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Abstract 
A method for alleviating chronic fatigue syndrome with the 

administration of antiviral agents. Based on clinical tests, chronic 

fatigue syndrome is a persistent herpes virus infection including 

incomplete virus multiplication and thus administration of antiviral 

agents are shown to alleviate the symptoms associated with the disorder. 

Based on therapeutic trials, patients receiving the recommended 

antiviral treatment, have experienced significant reduction or 

elimination of the symptoms associated with chronic fatigue syndrome. A 

method of diagnosis of the chronic fatigue syndrome is further 

disclosed.  
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Claims 

 
 
 
What is claimed is:  
 
1. A method of diagnosing and alleviating the symptoms of chronic fatigue syndrome in a 
patient exhibiting symptoms associated with chronic fatigue syndrome, comprising:  
 
evaluating the patient for serologic evidence of EBV and HCMV, further comprising:  
 
obtaining serum from the patient;  
 
measuring the level of EBV IgM antibodies to the VCA in the serum;  
 
measuring the level of EBV antibodies to the total EA in the serum;  
 
measuring the level of HCMV IgM antibodies in the serum by measuring antigens p52 
and CM.sub.2 with the use of a light scattering technique;  
 
measuring the level of HCMV IgG antibodies in the serum by measuring antigens p52 
and CM.sub.2 with the use of a light scattering technique;  
 
monitoring the patient for T-wave abnormalities;  
 
classifying EBV as the cause of the chronic fatigue syndrome when the measurements 
show any one of the following: 1) an elevated level of IgM antibodies to the VCA for 
EBV; and 2) presence of total EA antibodies for EBV, in combination with the absence 
of IgM antibodies for HCMV and a low level of IgG antibodies for HCMV;  
 



classifying HCMV as the cause of the chronic fatigue syndrome when the measurements 
show any one of the following: 1) an elevated level of IgM antibodies for HCMV; and 2) 
an elevated level of IgG antibodies for HCMV, in combination with a low level of IgM 
antibodies to the VCA for EBV, and the absence of total EA antibodies for EBV;  
 
classifying a combination of EBV and HCMV as the cause of the chronic fatigue 
syndrome when the measurements show any one of the following: 1) an elevated level of 
IgM antibodies to the VCA for EBV; and 2) the presence of total EA antibodies for EBV, 
in combination with any of the following: 1) an elevated level of IgM antibodies for 
HCMV; and 2) an elevated level of IgG antibodies for HCMV;  
 
administering to the patient a therapeutically effective amount of one or more 
pharmaceutically acceptable antiviral agents suitable for EBV, HCMV or a combination 
thereof, wherein the one or more antiviral agents are selected from the group consisting 
of valganciclovir, and pharmaceutically acceptable derivatives and mixtures thereof; and  
 
conducting supplemental tests to check for recurrent chronic fatigue syndrome to 
determine an appropriate treatment period for the patient to achieve continued alleviation 
of the symptoms of chronic fatigue syndrome.  
 
2. The method of claim 1, wherein the patient is administered 0.1 to 50 milligrams of 
valganciclovir per kilogram of body weight of the patient over six hours.  

 
Description 

 
 
 
TECHNICAL FIELD  
 
This invention relates to a method of alleviating the symptoms associated with chronic 
fatigue syndrome through the use of antiviral agents.  
 
BACKGROUND ART  
 
Chronic fatigue syndrome (CFS) is a disorder which, until recently, had no formalized 
name, received little attention and was believed by the majority of the medical 
community to be a psychological rather than medical disorder. However, as information 
about the disorder has been disseminated, the symptoms associated with the disorder, as 
well as the growing number of people afflicted with this disorder, have steadily increased 
to alarming proportions. In fact, CFS is being reported with increasing frequency 
throughout the world.  
 
Chronic fatigue syndrome is a puzzling, exasperating illness whereby previously healthy, 
vigorous and productive young or middle-aged adults are suddenly afflicted with a 
persistent, overwhelming fatigue. When such a severe debilitating fatigue extends beyond 
six months and psychiatric disease is excluded, the condition has been termed "chronic 



fatigue syndrome." Despite the number of people afflicted with chronic fatigue syndrome 
and the recent research attention, to date, the cause of the disorder remains unknown.  
 
The medical community has only recently defined the term "chronic fatigue syndrome" to 
have a distinct and well-defined meaning. In the Journal of the Royal Society of 
Medicine, Vol. 84, February, 1991, chronic fatigue syndrome is defined as:  
 
"A fatigue which is the principal symptom, which has a definite onset, and is severe, 
disabling and affects both physical and mental functioning, and furthermore that fatigue 
should have been present for a minimum of six months at which it was present for more 
than 50% of the time."  
 
One or more of the following symptoms are generally associated with the syndrome, such 
as sleep disturbances (changes in the duration of sleep and/or quality of sleep), 
impairments in concentration and short-term memory, chronic and recurrent low-grade 
fever, and musculoskeletal pain. The changes in the duration of sleep could be 
hypersomnia or increased sleep, or insomnia or reduced sleep. The changes of the quality 
of sleep are contemplated to be due to a decrease of REM sleep. There is also generally a 
restriction or lack of ability to perform an activity in the manner or within the range 
considered normal for a healthy human being, (resulting from loss of psychological or 
physiological function). There is further a definite persistent change from a previous level 
of functioning.  
 
Mood disturbances such as depressed mood, and anhedonia, anxious mood, emotional 
stability, irritability, and severity of the mood disturbances should be assessed on 
standards scales. For diagnosis purposes, a patient's symptoms should be evaluated to 
determine whether such symptoms are attributed by a psychological condition, such as a 
depressive disorder rather than chronic fatigue syndrome. It should thus be determined 
whether the disorder is sufficient to meet the diagnostic criteria for major depressive 
disorders. In CFS patients, myalgia, which is pain or aching felt in the muscles, should be 
disproportionate to exertion. Such myalgia should be distinguished from feelings of 
weakness and pain felt in other areas such as the joints. Certain patients should be 
excluded from the definition of CFS, such as patients with established medical conditions 
known to produce chronic fatigue such as severe anemia. Additionally, patients with 
schizophrenia, manic depressive illness, substance abuse, eating disorders, or proven 
organic brain disease should be excluded as chronic fatigue syndrome sufferers. 
However, other generalized psychiatric disorders may be attributed to chronic fatigue 
syndrome.  
 
A variety of treatments have been suggested and utilized for the treatment of chronic 
fatigue syndrome. In U.S. Pat. No. 5,312,817, there is described a treatment of the 
chronic fatigue syndrome wherein a pharmaceutically-acceptable cholinesterase inhibitor 
or a prodrug therefore is administered for the treatment of fatigue syndromes. This 
treatment is based on the understanding that the mechanism of the fatigue could be an 
imbalance in the cholinergic nicotinic transmitter system, both peripherally and centrally, 
which decreases the acetylcholine in the central and peripheral synapses. However, this 



therapy has proven ineffective, as this mechanism does not properly describe the etiology 
of chronic fatigue syndrome.  
 
In a further example, U.S. Pat. No. 5,055,296 discloses a treatment involving the 
administration of mammalian liver extract. Yet another example is provided in U.S. Pat. 
No. 5,013,739, whereby an opiate receptor antagonist is administered as a treatment 
option. In addition, a variety of drugs have been prescribed for symptomatic relief 
including non-steroidal anti-inflammatory drugs, tricyclic anti-depressants, sleep-
inducing drugs, tranquilizers, anti-anxiety and stress-relieving drugs such as 
androstenediol and androstenetriol. Such symptomatic treatment efforts, while providing 
temporary relief for one of the associated symptoms, have in general provided no long-
term treatment of the disorder as a whole.  
 
In addition to the physical pain associated with this disorder, there is also a severe mental 
and emotional toll placed on the CFS sufferer. As a result of the prolonged and 
debilitating fatigue, and flu-like symptoms, CFS sufferers are forced to reduce their level 
of activity, and are often unable to lead what would be considered a normal life.  
 
Accordingly, there is a genuine need for a method of treating chronic fatigue syndrome 
with a reliable, and effective technique which allows a CFS sufferer to regain a normal 
level of activity without the associated persistent fatigue characterized by the disorder.  
 
DISCLOSURE OF INVENTION  
 
It would be desirable to provide a method for alleviating the symptoms associated with 
chronic fatigue syndrome by administering antiviral agents to target the cause of the 
disorder. It would further be desirable to provide a treatment for chronic fatigue 
syndrome through administration of an antiviral drug which is directed to the cause of 
chronic fatigue syndrome rather than one that addresses a particular condition or 
symptom. It would be yet further desirable to provide a long-term treatment approach 
whereby chronic fatigue sufferers could resume a normal level of activity without 
experiencing extreme fatigue.  
 
In carrying out the above objects, a method is disclosed for alleviating the symptoms of 
chronic fatigue syndrome, including administering to a patient in need there of, a 
therapeutically effective amount of one or more pharmaceutically acceptable antiviral 
agents, wherein the one or more antiviral agents are selected from the group consisting of 
acyclovir, ganciclovir, valacyclovir, famciclovir, cidofovir, and pharmaceutically 
acceptable derivatives and mixtures thereof.  
 
There is further disclosed a method of diagnosing chronic fatigue syndrome (CFS) in a 
patient, including the steps of: evaluating the patient for serologic evidence of Epstein-
Barr virus (EBV) and human cytomegalovirus (HCMV) infection; and monitoring the 
patient for T-wave abnormalities by 24-hour electrocardiographic (Holter) monitoring to 
document the persistent cardiac pathology which is the basis of the CFS. The serologic 
evidence of EBV and HCMV is obtained by studying the level of antibodies of EBV and 



HCMV to detect the presence of active and persistent multiplication of either or both of 
the viruses. In conjunction therewith, tests are conducted to verify the existence of a 
cardiomyopathy in the CFS patient. Based on the results of the tests and the 
determination of the cause of CFS, the patient is administered a specific antiviral agent 
suitable for EBV, HCMV or the combination. Following initial antiviral treatment, 
supplemental tests are conducted to check for recurrent CFS to determine an appropriate 
treatment period for the patient to achieve continued alleviation of the CFS symptoms.  
 
There is yet another method of diagnosing CFS in a patient including the steps of: 
evaluating the patient for serologic evidence by HCMV, evaluating assays for non-
structural early gene products; and monitoring the patient for T-wave abnormalities by 
24-hour Holter monitoring to document the persistent cardiac pathology which is the 
basis of the CFS.  
 
The above objects and other objects, features, and advantages of the present invention are 
readily apparent from the following detailed description of the best mode for carrying out 
the invention.  
 
BRIEF DESCRIPTION OF DRAWINGS  
 
FIG. 1a is an illustration of a latent herpes virus genome sitting as a closed nuclear 
episome;  
 
FIG. 1b is an illustration of the herpes virus genome partially opened;  
 
FIG. 1c is an illustration of the herpes virus genome opened, in its linear position;  
 
FIG. 1d is an illustration of the complete herpes viral structure;  
 
FIG. 2 is an illustration of the Copalis.RTM. light scattering analytical equipment;  
 
FIG. 3 is a graph depicting a 39-year old female patient's HCMV antibody titer levels 
following the administration of antiviral treatment; and  
 
FIG. 4 is a graph depicting a 47-year old male patient's antibody titer levels following the 
administration of antiviral treatment.  
 
BEST MODE FOR CARRYING OUT THE INVENTION  
 
As defined herein, a "therapeutically effective" amount of an antiviral agent is the amount 
by which a patient's chronic fatigue syndrome symptoms, such as severe fatigue, 
headaches, sore throats and the like, decrease in frequency and/or intensity. In addition, 
the term "alleviating" as used throughout th e specification refers to relieving or reducing 
symptoms associated with chronic fatigue syndrome and/or elimination of those 
symptoms.  
 



Likewise, the term "pharmaceutically acceptable antiviral agent" is defined to include 
those antiviral agents which, upon administration, have no deleterious effect on the 
patient. Thus, where a particular antiviral agent is unsuitable for a particular individual, 
that antiviral agent would not be pharmaceutically acceptable and would thus not be 
administered.  
 
In general, the clinical symptoms and signs of chronic fatigue syndrome resemble those 
of infectious mononucleosis. Symptoms common to both illnesses include low-grade 
fevers, chills, sore throats, painful anterior or posterior cervical or axillary lymph nodes, 
muscle weakness, myalgias, generalized headaches, migratory arthralgias, vague 
neuropsychological complaints and disturbances of sleep without known medical cause. 
As with mononucleosis, a CFS patient's attempt to exercise at levels previously tolerable, 
results in a prolonged and more severe manifestation of the fatigue.  
 
While CFS and infectious mononucleosis have several similarities, patients with CFS do 
not have the severe dysphagia and gray exudative pharyngitis often accompanied by 
submandibular adenopathy, associated with infectious mononucleosis and its etiologic 
agent Epstein-Barr virus (EBV). Our research has found in CFS sufferers the existence of 
Epstein-Barr virus multiplication, purportedly within epithelial cells of the pharynx and 
circulating B-lymphocytes of the blood. The beta herpes virus, human cytomegalovirus 
(HCMV) is also believed to cause infectious mononucleosis-type symptoms, without the 
exudative pharyngitis. Mononucleosis and chronic fatigue syndrome thus have certain 
similar symptoms.  
 
Specific emphasis must however be placed on symptoms unique to chronic fatigue 
syndrome. Such symptoms include: 1) light-headedness or wooziness of varying severity 
and duration without known antecedent cause; 2) a vague, dull, pressure-like chest ache, 
generally in the substernal region and sometimes including the left shoulder, which is 
exhibited with increasing fatigue at the end of the day; and 3) palpitations. There is also 
often a fourth symptom, tachycardia or rapid heart action, even with minimal or no 
exertion by the sufferer. Based on the symptoms unique to chronic fatigue syndrome, it is 
further hypothesized, that chronic fatigue syndrome is essentially cardiac in origin, and 
that this cardiac basis unlocks the key to the disorder.  
 
Accordingly, while not wishing to be bound to any particular theory, it is believed that 
the majority of cases of chronic fatigue syndrome constitute either a continuing primary 
herpes virus infection, specifically Epstein-Barr virus and/or human cytomegalovirus, or 
alternatively, a reactivation infection with latent Epstein-Barr virus and/or latent human 
cytomegalovirus. In some lesser number of cases, herpes virus 6 (HHV-6), or other 
viruses, such as enteroviruses may be involved. Seroepidemiologic studies indicated the 
presence of EBV and/or HCMV in CFS sufferers. Our research has further indicated for 
CFS sufferers the existence of IgM antibodies to the EBV viral capsid antigen (VCA) or 
EBV antibodies to diffuse early antigen (EA), the latter depicting EBV transactivators for 
the lytic cycle indicating current virus multiplication. In CFS sufferers, there may 
additionally or alternatively be a significant IgG immunoreactive antibody (ELISA) to 
HCMV, with/without an IgM (ELISA) antibody titer to HCMV.  



 
The understood virologic cause of CFS thus verifies that previous seroepidemiologic 
studies attempting to show a singular virologic causation to CFS including singular 
searches for EBV or HCMV antibodies would have naturally yielded uniformly negative 
results. At least fifteen different viruses, bacteria and parasites have been previously 
suspected as "singular" etiologic agents of CFS. However, there has been, to date, no 
serologic association with any human virus. It is believed that the previous studies were 
designed in a way that actually masked the possibility of finding a major two-virus 
causality.  
 
Instead, the extra-chromosomal herpes virus episome persists for the life of th e 
chronically infected cell. The persistent infection and recrudescent infection characteristic 
of the herpes virus is common in EBV and HCMV and is consistent with the chronic 
recrudescent illness of CFS. The unique aspect of this cellular injury, particularly in the 
heart, is that it appears to be a degenerative disease which does not elicit an inflammatory 
response from the host. The result is a cardiomyopathy of unknown cause.  
 
The two proposed major causative herpes viruses, EBV and HCMV, are characterized by 
persistent infections. In a non-permissive, persistent infection, a complete infectious virus 
is not produced. This is referred to as incomplete herpes virus multiplication. Intracellular 
infection produces a metabolically altered host cell, however, no progeny capable of 
infecting a new susceptible cell are created. The host human is unsuccessful in totally 
inactivating the virus and placing it in the latent state. The virus likewise is unsuccessful 
in completing its reproductive cycle and produces incomplete virus. The result is cellular 
metabolic aberration and, if severe enough, cell death--called apoptosis.  
 
The herpes virus is described as three states of infection: 1) virulent; 2) latent; and 3) 
incomplete virus multiplication. It is also theoretically possible at the same time to have 
both infections with a portion of it being virulent and a portion of it being incomplete 
virus multiplication.  
 
FIG. 1 is a depiction showing latent herpes virus genome. The herpes viruses in question 
are hu man cytomegalovirus and human Epstein-Barr virus which are believed to cause 
chronic fatigue syndrome. In the most optimum circumstance after infection with either 
of the two aforementioned herpes viruses, t he virus sits as a closed nuclear episome as 
shown in FIG. 1a in a non-integrated fashion with the cellular genome. The herpes virus 
is double-stranded. It is complete and it is theoretically making no gene product, FIG. 1a.  
 
The herpes virus genome is capable of making over 200 gene products and 200 separate 
proteins. In FIG. 1c the latent double-stranded DNA has opened--is in its linear position 
and ready to produce its gene products and the proteins of the complete virus. In FIG. 1b, 
the herpes virus genome is partially opened from its cellular state and is able to produce 
some proteins of the virus. Some of the gene products are produced but no complete virus 
is developed. This then is incomplete virus replication. In FIG. 1d, we see the complete 
viral structure 10. It consists of a central double-stranded complete virus DNA 12 
surrounded by an icosahedral capsid containing 162 identical, symmetrical, capsomers. 



The outer portion of the complete virion is a double-layered lipid membrane 16 which is 
punctuated by glycoprotein spikes 18. These glycoprotein spikes 18 are the means of 
attachment of this herpes virus to susceptible cells allowing entry and new infection of a 
previously uninfected cell. The human response, the immune system, responds to the 
antigenic stimulus of the structural proteins available to the human host by these 
glycoprotein spikes 18.  
 
Between the herpes virus bilayer 16 and the viral capsid 14 is an amorphous structure 
known as the tegument 20. This tegument 20 contains nonstructural proteins which are 
necessary for multiplication of the virus. It contains a number of viral enzymes and 
factors necessary for viral assembly. A complete herpes virus virion 10 is depicted in 
FIG. 1d. Antibodies to structural glycoprotein, for instance gB and gH of human 
cytomegalovirus, are produced. In the case of incomplete virus replication, the herpes 
virus genome is partially opened and producing some proteins. These aberrant proteins 
are not wanted in the healthy cellular matrix and efforts to rid the matrix of these partial 
viral gene products is made by the process of exocytosis. By this process of exocytosis, 
nonstructural gene products (e.g. UL44 and UL57) reach the extracellular space and are 
thus available to the human host immune system so that specific antibodies may be 
produced to these nonstructural gene products, UL44 and UL57. These nonstructural 
gene products are behind the virus bilayer 16 and are not exposed to antibody production 
when whole complete virus multiplication occurs.  
 
There is evidence that supports the theory that both HCMV and EBV are cardiotropic for 
the human myocyte. Based on our research, it is believed that the human cardiac 
myofiber, like the B-lymphocyte for EBV and the mononuclear progenitor cell for 
HCMV, is a site of non-infectious episome-mediated persistent infection. This is different 
from the human epithelial cell of the pharynx which produces mainly whole infectious 
EBV virus. HCMV immediate-early gene transcripts have been detected in the heart by 
in-situ hybridization techniques in patients with HIV-associated cardiomyopathy. 
Likewise, the EBV genome was detected by polymerase chain reaction amplification of 
DNA extracted from the heart at autopsy. An intense mononuclear cell infiltrate in the 
myocardium consisted essentially of T-cells without identifiable B-cells. This 
inflammatory response is the result of complete virus multiplication.  
 
Accordingly, our research has indicated that CFS is a non-permissive, persistent herpes 
virus infection of the heart, wherein EBV and/or HCMV nucleic acids are present in the 
hearts of CFS patients. This hypothesis was generated based in part upon endomyocardial 
biopsies of patients with CFS. HCMV nucleic acids by polymerase chain reaction have 
been found in biopsies of the heart from CFS patients.  
 
The research conducted revealed that all CFS patients have abnormal oscillating T-wave 
flattenings and T-wave inversions detectable from 24-hour electrocardiographic (Holter) 
monitoring. An initial 24-hour electrocardiographic T-wave study compared CFS patients 
to random non-CFS patients, from an internal medicine practice, wherein both patient 
groups were restricted to an age less than 50 years old to minimize the occurrence of 
chronic diseases in both populations. Notably, chronic diseases such as hypertensive 



vascular disease, electrolyte abnormalities and coronary artery disease may produce 
similar oscillating abnormal T-waves. However, since people suffering from CFS are 
generally young, such chronic diseases rarely afflict CFS sufferers and can thus be 
excluded as the causative agent. Oscillating T-wave abnormalities described also occur in 
about 5% of normal patients when they assume an upright position. For these same 
patients, resting twelve-lead standard ECG, T-waves describing left ventricular electrical 
depolarization are upright, and the resultant ECG is normal. The 2-D echocardiogram 
also generally is normal, however, the 24-Hr. ECG recordings (Holter monitoring) are 
abnormal with oscillating T-wave flattenings or T-wave inversions characteristically 
incident with the onset of sinus tachycardias, and subsequently, reverting to normal T-
wave configurations with the return of normal sinus rhythms. While these abnormal T-
waves are not specific to CFS, they occur similarly with diverse conditions such as 
coronary artery disease, hypertensive vascular disease and electrolyte abnormalities, but 
the abnormal T-waves detected via Holter monitoring were seen much more frequently in 
24 random CFS patients than 116 time, place and age-matched random non-CFS patients. 
Based on our analysis, the abnormal T-waves at 24-Hr. ECG recordings in CFS patients 
are not "artifacts," and are a significant sign of CFS. The abnormal Holter monitoring in 
CFS patients is evidence that CFS is a cardiomyopathy. Moreover, we have found that 
the additional symptoms of a dull chest ache coming on at the end of the day not related 
to exercise, light-headedness or wooziness and palpitations are CFS symptoms 
attributable to cardiac involvement by these viruses.  
 
Holter monitoring is further utilized and discussed in more detail in U.S. Pat. No. 
5,454,020 issued to A. Lerner on Nov. 7, 1995; U.S. Pat. No. 5,357,968 issued to A. 
Lerner on Oct. 25, 1995; and U.S. Pat. No. 5,213,106 issued to A. Lerner on May 25, 
1993.  
 
An initial group of CFS patients, additionally, demonstrated abnormal left ventricular 
dynamics characterized by a decreased or falling ejection fraction, abnormal wall motion 
or dilatation by radionuclide stress multiple gaited acquisition (MUGA) studies. 
Furthermore, consecutive case series of CFS patients from a single referral center at 
Birmingham, Mich. during the years 1987-1993 demonstrated abnormal left ventricular 
dynamic function in 24.1% of 87 patients undergoing radionuclide ventriculography by 
the radioisotopic gaited pool method.  
 
In an effort to diagnose CFS, using electron microscopy, cardiomyopathic changes 
including myofiber hypertrophy, myofiber disarray and degenerative change in myofibers 
have been seen. On rare occasions, inflammatory myocarditis is evident. Infectious 
HCMV is not found in the heart, peripheral blood or urine of this HCMV-CFS subset of 
patients. Based on the evidence gathered, it is believed conclusively that CFS is a major 
newly discovered cardiomyopathy.  
 
On the basis of this research, chronic fatigue syndrome is understood further to be a 
persistent, non-permissive herpes virus infection of the heart. CFS patients have 
abnormal Holter monitoring reflecting that cardiomyopathy. Additionally, the majority of 
CFS patients have the appropriate serologic markers of persistent EBV and/or HCMV 



infections. Research has led to the understanding that HCMV and/or EBV nucleic acids 
are present in myofibers (myocytes) of cardiac tissues of the CFS patients which are 
detectible by polymerase chain reaction (PCR) or in-situ hybridization techniques. 
Additionally, it is believed that EBV and/or HCMV nucleic acids will not be present in 
the myofibers of EBV or HCMV serologically positive, non-CFS patients undergoing 
similar cardiac biopsies. We have further observed that patients with acute primary EBV 
infectious mononucleosis who recover rapidly have normal Holter monitoring throughout 
their illnesses. It is thus believed that these EBV-infected patients have no 
cardiomyopathies. On the contrary, patients with prolonged illnesses of acute primary 
EBV-infectious mononucleosis exhibit abnormal Holter monitoring which substantiates 
our understanding of the mechanism of CFS.  
 
Given the pathologic physiology of herpes virus infections in humans, the etiologic 
diagnosis resulting from this research is not contradictory. Just like CFS, herpes simplex 
virus encephalitis (HSVE) boggled the medical community and etiologic identification 
due to the rising antibodies in serum which may or may not be present at a given time. 
Diagnosis of HSVE required isolation of herpes simplex virus, Type 1 from the brains of 
patients with encephalitis.  
 
Rowe, Bou-Halaigah, Kan and Calkins recently reported that CFS patients exhibited an 
abnormal blood pressure response in an upright tilt position. The Relationship Between 
Neurally Mediated Hypotension and the Chronic Fatigue Syndrome, JAMA, 1995; 274: 
961-967. This abnormal response was explained to be the result of an abnormal neural 
reflex caused by CFS. Our research disproves this theory, rather CFS is a 
cardiomyopathy inducing the reported abnormal cardiac response, which is further 
supported by the abnormal T-wave findings at Holter monitoring we have discovered.  
 
Having tracked the etiologic agents of CFS, an intense study of EBV and HCMV 
followed. Epstein-Barr virus infection starts in the oropharyngeal epithelium. The cells in 
this region are permissive for virus replication and thus a persistent active lytic infection 
continues in this region for many years. It is believed that in the primary infection level, 
Epstein-Barr virus infects B lymphocytes. Similarly, the cellular sites for latency for 
HCMV are the mononuclear phagocyte and its progenitor cells. In the case of HCMV, 
when the monocyte differentiates into the macrophage or histiocyte, infectious HCMV 
virus production ensues with an associated irreversible destruction of the infected cell.  
 
Epstein-Barr virus is the prototype for the lymphocryptovirus genus. The 
lymphocryptovirus is a closely related member of the gamma herpes virus family. The 
host range of these viruses in-vitro is restricted to primary lymphocytes of the 
immunoglobulin-producing lineage (B-lymphocytes). The lymphocytes are also a site of 
latent virus infection in-vivo. In-vivo, most human EBV infection starts in the 
oropharyngeal epithelium. Epithelium cells allow herpes virus replication and thus a 
persistent, active lytic infection continues for many years. During the course of primary 
infection, EBV infects B lymphocytes. EBV does not usually replicate in B lymphocytes 
but instead establishes latent infection. Early in human infection, EBV-infected B 
lymphocytes can be found in large numbers in peripheral blood and tissues.  



 
Much evidence supports the understanding that lymphocytes or similar cell type are the 
major site of latent infection for EBV and are important in the dissemination of infection 
to distal epithelial surfaces or in continuously reactivating the oropharyngeal epithelium. 
The EBV infection generally follows a specific pattern of events. In a first instance, the 
virus initiates infection of the oropharyngeal epithelium, where it can produce 
symptomatic pharyngitis. B-lymphocytes are then infected as they reside in close 
proximity to the oropharyngeal epithelium. The lymphocytes then carry the virus to other 
organs and to epithelial surfaces, including the oropharynx. Furthermore, persistent 
replication in the oropharynx is likely dependent on lymphocyte reinfection of 
oropharyngeal epithelial cells. After the primary EBV infection, the emergence of 
Burkitt's lymphoma, Hodgkin's disease, and nasopharyngeal carcinoma is believed to be 
linked to EBV.  
 
Most human peripheral blood B lymphocytes are susceptible to EBV infection. The cells 
become latently infected and are driven to proliferate by the latent virus genome. People 
infected with EBV have B lymphocytes in the peripheral blood which are able to 
proliferate into long-term lymphoblastoid cell lines in vitro. All cell lines that grow out of 
the peripheral blood of normal humans are EBV-infected B lymphocytes. Thus, EBV 
provides B cells with the ability to multiply indefinitely.  
 
The persistence of EBV in human populations appears to be dependent on oropharyngeal 
multiplication of virus, and salivary spread to the oropharynx of uninfected humans. Most 
disease manifestations are related to lytic infection in oropharyngeal epithelial cells, to 
latent virus infection in tonsillar or peripheral blood B lymphocytes or to immune 
responses to virus-infected cells.  
 
Human cytomegalovirus (HCMV) like all of the herpes viruses, has in common certain 
distinguishing features, including virion and genome structure and the ability to establish 
persistent and latent infections. In addition to these common herpes virus features, 
HCMV has certain distinct characteristics, such as salivary gland tropism, species 
specificity and slow growth in cultured cells. HCMV infects 50% to 80% of the 
population. HCMV can be structurally distinguished from other herpes viruses by subtle 
ultrastructural differences in the virion appearance, for example, the HCMV envelope 
generally appears more pleomorphic in relation to other herpes viruses. HCMV generally 
produces cell enlargement with intranuclear inclusions similar to those produced by 
herpes simplex and varicella zoster virus. The sources of HCMV include oropharyngeal 
secretions, urine, cervical and vaginal excretions, spermatic fluids, breast milk, feces and 
blood.  
 
With HCMV, a large reservoir of latently infected individuals remains a significant threat 
to the immunocompromised host. The virus persists years after the primary infection. 
However, the virus is detectible only for a few weeks to a few months following primary 
infection. The polymorphonuclear leukocyte is the main source of HCMV in the blood, 
but monocytes and occasionally T lymphocytes may harbor HCMV in a form as yet 
unknown.  



 
Table 1 describes the antibody response to whole virus infection which results in 
antibodies to viral structural epitopes and a response to nonstructural viral epitopes such 
as would be seen in incomplete viral replication. Two common viral epitopes that are 
structural are human cytomegalovirus HCMV gB and HCMV gH. These are antigenic 
epitopes which are structural. These structural epitopes can be recognized by ELISA 
(enzyme linked immunoassay) or what is referred to as the Copalis.RTM. Multiplex light 
scatter method ("Copalis.RTM. method"). Copalis.RTM. (coupled particle light 
scattering) is the proprietary technology of Diasorin, Inc.  
 
This Copalis.RTM. method to CM.sub.2 and p52 measures IgM antibodies to HCMV 
non-structural gene products. The non-structural gene products are UL44, UL57. These 
gene products have been produced in E-coli. The UL44 and UL57 refer to the open 
reading frames (ORF) of the human cytomegalovirus genome. The UL44 has the function 
of a polymerase processivity factor known as p52. The UL57 is the second gene product 
which may be measured by the Copalis.RTM. method and its function is as a single-
stranded (ss) DNA binding protein CM.sub.2. These are nonstructural gene products 
which are extruded from a cell with incomplete human cytomegalovirus multiplication. 
The Copalis.RTM. method measures antibodies to these two gene products with the 
purified antigens produced in E-coli. Table 1 shows the types of herpes virus infection 
with antibody responses to both structural and nonstructural viral epitopes.  

                             TABLE 1 

                      HERPES VIRUS INFECTION 

                      Structural Viral Epitopes Non-Structural Viral 

                      (e.g. HCMVgB, HCMVgH)  Epitope (e.g. HCMV) 

    Stage of Infection     IgM         IgG     IgM, CM.sub.2, p52 

    Virulent (Complete)      X           X 

    Latent                             X 

    Incomplete                         X              X 

    Mixed                  X           X              X 

 
 
In virulent virus infection, the infected cell is destroyed. Cellular inflammation in the 
classical sense results. Specific antibodies to structural epitopes of human 
cytomegalovirus for instance gB and gH result. This results in IgM and IgG antibodies. 
The IgM antibody, of course, is short-lived usually less than six weeks, and the IgG 
antibody is long-lived. In classical virulent infection no antibodies would be produced to 
nonstructural viral epitopes, hereinafter referred to as p52 (to UL44 and UL57) and 
CM.sub.2 (UL57). In latent infection there is no complete virus produced. There is no 
IgM to structural epitopes gB and gH antibody. IgG antibody, of course, is present 
because there is past infection and, of course, there is no antibody to p52 or CM.sub.2. In 
incomplete viral multiplication, no IgM antibodies to structural epitopes are produced. Of 
course, IgG antibodies are stable and present. In incomplete viral multiplication, IgM 
antibodies are produced to nonstructural epitopes (Table 1). Finally in mixed virulent and 
incomplete (or complete and incomplete viral replication/multiplication), one may have 
IgM antibodies and IgG antibodies to structural epitopes and IgM antibodies to 



nonstructural epitopes.  
 
The Copalis.RTM. CMV Mutliplex assay is a homogenous test for the simultaneous 
determination of acute infection stages or immune status to Cytomegalovirus using 
coupled particle light scattering. Sized microparticles, coated with one of three antigens 
(p52, CM.sub.2, and CMV viral particle (VP)) are dried in the reaction cup. Early phase 
IgM antibodies are detected by both the CM.sub.2 and the p52 antigens. Antibody 
response to the CM.sub.2 antigen but not to the p52 antigen continues through the 
convalescent stage of acute infection. Antibodies to the VP may appear during acute 
infection but shall persist during life. Reactivity just (sucrose-density purified tissue 
culture produced complete HCMV cytomegalovirus) to the VP is characteristic of prior 
infection (indicative of immune status). Antibody detection, made by the Copalis.RTM. 
Immunoassay System, is reported qualitatively for the IgM analytes and semi-
quantitatively for the total analyte.  
 
Copalis.RTM. (Coupled Particle Light Scattering) technology is based on the use of high-
resolution light scattering analysis to measure particle coupling. As generally depicted in 
FIG. 2, particles flowing singly through a finely focused optical beam generate a unique 
light scatter pattern. This scatter pattern is classified into a Copalis.RTM. histogram for 
data analysis.  
 
The Copalis.RTM. CMVplex Antibody Assay is based on the principle of antibody 
dependent particle aggregation as measured by the amount of light scattered. A typical 
antibody reactivity pattern (IgM and/or IgG) in the patient sample allows diagnosis of the 
infection as seronegative, acute or past infections. The CMVplex Test Cup has 
polystyrene microparticles of three sizes each coated with different specific antigens 
dried in the bottom. The Test Cup is reconstituted with reaction buffer by the instrument. 
The sample is then transferred into the reaction well and the mixture is agitated for 10 
minutes. Upon completion of the agitation, the reaction mixture is transferred to the 
optical system for analysis.  
 
The level of aggregation is determined by discrimination of particle sizes and unreacted 
particles (monomers) as detected by the optical system. The quantity of assay particles 
remaining as monomers is compared to that of an unreacted baseline negative calibrator. 
A ratio is established between the counts of the two monomer particles. This ratio is 
reported as the Copalis.RTM. Test Result (CTR). The CTR is then converted into a 
numerical unit, Copalis.RTM. Index (CI), which determines the cutoff thresholds for 
each marker. Interpretation of results is based upon the CI. Results for the IgG marker 
(VP) are reported semi-quantitatively and qualitatively for the IgM markers (p52 and 
CM.sub.2).  
 
Copalis.RTM. CMVplex Antibody Assay--Sized polystyrene microparticles are coated 
with the following antigens:  
 
1.6.mu. Viral Particle (VP) obtained from HCMV infected fibroblast cell culture detects 
long-lasting IgG reactivity  



 
1.7.mu. recombinant p52 protein full UL44 protein sequence detects IgM reactivity to 
early phase of acute infection  
 
1.8.mu. CM.sub.2 recombinant protein chimeric antigen containing part of UL44 and part 
of UL57 detects IgM to both the early and convalescent phases of the acute infection  
 
The Copalis.RTM. light scattering technique thus allows for detection and precise 
measurement of antibodies to HCMV. It should be noted that p52 and CM.sub.2 antibody 
may also be detected by ELISA methods.  
 
The EA antibody is measured in the diagnosis of the chronic fatigue syndrome due to 
Epstein-Barr virus infection. This polymeric EA antibody to diffuse early antigen 
products is an antibody to as many as 12 nonstructural gene products, which are 
transactivators for the lytic cycle of Epstein-Barr virus so that the paradigm of complete 
and incomplete viral multiplication in antibodies in structural and nonstructural epitopes 
outlined for human cytomegalovirus relates to human Epstein-Barr virus as well. Both, of 
course, are members of the herpes virus family. The exact number and role of these EBV 
early proteins remains unclear. These early proteins are involved in transactivation and 
initiation of the lytic cycle. There are diffuse (EA-D) and (EA-R) restricted components.  
 
In general, herpes viruses such as EBV and HCMV, are characterized by several key 
properties: (1) their role as a significant pathogen responsible for a variety of diseases; (2) 
the ability of the herpes virus to remain latent in their host for life, and to be reactivated 
at or near the site of initial infection; and (3) to multiply efficiently and irreversibly 
destroy the cells that they infect.  
 
While it is known that antiviral agents are effective in the treatment of viral infections, 
there are a number of problems associated with such antiviral agents. As the herpes 
viruses are intracellular parasites which use multiple biochemical pathways of the 
infected host cell, there are problems associated with achieving clinically useful antiviral 
activity without also adversely affecting normal host cell metabolism and causing 
toxicity.  
 
As a selective inhibitor of herpes virus multiplication, acyclovir represents an important 
advance in antiviral therapy. Acyclovir was synthesized in 1974 by Beauchamp and 
Schaeffer of Burroughs Wellcome Company. Acyclovir, 9-((2-hydroxyethoxy) methyl) 
guanine E, demonstrated significant in vitro antiviral activity against herpes viruses, 
specifically, HSV, varicella zoster virus (VZV) and EBV.  
 
Acyclovir is an acyclic analogue of guanosine. The inhibitory activity of acyclovir is 
highly selective. The enzyme thymidine kinase (TK) of normal uninfected cells does not 
effectively use acyclovir as a substrate. However, TK encoded by the herpes simplex 
virus converts acyclovir into acyclovir monophosphate, a nucleotide analogue. The 
monophosphate is further converted into diphosphate by cellular guanylate kinase and 
into triphosphate by a number of cellular enzymes. Acyclovir triphosphate interferes with 



herpes simplex virus DNA polymerase and inhibits viral DNA replication. Acyclovir is 
preferentially taken up and selectively converted to the active triphosphate form by 
herpes virus-infected cells. Acyclovir triphosphate binds viral DNA polymerase, acting as 
a DNA chain terminator. Because acyclovir is taken up selectively by virus-infected cells, 
the concentration of acyclovir triphosphate is 40 to 100 times higher in infected cells than 
in uninfected cells. Furthermore, viral DNA polymerase exhibits a 10 to 30-fold greater 
affinity for acyclovir triphosphate than do cellular DNA polymerases. The higher 
concentration of the active triphosphate metabolite in infected cells plus the affinity for 
viral polymerases results in the very low toxicity of acyclovir for normal host cells.  
 
Acyclovir is available in ointment, capsule and intravenous formulations. Oral acyclovirs 
or other similar anti-viral drugs are indicated in the management of most cases of primary 
or initial genital herpes in all patient populations and as long-term suppressive therapy in 
normal adults with frequently recurrent genital herpes. Oral acyclovir also is used for 
prophylaxis and treatment of immunocompromised patients with a history of clinical 
evidence of an active HSV infection. Intravenous acyclovir is used in the treatment of 
severe primary or initial herpes genitalis of immunocompetent patients, some initial and 
recurrent mucocutaneous HSV infections in immunocompromised patients, neonatal 
HSV infections and HSVE in infants, children and adults.  
 
Although EBV and HCMV do not have virus-specific TKs, replication of the EBV and 
HCMV DNA is significantly impaired. Acyclovir's in vitro antiviral activity is 
considerably greater in HSV than HCMV.  
 
In addition, acyclovir has an excellent safety profile and is well-tolerated by most 
patients. The major adverse effect of acyclovir is alteration of renal function. Adequate 
hydration of patients can prevent renal concretion of drug as it is eliminated by the 
kidney preventing renal dysfunction.  
 
More recently, Burroughs Wellcome has introduced Valtrex.RTM. (valacyclovir 
hydrochloride) the hydrochloride salt of L-valyl ester of acyclovir. Valacyclovir 
hydrochloride is L-valine, 2-[(2-amino-1,6-dihydro-6-oxo-9H-purin-9-
yl)methoxy]ethylester, monochloride. Valacyclovir has the molecular formula C.sub.13 
H.sub.20 N.sub.6 O.sub.4,HCl, a molecular weight of 360.80 and the following structural 
formula: ##STR1##  
 
Valacyclovir hydrochloride has a maximum solubility in water at 25.degree. C. of 174 
mg/ml.  
 
After oral administration, valacyclovir is rapidly absorbed from the gastrointestinal tract. 
Valacyclovir is nearly completely converted to acyclovir and an L-valine by first-path 
intestinal and/or hepatic metabolism. Valacyclovir is rapidly converted to acyclovir, 
which has in vitro and in vivo inhibitory activity, against herpes simplex virus Types 1 
(HSV-1) and 2 (HSV-2) and varicella-zoster virus (VZV). Of these three herpes viruses, 
acyclovir has highest antiviral effectiveness against herpes simplex virus type 1. The 
inhibitory activity of acyclovir is highly selective to its affinity for the enzyme thymidine 


