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(57) ABSTRACT

A method of diagnosing a subset of Epstein Barr Virus,
Myalgic Encephalomyelitis Chronic Fatigue Syndrome
(ME/CEFS) patients through a multi-prong clinical/serologi-
cal analysis is provided wherein Epstein Barr Virus Abortive
Lytic Replication (EBV) is determined as the specific causal
agent through the use of serum antibodies to EBV encoded
dUTPase and serum antibodies to EBV DNA Polymerase as
molecular markers. A method of treating patients diagnosed
with Epstein Barr Virus Abortive Lytic Replication (EBV),
Myalgic Encephalomyelitis Chronic Fatigue Syndrome
(ME/CFS) with specific antiviral nucleosides is also pro-
vided, to alleviate the condition.
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METHOD OF DIAGNOSING AND TREATING
EPSTEIN BARR VIRUS-BASED MYALGIC
ENCEPHALOMYELITIS CHRONIC FATIGUE
SYNDROME PATIENTS

TECHNICAL FIELD

[0001] The present invention relates to a method of clas-
sifying, diagnosing and treating a subset of Epstein Barr
Virus, Myalgic Encephalomyelitis Chronic Fatigue Syn-
drome (ME/CFS) patients. In particular, the invention
relates to a protocol for classifying an appropriate subset of
patients through a multi-prong clinical/serological analysis,
diagnosing patients with Epstein Barr virus (EBV) as the
specific causal agent of chronic fatigue syndrome through
the use of elevated serum antibodies to EBV encoded
dUTPase and EBV encoded DNA Polymerase as molecular
markers and further treating diagnosed patients with specific
antiviral nucleosides which alleviate the condition.

BACKGROUND

[0002] Chronic Fatigue Syndrome (CFS), also known as
myalgic encephalomyelitis (ME) and post viral fatigue syn-
drome, is a life altering illness affecting women to men in a
ratio of 4:1. To date, evidence-based etiology or treatment
has been elusive. CFS manifestations are life-altering
fatigue in ordinary activities, including constellations of
syncope, chest pain, muscle aches, palpitations, sore throat,
low-grade fevers, and inability to exercise without a wors-
ening of symptoms, cervical lymphadenopathy, cognitive
impairment and resultant depression.

[0003] ME/CFS is not rare. The CDC estimates that there
are as many as 500,000 persons in the United States who
have CFS-like symptoms. However, the disorder remains
debilitating, complex and mysterious in origin, natural his-
tory, understanding and treatment.

[0004] The spontaneous recovery rate for CFS patients is
low, for example, 19%. Numerous treatment regimens have
been proposed and include administration of various agents
such as immune stimulators and steroids, as well as recom-
mending exercise and psychiatric treatment. While they may
lead to modest short-term improvement, such treatments
have proven generally ineffective in the long run. As the
underlying causes and distinctions among types of CFS
patients have not previously been known, both observational
and evidence-based trials have been misdirected or inappro-
priately planned.

[0005] While progress has been made to segregate certain
groups of CFS patients and provide them with specific
antiviral agents to alleviate the condition, for other CFS
patients—namely those found to have herpes virus plus
co-infections—no effective treatment option has been iden-
tified to date.

[0006] Accordingly, given the distinct types of CFS
patients, underlying causative agents and varying treatment
approaches, there exists a need for a methodology to identify
the appropriate subset of myalgic encephalomyelitis chronic
fatigue syndrome patients, a serological method to diagnose
this subset and confirm the causative agent involved, so that
a specific treatment protocol can be implemented to alleviate
the CFS symptoms in these patients and restore their ability
to lead a normal or near-normal life, free from the debili-
tating effects of chronic fatigue.
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SUMMARY

[0007] In one embodiment of the invention, a method of
diagnosing an FEpstein-Barr virus subset of Myalgic
Encephalomyelitis-CFS patients is disclosed, including the
step of Identifying Epstein-Barr virus Abortive Lytic repli-
cation in patients with Myalgic Encephalomyelitis-Chronic
Fatigue Syndrome by determining the presence of EBV
encoded dUTPase or EBV encoded DNA Polymerase anti-
bodies.

[0008] In another embodiment, a method of diagnosing an
Epstein-Barr virus subset of Myalgic Encephalomyelitis-
Chronic Fatigue Syndrome patients is disclosed and
includes the steps of: 1) Determining the presence of
encoded EBV Early Antigen, Diffuse; 2) Determining the
presence of EBV encoded DNA polymerase; 3) Determining
the presence of EBV encoded dUTPase; and 4) Diagnosing
a patient with Epstein-Barr Abortive Lytic Replication when
EBV Early Antigen, Diffuse is found in conjunction with the
presence of EBV encoded DNA polymerase or EBV
encoded dUTPase.

[0009] In an additional embodiment, a method of diag-
nosing the causation agent for a Myalgic Encephalomyelitis-
Chronic Fatigue Syndrome patient is disclosed and includes
the step of: Determining the absence of Epstein-Barr virus
Abortive Lytic replication, through the following sub-steps:
1) Determining the absence of EBV VCA IgM; 2) Deter-
mining the absence of EBV encoded DNA polymerase; and
3) Determining the absence of EBV encoded dUTPase
through assays for serum antibodies to the early EBV
non-structural proteins of the EBV tegument.

[0010] In yet another embodiment, a method of diagnos-
ing and treating an Epstein-Barr virus subset of patients with
Myalgic Encephalomyelitis-Chronic Fatigue Syndrome is
disclosed and includes the steps of: 1) Identifying Epstein-
Barr virus Abortive Lytic replication by using EBV-encoded
dUTPase and EBV-encoded DNA Polymerase as molecular
markers; and 2) Treating the subset of patients with the
administration of a therapeutically effective amount of at
least one antiviral agent.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is a flow chart depicting the steps associated
with diagnosing a patient with ME/CFS.

DETAILED DESCRIPTION

[0012] Reference will now be made in detail to embodi-
ments and methods of the present invention which constitute
the best modes of practicing the invention presently known
to the inventors. However, it is to be understood that the
disclosed embodiments are merely exemplary of the inven-
tion that may be embodied in various and alternative forms.
Therefore, specific details disclosed herein are not to be
interpreted as limiting, but merely as a representative basis
for any aspect of the invention and/or as a representative
basis for teaching one skilled in the art to variously employ
the present invention.

[0013] Except in the examples, or where otherwise
expressly indicated, all numerical quantities in this descrip-
tion indicating amounts of material or conditions of reaction
and/or use are to be understood as modified by the word
“about” in describing the broadest scope of the invention.
Practice within the numerical limits stated is generally
preferred. Also, unless expressly stated to the contrary,
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percent (%), “parts of,” and ratio values are by weight; the
description of a group or class of materials as suitable or
preferred for a given purpose in connection with the inven-
tion implies that mixtures of any two or more of the
members of the group or class are equally suitable or
preferred; description of constituents in chemical terms
refers to the constituents at the time of addition to any
combination specified in the description, and does not nec-
essarily preclude chemical interactions among the constitu-
ents of a mixture once mixed; the first definition of an
acronym or other abbreviation applies to all subsequent uses
herein of the same abbreviation and applies mutatis mutan-
dis to normal grammatical variations of the initially defined
abbreviation; and, unless expressly stated to the contrary,
measurement of a property is determined by the same
technique as previously or later referenced for the same
property.

[0014] It is also to be understood that this invention is not
limited to the specific embodiments and methods described
below, as specific components and/or conditions may, of
course, vary. Furthermore, the terminology used herein is
used only for the purpose of describing particular embodi-
ments of the present invention and is not intended to be
limiting in any way.

[0015] It must also be noted that, as used in the specifi-
cation and the appended claims, the singular form “a”, “an”,
and “the” comprise plural referents unless the context
clearly indicates otherwise. For example, reference to a
component in the singular is intended to comprise a plurality
of components.

[0016] Throughout this application, where publications
are referenced, the disclosures of these publications in their
entireties are hereby incorporated by reference into this
application in their entirety to more fully describe the state
of the art to which this invention pertains.

[0017] The term Chronic Fatigue Syndrome (CFS) and
Myalgic Encephalomyelitis Chronic Fatigue Syndrome
(ME/CFS) are used synonymously herein. As used herein,
CFS is defined to be a disorder caused by infection with a
CFS-causing agent. “CFS-causing agent” includes CFS-
inducing herpes viruses, for example, HCMV, EBV, and/or
HHV6. Based on the CFS-causing agent-2 distinct patient
classifications have been created. We name this group A. EB,
CMV and HHV6. For group A patients the CFS-causing
agent is a CFS-inducing herpes virus such as EBV, HCMV
and HHV6. For group B patients, with specific co-infec-
tions, the encoded proteins may circulate by the blood
stream and peripheral area, causing end-organ injury (e.g.
heart, muscle, brain, liver, etc.)

[0018] The term “diagnosing: encompasses, for example,
characterizing a CFS patient as belonging to a particular
predefined subset of CFS causal groupings;

[0019] The term “treatment” refers to the prevention,
partial alleviation or cure of the condition or disorder, or at
least one symptom of the condition or disorder.

[0020] The term “effective’ or “therapeutically effective”
means sufficient to cause at least one of a patient’s symp-
toms to decrease in frequency and/or intensity. To this end,
one measure for effectiveness is the Energy Index point
score (EIPS), which monitors the course of recovery of CFS
patients under treatment by observing an increase in the
EIPS of 1.0 or more units, and/or a decrease in serological
indices of pathogens.
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[0021] The term “infection” means the invasion of a host
organism’s body by another organism or entity, for example,
a virus or bacteria. Infection by a virus may, but does not
necessarily, include entry of the virus into host cells, pro-
duction of gene products based on the viral nucleic acid,
replication of the virus, and/or further spread of the virus
within the host body, which may or may not induce an
immunological response by the host organism. “Infection”
may include the latent presence of virus, for example, that
which is not replicating, and whose genes are not being
expressed; or, more typically, “infection” may include a
virus, at least some of whose genes are being transcribed
into mRNA, which may be translated into protein gene
products.

[0022] “Infection” includes abortive infection and/or rep-
lication. As used herein, “abortive” refers to infections
characterized by incomplete viral replications, for example,
with non-assembly into a complete virion. Abortive infec-
tion can include, for example, expression of the virus
genome to produce early (IE), middle (E) or late (I.) gene
products including, for example, EBV encoded dUTPase
and EBV encoded DNA polymerase. In such an example of
abortive infection, the gene products are not assembled into
a complete virus. Abortive infection may include, primarily
or exclusively, early only, early and middle, or early, middle
and late gene products. Abortive herpes virus replication is
a proposed pathogenic mechanism of CFS that can be used
to diagnose the disease, and to identify patients who are
good candidates for antiviral therapy.

[0023] The term “primary abortive replication” includes,
for example, first episode infection with EBV, HCMV and
HHV6. The term “primary abortive replication” and “pri-
mary infection” are substantially equivalent terms.

[0024] The term “co-infection” includes infection with,
for example, Borrelia burgdorferi, Streptococcus pyogenes,
Ehrlichia chaffeensis, Babesia microti and Mycoplasma
preumoniae.

[0025] “Secondary nonviral infectious agent” includes, for
example, Borrelia burgdorferi, Streptococcus pyogenes,
Ehrlichia chaffeensis, Babesia microti and Mycoplasma
preumoniae. Streptococcus pyogenes infection may mani-
fest itself as Adult Rheumatic Fever. As used herein “sec-
ondary infectious agent” and “secondary nonviral infectious
agent” are substantially equivalent terms.

[0026] As used herein, “antiviral agent” includes, for
example, valacyclovir, valganciclovir, maribavir, famciclo-
vir and foscarnet. However, any antiviral agent that is
effective against a CFS-inducing infection can be used
according to the methods disclosed herein.

[0027] The amount of antiviral agent required to constitute
a therapeutically effective amount will vary based on a
number of factors, including the severity of the chronic
fatigue syndrome; the identity, age, body weight, general
health, gender, diet and chemical make-up of the patient; the
type and degree of the cellular response to be achieved; the
specific agents or composition employed, and its activity;
the time of administration, route of administration, range of
excretion of the agent; the duration of the treatment; drugs
used in combination or coincidental with the specific agent;
and like factors well-known in the medical arts. It must also
take into consideration the therapeutic window, that is, the
need to adjust and minimize toxic side-effects. For example,
it is well within the skill of the art to start doses of the agents
at levels lower than those required to achieve the desired
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therapeutic effect and to gradually increase the dosages until
the desired effect is achieved.

Myalgia Encephalomyelitis Chronic Fatigue Syndrome
(ME/CFS)

[0028] CFS was recognized as a public health problem
because of recurrent signs and symptoms of this previously
unknown life-altering illness. Cardiac, immune dysfunction,
cerebral abnormalities have been identified. The average
death age of 144 CFS registered by the National CFIDS
Foundation was 39.3 years, and 20.1% died of suicide, and
20.1% of heart failure.

[0029] CFS is generally defined as a disorder of uncertain
cause that is characterized by persistent, profound fatigue,
usually accompanied by impairment and short-term memory
or concentration, sore throat, tender lymph nodes, muscle or
joint pain, and headache unrelated to any preexisting medi-
cal condition, that typically has an onset at between the ages
of 30-50 of age. Medline Plus Medical Dictionary. CFS is
often characterized by abortive replication and an inability
on the part of the patient to inactivate the CFS-causing agent
by inducing, for instance, inactive herpes virus latency. CFS
patients can respond to antiviral therapy, as measured by, for
example, a reduction in nucleic acid gene products of one or
more CFS-causing agents.

[0030] Clinical tests have shown cardiac, immunologic,
radiographic and genetic abnormalities in CFS patients. It
was hypothesized that CFS was caused by Epstein-Barr
virus (EBV), cytomegalovirus (HCMV), and human herpes
virus 6 (HHV6) in single or multiple virus infection. This
paradigm affirms that the herpes viruses, despite maximum
efforts from these immuno-competent affected patients, con-
tinue an incomplete abortive replication of middle-gene
products, usually without achieving complete virus synthe-
sis. Per this hypothesis, CFS patients are believed to con-
tinue EBV, HCMV and HHV6 herpes virus replication, and
do not achieve the viral latency necessary for recovery. As
such, it was proposed that early and middle herpes virus
(EBV, HCMV and HHV6) gene products to about the fiftieth
gene of these complex viruses, containing over 200 open-
reading frames, are synthesized without achieving complete
virus formation. This hypothesis was tested with the nucleo-
sides valacyclovir for a suspected EBV CFS subset and
valganciclovir for suspected HCMV or HHV6 CFS subsets.
As set forth in the International Application under Publica-
tion No. WO 2009/054957, by Dr. A. Martin Lerner, incor-
porated by reference herein in its entirety, specific method-
ologies have been disclosed to successfully classify and treat
patients with EBV, HCMV and HHV6 in single or multiple
infection without co-infection, through the administration of
specific antiviral agents or specified treatment periods, as
assessed by the validated severity of an illness metric, the
Energy Index Point Score (EIPS). Further information per-
taining to Dr. Lerner’s work in diagnosing and treating CFS
through the use of antiviral agents can be found in U.S. Pat.
Nos. 5,872,123, 6,258,818, 6,399,622, 6.537,997 and 6,894,
056, which are herein incorporated by reference in their
entirety.

[0031] As depicted in Table 1, the Energy Index (EI) point
score (Copyright, Lerner A M and Deeter R G, 1999), is a
simple and reliable metric that can be used to easily evaluate
the functional capacity of the CFS patient at each patient-
physician visit. The EI is measured on a scale of 1-10.
Validation of the EI was done using two methods: 1.) 20 CFS
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patients and 22 healthy adults, matched for sex, age, place,
and time; EI, CFS=3.6; EI, healthy adults=9.9, p=<0.0001;
and 2.) 55 CFS patients evaluated at the same time by the EI
and fatigue severity score, correlation 0.67, p=0.0066.
Improvement to disappearance of CFS symptoms correlates
with an increasing EI.

TABLE 1

Energy Index Point Score Metric

Energy Expenditure
Grade (Keal per day**) Activity

0 1715 Bed-ridden, up to bathroom only

1 1750 Out of bed 30-60 minutes a day
(sitting in chair is out of bed)

2 1785 Out of bed, sitting standing,
walking 1-2 hours per day

3 1855 Out of bed, sitting standing,
walking 2-4 hours per day

4 1925 Out of bed, sitting standing,
walking 4-6 hours per day

5 1995 Preform with difficulty sedentary
job 40 hours a week, daily naps

Recovery

6 2083 Daily naps in bed, may maintain a
40 hour sedentary work week plus
light, limited housekeeping and/or
social activities

7 2205 No naps in bed. Up 7:00 a.m. to
9:00 p.m. Able to work a sedentary
job plus light housekeeping

8 2240 Full sedentary workweek, no npas,
some social activities plus light
exercise

9 2450 Same as & above plus exercise
approximately 12 to %3 normal
without excessive fatigue, awakens
next morning refreshed

10 >2500 Normal

*The CFS Energy Index point score can also be determined by questionnaire (US
copyright, 1999 Lerner A. M., Deeter, R. J) reproduced with permission
**Kcal per day is calculated for a 70 kg CFS patient

[0032] The validated energy index point score generally
can be calculated for each CFS patient every 3 months at
physician visits. A CFS patient has an El<5. A CFS patient
with an EI of 0 is bedridden; a CFS diagnosis is no longer
present at an EI>5. The EI effect size is 0.25, a medium
effect size is 0.5. A large effect size is >0.8.

[0033] While CFS patients classified with EBV, HCMV
and HHV6 in single or multiple infections without co-
infection have been diagnosed and treated successfully, that
is not the case to date for the group of EBV subset CFS
patients with co-infections, such as tick-borne Borrelia
burgdorferi, Babesia microti, Anaplasma phagocytophila
and/or adult rheumatic fever. For this group of patients, their
ability to lead fulfilling and productive lives has to-date
remained significantly compromised. This invention
addresses this long standing, but unmet need.

Epstein-Barr Virus

[0034] Epstein-Barr virus (EBV), a gamma herpes virus, is
one of the causative agents of the Chronic Fatigue Syn-
drome. EBYV, like other herpes viruses, encodes for several
enzymes that are involved in viral DNA replication; all are
part of the early antigen (EA) complex. Several EBV-
associated enzymes have been described to date, such as
thymidine kinase (TK), Deoxyribonucleotide polymerase
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(DNA polymerase), deoxyribonuclease (DNASE), deoxyu-
ridine Triphosphate Nucleotidohydrolase (dUTPase), and
ribonucleotide reductase, as well as uracil-DNA glycosy-
lase. Historically, while these antibodies to EBV-encoded
enzymes were observed in patients with different EBV-
associated diseases, the reason for these antibody patterns
and the role these proteins might play in the pathophysiol-
ogy of disease, separate from their role in virus replication
has been unknown. Some hypotheses were described in an
article entitled “Stress-associated changes in the steady-state
expression of latent Epstein-Barr virus: Implications for
chronic fatigue syndrome and cancer” in Brain, Behavior
and Immunity 10 (2005) 90-103, incorporated by reference
herein.

Creation of a ME/CFS Diagnostic Panel & the Identification
of Molecular Markers

[0035] A ME/CFS diagnostic panel was created utilizing
initial Fukuda/Carruthers criteria and a systematic review of
142 ME/CFS patients. Two groups of ME/CFS patients were
found. Group A patients had elevated serum IgG antibody
titers to the herpes viruses Epstein-Barr virus (EBV), cyto-
megalovirus (HCMV) and Human Herpes virus 6 (HHV6)
in single or multiple virus infection, but no other co-
infections. Group B patients had similar elevated herpes
virus antibody titers, plus serologic evidence of co-infec-
tions, tick-borne (“Borrelia burgdorferi”, “Anaplasma
phagocytophilia®, “Babesia micron”); “Mycoplasma pneu-
moniae”; or adult rheumatoid fever. One hundred and six
group A ME/CFS patients were followed from 2001-2007,
and treated with subset directed valacyclovir EBV subset or
valganciclovir (HCMYV, HHV6 subsets). The data included
over 7000 patient visits and 35,000 data entries. Seventy-
nine (74.5%) of the group A patients recovered to resume
normal life (p <0.0001)—the results are unprecedented.
[0036] Notwithstanding the advances made, until now an
evidence-based simple test for the diagnosis of ME/CFS has
remained elusive. Dr. Glaser in conjunction with Dr. Wil-
liams and Dr. Lerner, independently suggested that ME/CFS
is abortive lytic herpes virus replication without DNAemia,
antigenemia or IgM antibody to herpes virus structural
antigens. Drs Glaser and Williams found that the early EBV
protein dUTPase produced both illness behavior in a murine
model, and immunologic abnormalities in peripheral blood
mononuclear cells in vitro. Similar immunologic disarray
with quantitative changes of intracellular perforins and
granzymes were found in ME/CFS patients. Since valacy-
clovir and valganciclovir do not inhibit early herpes virus
proteins, it was suggested that new herpes virus host cell
recruitment had been interrupted in the ME/CFS patients
who had recovered their health. Valacyclovir after gastro-
intestinal absorption has a 200x greater affinity for EBV
thymidine kinase than for the host cellular enzyme. (1)
Valganciclovir inhibits HCMV and HV6 DNA polymerases.
As such, it was believed that herpes virus early proteins may
be critical in the etiology of ME/CFS.

[0037] In this regard in patients with HCMV subset
ME/CFS, a unique presence of IgM HCMYV early proteins
p52 (UL44) and CM2 (UL 44-UL 57) was detected in 61
HCMYV subset patients, but these serum antibodies were not
found in a comparison group of well patients. It was thus
reported that elevated serum antibody titers to EBV (EA,D)
in 86 of the 106 (81%) ME/CFS patients with group A
ME/CFS were found.
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[0038] EBV early gene proteins dUTPase and DNA poly-
merase are enzymes involved in EBV lytic DNA replication.
A repetitive presence of positive serum antibodies to EBV
encoded gene products dUTPase and DNA polymerase has
been found in 6 EBV subset ME/CFS patients. Over a period
ot 13-16 consecutive months from 2003-2007, serum assays
from these 6 EBV subset ME/CFS patients tested positive to
EBV dUTPase in 25/50 assays (50%) and to EBV DNA
polymerase 40/52 assays (76.9%). Comparison group assays
for EBV dUTPase and EBV DNA polymerase from 20
control age-sex matched persons were negative. The pres-
ence of the EBV proteins dUTPase and DNA polymerase in
the blood of ME/CFS patients indicate abortive lytic repli-
cation. Accordingly, the presence of serum antibodies to
EBYV, dUTPase and EBV DNA polymerase are believed to
be diagnostic molecular markers for the EBV subset of
ME/CFS patients.

Testing Methods

ME/CFS Patients

[0039] 6 ME/CFS patients were identified as Group A
EBV subset (five patients), and one patient (group B) had
co-infection with Borrelia burgdorferi. The single ME/CFS
group B patient had a positive Borrelia burgdorferi western
blot IgM test. A ME/CFS treatment decision tree that devel-
oped from the systematic review of the 142 ME/CFS
patients is provided as FIG. 1.

Comparison Group

[0040] Blood samples were taken from unknown persons
at a commercial laboratory. The age and sex of the com-
parison group were selected to be similar to ME/CFS
patients.

[0041] EBYV, VCA, IgM, VCA pl8 peptide is a defined
VCA-specific marker protein utilized in the ETI-EBV-M
reverse assay (DiaSorin, Inc., Stillwater, Minn., USA). It
consists of 56 amino acids of the BFRF encoded VCA and
contains immune-dominant epitopes. This ETI-EBV-M
reverse kit utilizes the enzyme-linked immunosorbent assay
(ELISA) based on the antibody capture technique. The
absorbance of the solution measured at 450nm is related to
the concentration of IgM to EBV VCA present in the
reaction solution.

[0042] EBV-IgG Early Antigen (diffuse), EA(D). The
ETI-EA-G kit (DiaSorin) for quantitative detection of IgG
antibodies to EBV Early Antigen Diffuse (EBV-EA (D) was
used. Diluted serum was incubated with recombinant EA(D)
peptide bound to the solid surface of a micro titer well. The
ETI-EA-G assay uses an EA(D) 47 KD recombinant poly-
peptide. The absorbance of the solution, measured at 450 nm
is proportional to the concentration of IgG antibodies to
EBV EA(D) present in the reaction solution.

[0043] HCMV ELISA testing for CMV IgG and CMV
IgM was performed using ELISA kits from DiaSorin. The
HCMV IgG kit contains purified HCMV strain AD-169
antigen-coated wells. The HCMV IgM ELISA is a micro-
capture assay with wells coated with anti-human IgM anti-
body to the same strain AD-169. Sera were diluted 1:10 and
incubated for one hour at 37° C. The wells were washed
three times in washing buffer and bound HRP label was
detected with 3,3' 5.5 tetramethyl benzidine as substrate for
30 minutes in the dark, after which the color reaction was
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stopped by the addition of stop solution as recommended by
the manufacturer’s manual. The absorbance was measured
at 450/650 nm using Biotech reader (Biotech Clinical Labo-
ratories, Inc., Farmington Mich., USA).

[0044] Neutralization assays (DNA polymerase, DNase,
and dUTPase) were performed as previously described.
Briefly, 5 ul of human serum were mixed with 5 pl of either
purified EBV-encoded dUTPase (3-5 units of enzyme) or an
extract from TPA/sodium butyrate induced Raji cells (for
EBV-encoded DNA polymerase) for 30 min at room tem-
perature prior to assaying for enzymatic activity. EBV-
encoded DNA polymerase and dUTPase activity were deter-
mined as described previously. Raji cells were induced by
treatment with TPA and sodium butyrate for 48 hrs. Cells
(106-8) were harvested, re-suspended in 1 ml of extraction
buffer (50 mm Tris-HCI, pH 8.0 2 mM ATP, 0.2 M KCl, 3
mM dithiothreitol, 2 mM MgCl12 0.2 mM phenylmethylsul-
fonylfluoride and 10% (v/v) glycerol, lysed by sonication
and centrifuged at 14,000xg for 5 min. The resulting super-
natant was employed for the EBV-encoded DNA poly-
merase assay. Purified EBV-encoded dUTPase was also
obtained as previously described.

[0045] For positive controls, assays were performed in the
absence of human sera that lacked detectable antibodies to
the EBV encoded dUTPase and DNA polymerase and nega-
tive controls were performed in the absence of the enzyme
preparation. Units neutralized were obtained as follows:
(Ucontrol-Userum). Serum with neutralizing units greater
than or equal to two standard deviations from the control are
considered “positive” for dUTPase or DNA polymerase
neutralizing antibodies.

[0046] The following tests were performed by Lab Corps
(Dublin, Ohio) on the 6 ME/CFS patients (Groups, A 5
patients, Group B, 1 patient) 163600 Lyme, Western Blot
and ELISA, serum-IgG and IgM. Method. Antigen-whole-
cell proteins were extracted from B. burgdorferi strain B31,
resolved by polyacrylamide gel electrophoresis into indi-
vidual antigen bands and then transferred to nitrocellulose
strips for blotting.

[0047] Babesia microti Antibody Panel—IgG and IgM.
Method-IFA. Antigen—the substrate for the IFA was guinea
pig or hamster erythrocytes infected with Babesia microti
organisms and then fixed onto microscope slides. Upon
interaction with human sera containing anti-Babesia anti-
bodies and the appropriate conjugate, infected cells fluo-
resce.

[0048] 138315 Ehrlichia Ab panel “(Granulocytic and
Monocytic/Anaplasma phagocytophilia)”—IgG and IgM.
Method: IFA. Antigen: is either inactivated HGE or HME
[0049] 163758 Mycoplasma pneumoniae Antibodies—
IgG and IgM. Method: EIA. Antigen: Mycoplasma pneu-
moniae FH antigen

[0050] 006031 Antistreptolysin 0 Ab. Method: Latex
immunoturbidimetry. Human Antistreptolysin O antibodies
agglutinate with latex particles coated with streptolysin O
antigens. The precipate is determined turbidimetrically at
552 nm.

Results

ME/CFS Patients (Table 2)

[0051] Demographics. ME/CFS patients (Table 2) the six
ME/CFS patients (5 women) were selected from 142
ME/CFS of the 2001-2007 systematic review. They were
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37-59 years old. Serum samples were taken at intervals
3/5/02-11/14/03. There were 7 to 10 sera from each patient.
Five of the 6 ME/CFS patients were Group A (no co-
infections), and one patient had co-infection with Borrelia
burgdorferi (patient no. 2). Five of the 6 patients were
HCMYV IgG serum antibody negative. Initial EIPS values
were 3.5-5.0, meaning that patients could be out of bed only
3 to 4 hours a day, and required daily naps in bed to complete
each day. One ME/CFS patient was able to struggle to
complete a sedentary working day (Table 2, patient no. 6).
The solitary man of these 6 “ME/CFS” patients did not meet
criteria for ME/CFS at baseline (EIPS, 6). He struggled at
baseline to maintain his sedentary working day, required a
daytime nap, and could no longer do any exercise without
marked syncope and worsening fatigue. One year later the
final EIPS values were 7-8, for the 5 group A ME/CFS
patients, meaning that patients could now live normal lives.
The single group B ME/CFS patient’s final EIPS value
increased from a baseline of 3.5 to 5, but this woman still
met international criteria diagnosis of ME/CFS. The EIPS is
a validated (FSS-9 item scale with high degree of internal
consistency measured by Cronbach’s alpha) is a Functional
Activity Appraisal: energy Index Score Healthcare worker
Appraisal.

[0052] EBV Encoded Gene Products EBV, VCA IgM
Forty-nine VCA IgM assays were done. All were negative.
[0053] EBYV, EA (D) Forty-nine EA (D) assays were done.
All were positive except two sera from ME/CFS patient
number 6 whose baseline EIPS value was 6. Mean patient
EBV (EA) titers were: 54 (patient one); 123 (patient two); 63
(patient three); 128 (patient four); 49 (patient five); and 27
(patient six), negative <20. The mean EA (D) titer for these
6 patients was 74.

[0054] EBV dUTPase Three of 9 (33.3%), ME/CFS (pa-
tient one); 5 of 7 (71.4%) ME/CFS (patient two); 3 of 9
(33%) ME/CFS (patient three); 8 of 10 (80%) ME/CFS
(patient four); 3 of 8 (37.5%) ME/CFS (patient five); 3 of 7
(43%) ME/CFS (patient six) were positive assays for
elevated serum antibody titers to EBV dUTPase. Twenty-
five of the 50 (50%) assays were positive.

[0055] EBV DNA polymerase. Fight of 10 (80%) of
ME/CFS (patient one); 4 of 7 (5§7.1%) ME/CFS (patient
two); 7 of 10 (70%) ME/CFS (patient three); 9 of 10 (90%)
ME/CFS (patient four); 7 of 8 (88%) ME/CFS (patient five);
and 3 of 5 (71.4%) (patient six) were positive serum assays
for elevated antibody titers to EBV DNA polymerase. Forty
of the 52 (76.9%) ME/CFS assays from

ME/CFS patients were positive.
Comparison Group Patients (Table 3)

Demographics

[0056] The mean age of the comparison group was 48.7
years (36-59). Fifteen of 19 (78.9%) persons were women.
EBV, VCA, IgM Twenty assays from the comparison group
were done. All were negative.

[0057] EBYV, EA (D) Twenty assays from the comparison
group were done. Fourteen comparison group patients had
negative EV EA (D) titers. Six comparison group patients
had EBV (EA) titers. The mean EA (D) of the comparison
group was 22.

[0058] EBYV dUTPase twenty assays from the comparison
group were done. All were negative.
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[0059] EBV DNA polymerase twenty assays from the
comparison group were done. All were negative.

Analysis of Tables 2 and 3

[0060] These data demonstrate the presence of elevated
serum antibodies to encoded EBV non-structural proteins
DNA polymerase (EBV poly) and dUTPase (EBV dUTP) in
blood from six EBV subset ME/CFS patients. These anti-
bodies in the blood samples of ME/CFS patients accompany
their likely source, a “primary” plasma cell apoptosis. EBV
poly and dUTP-emias are being monitored in the ME/CFS
patients. It is believed that EBV lIytic virus had likely
originated in pharyngeal epithelial cells to then infect adja-
cent memory B cells where the EBV genome was latent. As
memory B cells differentiate to plasma cells, they are
believed to be the probable site of the current early encoded
EBV proteinemia abortive lytic replication. While the early
EBYV protein BZLF1 (Zta, EB1) initiates the EBV viral lytic
cycle, only 15% of B cells expressing BZLF1 achieve a full
Iytic cycle to primary infection (infectious mononucleo-
sis}—completing the virion. The majority replication is
abortive lytic in type. It is believed that BZLF1 and dUT-
Pase in vitro induce a cellular dysregulation, with TNF and
Fasligand. It is further believed that the encoded circulating
proteins BZLF1, dUTPase, DNA polymerase and, likely,
other EBV encoded tegument early proteins may enter host
cells of affected ME/CFS patient’s organs, namely heart,
striated muscle, and the brain to initiate a secondary expan-
sive apoptosis along with IL-6, 1-10, TGF-B, tyrosine
Kinase, TKT matrix metalloproteinase and C-Fos. This
secondary ME/CFS apoptosis is believed to be the patho-
logic mechanism of ME/CFS and does not require EBV
DNA, and further may de-mystify and explain the difficulty
in associating EBV replication and ME/CFS.

[0061] The proteins EBV dUTPase and EBV DNA poly-
merase separate the EBV subset ME/CFS patients from 20
comparison group patients, and, thus, offer a possible
molecular marker for the diagnosis of EBV subset ME/CFS
patients. Assays for EBV, VCA IgM; EBV, EA(D); EBV
dUTPase and EBV DNA polymerase along with Fukada/
Carruthers ME/CFS criteria and the confirming diagnostic
panel described define the EBV subset of ME/CFS patients.
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(Table 2) Five of the six ME/CFS patients at baseline met
international criteria for ME/CFS. The single male was
chronically ill, could not work regularly or exercise.
[0062] Forty-nine EBV VCA IgM serum assays taken
serially over 13-16 months were negative. Comparison
group assays for EBV VCA IgM, EBV dUTPase and EBV
DNA polymerase were negative. However, 47/49 (95.9%)
EBV EA (D) assays from ME/CFS patients were positive.
Twenty-five of 50 (50%) dUTPase antibody serum assays
were positive and 40/52 (76.9%) DNA polymerase serum
antibody assays were positive from the ME/CFS patients.
The results describe abortive lytic EBV replication of early
viral proteins EA (D) dUTPase, and DNA polymerase which
have been released from infected cells into the blood. These
aberrant virus tegument-belonging, intracellular belonging
proteins and, perhaps, other early EBV proteins may tra-
verse cellular membranes of multiple host systems stimu-
lating the immune dysregulation and the symptoms of
ME/CFS. Serum antibodies of EBV dUTPase and EBV
DNA polymerase in blood samples of ME/CFS patients,
who have been treated or not treated with valacyclovir are
present for over 400 days.

[0063] EBV dUTPase (BLLF3) is a part of this EBV early
antigen complex. EBV DNA polymerase (BALF5) is an
early protein heralding EB lytic replication. EBV DUTPase
catalyzes the hydrolysis of dUTP to dUMP, preventing
incorporation of uracil into replicating DNA. EBV DNA
polymerase is necessary for EBV lytic replication. EBV
dUTPase and EBV Zta (BZLF1, 2EBRA, EB1) induce
widespread immune dysregulation. Accordingly, abortive
Iytic EBV replication may be responsible for the cardio-
myopathy/encephalopathy of ME/CFS.

[0064] In addition to the EBV subset of ME/CFS patients,
space flights also lead to reduced T-cell function, altered
leukocyte and lymphocyte subsets, decreased delayed type
hypersensitivity and altered cytokine production. Elevated
levels of glucocorticoids are present during and after space
flights. B-lymphocytes from 6 astronauts who flew ~180 day
space flights showed expanded expression of EBV latent,
immediate early and early gene transcripts and EBV late
replicative transcription upon return to earth. Under such
conditions, EBV undergoes abortive lytic replication like the
EBV subset ME/CFS patients.

TABLE 2

EBV ABORTIVE LYTIC REPLICATION IN SIX EBV SUBSET ME/CFS
PATIENTS TREATED WITH VALACYCLOVIR FOR =12 MONTHS

Patient EA(D) VCA, IGM DNA

No. Age  Sex Sera Date (<20) (<20) dUTPase Polymerase
1 37 F 1 Mar. 12, 2002 53 Negative Positive Negative
Group A 2 Apr. 23, 2002 Not done Not done Negative Positive
ME/CFS 3 Jun. 27, 2002 50 Negative Positive Positive
Co- 4 Sep. 28, 2002 36 Negative Negative Positive
infection 5 Oct. 22, 2002 74 Negative Not done Positive
None 6 Nov. 21, 2002 115 Negative Negative Positive
EIPS 5 7 Jan. 9, 2003 70 Negative Negative Negative
baseline 8 Mar. 6, 2003 51 Negative Negative Positive
EIPS 8 9 May 1, 2003 45 Negative Positive Positive
final 10 Jun. 10, 2003 42 Negative Negative Positive
Totals 10 sera 14 months 54 (mean) 0/9 (0%) 3/9 (33%) 8/10 (80%)
2 43 F 1 Mar. 22, 2002 116 Negative Positive Positive
Group B 2 May 17, 2002 125 Negative Positive Positive
ME/CFS 3 Sep. 26, 2002 120 Negative Positive Positive
Co- 4 Oct. 24, 2002 123 Negative Positive Positive
Infection 5 Nov. 21, 2002 150 Negative Negative Negative
Lyme 6 Mar. 12, 2003 104 Negative Negative Negative
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TABLE 2-continued

EBV ABORTIVE LYTIC REPLICATION IN SIX EBV SUBSET ME/CFS
PATIENTS TREATED WITH VALACYCLOVIR FOR =12 MONTHS

Disease 7 May 9, 2003 121 Negative Positive Negative
EIPS 3.5

baseline

EIPS 5

final

Totals 7 sera 13 months 123 (mean) 0/7(0%) 5/7 (71.4%) 4/7 (57.1%)
Patient DNA
No. Age  Sex Sera Date EA(D) VCA,IGM dUTPase Polymerase
3 46 F 1 Mar. 12, 2002 63 Negative Positive Negative
Group A 2 Apr. 19, 2002 70 Not done Negative Positive
ME/CFS 3 Jun. 28, 2002 45 Negative Positive Positive
Co- 4 Aug. 5, 2002 75 Negative Negative Positive
infection 5 Sep. 17, 2002 54 Negative Not done Positive
None. 6 Oct. 31, 2002 100 Negative Negative Positive
EIPS 5 7 Nov. 21, 2002 Not done Negative Negative Negative
baseline 8 Feb. 6, 2003 47 Negative Negative Positive
EIPS 8 9 Mar. 20, 2003 67 Negative Positive Positive
final 10 Jun. 20, 2003 49 Negative Negative Positive
Co-

morbidity

Cancer of

breast

Totals 10 sera 14 months 63 (mean) 0/9 (100%)  3/9 (33%) 7/10 (70%)
4 59 F 1 Jun. 19, 2002 150 Negative Positive Positive
Group A 2 Aug. 6, 2002 122 Negative Positive Negative
ME/CFS 3 Oct. 8, 2002 129 Negative Positive Positive
Co- 4 Nov. 7, 2002 184 Negative Negative Positive
infection 5 Dec. 3, 2002 149 Negative Positive Positive
None 6 Feb. 4, 2003 131 Negative Positive Positive
EIPS 4 7 Mar. 18, 2003 134 Negative Positive Positive
baseline 8 May 15, 2003 86 Negative Positive Positive
EIPS 7 9 Jul. 10, 2003 89 Negative Positive Positive
final 10 Nov. 14, 2003 105 Negative Negative Positive
Co-

morbidity

Cancer of

breast

Totals 10 sera 16 months 128 (mean) 0/10(0%) 8/10 (80%)  9/10 (90%)
5 59 F 1 Apr. 4, 2002 38 Negative Positive Negative
Group A 2 May 16, 2002 58 Negative Negative Positive
ME/CFS 3 Jun. 27, 2002 Not done Not done Negative Positive
EBV/HCM 4 Aug. 18, 2002 45 Negative Negative Positive
V subset 5 Oct. 29, 2002 43 Negative Negative Positive
EIPS, N/A 6 Dec. 12, 2002 54 Negative Negative Positive
Diabetes 7 Apr. 10, 2003 75 Negative Positive Positive
Mellitus 8 May 30, 2003 27 Negative Positive Positive
Type 2

Congestive

heart

Failure

Totals 8 sera 13 months 49 (mean) 0/7 (0%) 3/8 (37.5%) 7/8 (88%)
6 59 M 1 Mar. 5, 2002 Neg. Negative Positive Negative
Group A 2 Apr. 6, 2002 25 Negative Negative Positive
ME/CFS 3 Sep. 11, 2002 32 Negative Positive Negative
Co- 4 Dec. 19, 2002 23 Negative Positive Positive
infections - 5 Mar. 14, 2003 Neg. Negative Negative Positive
None 6 May 5, 2003 28 Negative Negative Positive
EIPS 6 7 Jun. 17, 2003 Neg. Negative Negative Positive
baseline

EIPS 7

final

Totals 7 sera 14 months 27 (mean) 0/7%(0%) 3/7 (43%) 5/7 (71.4%)




US 2017/0146534 Al

TABLE 3
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EBV Abortive Lytic Replication in Twenty Comparison Group Patients

Patient EA(D) VCA, IGM DNA
No. Age Sex Sera Date (<20) (<20) dUTPase Polymerase
1 38 F 1 Jun. 28, 2011 68 Negative Negative Negative
2 43 F 2 Jun. 28, 2011 8 Negative Negative Negative
3 45 F 3 Jun. 28, 2011 75 Negative Negative Negative
4 59 F 4 Jun. 28, 2011 9 Negative Negative Negative
5 59 F 5 Jun. 28, 2011 24 Negative Negative Negative
6 59 M 6 Jun. 28, 2011 13 Negative Negative Negative
7 37 F 7 Jun. 28, 2011 54 Negative Negative Negative
8 44 F 8 Jun. 28, 2011 12 Negative Negative Negative
9 46 F 9 Jun. 28, 2011 12 Negative Negative Negative
10 59 F 10 Jun. 28, 2011 9 Negative Negative Negative
11 59 F 11 Jun. 28, 2011 6 Negative Negative Negative
12 60 M 12 Jun. 28, 2011 7 Negative Negative Negative
13 59 M 13 Jun. 28, 2011 9 Negative Negative Negative
14 47 M 14 Jun. 28, 2011 Not done Negative Negative Negative
15 15 Jun. 28, 2011 10 Negative Negative Negative
16 43 F 16 Jun. 28, 2011 9 Negative Negative Negative
17 44 F 17 Jun. 28, 2011 19 Negative Negative Negative
18 36 F 18  Jun. 28, 2011 35 Negative Negative Negative
19 38 F 19  Jun. 28, 2011 6 Negative Negative Negative
20 50 F 20 Jun. 28, 2011 53 Negative Negative Negative
Comparison  (Mean)  15/19 Tun. 28, 2011 6/20 > 20 0/20 (0%)  0/20 (0%)  0/20 (0%)
Group 48.7 yrs  78.9% (30%) positive
(36-59) Female Positive
22 (mean)
ME 570yrs  5/6 Tun. 28,2011 47/49 > 20 0/49 (0%)  25/50 (50%) 40/52 (76.9%)
patients (37-59) 83.3% (95.9%)  positive positive positive
Female positive
74 (mean)
[0065] In another aspect, the invention provides methods [0066] During the initial primary herpes virus infection,

of diagnosing an EBV subset of CFS patients, comprising
selecting a set of target serologic markers of a plurality of
pathogens, wherein the pathogens are associated with
CFS—in this case the identification of the molecular mark-
ers for EBV, DNA polymerase and dUTPase; obtaining a set
of quantitative values for a reference level for each of the
serologic markers in the set, wherein a level of serologic
marker above the reference level indicates the presence of a
pathologic level of the pathogen in the physiological fluid
tested; obtaining from the patient a sample of physiological
fluid in which the target serologic markers would be found
if the pathogen is present in the patient; measuring the
serologic levels for each of the target serologic markers in
the physiologic fluid of the patient in obtaining a quantity
that value for the serologic level of each target serologic
marker, comparing the serologic level with the reference
level for each target serologic marker; and identifying the
patient as having EBV abortive lytic replication if the
identified molecular markers are significantly above the
reference level. As used herein, a serologic level is signifi-
cantly above the reference level if the serologic level
exceeds the reference level to the degree that it would
indicate the presence of an infection to a person of ordinary
skill in the art. “Serologic marker” encompasses any sero-
logic evidence that indicates the presence of the pathogen in
the patient’s body. Such evidence can include, for example,
the presence of a molecule or other entity—such as the two
molecular markers identified herein for the EBV subset of
CFS patient—that is generally not present in the healthy
individual; increase or decrease of the level of the molecule
or other entity of what is generally present in healthy
individual; or any other indicator know in the arts.

EBV antibodies to multiple early, middle and late gene
products, as well as those to complete virus particles, are
produced, which may give rise to serum-specific IgM anti-
body titers two multiple gene products. Then, as the patient
recovers all serum antibody titers to early, middle and late
herpes virus nonstructural genes disappear, any only positive
serum antibody titers to complete structural virions, such as
serum-specific IgG remain.

[0067] In CFS, however, there is “abortive” herpes virus
infection with no compete virion multiplication, and prod-
ucts in the periphery may induce elevated serum antibody
titers.

[0068] Therefore, in EBV subset CFS there may be
elevated serum antibody titers to EBV early, middle and late
gene products not ordinarily present. In group A CFS in
which abortive replication by two or three of the EBYV,
HCMYV, HHV6 is present, appropriate dual or triple herpes
virus elevated early, middle, late serum antibody titers to
gene products may be found.

Experimental Approaches to Developing Serological Assays

[0069] To specifically diagnose ME/CFS, serological
assays need to be prepared based on EBV viral products
specific to the ME/CFS diagnosis. As such, in one embodi-
ment, a combination of several gene products specific for
viral replication, representing active viral replication will be
used to develop multiplex immunoassays. Such immunoas-
says will preferably be developed on a Luminex TM 100x
MA platform using microsphere immunofluorescent bead
technology capable of simultaneously analyzing a single
specimen for multiple analytes.
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[0070] Analytical validation are preferably performed for
each antigen in a singleplex assay, and then all together in
a multiplex assay. Preferably, analytical sensitivity and
specificity within the detection limit are performed for each
antigen individually in a singleplex assay and then combined
in a multiplex assay.

a) Selection of Antigens Based on EBV Viral Genes

[0071] Candidates for IgM and/or IgG should be assayed
and developed. Different antigens may be used for this assay,
such as: 1) For IgG serological assay, EBV-EA composed of
EBV-EA-D recombinant proteins which are specific for
EBV IgG will be used as an internal control to monitor the
IgG response to these antigens; 2) For EBV IgM serology,
two new antigens may be used for this assay: EBV encoded
dUTPase and the EBV DNA encoded polymerase gene
products in combination, and EBV VCA IgM or VCA p18
peptide (considered as IgM for EBV serology) will be used;
and 3) EBV VCA IgM will be used as an internal control for
1gM serology.

[0072] EBV encoded dUTPase and the EBV DNA
encoded polymerase gene products have been shown to be
specific for abortive lytic EBV replication in ME/CFS
patients and thus, developing a multiplex immunoassay
using this specific combination of highly defined recombi-
nant viral proteins will offer a unique diagnostic tool for
detection and differentiation of EBV infection in ME/CFS
patients. In addition, this test’s utility can be expanded to
serological testing for infection in immuno-compromised
patients including those infected with HIV.

b) Cloning of the Candidate Genes

[0073] Plasmids with clones of EBV encoded dUTPase
and the EBV DNA encoded polymerase gene products are
available and can be expressed using known cloning plasmid
and expression systems.

¢) Production and Purification of Antigens (Cloned Genes)

[0074] While antigens will generally be produced in a
laboratory, EBV EA and EBV VCA IgM antigens are
commercially available.

d) Luminex Technology Platform.

[0075] Luminex’s xMAP technology, based upon flow
cytometry, color-codes tiny beads, called microspheres, into
100 distinct sets. Each bead set can be coated with a reagent
specific to a particular bioassay (antigens) allowing the
capture and detection of specific analytes from a sample. In
this way, XMAP technology is well suited to assay devel-
opment by allowing multiplexing of up to 100 unique assays
within a single sample, both rapidly and precisely.

e) Selection and Activation of Luminex Microsphere Beads

[0076] The antigens will be coupled to the Luminex
microspheres by  using  N-hydroxysulfosuccinimide
enhanced carbodiimide-mediate coupling reaction.

f) Covalent Coupling of Selected Antigens to Luminex
Microspheres (Beads)

[0077] In a preferred embodiment, the selected antigens:
EBV EA and EBV VCA-IgM and EBV encoded dUTPase
and the EBV DNA encoded polymerase gene products/
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antigen will be diluted in a Phosphate Buffering Solution
(PBS) to a concentration of 12 pg/ml. A total of 500 pl of the
antigens/antibodies (12 pg/ml) will be added to the activated
microsphere and vortex on a low setting for 10-20 seconds
to re-suspend the microspheres. The antigens will be
coupled to the microsphere as follows: EBV EA to micro-
sphere #32, EBV VCA IgM to microsphere #53, EBV
encoded dUTPase to microsphere #38, EBV DNA encoded
polymerase to microsphere #25. Calibrators containing dif-
ferent concentrations of EBV EA and EBV IgM will serve
as an internal control that will monitor the validity of the
assay, they will be covalently attached to microspheres #1,
#10, #15 and #20. These selected microspheres are different
in color, which aids spectral resolution. Similarly, the listed
antigens will be individually coupled to selected micro-
spheres.

g) Multiplex Luminex Immunoassay

[0078] The Luminex Multiplex Immunoassay is designed
to detect specific EBV antibodies in human sera to a variety
of EBV antigens. The test procedure involves two incuba-
tion steps:

[0079] Step 1. Test sera (properly diluted) are incubated in
a vessel containing a multiplexed mixture of the bead
suspension. The multiplexed bead suspension contains a
mixture of distinguishable sets of polystyrene microspheres.
For IgG; Three of these bead sets are conjugated with the
EBV-EA, EBV encoded dUTPase and the EBV DNA
encoded polymerase gene products.

[0080] For IgM serology the multiplexed bead suspension
contains a mixture of distinguishable sets of polystyrene
microspheres; Three of these bead sets are conjugated with
the EBV-VCA IgM, EBV encoded dUTPase and the EBV
DNA encoded polymerase gene products. The bead mix also
contains one bead set designed to detect non-specific bind-
ing and four separate bead sets are used for assay calibration.
If present in patient sera, specific antibodies will bind to the
immobilized antigen on one or more of the bead sets. The
microspheres are then rinsed to remove non-reactive serum
proteins.

[0081] Step 2. Phycoerythrin-conjugated goat anti-human
IgG (Fc chain specific from Chemicon Inc) is added to the
vessel and the plate is incubated. The conjugate will react
with IgG antibody immobilized on the solid phase in step 1.
The bead suspension is then analyzed by the Luminex 100
instrument. The bead set(s) are sorted (identified) and the
amount of reporter molecule (PE conjugate) is determined
for each bead set. Internal calibration bead sets are used to
convert raw fluorescence into outcome (units).

h) Optimization and Validation of the Assay (Test
Verification)

[0082] Analytical validation will be performed for each
antigen in a singleplex assay, and then all together in a
multiplex assay. Analytical sensitivity and specificity with
limit of detection will be performed for each antigen indi-
vidually in a singleplex assay and then all together in a
multiplex assay. Different concentrations of each antigen
will be used for sensitivity and specificity studies ranging
from the lowest detection limit through the highest detection
limit. In addition, reproducibility, repeatability and precision
studies will be performed using negative, low positive and
high positive controls by testing these controls in multiple
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repeats within the run, between the run, over different days,
different lots and different operators. Mean, standard devia-
tion and CV will be calculated. Optimization will be per-
formed until reproducibility and precision indicates a CV%
less than 10. Studies will be compared with the existing
EBV ELISA assay performed in the laboratory (Diasorin,
Inc). After the optimization of each antigen, all of the
antigens together will be compared with ELISA testing.
Internal controls and internal calibrations will be also opti-
mized in comparison to the ELISA assay. In addition other
conditions, such as incubation time, wash solution and
sample dilution as well as storage conditions will be opti-
mized.

[0083] i) Reference ranges. Reference ranges will be
established through base comparison with ELISA test-
ing. Negative specimens will be measured by ELISA
and then by Luminex multiplex assay to establish
reference ranges. In addition positive patient specimens
will be diluted to non-detection levels to confirm estab-
lished reference ranges.

j) Result Interpretation

[0084] In the IgG serology, EBV EA must be positive and
should validate each reaction/assay. The control attached to
bead #1 must be always negative, control attached to bead
#10 must be weak negative, control attached to number #15
must be positive and control attached to #20 must be
strongly positive. After all controls are positive, antibodies
to either of the two new antigens: EBV encoded dUTPase
and the EBV DNA encoded polymerase gene products must
be positive for the test to be positive.

k) Analytical Sensitivity

[0085] Analytical sensitivity will be studied in two ways:
first, positive results will be diluted to the lowest detection
levels and compared to ELISA assays, and second, pooled
negative specimens will be spiked with known concentration
of antibodies to EBV encoded dUTPase and the EBV DNA
encoded polymerase antigens and then assayed by both
Luminex and ELISA.

1) Analytical Specificity

[0086] Analytical specificity will be studied by spiking
pooled negative patient specimens with antibodies to EBV
encoded dUTPase and the EBV DNA encoded polymerase
gene product.

m) Precision

[0087] For precision six specimens will be tested. On each
day of testing, each sample will be diluted twice and then
loaded for four replicates resulting in a total of eight wells
of each of the six samples. This protocol will be followed for
three days. Selection of specimens will be done such that
some of them will be clearly negative, some will be clearly
positive and some will be weakly positive or just near the
cutoff of the assay. These results will then be used to
calculate mean U/mL values, standard deviations, and per-
cent CV.

Summary of EBV Assay Development

[0088] A multiplex assay will be developed using specific
antigens as listed above. Microsphere Luminex technology
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will be used for this assay. Microsphere or beads will be
coated with specific antigens as listed above and then
optimized and validated in singlet and multiplexes. Optimi-
zation and validation will be performed using banked human
subject specimens that will be diluted to note detection to
establish cutoff and reference ranges.

[0089] Method of Treatment

[0090] In another aspect, the invention provides methods
of treating the EBV subset of ME/CFS patients. In some
embodiments, the methods of treating a patient with CFS
involves evaluating the patient for serologic evidence of the
presence of nucleic acid molecules that indicate primary
infection by one or more CFS-causing agents, thereby
detecting the presence of each CFS-causing agent present in
the patient; evaluating the patient for serologic evidence of
one or more co-infection; determining whether one or more
co-infections are present in the patient; administering, or
causing to be administered, to a patient a therapeutically
effective amount of at least one pharmaceutical composition;
further comprising at least one antiviral agent such that each
CFS-causing agent found in the patient is effectively treated
by at least one antiviral agent administered to the patient;
and, if one or more co-infections are present, also adminis-
tering, or causing to be administered, to the patient thera-
peutically effective amount of at least one pharmaceutical
composition such that each co-infection found in the patient
is effectively treated by at least one pharmaceutical compo-
sition administered to the patient, thereby treating the CFS.
Each pharmaceutical composition can comprise one active
agent, or it can comprise a cocktail of more than one active
agent. The co-infection can be with, for example, Borrelia
burgdorferi, Streptococcus pyogenes, Ehrlichia chaffeensis,
Babesia microti and Mycoplasma preumonia. The antiviral
agent can be, for example, valacyclovir, valganciclovir,
maribavir, famciclovir and foscarnet. However, any antiviral
agent that is effective against a CFS-inducing infection can
be used according to the methods disclosed herein.

[0091] Group A comprises CFS patients with EBV,
HCMY, and/or HHV6 persistent infection in single virus or
combination, but without additional co-infections. The fol-
lowing are the criteria for selecting these patients;

[0092] 1) Patients meet international and CDC criteria for
CFS and have abnormal 24 hour ECG monitors (as deter-
mined by the presence of tachycardia and/or abnormal T
waves). 2) Patients are positive for HCMV, EBV and/or
HHV6, as determined by detection of serum antibodies to
each of these virus’s or to gene products of these virus’s,
weather detected using enzyme-linked immunosorbent
assay (ELISAN) or other methods, including those of the
invention. 3) Patients are negative for CFS co-infections,
such as for example Borrelia burgdorferi, Streptococcus
pyogenes, Ehrlichia chaffeensis, Babesia microti and Myco-
plasma pneumonia. These patient respond favorably, there
are validated energy index point scores increase from less
than to greater than 6, usually reaching an energy point score
(EI) of 7-9 within six to twelve months antiviral therapy with
appropriate antiviral agents, including, for example valacy-
clovir, valganciclovir, maribavir, famciclovir and foscarnet.
[0093] Group B comprises CFS patients with EBV,
HCMYV and/or HHV6 persistent infection, either alone or in
combination, but also having one or more co-infections. The
following are the criteria for group B patients;

[0094] 1) Patients meet international and CDC criteria for
CFS and have abnormal 24 hour ECG monitors (as deter-
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mined by the presence of tachycardia and/or abnormal T
waves). 2) Patients are positive for HCMV, EBV and/or
HHV6 infection. 3) Patients are positive for one or more of
the following: Borrelia burgdorferi, Streptococcus pyo-
genes, Ehrlichia chaffeensis, Babesia microti and Myco-
plasma pneumonia.

[0095] CFS patients in group B can be treated with for
example, valacyclovir, valganciclovir, maribavir, or other
derivatives or benzimidazole, as appropriate to the particular
infections present in a particular patient. famciclovir and
foscarnet. CFS patients in group B can also be treated with
appropriate therapy for co-infection, which may include, for
example infection with Borrelia burgdorferi, Streptococcus
pyogenes, Ehrlichia chaffeensis, Babesia microti and Myco-
plasma pneumonia. Generally, unless group B patients are
treated for the co-infection they will not improve.

[0096] Infection with Borrelia burgdorferi can be diag-
nosed by, for example, detecting the presence of IgM or IgG
to Borrelia burgdorferi using Western blot or ELISA. It may
be possible that IgG is not detected in a patient with CFS, in
which case a positive IgM result would be diagnostic of
infection with Borrelia burgdorferi. Antigens used for this
assay are exact prototypes used by US Centers for Disease
Control.

[0097] Infection with Borrelia burgdorferi can be treated
with, for example, intravenous (IV) cefiriaxone 0.1-5 gm,
for example 1.0-1.5 gm, intravenous piggy-back (IVPB)
every 12 hours for 30 days, followed by oral amoxicillin
0.01-4.0 gm, for example 0.5-0.75 gm, 4 times/day until
above serum tests negative. [V penicillin G or its equivalent
every 6-8 hours can substitute for ceftriaxone. For treatment
of Borrelia burgdorferi, as well as of any other secondary
infection described herein, qualified health care personnel
can prescribe appropriate dosages for effective treatment of
CFS. Any dosage that falls within the scope of sound
medical judgment is contemplated as part of this invention.

[0098] Adult rheumatic fever is caused by a hyperimmune
response to, for example,

[0099] Streptococcus pyogenes infection. It can be diag-
nosed by, for example, finding an elevated antistreptolysin 0
(ASO) titer (LabCorp, Dublin, Ohio); for example, an ASO
titer over 400 units would be diagnostic of adult rheumatic
fever or co-infection by Streptcoccus pyogenes. Adult rheu-
matic fever may also be accompanied by, for example,
thickening of the aortic and/or mitral valve, which can be
viewed on an echocardiogram.

[0100] Adult rheumatic fever can be treated with, for
example, ceftriaxone or penicillin G as above followed by
bicillin 0.1-5 Mu, for example 1.2 Mu, every 2-4 weeks until
ASO titer is less than 200. A CatScan of sinuses/mastoids
may be indicated to exclude obstructive sinusitis. Bicillin
may be necessary for 2-4 years.

[0101] Babesiosis can be diagnosed by, for example, find-
ing an elevated serum titer for IgG to Babesia microti.
Chronic Babesiosis can be treated with, for example,
Ataquavone 100-1500, for example 750 mg orally, plus
azithromycin 0.01-4 gm, for example 0.5 gm, twice daily for
6 weeks. Detection of IgM to Babesia microti can also be
done.

[0102] Ehrlichia chaffeensis co-infection can be deter-
mined by, for example, detecting a positive serum titer for
1gG or IgM to Ehrlichia chaffeensis. Chronic Ehrlichiosis
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can be treated with, for example, IV doxycycline 10-1000
mg, for example 100 mg, every 12 hours for 4, 6, or 12
weeks.

[0103] Infection by Mycoplasma preumoniae can be diag-
nosed by, for example, finding a markedly positive serum
titer for IgG or IgM to Mycoplasma prneumoniae. Infection
by Mycoplasma preumoniae may also be accompanied by,
for example, an abnormal standard 12-lead electrocardio-
gram.

[0104] Mycoplasma pneumoniae myocarditis can be
treated with, for example, IV doxycycline plus/minus IV
azithromycin for 6 weeks.

[0105] Effective sublassifications of CFS patients have not
been previously recognized.

Pharmaceutical Compositions and Administration

[0106] In general, to provide a therapeutically effective
amount of the antiviral agent, a suitable effective dose will
be in the range of 0.1 to 20 grams a day and preferably in
the range between 0.3 to 15 grams per day, more preferably
about 0.5 to 10 grams per day. The dosage of course, varies
with the body weight of the patient up to a 70 kg individual,
a dose of 4 grams per day may be appropriate (e.g., 10 mg
per KG valacyclovir every six hours). The desired dose can
be presented as two—four or more smaller doses adminis-
tered at appropriate intervals throughout the day. These
smaller doses may be administered in unit’s dosage forms.
For example, for valacyclovir and famciclovir, the dosage
can be, for example 14 mg/kg every 6 hours (1.0 g every 6
hours for a 70 kg person). The dosage of valacyclovir and
famciclovir can be, for example, up to or at least about 0.5-8
grams every 6 hours. The dosage of valgancyclovir can be,
for example, from about 450-900 mg every 12 hours, or up
to or at least about 100-2000 mg or more every 12 hours,
depending on for example patient weight and tolerance. For
maribavir the dosage can be, for example, for about 400-500
mg every 8 hours or for example up to or at least about
100-1000 or more every 8 hours. Qualified health care
personnel can prescribe appropriate dosages for effective
treatment of CFS. Any dosage that falls within the scope of
sound medical judgment is contemplated as part of this
invention.

[0107] In particular for valacyclovir, or a derivative such
valacyclovir hydrochloride, a patient can be administered a
dosage in the range of 0.1 to 50 mg/kg of body weight of the
patient per dosing interval, generally every 6 hours. The
dosing interval is determined by the bioavailability of the
antiviral agent and its excretion from the body. For example,
the patient can be administered a dosage in the range of 0.3
to 40 mg/kg of body weight of valacyclovir hydrochloride
orally every 6 hour. For example, a patient can be admin-
istered 10 mg/kg of body weight valacyclovir hydrochloride
every 6 hours.

[0108] The treatment period for a CFS patient varies on a
case-by-case basis. It is believed that for some, CFS is an
ongoing and persistent problem requiring continued treat-
ment. The duration of the therapy depends on the intensity
of the CFS as affected by the therapy. One indicator of an
improvement in EBV-isolated CFS patients is a decrease of
a level of IgM antibodies to viral capsid antibodies (VCA)
for EBV. Generally, the therapy duration is proportional to
the intensity of the CFS manifestation. Accordingly, follow-
ing administration of an antiviral agent, supplemental tests
are helpful to check for recurrent CFS and to determine the
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treatment duration. The duration of treatment may be 6-18
months or longer or shorter as determined by the attending
physician using the methods described herein.

[0109] Antiviral agents which demonstrate anti-herpetic
action, such as those specific to, for example, EBV, HCMV,
or HHV6, can be used for the treatment of chronic fatigue
syndrome. Such antiviral agents may be effectively admin-
istered, for example, by oral methods, or as larger doses in
time delay formulations. Included among this group of
antiviral agents are valacyclovir, valganciclovir, maribavir,
famciclovir and foscarnet and other herpetic antiviral agents
and pharmaceutically acceptable derivatives of these anti-
viral agents. Such pharmaceutically acceptable derivatives
include salts, hydrolysable esters and chelates of the anti-
viral agents and such similar derivatives which have no
negative pharmaceutical effect on the patient upon admin-
istration and are thus “pharmaceutically acceptable”. A
pharmaceutically acceptable salt can become a for example,
an acidic salt derived from an appropriate acid, for example
hydrochloric, sulfuric, phosphoric, maleic, fumaric, citric,
lactic, tartaric, acetic or p-toluenesulphonic acid.

[0110] While embodiments of the invention have been
illustrated and described, it is not intended that these
embodiments illustrate and describe all possible forms of the
invention. Rather, the words used in the specification are
words of description rather than limitation, and it is under-
stood that various changes may be made without departing
from the spirit and scope of the invention.

1-14. (canceled)

15. A method of diagnosing an Epstein-Barr virus subset
of Myalgic Encephalomyelitis-Chronic Fatigue Syndrome
patients, comprising the steps of:

i. Determining the presence of encoded EBV Early Anti-

gen, Diffuse;

ii. Determining the presence of EBV encoded DNA

polymerase;

iii. Determining the presence of EBV encoded dUTPase;

and

iv. Diagnosing a patient with Epstein Barr Abortive Lytic

Replication when the presence of EBV Early Antigen,
Diffuse is found in conjunction with the presence of
EBV encoded DNA polymerase or EBV encoded dUT-
Pase.
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16. The method of claim 15, further comprising the steps
of obtaining a blood sample from the patient; and analyzing
the blood for the presence of serum antibodies to EBV Early
Antigen, Diffuse and EBV dUTPase and EBV encoded
DNA Polymerase.

17. The method of claim 16, wherein the antibodies are
detected using a neutralization assay.

18. The method of claim 16, wherein the antibodies are
detected using a multiplex immunoassay.

19. The method of claim 16, wherein the antibodies are
detected using a Luminex Multiplex Immunoassay.

20. The method of claim 15, wherein the step of deter-
mining the presence of EBV encoded dUTPase further
comprises obtaining assays to detect the presence of serum
antibodies to the early EBV non-structural proteins of the
EBV tegument.

21. A method of diagnosing the causation agent for a
Myalgic Encephalomyelitis-Chronic Fatigue Syndrome
patient, comprising the step of:

a. Determining the absence of Epstein-Barr virus Abortive

Lytic replication, comprising the steps of:
i. Determining the absence of serum antibodies to EBV
VCA IgM;

ii. Determining the absence of serum antibodies to EBV

encoded DNA polymerase; and

iii. Determining the absence of serum antibodies to EBV

encoded dUTPase.

22. A method of diagnosing an Epstein-Barr virus subset
of Myalgic Encephalomyelitis-Chronic Fatigue Syndrome
patients, comprising the steps of:

a. Employing positive screening criteria for ME/CFS;

b. Testing serologic levels for the following indicia:

i. The absence of 1gM, 1gG Borrelia burgdorferi;
ii. The absence of Babesia microti, IgM, IgG;
iii. The absence of Ehrlichia phagocytophilia;
iv. positive serum titer for IgG or IgM to Mycoplasma
preumonia; and
v. Antistreptolysin O titer levels at less than 400;
c. Testing for abnormal cardiac functionality; and
d. Detecting the presence of serum antibodies to EBV
dUTPase or EBV DNA polymerase in conjunction with
the presence of encoded EBV Early Antigen, Diffuse.

#* #* #* #* #*



