression 

Inventory emphasizes cognitive more than other symptoms of 

depression, the MMPI was selected as a backup measure to the 

Beck Depression Inventory to evaluate consistency of 

findings. It is also the most widely used clinical objec

tive personality test on which over 8000 books and articles 

have been published. It is a highly reliable instrument; 

there tends to be a high degree of agreement among 

professionals concerning interpretations. Validity is high 

as demonstrated by studies showing that individuals with 

similar responses have similar problems and behaviors. 

Norms developed by its authors are solid; they are based on 

samples of 1500 normals and 800 psychiatric patients 

(Butcher & Finn, 1983). All these characteristics make the 

MMPI one of the best measures available for the assessment 

of personality characteristics and psychiatric symptoma

tology. 

Perceptual Speed (Moran & Mefferd, 1959) 

Description. This measure consists of two sheets of 

paper each with 25 rows of random digits. Each row is 

preceded by a circled number. The subject's task is to go 

through each row as quickly as possible and cross out every 

instance of the encircled number preceding it. Performance 

is represented by the number of omission errors and time for 

completion of the task. 

Rationale for selection. Perceptual Speed is a measure 

of concentration and attention. While little research has 

been generated concerning this measure, investigations into 

a very similar, less readily available test, the Letter 

Cancellation Test (Talland & Schwab, 1964) have demonstrated 

that two diseases, Parkinson's disease (Horne, 1973) and 

Korsakoff's syndrome (Talland, 1965) result in poorer per

formances in comparison with normals. 
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Revised Wechsler Memory Scale (Russell, 1975) 

Description. This measure contains two subtests, Logi

cal Memory and Visual Reproduction. The first evaluates 

immediate and delayed (30 minutes) recall of two paragraphs. 

Visual Reproduction assesses immediate and delayed recall of 

geometric designs. 

Rationale for selection. This measure has been shown to 

discriminate well between normal control subjects and a 

group of organic patients with a variety of diagnoses 

(Russell, 1975). 

SCL-90-Reyised (SCL-90-R) (Derogatis, 1977) 

Description. The SCL-90-R is a self-rating measure of 

personality functioning. Nine dimensions of personality 

functioning are evaluated including depression. The test is 

comprised of 90 items describing feelings and symptoms of 

psychological distress and the patient is instructed to 

indicate on a scale of "0" to "4" the degree to which he/she 

is distressed by each. A score of "0" indicates no distress 

while a score of "4" indicates the most severe degree of 

dysfunction. Each of the nine dimensions of personality 

functioning are assessed by totaling points from the ques

tions developed to assess the dimension. Raw scores are 

converted to T-scores and compared to one of several nor~a

tive groups. Other scores, such as a Global Severity Index, 

can also be computed to aid in the evaluation of personality 

functioning. 

Rationale for selection. Like the MMPI, the SCL-90-R was 

administered as a backup measure to the Beck Depression 

Inventory as a means of assessing depression symptoms. 

Since the SCL-90-R is a relatively new measure, reliability 

and validity studies are not extensive, but they suggest 

this test to be a good measure. Generalizability of the 

nine symptom dimensions is suggested by their high factorial 

invariability {.51 to .85 with only three out of nine scales 
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below .70). One form of criterion-related validity was 

assessed by Derogatis, Rickels and Rock (1976) who con

trasted the nine symptom dimension scores of the SCL-90-R 

with scores on the MMPI. Results revealed a high degree of 

convergent validity for the SCL-90-R. Construct validity 

was also studied. When the SCL-90-R was factor-analyzed the 

resulting factors matched very well with those which had 

been constructed theoretically (Derogatis & Cleary, 1977). 

Test-retest reliability of the subscales ranged from .78 to 

.90 (Derogatis, 1977). 

Stroop Test (Stroop, 1935) 

Description. This measure is comprised of three cards 

each with 100 stimuli printed onto white backgrounds. The 

first card contains the names of four colors (red, green, 

blue, yellow) repeatedly printed in black ink and arranged 

into four columns. Ordering of color names is random. The 

second card consists of 100 dots in the same colors and in 

the same arrangement as card one. The third card is exactly 

like card one except that the color names are printed in a 

color different from that designated by the name. The 

subject is presented with the first card and instructed to 

read the words as quickly as possible. The next card is 

presented and the subject is requested to name the colors of 

the dots as rapidly as possible. Finally, the subject is 

presented with the third card and asked to read the colors 

of the words as quickly as possible. Performance is mea

sured by number of errors and speed to completion for each 

card. 

Rationale for selection. The Stroop Test was selected 

to assess the executive functions of mental control, inter

ference effects, word fluency and response flexibility 

(Lezak, 1983, pp. 335 & 523), four abilities considered to 

be contingent upon frontal lobe functioning. 
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Trail Making Test-Part B (Reitan, 1958) 

Description. This measure consists of a sheet of paper 

on which circled numbers and letters are randomly printed. 

The subject's task is to connect the numbers and letters by 

sequentially alternating between the two stimuli. 

Rationale for selection. This measure has been shown to 

be sensitive to the effects of any kind of brain damage 

(Armitage, 1946; Reitan, 1958; Spreen & Benton, 1965). 

Lewinsohn (1973) suggests it to be among the most sensitive 

of measures to organic impairment. The Trail Making Test is 

also useful in indicating how effectively a patient responds 

to complex visual arrays, how well an individual mentally 

follows a sequence or simultaneously deals with more than 

one stimulus or thought (Eson, Yen & Bourke, 1978) or how 

flexible a person is in shifting the course of an ongoing 

act (Pontius & Yudowitz, 1980). 

Wechsler Adult Intelligence Scale-Revised (WAIS-R) 

(Wechsler, 1981) 

Description. This measure assesses a number of language 

and spatial-perceptual functions and is comprised of 11 

subtests: Comprehension, Information, Arithmetic, Similar

ities, Digit Span, Vocabulary, Picture Arrangement, Object 

Assembly, Block Design, Picture Completion and Digit Symbol. 

Performance is expressed as an intelligence quotient which 

indicates the subject's standing relative to other 

individuals within the same age range. 

Rationale for selection. The WAIS-R is included in most 

neuropsychological investigations because it is a widely 

used measure which has been thoroughly researched. This 

factor allows for especially fine-grained interpretations of 

performances. More specifically, this measure has excellent 

norms against which to compare performances (Anastasi, 1982, 

p. 246). Test-retest reliability over an interval of from 

two to seven weeks is at least .90 for the VIQ, PIQ and Full 
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Scale Intelligence Quotient (FSIQ) and in the .80's and 

.90's for most subtests with none falling below .67 

(Anastasi, 1982, p. 248). While, at present, an assessment 

of validity must be based upon research conducted on earlier 

Wechsler adult scales it seems likely that those studies 

under- rather than overestimate the validity of the revised 

version since later versions represent improvements 

(Anastasi, 1982, p. 248). They show correlations of the 

WAIS with the Stanford-Binet in unselected adolescents or 

adults to be around .80. Approximately the same correla

tions are achieved with IQ and level of mental retardation. 

Correlations between the VIQ and college or engineering 

grades average about .40 or .50. IQ differences among 

various educational and occupational groups are in the 

expected direction as are correlations between IQ and job 

performance (Anastasi, 1982, p. 249). 

Wisconsin Card Sorting Test (Berg, 1948; Grant & Berg, 1948) 

Description. This measure consists of a pack of 64 

cards on which are printed from one to four symbols 

(triangle, star, cross, circle) in red, green, yellow, or 

blue. Every card is different. The subject begins the task 

by placing the cards one at a time under four stimulus cards 

(one red triangle, two green stars, three yellow crosses, 

four blue circles). Placement of cards is determined by a 

principle that the subject must discover by trial and error 

and according to the examiner's responses of either correct 

or incorrect. As an example, if the principle is color, all 

red cards should be placed under the red stimulus card, all 

green cards under the green stimulus card, etc. Feedback is 

given after the placement of each card. After 10 correct, 

consecutive placements, the principle changes to form. 

After 10 more correct, consecutive responses, the principle 

changes to number. These are the only three principles the 

subject must deduce. They are repeatedly used until the 
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subject has made six runs of 10 correct, consecutive place

ments, has placed more than 64 cards in one category, or 

spontaneously reports the principle. Scores are represented 

by number of categories achieved, total number of errors and 

number of perseverative errors. 

Rationale for selection. This measure assesses concept 

formation and the ability to shift sets, abilities which 

appear to be particularly vulnerable to frontal lobe damage. 

For example, Drewe (1974) has found that difficulties in 

concept formation occur most often in patients with damage 

to the frontal lobes. Milner (1963) found that both before 

and after removal of brain tumors patients with dorsolateral 

frontal lobe lesions performed significantly poorer on this 

measure than patients with lesions elsewhere. They made 

more perseverative errors and achieved fewer sorting 

categories. The results of another study (Robinson, Heaton, 

Lehmann & Stilson, 1980) demonstrate the severity of perse

veration in frontal lobe patients. These researchers 

averaged only 12.06 errors in six runs of the test while 

frontal lobe patients averaged almost 60 errors. 
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