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(57) ABSTRACT

Methods are provided for detecting enteroviral antigens in the
stomach of patients having symptoms consistent with chronic
fatigue syndrome (CFS). The presence of enteroviral viral
antigens in the stomach of these patients is then correlated
with the patients’ symptoms to establish a diagnosis of CFS.
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METHODS FOR DIAGNOSING CHRONIC
FATIGUE SYNDROME

CROSS REFERENCE TO RELATED
APPLICATIONS

The present application claims the benefit under 35 U.S.C.
§119(e) of U.S. Provisional Patent Application No. 60/863,
437 filed Oct. 30, 2006 which is incorporated by reference
herein in its entirety.

FIELD OF THE INVENTION

The present invention relates to methods for diagnosing
chronic fatigue syndrome. More specifically the present
invention provides methods for detecting enterovirus anti-
gens in stomach tissue and correlating the findings with clini-
cal symptoms to establish a diagnosis of chronic fatigue.

REFERENCES

Through out this specification references will be cited
using numbers inserted parenthetically. These reference num-
bers correspond to the References Cited section immediately
preceding the claims. Each reference is herein specifically
incorporated by reference for all it teaches related method and
materials related to diagnostic virology and chronic fatigue
syndrome.

BACKGROUND OF THE INVENTION

Chronic fatigue syndrome (CFS) has been a true challenge
for the practicing physicians and scientific researchers. The
constellation of symptoms is complex and many patients
present differently (1, 2). A severe flu-like illness that
occurred in the majority of cases of CFS followed by persis-
tent illness and fatigue suggest an infectious etiology trigger-
ing and possibly perpetuating this syndrome. In small subsets
of patients, Epstein-Barr virus (EBV), Cytomegalovirus
(CMV), Parvovirus B19, Brucella, Toxoplasma, Coxiella
burnetti and Chlamydia pneumoniae have been reported to
cause prolonged fatigue, fevers and many other symptoms of
CFS (3-9). However, no direct nexus between these etiologi-
cal agents and CFS has been established.

Some studies demonstrated circulating antigen of enterovi-
rus and elevated antibody titers (10-15) suggesting a role for
enteroviruses in CFS. A number of investigators used DNA/
RNA hybridization or polymerase chain reaction (PCR) to
detect the presence of enteroviral RNA in the blood and
muscles of patients with CFS (17-22). Yousef reported Cox-
sackie Virus B (CVB) RNA persistence in muscle fibers in 6
out 13 (46%) adult patients with dermatomyositis or poly-
myositis using in situ hybridization (21). The enteroviral
RNA was usually, but not always, found in sections with
inflammatory cells. Cunningham tested muscle biopsy speci-
mens from CFS patients to demonstrate that the enteroviral
RNA found in patient material had a positive:negative strain
ratio of 1:1 rather than the 100:1 ratio found in control
enteroviral cultures (22). This result suggested a defect in
control of enteroviral RNA synthesis in CFS patients that
might permit persistence of the defective virus in these
patients. Galbraith et al. extend the above finding by perform-
ing phylogenetic analysis of the amplified cDNA from the
blood of patients; the sequences closed matched to those
found in CVB and Echoviruses (23). A number of other
studies have failed to demonstrate amplifiable enteroviral
RNA in blood or in other tissue (24-25), although two recent
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papers again demonstrated the presence of enteroviral RNA
in muscle biopsies of CFS patients and not in the controls (26,
27).

The present inventor has recently demonstrated the pres-
ence of enteroviral RNA in the peripheral blood leukocytes of
35% of the CFS patients, and the persistence of enteroviral
RNA correlated with the severity of illness (28-30). Antiviral
treatment with interferon and Ribavirin and the combination
of a- and y-interferon resulted in significant improvement of
symptoms and suppression of viral RNA in the blood leuko-
cytes (31-32). The relapse of symptoms and reappearance of
viral RNA in the peripheral blood leukocytes after drug dis-
continuation supported the pathogenic role of enterovirus in
CFS.

However, there remains a need for sensitive and specific
methods for the diagnosis of chronic enterovirus infection in
immunocompetent hosts. Enteroviruses cause acute respira-
tory and gastrointestinal infections, with subsequent dissemi-
nation to the central nervous system, heart and muscles. Pre-
vious studies looked for viral products in the blood or in the
end-organs have yielded conflicting results. Being acid-resis-
tant, swallowed, infected secretions from upper airway, or
virus-contaminated water/food may survive in the stomach
and cause acute infections of the stomach. Most of the CFS
patients complained of upper and lower gastrointestinal
symptoms, which are often referred to as irritable bowel
syndrome. Stomach tissue is easily accessible by upper gas-
trointestinal endoscopy (EGD) and biopsy of the antrum is
routinely performed to look for Helicobacter pylori—an
established pathogen of the stomach.

SUMMARY OF THE INVENTION

The present invention provides methods for demonstrating
the persistence of enterovirus in the stomach as a diagnostic
test for chronic fatigue syndrome. More specifically, the
present invention provides a testing procedure to identify
enterovirus viral capsid protein (VP1), viral RNA and culti-
vable virus in a biopsy of stomach tissue. Positive laboratory
results are then correlated with recognized clinical symptoms
to establish a diagnosis of chronic fatigue syndrome (CFS).

In one embodiment of the present invention, a method for
diagnosing CFS in a human patient is provided comprising
detecting enteroviruses in the stomach tissue of a patient
having symptoms consistent with CFS wherein the symptoms
consist of persistent fatigue for at least six months and at least
four further symptoms selected from the group consisting of
cognitive dysfunction, post-exertional malaise, unrefreshing
sleep, joint pain, persistent muscle pain, headaches, tender
cervical or axillary lymph nodes and sore throat and correlat-
ing the detection of enterovirus with clinical symptoms to
establish a diagnosis of CFS in the patient.

In another embodiment of the present invention, the
method includes detecting enteroviral capsid protein (VP1)
or enteroviral viral RNA in the stomach tissue of the patient
and correlating the detection of enterovirus with clinical
symptoms to establish a diagnosis of CFS.

In yet another embodiment of the present invention, a
non-cytopathic enterovirus is detected in the stomach tissue
of the patient and the detection of enterovirus is correlated
with clinical symptoms to establish a diagnosis of CFS.

In still another embodiment of the present invention,
immunoperoxidase or immunofluorescent staining of stom-
ach tissue is used to detect enteroviral antigens in the patient
and the detection of enterovirus is correlated with clinical
symptoms to establish a diagnosis of CFS.
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Another embodiment of the present invention comprises
detecting viral RNA within stomach tissue samples using
RT-PCR of the patient and correlating the detection of
enterovirus with clinical symptoms to establish a diagnosis of
CFS.

Still another method of the present invention comprises
detecting enteroviral antigens in the stomach of a CFS patient
using viral cultures and correlating the detection of enterovi-
rus with clinical symptoms to establish a diagnosis of CFS.

In one embodiment of the present invention, the correlating
step comprising correlating the degree of staining or the viral
load with the severity of the symptoms of CFS. In another
embodiment, the degree of staining or the viral load is
inversely correlated with the ability to work.

Other detection methods known to those skilled in the art of
diagnostic virology will be readily apparent to the skilled
virologist and are considered within the scope of the present
invention when used in conjunction with correlating the
detection of enterovirus with clinical symptoms to establish a
diagnosis of CFS.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 depicts a positive immunoperoxidase enterovirus
stain of parietal cells at 400x magnification (indicated by
arrow) according to the teachings of the present invention.

FIG. 2 depicts a negative immunoperoxidase enterovirus
stain of parietal cells at 400x magnification according to the
teachings of the present invention.

FIG. 3 depicts grading of immunoperoxidase staining with
enterovisu-specific monoclonal antibodies (mAb) according
to the teachings of the present invention. Immunoperoxidase
staining was performed on antrum biopsy specimens. The
degree of staining was classified as: 2+ if Z50% of cells
stained (FIGS. 3A and 3B); 1+ if >10% and <50% cells
stained (FIG. 3C); O if none or rare cells stained with 5D8/1
mAb (FIG. 3D). 100x magnification.

FIG. 4 depicts staining of antrum biopsies by virus-specific
mAb 5D8/1 according to the teachings of the present inven-
tion. FIG. 4A: 2+ staining with 5D8/1 FIG. 4B: same speci-
men as FIG. 4A demonstrating no staining with anti-cytome-
galovirus (CMV) mAb (100x magnification); FIGS. 4C and
4D: 1+ staining with SD8/1 mAb at 100x (FIG. 4C) and 400x
(FIG. 4D) magnification.

FIG. 5 depicts inhibition of 5D8/1 mAb binding in stomach
tissue by an epitope-specific synthetic peptide according to
the teachings of the present invention. FIG. 5A: 0 ng peptide
inhibitor or 10 mg bovine serum albumin; FIG. 5B-5D:
increasing inhibition of mAb binding in the presence of 1 ng
(FIG. 5B), 10 ng (FIG. 5C) and 100 ng (FIG. 5D) of peptide
inhibitor. 100x magnification.

FIG. 6 depicts persistence of enterovirus in stomach biop-
sies in an individual taken four years apart according to the
teachings of the present invention. FIGS. 6 A and 6B: staining
of antrum biopsy at time 0 with 5D8/1 (FIG. 6A) and anti-
CMYV (FIG. 6B) mAbs; FIGS. 6C and 6D: staining of antrum
biopsy from same patient at time 4 years with 5D8/1 (FIG.
6C) and anti-CMV (FIG. 6D) mAbs. 100x magnification.

DETAILED DESCRIPTION OF THE PRESENT
INVENTION

The present inventor has surprisingly discovered that
enteroviral capsid protein (VP1), RNA and cultivable viruses
were present in the stomach biopsies of chronic fatigue syn-
drome (CFS) patients, most of whom have active symptoms
termed functional dyspepsia or irritable bowel syndrome.
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Most of the patients developed an initial flu-like illness asso-
ciated with, or soon followed by, gastrointestinal symptoms.
Because enteroviruses are generally resistant to stomach acid,
even swallowed, infectious respiratory secretions could
infect the stomach or the lower intestinal tract. The demon-
stration of viruses in the tissues years after the initial infection
lend strong evidence that these viruses are capable of chronic
persistence, and can be causally related to the symptoms of
CFS. The high sensitivity, specificity and positive predictive
value of the VP1 staining procedure provides a simple, con-
venient diagnostic test for the presence of viral antigen in
stomach tissue.

When testing is done in accordance with the teachings of
the present invention positive results (defined as the detection
of'enteroviral antigen or nucleic acid) are then correlated with
clinical systems. The combination of clinical symptoms con-
sistent with CFS and the detection of enteroviral antigens in
the patient’s stomach (generally parietal cells) is diagnostic
for CFS.

As the name chronic fatigue syndrome suggests, this ill-
ness is accompanied by fatigue. However, it’s not the kind of
fatigue patients experience after a particularly busy day or
week, after a sleepless night or after a stressful event. It’s a
severe, incapacitating fatigue that isn’t improved by bed rest
and that may be exacerbated by physical or mental activity.
It’s an all-encompassing fatigue that results in a dramatic
decline in both activity level and stamina.

People with CFS function at a significantly lower level of
activity than they were capable of prior to becoming ill. The
illness results in a substantial reduction in occupational, per-
sonal, social or educational activities.

The Centers for Disease Control (CDC) has published
symptom criteria consistent with a diagnosis of CFS and
include patients who present with six months or more of
unexplained fatigue accompanied by other characteristic
symptoms. These symptoms include: 1) cognitive dysfunc-
tion, including impaired memory or concentration, 2) post
exertional malaise lasting more than 24 hours (exhaustion and
increased symptoms) following physical or mental exercise,
3)unrefreshing sleep, 4) joint pain (without redness or swell-
ing), 5) persistent muscle pain; 6) headaches of a new type or
severity; 7) tender cervical or axillary lymph nodes and 8)
sore throat.

In addition to the eight primary defining symptoms of CFS,
anumber of other symptoms have been reported by some CFS
patients. The frequency of occurrence of these symptoms
varies among patients. These symptoms include: irritable
bowel, abdominal pain, nausea, diarrhea or bloating, chills
and night sweats, brain fog, chest pain, shortness of breath,
chronic cough, visual disturbances (blurring, sensitivity to
light, eye pain or dry eyes), allergies or sensitivities to foods,
alcohol, odors, chemicals, medications or noise, difficulty
maintaining upright position (orthostatic instability, irregular
heartbeat, dizziness, balance problems or fainting), psycho-
logical problems (depression, irritability, mood swings, anxi-
ety, panic attacks), jaw pain, and weight loss or gain. Clini-
cians will need to consider whether such symptoms relate to
a co-morbid or an exclusionary condition; they should not be
considered as part of CFS other than they can contribute to
impaired functioning.

The severity of CFS varies from patient to patient, with
some people able to maintain fairly active lives. By definition,
however, CFS significantly limits work, school and family
activities.

While symptoms vary from person to person in number,
type and severity, all CFS patients are functionally impaired
to some degree. CDC studies show that CFS can be as dis-
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abling as multiple sclerosis, lupus, rheumatoid arthritis, heart
disease, end-stage renal disease, chronic obstructive pulmo-
nary disease (COPD) and similar chronic conditions.

CFS often follows a cyclical course, alternating between
periods of illness and relative well-being. Some patients
experience partial or complete remission of symptoms during
the course of the illness, but symptoms often reoccur. This
pattern of remission and relapse makes CFS especially hard
for patients and their health care professionals to manage.
Patients who are in remission may be tempted to overdo
activities when they’re feeling better, which can exacerbate
symptoms and fatigue and cause a relapse. In fact, post exer-
tional malaise is a hallmark of the illness.

The percentage of CFS patients who recover is unknown,
but there is some evidence to indicate that the sooner symp-
tom management begins, the better the chance of a positive
therapeutic outcome. This means early detection and treat-
ment are of utmost importance. CDC research indicates that
delays in diagnosis and treatment may complicate and pro-
long the clinical course of the illness.

The present state-of-the-art for diagnosis CFS relies on a
diverse and confusing combination of symptoms and is con-
sequently not definitive. As a result physicians are often
unable or unwilling to prescribe a therapeutic regime that will
benefit their patients. Therefore there is a need for additional
methods for making a more definitive diagnosis to give phy-
sicians the confidence necessary to initiate appropriate
therapy and provide meaningful prognostic information to
patients.

The present inventor has surprisingly discovered that the
detection of enterovirus antigens or nucleic acids (enteroviral
detection) in the stomach tissues of patients presenting with
symptoms consistent with CFS and correlating these symp-
toms with enteroviral detection provides a more definitive
CFS diagnosis. Consequently, physicians armed with this
new method for diagnosing CFS can more confidently diag-
nosis, treat and provide prognoses for patients suffering with
CFS.

EXAMPLES
Example 1

Immunoperoxidase Staining of Stomach Tissue for
Detection Enteroviral Antigens

A total of 165 patients, fulfilling the Centers for Disecase
Control (CDC) criteria for Chronic Fatigue Syndrome (CFS)
underwent upper GI endoscopies and antrum biopsies. Biop-
sies from stomach of normal volunteers (n=22, blinded
samples, 13 female, 9 male) and other gastric diseases (n=12,
9 female, 3 male) served as controls: Heliobacter pylori gas-
tritis (n=3); non-steroidal anti-inflammatory drug-induced
gastritis (n=2); inflammatory bowel disease (n=1), eosino-
philic gastritis (n=1), gastro-esophageal reflux disease (n=1),
MALT lymphoma (n=2) and gastric carcinoma (n=2).

The biopsied tissue samples were placed in formalin,
RNAlater® (Ambion, Inc. Austin, Tex.) or in normal saline
and transported on ice and/or immediately frozen at -70° C.
The formalin-fixed tissues can also be paraffin-embedded
tissues cut into 4 micron pieces and mounted on microscope
glass slides. The slides were dried at 60° C. for 30 minutes,
deparaffinized with xylene and hydrated by passing through
decreasing concentration of ethanol (100%, 95%, 80%), and
PBS. Next, the tissues were treated with 3% hydrogen per-
oxide for 10 minutes, at room temperature (RT) to remove
endogenous peroxidase activity.
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Following treatment with hydrogen peroxide, the samples
were placed in 10 mM sodium citrate buffer, pH 6.0, and
heated under pressure (15 PSI) for 20 minutes to induce viral
antigen epitope retrieval. Next the tissues were blocked with
goat serun/BSA (3%) at RT, to decrease non-specific binding
and then biotin, followed by avidin at RT, to reduce non-
specific binding to endogenous biotin in stomach tissues.

Thetissues were then incubated with appropriately diluted/
titrated (1:2000 to 1:3000 of stock antibody) concentration of
enterovirus group-specific anti-VP1 monoclonal antibody,
such as, but not limited to 5D8/1 monoclonal antibody (avail-
able commercially from Dako, Carpenteria, Calif. catalogue
number M7064) for 1 hour at 37° C. in a humidified chamber.
Additional samples were stained with an anti-cytomegalovi-
rus (CMV) mAb (Chemicon, Temecula, Calif.). The anti-
body-treated sample was then thoroughly washed in PBS-
Tween, the slides are incubated with biotinylated goat anti-
mouse antibody (ABC Kit from Zymed® available through
Invitrogen, Carlsbad, Calif.) at RT for 30 minutes.

The slides were then washed again in PBS-Tween and
incubated with avidin-horseradish peroxidase ABC reagent
(Vector Laboratories) at RT for 30 minutes. After thorough
washing in PBS-Tween, the slides were treated with DAB-
chromogen (Vector Laboratories) at RT in a dark room, for 15
minutes. Next the slides were washed in tap water and coun-
terstained with hematoxylin then washed again in PBS-
Tween, passed through increasing concentration of ethanol,
then fully dehydrated in xylene.

The slides were then dried, mounted with a coverslip and
examined microscopically at 100x-400x magnification. FIG.
1 is a photomicrograph of a positive test result. The stained
sections indicated by an arrow (peroxidase stained parietal
cells) are foci of enteroviral viral antigens that have reacted
specifically with the anti-enteroviral monoclonal antibody.
Background staining represents uninfected tissues stained
with hematoxylin. FIG. 2 depicts a negative result.

The degree of staining was classified as: 0, none or rare
staining with 5D8/1; 14, >10% and <50% cells stained; 2+,
50% cells stained. FIG. 3 depicts grading of stained tissues.

At the time of esophagogastroduodenoscopy, the majority
of patients had mild, focal inflammation of the antrum, a few
had normal-appearing mucosa and rare patients had diffuse
erythema. A total of 157/165 (95%) biopsy specimens had
microscopic evidence of mild chronic inflammation, whereas
only 8/165 (5%) specimens showed the presence of H. pylori
by specific staining. A total of 135/165 (82%) biopsy speci-
mens stained positive for VP1 within parietal cells, whereas
7/34 (20%) of the controls stained positive (p=0.001, X>
test). A total of 88 (53%), 47 (29%) and 30 (18%) samples
showed 2+, 1+ or O staining, respectively (FIG. 4). The sen-
sitivity, specificity, positive and negative predictive values
were 82%, 79%, 95% and 47%, respectively. Five of the eight
biopsies which stained positive for H. pylori were also posi-
tive for VP1. Anti-CMV mAb failed to stain any of the biopsy
specimens. Additionally, specific mAbs for varicella-zoster
virus, parainfluenza viruses, adenovirus and respiratory syn-
citial virus failed to show staining in 10 VP1-positive speci-
mens.

The degree of staining for VP1 within stomach biopsy
tissues correlate with the severity of CFS symptoms. Further-
more, the degree of staining is inversely correlated with the
ability of the patient to work.
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Example 2

Peptide Inhibition Study

The binding epitope of the SD8/1 antibody has been pre-
viously identified and a synthetic peptide representing this
epitope was synthesized (Pro-Ala-Leu-Thr-Ala-Val-Glu-
Thr-Gly-Ala-Thr-Asn-Pro-Leu-Val; SEQ ID NO: 1). Varying
concentrations of the peptide inhibitor were preincubated
with a titrated dose of 5D8/1 mAb at 37° C. for 30 min prior
to performing the immunoperoxidase staining. Bovine serum
albumin at 10 mg was used as a negative control.

The peptide inhibited the binding in a dose-dependent
manner: 1 ng did not show significant inhibition, 10 ng par-
tially inhibited the binding/staining and 100 ng completely
blocked the antibody (FIG. 3). Bovine serum albumin did not
inhibit binding of the antibody.

Example 3
Detection of Enteroviral RNA Using RT-RCR

Paraffin sections of antrum biopsy specimens from CFS
patients and controls were processed with Purel.ink FFPE
RNA isolation kit (Invitrogen); antrum biopsy specimens
collected as described above and preserved in RNA-later®
were homogenized in 1.5 ml of TriZol LS (Invitrogen). RNA
was extracted from 250 pl. of the suspension according to
manufacturer’s instructions.

Extracted RNA was amplified with biotinylated primers
provided by pan-enterovirus oligodetect™ kit (Chemicon)
using Qiagen one-step RT-PCR enzyme kit according to the
standard instructions. The cDNA was detected by hybridizing
with probe-coated plates and developed using streptavidin-
conjugated with peroxidase followed by TMB-E. The optical
density was determined at 450 nm in an EIA reader. In
selected samples, the RNA was re-amplified using non-bioti-
nylated primers (sense 5' CCT CCG GCC GAA TGC GGC
TAA T 3' SEQ ID NO:2; antisense 5'CAA TTG TCA CCA
TAA GCA GCC A 3' SEQ ID NO: 3). The gel-derived,
purified 151 base pair cDNA produces were cloned into
pDrive cloning vector and transformed into E. coli (PCR
cloning kit, Qiagen). Plasmid inserts were sequenced by Ret-
rogen (San Diego, Calif.).

Enterovirus (EV) RNA was detected in 9/24 (37%) parat-
fin-embedded samples form CFS patients; 1/21 controls had
detectable EV RNA (p<0.01, Fisher exact test). One of three
patients had detectable EV RNA from two samples taken four
years apart (FIG. 4). Only 22/90 (24%) of the samples pre-
served in RNA-later were positive for EV RNA despite the
much larger size of biopsy specimens (20-50 mg wet weight).
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When examined simultaneously, 19/63 ofthe samples stained
2+had detectable EV RNA whereas 7/37 with O or 1+ staining
were positive (p=0.07, Fisher exact test).

Example 4

Enterovirus Cultures of Stomach Tissue

BGMK cells were grown to 50-80% confluence in DMEM-
2% fetal bovine serum (FBS) before incubation in the pres-
ence of 50 pg/ml of 5-idoxyuridine (5-idu) for 48 hours. After
removal of the 5-IDU-containing medium, the cells were fed
with DMEM-2% FBS, containing 10~° M of dexamethasone
(dex-DMEM).

Stomach biopsy specimens, frozen in normal saline, were
ground in Opti-Pro. The homogenate was frozen in ethanol/
dry ice bath and thawed in 37° C. water bath three times. A
250 pL portion of the cell lysate was inoculated onto cell
monolayer previously treated with dex-DMEM for at least
24-48 hours. After 1 hour of incubation 25° C., the cell lysates
were removed and replaced with dex-DMEM. The inoculated
cells were re-fed weekly with dex-DMEM. After 4-6 weeks
of incubation, the cell monolayers were scraped or
trypsinized for enteroviral RNA detection using the proce-
dure described above. The cleared lysates of scraped cells
from 6-week old cultures were passed into a new set of 5-idu,
dex-treated BGMK cell cultures to demonstrate the infectiv-
ity of the virus product

The cells were also examined for the presence of viral
protein by IFA using 5 D8/1 as the primary antibody and
standard staining technique.

VP1 staining, RNA analysis and cultures were simulta-
neously performed on 75 specimens. Table 1 depicts the
results of VP1 staining and EV RNA detection from the first
13 patients. When incubated with normal BGMK cells for 4
weeks, none of the tissue lysates yielded detectable viral
RNA. In 4-week BGMK cultures previously treated with
5-idu and dexamethasone, few biopsy specimens yielded
detectable EV RNA. EV RNA was detected with higher fre-
quency and intensity at 6 weeks but gradually disappeared as
cultures were carried out to 8-12 weeks.

No significant cytopathic effect was seen in the EV RNA-
positive cultures, whereas wild type strains of enteroviruses
would cause major cytopathic changes within one week.
When the cleared cell lysates of the 6-week infected primary
cultures were passed to another set of uninfected 5-idu-,
dex-treated BGMK cells. EV RNA was detected in several of
the cultures at 4 weeks but disappeared at 8 weeks. The 151
base pair cDNA isolated from five of the positive cultures
were confirmed to be EV RNA by sequencing.

TABLE 1

BGMK cell culture

Normal cells 5-idu, dex-treated cells

Primary culture* 15 passt
Patient No. #yrssick VPlstain EVRNA 4wk 4wk 6wk 8wk 4wk 8wk

1 5- - - - ++ - +++ -
2 4 nd nd - - +++ - ++ -
3 6 ++ + - - +++ + -
4 10 ++ + - ++ ++ - +++ -
5 12 ++ + - - ++ - ++ -
6 4 + - - - + - nd -
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TABLE 1-continued

10

BGMK cell culture

Normal cells

5-idu, dex-treated cells

Primary culture® 1% passt
Patient No. #yrssick VPlstain EVRNA 4wk 4wk 6wk 8wk 4wk 8wk
7 8 - nd - +H+ ++ + -
8 6 nd - - - + - - -
9 10 + +++ - + ++ ++ ++ -
10 13 + - - + nd nd nd nd
11 3 ++ - - - nd nd nd nd
12 15 ++ ++ - - nd nd nd nd
13 20 - - - - nd nd nd nd

5-idu, 5-idoxyuridine; dex, dexamethasone; EV, enterovirus; VP1, viral capsid protein 1

Three to four biopsies were obtained from each patient’s antrum and processed for CP1, RNA assay and
viral culture. EV RNA was determine on the RNA-later specimens and culture lysates at periods indi-
cated. The optical density ready of the RT-RNA ELISA was rated as: + if 1.0 and <1.9; ++ if 2.0 and

<3.0; +++ if 23.0; nd = not done.

*The tissue homogenates were inoculated onto untreated BGML cells (normal) or 5-idu-and dex-treated
BGMK cells; half of the tissue culture monolayers were scraped and lysed and EV RNA determined at

the time period indicated.

FLysates from the 6-week primary cultures were passed to another set of uninfected, 5-idu- and dex-
treated cells, and the presence of EV RNA was assayed at the time period indicated.

The terms “a” and “an” and “the” and similar referents used
in the context of describing the invention (especially in the
context of the following claims) are to be construed to cover
both the singular and the plural, unless otherwise indicated
herein or clearly contradicted by context. Recitation of ranges
of values herein is merely intended to serve as a shorthand
method of referring individually to each separate value falling
within the range. Unless otherwise indicated herein, each
individual value is incorporated into the specification as if it
were individually recited herein. All methods described
herein can be performed in any suitable order unless other-
wise indicated herein or otherwise clearly contradicted by
context. The use of any and all examples, or exemplary lan-
guage (e.g. “such as”) provided herein is intended merely to
better illuminate the invention and does not pose a limitation
on the scope of the invention otherwise claimed. No language
in the specification should be construed as indicating any
non-claimed element essential to the practice of the invention.

Groupings of alternative elements or embodiments of the
invention disclosed herein are not to be construed as limita-
tions. Each group member may be referred to and claimed
individually or in any combination with other members of the
group or other elements found herein. Itis anticipated that one
or more members of a group may be included in, or deleted
from, a group for reasons of convenience and/or patentability.
When any such inclusion or deletion occurs, the specification
is herein deemed to contain the group as modified thus ful-
filling the written description of all Markush groups used in
the appended claims.

Preferred embodiments of this invention are described
herein, including the best mode known to the inventors for
carrying out the invention. Of course, variations on those
preferred embodiments will become apparent to those of
ordinary skill in the art upon reading the foregoing descrip-
tion. The inventor expects skilled artisans to employ such
variations as appropriate, and the inventors intend for the
invention to be practiced otherwise than specifically
described herein. Accordingly, this invention includes all
modifications and equivalents of the subject matter recited in
the claims appended hereto as permitted by applicable law.
Moreover, any combination of the above-described elements
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in all possible variations thereofis encompassed by the inven-
tion unless otherwise indicated herein or otherwise clearly
contradicted by context.

Furthermore, numerous references have been made to pat-
ents and printed publications throughout this specification.
Each of the above cited references and printed publications
are herein individually incorporated by reference in their
entirety.

In closing, it is to be understood that the embodiments of
the invention disclosed herein are illustrative of the principles
of the present invention. Other modifications that may be
employed are within the scope of the invention. Thus, by way
of'example, but not of limitation, alternative configurations of
the present invention may be utilized in accordance with the
teachings herein. Accordingly, the present invention is not
limited to that precisely as shown and described.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 3
<210> SEQ ID NO 1

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Enterovirus sp.

<400> SEQUENCE: 1

Pro Ala Leu Thr Ala Val Glu Thr Gly Ala Thr Asn Pro Leu

Val
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-continued
1 5 10 15
<210> SEQ ID NO 2
<211> LENGTH: 21
<212> TYPE: DNA
<213> ORGANISM: Enterovirus sp.

<400> SEQUENCE: 2

ccteeggecyg aatgeggeta a

<210>
<211>
<212>
<213>

SEQ ID NO 3

LENGTH: 22

TYPE: DNA

ORGANISM: Enterovirus sp.

<400> SEQUENCE: 3

caattgtcac cataagcage ca

21

22

I claim:
1. A method for diagnosing chronic fatigue syndrome
(CFS) in a human patient comprising:

detecting enteroviruses in the stomach tissue of a patient
having symptoms consistent with CFS wherein said
symptoms consist of persistent fatigue for at least six
months and at least four further symptoms selected from
the group consisting of cognitive dysfunction, post-ex-
ertional malaise, unrefreshing sleep, joint pain, persis-
tent muscle pain, headaches, tender cervical or axillary
lymph nodes and sore throat; and

correlating the detection of said enterovirus with said
symptoms to establish a diagnosis of CFS in said human
patient.
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2. The method according to claim 1 wherein said detecting
step comprises detection of enteroviral capsid protein (VP 1)
orenteroviral viral RNA in said stomach tissue of said patient.

3. The method according to claim 1 wherein said enterovi-
rus detected in said detecting step is a non-cytopathic
enterovirus.

4. The method according to claim 2 wherein said detecting
method comprises immunoperoxidase or immunofiuorescent
staining of said stomach tissue.

5. The method according to claim 2 wherein said detecting
method comprises detecting viral RNA within said stomach
tissue using RT-PCR.

6. The method according to claim 2 wherein said detecting
method comprises co-culturing stomach tissue with buffalo
green monkey kidney cells.
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