
blocked the binding (fig 3). BSA 10 mg did not inhibit binding
of the antibody.

We attempted to correlate the degree of staining with the
functional status of the CFS patients. The capability of
performing sedentary work was assessed in most of the
patients. Only 15/89 (27%) patients with 2+ staining were able
to perform 6�8 hours/day of sedentary work, whereas 33/71
(54%) patients with no staining or 1+ staining could do the
same (p = 0.016, Fisher exact test).

Eighteen specimens, containing three or more pieces,
demonstrated variable staining; 1�3 of 3�5 pieces stained
positive, suggesting potential sampling errors with this biopsy
procedure. Biopsy specimens taken from six patients at the
onset of the CFS/abdominal symptoms, and 2�8 years later
showed positive staining in the paired specimens (fig 4).

EV RNA was detected in 9/24 (37%) paraffin-embedded
samples from 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.
Only 22/90 (24%) of the samples preserved in RNA-later were
positive for EV RNA despite much larger size of biopsy
specimens (20�50 mg wet weight). When examined simulta-
neously, 19/63 of the samples stained 2+ had detectable EV
RNA whereas 7/37 with 0 or 1+ staining were positive (p = 0.07,
Fisher exact test).

VP1 staining, RNA analysis and cultures were simultaneously
performed on 75 specimens. Table 1 shows 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. On the other hand,
after 4 weeks� incubation in BGMK cultures previously treated
with 5-idu and dexamethasone, few biopsy specimens yielded
detectable EV RNA. EV RNA was detected with higher
frequency and intensity at 6 weeks but gradually disappeared
as cultures were carried out to 8�12 weeks. No significant
cytopathic effect was shown 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-old 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 EV RNA in positive cell cultures
became negative after attempted expansion and storage. The
151 bp cDNA isolated from five of the positive cultures were
confirmed to be EV RNA by sequencing.

DISCUSSION
CFS can be triggered by a number of treatable infections, and
our previous work showed that 50% of the first 200 CFS
patients had raised neutralising antibody titres for 10 of the top
20 enteroviruses isolated in the USA from 1970 to 2005.33 An
estimated 80�90% of our 1400 CFS patients have recurring
gastrointestinal symptoms of varying severity, and epigastric
and/or lower quadrant tenderness by examination, compared to
only 3/100 control subjects (author�s unpublished observa-
tions). Finding enterovirus VP1 protein in 82% of stomach
biopsy samples seems to correlate with the high percentage of
CFS patients with GI complaints. Whether this result represents
a patient selection bias or a reflection of possibly higher rate of
enterovirus infections in our region will require additional
studies involving patient cohorts from different geographic
areas. Our CFS patients developed their illnesses at different
time points, with average duration of 5.0¡4.5 years (range 1�
20 years), which would suggest that major outbreaks of
enterovirus infection did not cause disproportional cases in
this patient cohort.

5D8/1 mAb has been used by a number of investigators to
detect a common enteroviral protein in the tissues of infected
animals and human tissues, and the specificity has been
correlated with viral genome detection or culturable viruses.22�25

Our results showed that a high percentage of CFS patients have
stainable viral proteins in the antral tissues, as compared to
control subjects. The inhibition of staining by epitope-specific
peptide confirms the binding specificity. CMV is a known cause
of gastritis/oesophagitis in immunocompromised patients,26 27

yet the CMV mAb we used did not stain any of the specimens
taken from CFS patients. Failure to stain the tissue with
neutralising, type-specific mAb was not unexpected since these
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Figure 4 Immunoperoxidase staining of
stomach biopsy specimens at different times.
(A and B) show staining of antrum biopsy,
taken in 1999, with 5D8/1 and CMV mAb,
respectively. (C and D) show staining of
biopsies, taken in 2004, in a similar manner
(1006 magnification).
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antibodies usually bind conformational epitopes, which are
denatured during heat-induced antigen retrieval. Finding
enteroviral protein in some of the control subjects could be
explained by the high prevalence of enterovirus infections
throughout the year, affecting as many as 50 million Americans
per year, or 17�25% of the population.4 Viral shedding in stool
can persist for weeks after acute infections. It is probable that
the control subjects had an asymptomatic or self-limited
enterovirus infection within the preceding months. More
careful screening of the control subjects may increase the
specificity of this test in future studies.

Enteroviral protein was detected in the initial stomach biopsy
specimens taken from six patients who developed GI infection
before the onset of CFS, and also in biopsy specimens taken
years later when the patients had persistent GI symptoms and
fatigue. This finding suggests that enterovirus infection
initiated the GI symptoms and CFS, and the persistence of
the virus years later likely was responsible for the patient�s
symptoms. In a few patients, however, GI symptoms predated
the onset of CFS but became much worse afterwards. A few
patients with prior self-limited enteroviral infection developed
CFS and chronic GI symptomatology after another enteroviral
infection, as documented by seroconversion to the heterologous
virus (author�s unpublished data). Since there are more than 70
human enteroviruses, re-infection is likely to be common; a
second infection may be more severe and difficult to eradicate,
as shown in animal models.28 Interestingly, the intensity of VP1
staining of the stomach biopsy correlated inversely with
functional capacity. Perhaps the tissue viral load is directly
related to the severity of the symptom complex.

Furthermore, EV RNA was detected in paraffin-embedded
tissue as well as in larger samples preserved in RNA-later, years
after the onset of GI symptoms and CFS. Thirty-seven per cent
of the stomach biopsy specimens had detectable enteroviral
RNA, as compared to 82% by VP1 staining, a finding
comparable to the results of Li et al who studied the presence
of viral protein and RNA on rheumatic valve tissues by
immunochemical staining and in situ hybridisation.29

Surprisingly, stomach biopsy preserved in RNA-later did not
have a higher yield of EV RNA. This paradoxical finding could

be due to technical problems involved in the procedures. Some
of the RNA-positive specimens had negative VP1 staining or
vice versa, an observation which may be partly explained by the
different pieces of biopsy tissues submitted for different tests.

The growth of non-cytopathic viruses from the stomach
biopsy specimens supports persistent infection of the tissues.
Interestingly, the stomach homogenate did not infect mono-
layers of normal BGMK cells but grew in the same cells
previously treated with 5-idu and dexamethasone.
Pretreatment with 5-idu before virus inoculation has shown
increased virus yield and plaque efficiency.19 20 Dexamethasone
was added to inhibit cytokine production in 5-idu-treated
cells.30 Although the amplified cDNA product was confirmed as
an enterovirus sequence, the exact nature of the infectious viral
product remained undefined. Furthermore, this experimental
procedure was difficult to reproduce since the next 62 samples
failed to yield any viral growth even after multiple changes of
culturing conditions. More work is needed in defining the
optimal cell type and growth condition to isolate the virus from
human tissue. Exogenous contamination would be unlikely
since no positive virus control was included in the culture
experiments.

Although persistent enterovirus infections have been asso-
ciated with chronic myocarditis, type 1 diabetes and neuro-
muscular diseases (reviewed in Oberste and Pallansch6), the
concept of enteroviral persistence remains controversial.34

Endomyocardial biopsy taken from patients with viral myo-
carditis demonstrated persistence of enteroviral genome in
almost one-third of the samples 1 year after acute infection.31

Muscle biopsy specimens taken from CFS patients, and
postmortem examination of brain tissues from one CFS patient,
years after the initial infection, also demonstrated the
persistence of enteroviral genome.6�9 32 Collectively, these
findings clearly support the concept of viral persistence in
human tissues, which may be accountable for diverse mani-
festations of CFS. Nevertheless, tissues from these organs are
difficult to obtain, and furthermore, a ��dilution effect�� likely
exists during haematogenous dissemination, which makes
these sites less desirable for biopsy than the initial sites of
viral replication.
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Table 1 Virologic analysis of stomach samples from patients with chronic fatigue syndrome (CFS)

Patient no No years sick VP1 stain

RNA-later sp.

BGMK cell culture

Normal cells 5-idu, dex-treated cells

EV RNA

Primary culture* 1st pass�

4 wk 4 wk 6 wk 8 wk 4 wk 8 wk

1 5 – – – ++ +++ – +++ –
2 4 nd nd – – +++ – ++ –
3 6 ++ + – – +++ +++ + –
4 10 ++ + – ++ ++ – +++ –
5 12 ++ + – – ++ – ++ –
6 4 + – – – + – nd –
7 8 – nd – +++ ++ ++ + –
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 VP1 staining, RNA assay and viral culture. VP1 staining was graded as described in
methods. EV RNA was determined on the RNA-later specimens and culture lysates at periods indicated. The optical density reading of the RT-PCR ELISA was rated as +,
if .1.0, ,1.9; ++, if .2.0, ,3.0; +++, if >3.0; nd, not done.
*The tissue homogenates were inoculated onto untreated BGMK 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.
�Lysates from the 6-week-old primary culture 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.
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