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Abstract. Background: Human herpesvirus-6 (HHV-6),
Epstein-Barr virus and parvovirus B19 have been suggested as
etiological agents of chronic fatigue syndrome but none of these
viruses is consistently detected in all patients. However, active
viral infections may be localized in specific tissues, and,
therefore, are not easily detectable. The aim of this study was to
investigate the presence of HHV-6, HHV-7, EBV and
parvovirus B19 in the gastro-intestinal tract of CFS patients.
Patients and Methods: Using real-time PCR, viral DNA loads
were quantified in gastro-intestinal biopsies of 48 CFS patients
and 35 controls. Results: High loads of HHV-7 DNA were
detected in most CFS and control biopsies. EBV and HHV-6
were detected in 15-30% of all biopsies. Parvovirus B19 DNA
was detected in 40% of the patients versus less than 15% of
the controls. Conclusion: Parvovirus B19 may be involved in
the pathogenesis of CFS, at least for a subset of patients. The
gastro-intestinal tract appears as an important reservoir of
infection for several potentially pathogenic viruses.
Chronic fatigue syndrome (CFS)/myalgic encephalomyelitis
is characterized by a severe and debilitating fatigue associated
with numerous symptoms including musculoskeletal pain,
sore throat, sleep abnormalities and neurocognitive problems
(1). The pathogenesis of CFS is still poorly understood, but is
probably multifactorial: infections, stress, neuroendocrine
dysfunctions may all contribute to the onset and maintenance
of the disease (2).
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The observation that many cases of CFS begin with a flulike illness prompted the hypothesis that viral infections were
implicated in the disease, and several viruses were suggested
as etiological agents for CFS. These viruses include human
herpesvirus (HHV)-6, HHV-7 (3-5), Epstein-Barr virus
(EBV) (6), cytomegalovirus (5), parvovirus B19 (7-9) and
enteroviruses (10).
However, the lack of specificity of these viruses for CFS
(most of them are highly prevalent viruses, associated with
other pathologies and sometimes even detected in
asymptomatic people), as well as the poor consistency
between different studies, have created controversy regarding
their real implication in the disease (11, 12). One major
limitation is the difficulty to detect active, pathological viral
infections, or to distinguish the active viruses from the latent
ones. Another issue is the tissue in which the virus has to be
looked for. Active viral infections will not necessarily be
detectable in peripheral blood; other tissues, such as brain or
heart, can be the site of active enterovirus, parvovirus or
herpesvirus infections (13, 14).
The gastro-intestinal tract is another site where viral
infections may persist chronically. EBV can be detected in
the gastric epithelium, and is associated with gastritis and
gastric carcinoma (15). HHV-6, HHV-7, cytomegalovirus are
found in intestinal biopsy specimens of HIV patients and
liver transplant recipients (16, 17). Most CFS patients have
persistent or intermittent symptoms of intestinal dysfunction,
and a significant subset of them present chronic enterovirus
infection in the stomach (18). It was therefore suspected that
the gastro-intestinal tract could be a site of local viral
infections in CFS patients.
The purpose of this study was to investigate whether
herpesviruses (HHV-6, HHV-7, EBV) and parvovirus B19
could be detected in gastric and intestinal biopsies of CFS
patients. For quantification of viral loads, a new real-time
PCR procedure was used where the amplification of a viral
DNA sequence was compared with the amplification of an
endogenous genomic DNA sequence, used as an internal
control. Parvovirus B19 was detected more frequently in
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patient biopsies than in control biopsies, suggesting an
implication of this virus in the pathogenesis of CFS.

Patients and Methods
Clinical material. A total of 48 CFS patients were analyzed. All
were diagnosed for CFS according to the clinical criteria of Fukuda
et al. (1). Thirty-five non-CFS subjects (healthy people undergoing
routine check-up or people suffering from mild gastro-intestinal
symptoms) were also included in the study. Seventy-eight percent
of the patients, and 66% of the controls, were females. Mean age
was 37±13 for the patients, 46±17 for the controls.
All subjects gave informed consent. For each subject, biopsy
specimens were taken in the gastric antrum and in the duodenum
(biopsies were obtained by sampling mucosa from two different
places of each compartment). For most of the patients, a sample of
peripheral whole blood was also collected.
DNA extraction, quantitative PCR conditions. Genomic DNA was
extracted from the biopsies or from whole blood using the Blood and
Tissue DNA extraction kit (Qiagen, Venlo, Netherlands). Taqman
real-time quantitative PCR was performed on the iCycler instrument
(BioRad, Hercules, USA); thermal cycling started with a 10-min
incubation at 95˚C, followed by 50 cycles of 95˚C for 15 s and 60˚C
for 1 min. Reactions were set up in a 30 μL final volume, with the
FastStart Taqman Probe Master (Roche Diagnostics, Mannheim,
Germany). The sequence and final concentration of primers and
probes are shown in Table I. Probes were labeled at the 5’-end with
6-FAM, and linked at the 3’-end with BHQ-1™ quencher. Primers
and probes were synthesized by Eurogentec (Seraing, Belgium).
Viral load determination. The strategy for viral load determination was
based on the relative quantification of the target sequence (viral DNA)
and a reference sequence present in the human genomic DNA (a nonpolymorphic region of the human BRCA1 locus, which is present in
only two copies in a diploid genome (18)). By comparing the cycle
threshold (Ct) of the viral PCR with the cycle threshold of the
reference PCR, the ratio “number of viral copies/number of cellular
genomes” (Ncop/Ncg), can be calculated according to the formula:
Ncop/Ncg = [2(Ct[Ref PCR]-Ct[Viral PCR]+1) ]
For convenience reasons the viral loads are rather expressed as
“number of viral copies per million cells”: Ncop/Mc=106.Ncop/Ncg.
Calculation of PCR efficiencies. The above calculation is only valid
if the efficiencies of the two PCRs (viral and reference) are close to
identical. The efficiency of each PCR was determined by amplifying
serial dilutions of viral DNA (Advanced Biotechnologies, Columbia,
USA) or of DNA samples positives for each of HHV-6A, HHV-6B,
HHV-7, EBV and parvovirus B19. The Ct values were plotted
against the DNA dilutions, and the efficiencies calculated according
to the formula PCREFF=10-(1/curve slope) -1.
Efficiency of the reference PCR was 86% ; efficiencies of the viral
PCRs were between 83% and 89% . A 3% difference in efficiency
can actually, after 20-25 cycles of amplification, lead to a significant
error in the quantification of the viral load (up two two-fold);
however this error will be the same for the control samples and the
CFS samples, so it will not affect the comparison between the two
populations.
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HHV-6 A/B typing. The HHV-6 primers shown in Table I will
amplify both A and B strains of HHV-6. To differentiate between
the two strains, all HHV-6-positive samples were tested again using
variant-specific PCR primers and probes. The PCR procedure
(cycling parameters, PCR reagents) is as described above; the
sequences of primers and probes are shown in Table II.

Results
Results are summarized in Table III. For each virus, the
percentage of positive biopsies is indicated; mean values of
viral loads (number of viral copies per million cells) are
calculated on the positive samples only.
HHV-7. Most biopsies were positive for HHV-7, usually
with very high loads (more than 130,000 copies per million
cells in some cases). There was a trend for lower prevalence
and lower viral loads in controls than in patients however
this was not statistically significant. Viral loads were lower
in the duodenum than in the stomach (statistically
significant for the patient biopsies, p=0.005, not for the
control biopsies).
HHV-6. HHV-6 was found in 13-31% of the biopsies, with
loads usually under 2000 copies per million cells. There was
no significant difference between controls and patients, but
again the loads were lower in the duodenum than in the
stomach (statistically significant for the patient biopsies,
p=0.09, not for the control biopsies).
EBV. EBV was found in 15-31% of the biopsies. There was
a trend for lower viral loads in the duodenum than in the
stomach but this was not statistically significant. No
difference was found between the CFS and the control
populations.
Parvovirus B19. The percentage of parvovirus B19 positive
biopsies was significantly higher for the CFS patients than
for the controls (38-40% versus 14% ; OR=3.93, p=0.008).
Only five controls were positive. There was no difference
between stomach and duodenum biopsies.
Co-infections. Not considering HHV-7, co-infections
(presence of at least two different viruses in the same
biopsy) were seen in 8 out of 48 patients, and 6 out of 35
controls (about 17% in both populations).
HHV-6 typing. In all cases the variant present in the biopsies
was HHV-6B.
Detection of viruses in peripheral blood. Peripheral whole
blood samples from 32 of the patients were tested using
the same PCR procedure. Parvovirus B19 could not be
detected in any of those samples, although 11 of them
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Table I. Primers and probes used for viral PCR.
Sequence
Genomic DNA reference

For. primer
Rev. primer
Probe
For. primer
Rev. primer
Probe
For. primer
Rev. primer
Probe
For. primer
Rev. primer
Probe
For. primer
Rev. primer
Probe

HHV-6

HHV-7

EBV

Parvovirus B19

5’-aaacatgttcctcctaaggtgcttt-3’
5’-atgaaaccagaagtaagtccaccagt-3’
5’-FAM-ccttcacacagctaggacgtcatcttt-BHQ1-3’
5’-caaagccaaattatccagagcg-3’
5’-cgctaggttgaggatgatcga-3’
5’-FAM-caccagacgtcacacccgaaggaat-BHQ1-3’
5’-tttcctgtgacaaaagaagcagtta-3’
5’-atcccacacgctttacggg-3’
5’-FAM-ttcctgcgcaataaagtgaaaactgttagcatt-BHQ1-3’
5’-tcatcatcatccgggtctcc-3’
5’-cctacagggtggaaaaatggc-3’
5’-FAM-cgcaggccccctccaggtagaa-BHQ1-3’
5’-ggcagcatgtgttaaagtggat-3’
5’-cctgctacatcattaaatggaaagtt-3’
5’-FAM-accatgccatatactggaacacttttagca-BHQ1-3’

Final conc.

Reference

400 nM
400 nM
50 nM
500 nM
500 nM
150 nM
800 nM
800 nM
100 nM
600 nM
600 nM
150 nM
200 nM
200 nM
100 nM

(19)

(20)

(21)

(22)

(23)

Table II. Primers and probes used for HHV-6 A/B typing.
Sequence
HHV-6A

For. primer
Rev. primer
Probe
For. primer
Rev. primer
Probe

HHV-6B

Final conc.

5’-aggaaccatcttgttctgtccctt-3’
5’-gtacagcctcagtgacagatctg-3’
5’-FAM-ttgaactccatcagcggcctccagagttgt-BHQ1-3’
5’-ggtcatacaaggaagcgtttcg-3’
5’-gtacagcctcagtgacagatctg-3’
5’-FAM-cagccccgataaaaggtcacagacaaaaga-BHQ1-3’

300 nM
300 nM
200 nM
300 nM
300 nM
200 nM

Reference

(24)

Table III. Viral loads in gastric and duodenal biopsies.
HHV-7

HHV-6

EBV

% pos.

Viral load

% pos.

Viral load

% pos.

CFS stomach
Controls stomach

92%
83%

21340±5100
13400±5010

31%
29%

1650±500
1070±440

CFS duodenum
Controls duodenum

85%
66%

5650±1520
3950±1160

13%
22%

250±110
330±130

corresponded to patients with parvovirus-positive biopsies.
Similarly, HHV-6 was not detected in any of the blood
samples, although 13 of these samples corresponded to
patients with HHV-6-positive biopsies. EBV was detected
in three blood samples; these three patients were also
EBV-positive in the stomach and/or duodenum. However
there were 11 cases of biopsy-positive patients whose
blood tested negative. HHV-7 was detected in 12 of the
blood samples. There was no correlation between the load
of HHV-7 in the biopsy, and the presence of viral DNA in
the blood.

Parvovirus B19
Viral load

% pos.

Viral load

21%
17%

2700±2300
2260±1380

38%
14%

1580±630
1430±910

31%
15%

940±540
1310±860

40%
14%

1310±280
910±400

Discussion
The real-time PCR approach used in this study proved to be
perfectly suitable for the quantification of viral loads in solid,
cellular samples such as biopsies. Absolute quantification
using a standard curve would only make sense if absolute
viral counts per volume, or weight, of the biopsied tissue
were required, but neither volume nor weight can be
accurately measured (very small amount of tissue available).
Therefore, relative quantification and expression of the result
as a viral load per cell is a much more relevant approach.
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One objective of this study was to investigate whether the
presence of HHV-6, HHV-7 and/or EBV in the gastrointestinal tract could be associated with CFS. All three
viruses could be detected in both gastric and intestinal
biopsies. However, they could be detected at similar
frequencies, and usually similar loads, in biopsies from both
CFS patients and non-CFS controls. Only in the case of
HHV-7 could a possible trend towards higher loads be
observed in the CFS samples compared to the controls,
however the difference was not statistically significant. The
pathogenic potential of HHV-7 is anyway questionable: it
was detected in most control samples; titers reaching several
tens of thousands viral copies were observed in subjects that
did not suffer from any particular pathology. Higher loads of
HHV-7 in CFS versus control samples, if confirmed, could
be a consequence of impaired mucosal immunity rather than
a real cause of the disease.
Regarding HHV-6 and EBV, no significant difference
could be found between the CFS patients and the controls:
the frequency of positive samples and the mean viral loads
in these positive samples were similar in both populations.
Therefore, the results do not seem to support an implication
of these viruses in the pathogenesis of CFS. This implication,
however, cannot be totally excluded: HHV-6 is known to
induce a selective immune suppression which could have, in
some of the positive patients, favored the development of
other intracellular pathogens, viruses or mycobacteria (25).
Also, persistence of herpesviruses could cause a chronic
inflammation of the gastro-intestinal tract, which could still,
in certain predisposed people, contribute to the disease
(chronic activation of immune function).
Nevertheless, the presence of these potentially pathogenic
viruses in the gastrointestinal tract of apparently healthy
people is a clinically relevant observation. HHV-6, HHV-7
and EBV can reactivate and cause severe complications in
immunocompromised patients (26, 27). Obviously the
gastrointestinal tract is a major reservoir from which
herpesviruses could spread in case of impaired immunity.
This could be an important mechanism of viral reactivation
in post-transplant patients.
A most important finding is the higher frequency of
parvovirus B19 positive biopsies in the CFS population,
compared to the controls (38-40% in CFS duodenum and
stomach biopsies, versus less than 14% in the controls). This
difference suggests that parvovirus B19 may be involved in
the development and maintenance of CFS, at least for a
subset of patients.
Development of CFS following parvovirus B19 infection
had previously been reported (7-9). In one of these reports
CFS was associated with a persistent, low-grade viremia (9)
but in the other cases there was no evidence that the virus
was persisting in the host following the acute infectious
phase. Viral DNA disappeared from the serum after 4-5
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months, and antibody titers also decreased rapidly. In
contrast to herpesviruses, parvovirus B19 is not thought to
establish latency or integrate into the host genome (8). A
causal link between parvovirus B19 and maintenance of the
CFS symptoms was therefore difficult to establish.
The gastro-intestinal tract has now been identified as a
reservoir where parvovirus B19 may persist in the host
following primary infection. It is noteworthy that no viral DNA
was detectable in the blood samples isolated from the same
patients. Chronic intestinal infections may remain undetected,
and yet elicit numerous symptoms in the affected patients.
Acute parvovirus B19 infections are accompanied by increased
levels of various cytokines (IL-1β, IL-6, TNF-α, IFN-γ); raised
levels of TNF-α and IFN-γ persist in those patients that
develop CFS (28). These altered cytokine levels may contribute
to the immune dysregulations associated with CFS.
Persistence of parvovirus B19 infections in certain
individuals may be determined by genetic factors (29), as
well as by pre-existing immune dysfunction in the intestinal
mucosa. Interestingly, a significant association was recently
reported between psychological stress, which has a
demonstrated effect on intestinal function, and the
development of chronic fatigue following acute parvovirus
infection (30).
These results provide further support for an implication of
gastro-intestinal dysfunction in the pathogenesis of chronic
fatigue syndrome.
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