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Chronic fatigue syndrome (CFS) is a serious systemic illness of
unknown cause. A recent study identified DNA from a xenotropic
murine leukemia virus-related virus (XMRV) in peripheral blood
mononuclear cells (PBMCs) from 68 of 101 patients (67%) by nested
PCR, as compared with 8 of 218 (3.7%) healthy controls. However,
four subsequent reports failed to detect any murine leukemia virus
(MLV)-related virus gene sequences in blood of CFS patients. We
examined 41 PBMC-derived DNA samples from 37 patients meeting
accepted diagnostic criteria for CFS and found MLV-like virus gag
gene sequences in 32 of 37 (86.5%) compared with only 3 of 44
(6.8%) healthy volunteer blood donors. No evidence of mouse
DNA contamination was detected in the PCR assay system or the
clinical samples. Seven of 8 gag-positive patients tested again pos-
itive in a sample obtained nearly 15 y later. In contrast to the
reported findings of near-genetic identity of all XMRVs, we identi-
fied a genetically diverse group of MLV-related viruses. The gag
and env sequences from CFS patients were more closely related
to those of polytropic mouse endogenous retroviruses than to
those of XMRVs and were even less closely related to those of
ecotropic MLVs. Further studies are needed to determine whether
the same strong association with MLV-related viruses is found in
other groups of patients with CFS, whether these viruses play
a causative role in the development of CFS, and whether they rep-
resent a threat to the blood supply.
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Chronic fatigue syndrome (CFS) is a debilitating disorder
defined solely by clinical symptoms (1) and the exclusion of

other diseases; its distribution is wide and its cause is unknown.
In many instances, the illness starts suddenly with an infectious-
like syndrome. A number of objective immunological and neu-
rological abnormalities have been found more often in patients
with CFS than in healthy controls or in patients with other fa-
tigue-inducing illnesses (2). Various microbial and viral infec-
tions have been implicated as possible triggers of CFS, including
human herpesvirus-6, Epstein–Barr virus, enteroviruses, parvo-
virus B19, and the bacteria that cause Lyme disease and Q fever
(2). However, no single agent has been associated with a large
fraction of cases.
A recent study reported that a high percentage of patients

with CFS are infected with a mouse leukemia retrovirus that has
been designated xenotropic murine leukemia virus-related virus
(XMRV) (3), a virus first identified in samples of human prostate
cancer tissue about 4 y ago (4). However, two subsequent studies
failed to find an infectious murine leukemia virus (MLV)-related
virus in German prostate cancer patients (5, 6), and four recent
studies from Europe and the United States have failed to detect
XMRV or an MLV-related viral gene sequence in the blood of
CFS patients using PCR (7–10).
In the mid-1990s, we obtained serum and whole-blood samples

from CFS patients for the investigation of possible mycoplasmal

infections (11). Whole-blood, peripheral blood mononuclear cell
(PBMC), and plasma samples from 37 CFS patients in the my-
coplasma studies were maintained in frozen storage at −80 °C.
Twenty-five patients were from an academic medical center and
12 were referred by community physicians. Repeat blood sam-
ples were obtained from the academic medical center patients:
four samples were obtained 2 y later and similarly kept in frozen
storage, eight were obtained ∼15 y later, in 2010, and processed
for XMRV/MLV-related virus testing without being frozen.
By nested PCR assays targeting the MLV-related virus gag

gene, using both the previously described primer sets (3, 4) and
an in-house–designed primer set with highly conserved sequen-
ces from different MLV-like viruses and XMRVs, we examined
DNA prepared from the blood samples of these 37 CFS patients
for the presence of MLV-like virus gag gene sequences. In ad-
dition, RNA was prepared from the deep-frozen plasma samples
of these patients and analyzed by RT–PCR assay. DNA extrac-
ted from frozen PBMC samples of 44 healthy volunteer blood
donors was tested in parallel.

Results
MLV-Related Viral gag Gene Sequences Detected in the Blood of CFS
Patients. By nested PCR assays, targeting the mouse retrovirus gag
gene using either the previously reported PCR primer sets (first
round: 419F/1154R; second round: GAG-I-F/GAG-I-R) (3, 4) or
our in-house–designed PCR primer set (first round: 419F/1154R;
second round: NP116/NP117) (Fig. 1), we detected a high fre-
quency of MLV-related virus gag gene sequences in patients with
CFS. The NP116/NP117 is an internal primer set with highly
conserved sequences in different MLV-like viruses and XMRVs
(Fig. S1). After the first round of nested PCR using primer set
419F/1154R, gel electrophoresis revealed positive PCR-amplified
products with the predicted size of ∼730 bp in 21 of 41 PBMC or
whole-blood samples from 37 CFS patients (Fig. 1A). The nested
PCR results produced by the second round of amplification using
either the internal primer set GAG-I-F/GAG-I-R (with a pre-
dicted size of an ∼410-bp product) or the internal primer set
NP116/NP117 (with a predicted size of an ∼380-bp product) were
essentially identical. Overall, samples from 32 of 37 (86.5%) CFS
patients revealed positive amplification products with the correct
predicted sizes in the nested PCR (Fig. 1B). Of the 25 CFS
patients who had been rigorously evaluated at the academic
medical center, 24 (96%) were positive. On repeated testing 2 y
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later of four of the academic center patients, all four remained
positive. On repeated testing of eight academic center patients
∼15 y later (in 2010), seven remained positive. All PCR products
with the correct predicted size were retrieved from the gel and
analyzed by DNA sequencing. Their DNA sequences were all
confirmed to be those of MLV-related virus gag genes. The
alignments of all of the sequences obtained from PCR products of
∼730 bp are shown in Fig. S1. All of the positive PCR products
amplified from the CFS patients’ samples using primer set 419F/
1154R were 746 bp in length. All of the positive PCR products
amplified from the patients’ blood samples using primer set GAG-
I-F/GAG-I-R and primer set NP116/NP117 were 413 and 380 bp
in length, respectively.
In 42% of samples, we also detected and sequence-confirmed

the presence of MLV-related viral RNA in the frozen plasma
samples of these CFS patients, using an RT–PCR assay (Fig.
1C). With one exception, all of the patients who tested positive
for viral RNA gag gene sequences in the plasma samples also
tested positive in the DNA prepared from PBMCs and/or whole
blood. On the other hand, only about half of the patients with
MLV-related virus gag gene sequences detected in PBMC DNA
also had viral gag RNA sequences detected in the plasma.

MLV-Related Viral gag Gene Sequences Detected in the Blood of
Healthy Volunteer Blood Donors. DNA originating from 44 healthy
volunteer blood donors was tested in parallel by nested PCR (Fig.
2). The nested PCR testing using the MLV-related virus gag gene-
specific primer sets could produce many side products from hu-
man DNA (Figs. 1 and 2). We sequenced all of the PCR-amplified
DNA bands from the 44 control samples of blood donors having
molecular sizes close to that of the predicted PCR products from
the target XMRV gag gene in the first round of PCR (Fig. 2A) and
in the second round of nested PCR (Fig. 2B). After the first round
of amplification in nested PCR, a positive PCR product with the
predicted size of ∼730 bp was found in PBMC DNA from 1 of 44
blood donor controls (lane 4, Fig. 2A). This ∼730-bp PCR product
amplified from the blood donor (BD22) was confirmed by DNA

sequencing as an MLV-related virus gag gene sequence of 745 bp
(Fig. S1). Overall, we found 3 of 44 (6.8%) blood donors’ PBMCs
(BD22, BD26, and BD28) to be positive for the MLV-related
virus gag gene sequences by completing both rounds of nested
PCR (Fig. 2B and Fig. S2).

MLV-Related Viral env Gene Sequences Detected in the Blood of a CFS
Patient and a Healthy Blood Donor. PBMC DNA from all of the
CFS patients and healthy blood donors was also tested by PCR,
targeting various regions of the MLV-related viral env gene. The
MLV-related viral env gene segment of 240 bp was amplified and
confirmed by sequencing from one healthy donor (BD-26) by
a semi-nested PCR using the primer set 5922F/6273R in the first
round of amplification and 5922F /6173R in the second round of
amplification. The MLV-related viral env gene segment of 206
bp was amplified and confirmed by sequencing from 1 CFS pa-
tient by a nested PCR using primer set 5922F/6273R in the first
round of amplification and 5942F/6159R in the second round of
amplification (SI Materials and Methods).

Phylogenetic Analyses of MLV-Related Virus gag and env Gene
Sequences. Multiple sequence alignment (MSA) and phyloge-
netic analysis of the MLV-related virus gag gene sequences am-
plified from 21 CFS patient samples and one blood donor (BD22)
are shown in Fig. S1 and Fig. 3A, respectively. There were three
different MLV-related retroviral gag gene sequences identified by
PCR in the blood samples of the CFS patients and a fourth variant
was detected in blood donor BD22. The sequences in all four
variants were more closely related to the sequences of polytropic
mouse endogenous retroviruses (mERVs) than to those of
XMRVs. Although variations were observed, the majority (18/21,
86%) of CFS patient samples had the same viral gag gene sequence
(CFS type 1), whereas 2/21 had a different, but similar, viral gag
gene sequence (CFS type 2), and a third distinct sequence (CFS
type 3) was found in the remaining CFS case. Phylogenetic analysis
using the 746-nt sequences obtained revealed that CFS type 1, CFS
type 2, and CFS type 3 formed a cluster that is clearly separable
from the cluster formed by the newly reported XMRVs (Fig. 3A).
Interestingly, the 745-nt virus gag gene sequence of donor BD22
(with a 1-nt deletion in the alignment) could not be included in
either the cluster of CFS type 1/CFS type 2 or the cluster of
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Fig. 1. MLV-related gag gene sequences detected in blood DNA from CFS
patients. (A) Results of PBMC DNA from CFS patient samples 1–25 (of 41
samples examined) amplified after the first round of nested PCR using
a previously published primer set (419F/1154R): targeting gag gene. (B)
Results of PBMC DNA from the 25 CFS samples after completing the second
round of nested PCR using an in-house–designed PCR primer set (NP116/
NP117). (C) MLV-related gag gene RNA sequences are detected in plasma of
CFS samples by RT-nested PCR. Results of RT-nested PCR for RNA derived
from the plasma samples of CFS patients 4–17 are shown. The positions of
expected sizes of the “positive” PCR amplicons are indicated by arrows. M,
DNA ladder size markers. All positive PCR amplicons with the expected size
have been confirmed by DNA sequencing.
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Fig. 2. MLV-related gag gene sequences detected in normal blood donors
by nested PCR. (A) Results of PBMC DNA from blood donors 1–25 (of 44
donors examined) amplified after the first round of nested PCR using primer
set 419F/1154R. Lane 4: PBMC DNA from BD22 has a positive target PCR
amplicon confirmed by sequencing. (B) Results of PBMC DNA from the 25
normal blood donors after the second round of nested PCR using PCR primer
set GAG-I-F/GAG-I-R (4). Sequencing of the PCR bands with size ∼413 bp
revealed that lane 4 (BD22), lane 7 (BD26), and lane 9 (BD28) were MLV-like
virus gag gene sequences; lane 8 (BD27) was a human sequence. The posi-
tions of expected sizes of the positive PCR amplicons are indicated by arrows.
M, DNA ladder size markers.
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XMRVs. The viral gag gene sequences of CFS type 3 and blood
donor BD22 appear to be phylogenetically more closely related to
polytropic mERVs or modified polytropic mERVs (Fig. 3A).
Sequence analysis of the shorter fragments of the viral gag

gene amplified from blood of 36 out of 41 CFS patient samples
and 3 out of 44 blood donor samples after the second round of
nested PCR similarly confirms that there are significant varia-
tions among the MLV-like gag gene sequences. Fig. S2 shows
sequence alignment of the 380-nt segments of viral gag genes
amplified from three blood donors (BD22, BD26, and BD28),
patients with CFS types 1–3, XMRVs, and other closely related
mERVs/polytropic MLVs. As an example, the viral gag gene
sequence identified in BD28, but not sequences of BD22 and
BD26, has a prominent 21-nt deletion that is uniquely present in
polytropic mERV clone 51 (Fig. S2). In phylogenetic analysis,
the 380-nt segment of the gag gene sequence found in BD26
appears to be closely related to those of CFS types 1 and 2.
However, similar to the analytic result with the 746-nt product,
the 380-nt gag gene sequences of BD22 and BD28 again cannot
be included in either the cluster of CFS type 1/CFS type 2 or the
cluster of XMRVs (Fig. 3B). On the other hand, when the protein
sequences coded by the gag gene sequences identified in the CFS
patients and blood donors are compared with those of a wider
range of exogenous and endogenous MLVs, they are most similar
to those of polytropic MLVs and XMRVs (Fig. S3). A ClustalW
Gag protein tree again reveals that MLV-like virus gag proteins
have much more similarity to those of modified-polytropic and
polytropic mERVs or to those of XMRVs, but are very different
from those of exogenous ecotropic MLVs (Fig. 4).
The sequence alignment and the phylogenetic analysis of the

MLV-related virus env gene sequences obtained from both the
CFS patient and healthy blood donor revealed that they were also
more closely related to those of polytropic or modified polytropic
MLVs than to those of XMRVs (Fig. S4).

Testing for the Presence of Mouse DNA in Patient and Blood Donor
Samples Positive for MLV-Like gag Gene Sequences. Mouse DNA
contains endogenously many closely related proviruses of MLVs.
Hence, contamination of the blood samples or reagents by mouse
DNA could have produced falsely positive PCR results. Although
we took great precautions to prevent potential contamination in
the laboratory, and although multiple negative controls were al-
ways included in each assay, we took additional steps to confirm
that no mouse DNA had contaminated the assays or the clinical
samples prepared in this study. We estimated that there were
about 200–1,800 mitochondrial DNA (mtDNA) copies per mam-
malian cell. A highly sensitive PCR assay targeting mouse-specific
mtDNA was developed (Materials and Methods) to exclude any
possibleminutemouseDNAcontamination in the assay systemand
in the clinical samples with positive amplified gag gene products.
The first round of the semi-nested PCR (40 cycles) used primer

set mt15982F/mt16267R and could detect 10 fg of mouse DNA in

the presence of 35 ng of human background DNA. By compari-
son, when studied in parallel under the same assay conditions, the
first round of nested PCR (40 cycles) against the MLV gag gene
required∼10 pg of mouseDNA to detect viral gag gene sequences
(Fig. 5A). Thus, the first round of mouse-specific mtDNA PCR
assay could detect a positive mtDNA signal at a mouse DNA
concentration 1,000-fold below the concentration required to
detect a positive gag signal. The second round of mouse mtDNA
semi-nested PCR, using primer set mt16115F/mt16267R, could
consistently amplify the target 153-bp amplicon from 2.5 fg of
mouse DNA mixed with 35 ng of human DNA (Fig. 5B). By
comparison, the second round of the nested gag gene PCR pro-
duced positive ∼400-bp amplicons from 500 fg of mouse DNA
mixed with 35 ng of human background DNA in the reaction.
Thus, the second round of mouse mtDNA semi-nested PCR had
a sensitivity hundreds-fold higher than that of the second round of
the MLV gag gene nested PCR in amplifying mouse DNA.

Using this highly sensitive PCR assay for mouse-specific
mtDNA, we examined all of the blood samples that were found
positive for MLV-like virus gag gene sequences from both CFS
patients and healthy controls for evidence of mouse DNA con-
tamination. PBMC DNA (30–40 ng) from the CFS patients
and the healthy blood donors, as well as serial dilutions from 50
to 1 fg of mouse DNA mixed with 35 ng of human DNA as the
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Fig. 3. Phylogenetic trees corresponding to the MSAs shown in Figs. S1 and S2 were generated by the ClustalW2 program using the neighbor-joining method
(Materials and Methods). (A) Phylogenetic analysis based on the 746-nt gag gene nucleotide sequences amplified from blood samples of CFS patients and BD-
22 of the corresponding MSA in Fig. S1. (B) Phylogenetic analysis based on the 380-nt gag gene sequences amplified from blood samples of CFS patients and
healthy blood donors using the primer set NP116/NP117 of the corresponding MSA in Fig. S2.
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Fig. 4. Phylogenetic analysis of protein sequences based on the alignment
shown in Fig. S3. CFS types 1, 2, and 3 and BD-22 and MLVs gag protein
sequences are compared. Gag protein sequences starting from the AUG
initiation codon are aligned with those of relevant endogenous as well as
exogenous MLVs. Sequences of MLVs are referred to as polytropic (P), eco-
tropic (E), amphotropic (A), or modified polytropic (Mpmv). MoMLV, Molo-
ney murine leukemia virus; HEMV, hortulanus endogenous murine virus.
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positive templates, were tested in parallel. No mouse DNA was
found in the PCR mix nor in the blood samples of CFS patients
and blood donors that tested positive for the MLV-like virus gag
gene sequences. Fig. 6 shows the results of the two rounds of
mouse-specific mtDNA semi-nested PCR testing in DNA from
PBMCs of four CFS patients (patients 8, 17, 20, and 25) with
positive 746-bp amplicons in the first round of the nested PCR
targeting the MLV-like virus gag gene, as well as from three
blood donors (BD22, BD26, and BD28) who tested positive and
two donors (BD21 and BD23) who tested negative for MLV-like
gag gene sequences.

Discussion
Detection of MLV-Related Nucleic Acid Sequences. Our laboratory
detected MLV-related virus gag gene sequences in DNA from
PBMC and whole-blood samples from 32 of 37 (86.5%) CFS
patients, compared with 3 of 44 (6.8%) volunteer blood donors,
using a two-round nested PCR. Following only one round of PCR
amplification, 21 of the 41 CFS patients’ DNA samples were
found positive compared with only 1 of 44 donor samples. In every
instance throughout these studies, the “positive” result by PCR
(an amplicon of the predicted size) was confirmed by sequencing.
In four CFS patients from whom two samples were obtained,

2 y apart, the gag gene sequences were detected on both occasions.
Further, gag gene sequences were still detectable in seven of eight
CFS patients from whom fresh samples were obtained ∼15 y after
they were initially found to be MLV gag gene positive. In one gag-
positive CFS patient and one gag-positive blood donor, MLV-
related env gene sequences also were detected by PCR. However,
we were unable to PCR amplify and determine the MLV-related
env gene sequences in the majority CFS patients, possibly because
of the low copy number and the greater genetic variability in the
env gene compared with the gag gene.
In the CFS patients, plasma samples revealed MLV-related

virus gag gene sequences in 42%when tested by RT–PCR for viral
RNA. Whereas all but one patient whose plasma tested positive
for viral RNA also tested positive in PBMCs for viral DNA, only
half of the cases in which MLV-related virus gag gene sequences
were detected in PBMCs had detectable RNA sequences in
plasma. Thus, accurate determination of the prevalence of these
agents in patients and donors requires cellular DNA for analysis.

Sequence Variability. Previous reports of XMRV isolates from
patients with CFS and with prostate cancer and from individuals
in different geographic locations have described very similar
nucleic acid sequences (3, 4, 12), a feature believed to be a unique

characteristic of XMRVs (13). However, our analysis revealed
three different types of MLV-related virus gag gene sequences in
CFS patients. In all three groups, the sequences were more closely
related to the sequences of polytropic mERVs than to XMRVs
and were more distant from the sequences of ecotropic MLVs
(Fig. 3). Moreover, viral gag gene sequences with significant var-
iations from both the cluster of CFS type 1/CFS type 2 and the
cluster of XMRVs were identified in at least two blood donors
(BD22 and BD28); phylogenetic analysis revealed the latter
sequences to be more closely related to those of polytropic or
xenotropic mERVs (Fig. 3B). It is unclear whether the sequence
variations of the viral genes identified in the CFS patients and
healthy blood donors have any significance in viral pathogenesis
or disease development.
The MLV-like virus gag gene sequences in the CFS patients

and blood donors had a deletion of 9 nt in the 5′ gag leader
region and did not have the 24-nt deletion in this region reported
in XMRVs. Internal deletions of 9 nt similar to what we have
identified in the CFS patients and the blood donors are known to
be present in the region that encodes the glycosylated Gag
protein (GlycoGag) in some infectious endogenous (ecotropic)
MLVs and exogenous (xenotropic) MLVs, such as AKV and
DG-75 (14, 15). Many previous studies have shown that the
nonstructural GlycoGag of MLVs plays a critical role in viral
pathogenesis and in vivo infectivity (16–19). In this context, the
MLV-like virus gag gene sequences identified in most of our CFS
patients (both CFS type 1 and CFS type 2) appear to have an
intact GlycoGag in-frame with the matrix and are consistent with
the gene sequences of infectious MLVs. Unfortunately, the
sequences presently obtained in the study are still a bit short and
lack the alternative start codon CUG. Slight extension of the 5′
leader sequence will be needed to confirm the intact nature
of GlycoGag.

Could Our PCR Results Have Been Falsely Positive? Voisset and
coauthors (20) recently reviewed the pitfalls encountered in the
identification of new retroviruses (“rumor viruses”). False-positive
results can occur for a variety of reasons. Viral gene sequence-
specific PCR primers can nonspecifically amplify nucleic acid
sequences that differ from the target sequence. For this reason, we
sequenced every positive PCR product (every amplicon of the
predicted size) and confirmed MLV-related gene sequences in
every instance.
Although contamination must always be a concern for any

PCR-based study, several pieces of evidence argue against the
possibility that the PCR products identified in our study are the
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1st round of PCR:
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mt16115F/mt16267R (45 cycles)

2nd round of nested PCR:
GAG-I-F/GAG-I-R (45 cycles)
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MLV gag gene
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413 bp

Fig. 5. Comparison of sensitivity in amplifying mouse DNA by
the semi-nested PCR targeting mouse-specific mtDNA and by
the nested PCR targeting MLV-like virus gag gene. Serial dilu-
tions of mouse spleen DNA (from 40 pg to 2.5 fg) were spiked
into 35 ng of total human PBMC DNA and compared in parallel
for the mouse DNA detection sensitivity of the two PCR assays.
(A) In the first round of the mtDNA-specific PCR assay, 10 fg or
more of mouse DNA could be detected in the presence of 35 ng
of human DNA by producing the 286-bp target product. In the
first round of MLV gag gene nested PCR assay, 10 pg or more
of mouse DNA could be detected in the presence of 35 ng of
human DNA by producing the ∼730-bp target product. (B) In
the second round of mouse-specific mtDNA semi-nested PCR,
the 153-bp target amplicon could consistently be amplified
from 2.5 fg of mouse DNA. In the second round of gag gene-
specific nested PCR, the 413-bp target product could be am-
plified from 0.5 pg or more of mouse DNA. Lane 0 fg: 35 ng of
human DNA without spiking any mouse DNA. Lane H2O: No
DNA template. M: 100-bp DNA ladder mix. Primers and PCR
cycle numbers used in each round of amplification for both of
the assays are shown at the top of each gel.
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result of laboratory contamination. First, every clinical sample
that tested positive for the MLV-like virus gag gene sequences
was tested for evidence of mouse DNA contamination using
a semi-nested PCR for mouse-specific mtDNA that was expo-
nentially more sensitive in detecting mouse mtDNA than MLV-
related gag sequences (Fig. 5). Any detection of MLV gag that
was caused by contamination with mouse DNA also would have
detected mouse mtDNA by PCR, thereby identifying the gag
result as falsely positive. In fact, no positive signal was detected
by the mtDNA semi-nested PCR assay in any of the reaction
mixtures or in the DNA of clinical samples examined in the
study, thus excluding possible contamination by mouse DNA.
Second, we addressed the possibility that the clinical samples

or the assay system might have been contaminated. The blood
samples were obtained in clinical laboratories that never worked
with mice or retroviral vectors and were drawn through sterile
needles into vacuum tubes that remained unopened until testing.
The laboratory in which PCR testing was performed also had
never worked withmurine cells, tissues or serum samples, orMLV
vectors. Finally, because repeated entry into samples would in-
crease the chance of contamination, we emphasize that sample
vials from both patients and normal donors had never been en-
tered before our testing.
Third, there were at least six different MLV-related gag gene

sequences amplified from the blood samples of CFS patients and
blood donors. Typically, contamination would be manifest as the
same sequence in all or most samples. Moreover, the sequences
that we observed all had significant variations from the pre-
viously reported exogenous MLVs or viral vectors. Furthermore,
during this study more than 300 negative controls set up for

multiple PCR amplification assays targeting the MLV gag gene
were performed, and all were negative.
Finally, a new set of blood samples was recently obtained from

8 of the original 25 patients followed in an academic medical
center. Testing of the repeat blood samples, ∼15 y after the index
sample, showed that seven of eight patients examined had de-
tectable MLV-gag gene sequences. Significant variations of
MLV-like virus gag gene sequences amplified from the freshly
obtained blood samples were identified as would be expected in
retroviral infections, but not from contamination.
The ultimate proof of low-grade infection by MLV-related

viruses in humans may rely on demonstrating the integration of
the viral genes into the human genome (20). The identification
of provirus integration sites will take more time and effort to
investigate, given that we estimate only one virus gene copy in
every 400–4,000 nucleated PBMCs. Also, previous work with
XMRV indicates that integration sites are quite variable (21)
and the same may be true for the polytropic mouse endogenous
retroviruses, which are predominant in this study.

Why Have Other Studies Come to Different Conclusions? Although
we find evidence of a broader group of MLV-related viruses,
rather than just XMRV, in patients with CFS and healthy blood
donors, our results clearly support the central argument by
Lombardi et al. (3) that MLV-related viruses are associated with
CFS and are present in some blood donors. However, four recent
studies have failed to confirm the PCR results reported by Lom-
bardi (7–10). There are various possible explanations for this
disparity. As stated in the reports, there could be a difference in
the prevalence of these infectious agents in CFS patient pop-
ulations in different geographic areas. This argument is somewhat
less plausible since the publication of a recent negative study with
subjects from the United States (10). Nevertheless, the hetero-
geneity in gag gene sequences that we observed suggests that
geographic differences in different MLV-related viruses may be
considerable and could affect both the sensitivity and the speci-
ficity of molecular amplification using standard primer sets.
Indeed, it is possible that the PCR primers used in various

studies may have different sensitivity in detecting the diverse
group of MLV-related virus gag gene sequences that we found in
the clinical samples. The 5′ gag leader sequence of previously
described XMRVs represents the most divergent segment of the
XMRV genome in comparison with the genomes of the other
MLVs (4). In particular, there is evidently a unique 15-nt deletion
in the 5′ gag leader region in all of the XMRVs previously iden-
tified in patients with prostate cancer and CFS (3, 4). To detect
XMRVs in human samples with better sensitivity and specificity,
some studies used a PCR primer spanning this unique deletion
as the “XMRV-specific” primer (6). However, none of the viral
gag gene sequences amplified from the blood samples of CFS
patients and blood donors in our study has this particular deletion
(Fig. S1). As a consequence, such primers might have been in-
sensitive in detecting theMLV-related gag gene sequences that we
have identified.
Finally, it is also quite possible that there is heterogeneity in the

patients diagnosed with CFS in different studies. CFS is a syn-
drome defined exclusively by a group of nonspecific symptoms and
thus has an ill-defined phenotype. Future studies should adhere to
consensus case definitions such as that developed by the Centers
for Disease Control and Prevention (CDC) (1). Conversely, pu-
tative “healthy” control subjects should explicitly deny the pres-
ence of those symptoms that constitute the case definition of CFS.
Furthermore, even bona fide cases of CFSmay have different viral
or other etiologies.

Further Considerations.The finding ofXMRVorMLV sequences in
persons with CFS or other diseases does not constitute definitive
proof of viral infection. However, in the study of Lombardi et al. (3)
and studies reviewed subsequently by Silverman et al. (22) the ev-
idence for XMRV infection in humans not only involved detection
of viral nucleic acids using PCR, but also reported the detection of
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Fig. 6. Testing of CFS patients’ and healthy blood donors’ samples positive
for MLV-like gag gene sequences for the presence of mouse DNA contami-
nation using the semi-nested PCR assay targeting mouse-specific mtDNA.
Serial dilutions of mouse DNA were spiked into 35 ng of human DNA and
used as the controls of the assay sensitivity. The first round of mouse mtDNA
semi-nested PCR (A) detected 10 fg of mouse DNA, and the second round of
the semi-nested PCR (B) detected 2.5 fg of mouse DNA in the presence of 35
ng human background DNA. No evidence of mouse DNA contamination
could be found by either round of mouse mtDNA semi-nested PCR in the
PBMC DNA (35 ng) of CFS patients (patients 8, 17, 20, and 25); three blood
donors (BD-22, BD-26, BD-28) tested positive and two blood donors (BD-21
and BD-23) tested negative for the MLV-like virus gag gene sequences.
Healthy blood donors’ samples positive for MLV-like gag gene sequences are
labeled by asterisks. Lane 0: 35 ng of human DNA without spiking any mouse
DNA. Lane H2O: No DNA template. M: 100-bp DNA ladder mix.
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viral antigens, detection of anti-viral antibodies, the ability to cul-
ture the virus in a prostate cancer cell line, the detection of gamma
retrovirus particles by electron microscopy, and transmission of
infection to macaques. In sum, none of the four studies that have
failed to confirm the PCR evidence reported by Lombardi et al. (3),
nor our own study, has attempted to fully replicate that study.
It remains to be shown that the association that we have found,

using the methods that we have described, can be generalized to
a larger group of patients with CFS. Indeed, we suspect that the
association will be lower in CFS cases identified through com-
munity-based surveys, as contrasted to cases seen at academic
medical centers. Even if subsequent studies confirm an associa-
tion between MLV-like viruses and CFS, that will not establish
a causal role for these viruses in the pathogenesis of this illness.
For example, such a high frequency of infections with MLV-
related viruses in patients with CFS could reflect an increased
susceptibility to viral infections due to an underlying CFS-related
immune dysfunction, rather than a primary role for these viruses
in the pathogenesis of CFS.
Finally, the finding of MLV-related virus gag gene sequences

in nearly 7% of healthy volunteer blood donors in our study and
of XMRV in 3.7% of healthy controls in the study of Lombardi
et al. (3) raises additional issues. The possibility that these agents
might be blood-transmitted and pathogenic in blood recipients
warrants extensive research investigations of appropriately linked
donor–recipient cohorts.

Materials and Methods
Samples from CFS Patients and Healthy Controls. Initially, we tested 41 whole-
blood samples that had been obtained for culture isolation of mycoplasmal
agents in the mid-1990s. We maintained whole-blood, PBMC, and plasma
samples from CFS patients in frozen storage at −80 °C. Of the 41 patient
samples, 29 were collected from 25 patients by one of us (A.L.K.) at the
Chronic Fatigue Research Center, Brigham and Women’s Hospital (Boston,
MA). Four of the CFS patients also had blood obtained on a second occasion
∼2 y later. Most of the patients were from the New England area; none were
related, and virtually none had any regular social contact. Each of the 25
patients was systematically evaluated with a standardized history (supple-
mented by a patient questionnaire), physical examination, and battery of
laboratory tests. Each met the 1988 CDC criteria for CFS, and 21 also met the
1994 CDC criteria. The average age of the patients at the time of ven-
epuncture was 44.4 y; 4 were male and 21 were female. All of the patients
signed informed consent documents approved by the Institutional Review
Board of Brigham and Women’s Hospital. A new set of blood samples was
obtained in 2010 from 8 of the original 25 patients followed in the academic
medical center. The blood samples were processed for PCR study without
first being frozen. The other 12 samples from CFS patients were sent by
individual clinicians taking care of patients in the mid-1990s who were given

the diagnosis of CFS. We do not have details regarding the methodology by
which the referring clinicians established the diagnosis of CFS. The samples
had also been sent in the mid-1990s and stored at −80 °C. Frozen PBMC
samples from 44 normal blood donors from the Washington, DC, area were
collected in 2003–2006 and stored at the Department of Transfusion Medi-
cine, Clinical Center, National Institutes of Health. All patient and control
samples were coded and tested in parallel. Details of the preparation of blood
samples and DNA/RNA isolation are described in SI Materials and Methods.

XMRV/MLV gag Nested PCR. The nested PCR for the gag gene was performed
according to the protocols described previously (3, 4) with minor mod-
ifications. Three primer sets used in the study are as follows: 419F and 1154R
(3), GAG-I-F and GAG-I-R (4), NP116 forward, and NP117 reverse. The NP116/
NP117 was an in-house–designed primer set based on the highly conserved
sequences found in different MLV-like viruses and XMRVs (Fig. S1). Primer
sequences and details of PCR sensitivity and specificity quality controls can
be found in SI Materials and Methods.

Phylogenetic Analysis. To generate the neighbor-joining phylogenetic tree,
the viral gag gene sequences obtained from blood samples of patients with
CFS, normal blood donors, as well as all of the closely related MLV gag gene
sequences selected from the National Center for Biotechnology Information
(NCBI) database by BLAST querying with the gag gene sequences obtained
in the PCR study (SI Materials and Methods) were aligned with ClustalW2
(http://www.ebi.ac.uk/tools/clustalw2) using default settings. The analysis
produced the same phylogenetic trees with or without consideration of the
sequence gaps in alignment.

Mouse Mitochondrial DNA Assay. The complete mtDNA sequences of humans
and mice were downloaded from GenBank and aligned using ClustalW.
Sequence alignment revealed the 439 bp of the 3′ end of mouse mtDNA
(beyond 15,862 bp, according to the coordinates of BALB/c mouse; accession
no. AJ512208) were not present in human mtDNA. Primer sets were
designed for a semi-nested, mouse-specific mtDNA PCR based on the se-
quence in this region of mouse mtDNA using Primer-Blast from NCBI. The
external PCR primers (SI Materials and Methods) were designated as mt15982F
and mt16267R, which would produce a predicted amplicon of 286 bp. The
internal primers of the semi-nested PCR were designated as mt16115F and
mt16267R, which would produce a predicted amplicon of 153 bp from mouse
mtDNA. PCR system and setup were the same as for the gag gene-nested PCR
study. However, PCR conditions were slightly different: 4 min at 94 °C; (30 s at
94 °C, 30 s at 55 °C, 1 min at 72 °C) × 40–45 cycles; 10 min at 72 °C.

ACKNOWLEDGMENTS. We thank Richard Schacterle, Ph.D., and Jennifer
Redd, who helped collect the specimens and clinical data. Drs. Jakob Reiser
and Paolo Lusso kindly helped to review the manuscript. Support for this
work was provided in part by National Institute of Allergy and Infectious
Diseases Grants R01-A127314 and U01-A132246 and by a gift from the De
Young Foundation to A.L.K.

1. Fukuda K, et al.; International Chronic Fatigue Syndrome Study Group (1994) The
chronic fatigue syndrome: A comprehensive approach to its definition and study. Ann

Intern Med 121:953–959.
2. Komaroff AL (2006) Is human herpesvirus-6 a trigger for chronic fatigue syndrome? J

Clin Virol 37(Suppl 1):S39–S46.
3. Lombardi VC, et al. (2009) Detection of an infectious retrovirus, XMRV, in blood cells

of patients with chronic fatigue syndrome. Science 326:585–589.
4. Urisman A, et al. (2006) Identification of a novel Gammaretrovirus in prostate tumors

of patients homozygous for R462Q RNASEL variant. PLoS Pathog 2:e25.
5. Fischer N, et al. (2008) Prevalence of human gammaretrovirus XMRV in sporadic

prostate cancer. J Clin Virol 43:277–283.
6. Hohn O, et al. (2009) Lack of evidence for xenotropic murine leukemia virus-related

virus (XMRV) in German prostate cancer patients. Retrovirology 6:92.
7. Erlwein O, et al. (2010) Failure to detect the novel retrovirus XMRV in chronic fatigue

syndrome. PLoS ONE 5:e8519.
8. Groom HC, et al. (2010) Absence of xenotropic murine leukemia virus-related virus in

UK patients with chronic fatigue syndrome. Retrovirology 7:e10.
9. van Kuppeveld FJ, et al. (2010) Prevalence of xenotropic murine leukaemia virus-related

virus in patients with chronic fatigue syndrome in the Netherlands: Retrospective
analysis of samples from an established cohort. BMJ 340:c1018.

10. Switzer WM, et al. (2010) Absence of evidence of xenotropic murine leukemia virus-

related virus infection in persons with chronic fatigue syndrome and healthy controls
in the United States. Retrovirology 7:57.

11. Komaroff AL, Bell DS, Cheney PR, Lo SC (1993) Absence of antibody to Mycoplasma
fermentans in patients with chronic fatigue syndrome. Clin Infect Dis 17:1074–1075.

12. Schlaberg R, Choe DJ, Brown KR, Thaker HM, Singh IR (2009) XMRV is present in
malignant prostatic epithelium and is associated with prostate cancer, especially high-
grade tumors. Proc Natl Acad Sci USA 106:16351–16356.

13. Coffin JM, Stoye JP (2009) Virology. A new virus for old diseases? Science 326:530–531.
14. Raisch KP, et al. (2003) Molecular cloning, complete sequence, and biological

characterization of a xenotropic murine leukemia virus constitutively released from
the human B-lymphoblastoid cell line DG-75. Virology 308:83–91.

15. Herr W (1984) Nucleotide sequence of AKV murine leukemia virus. J Virol 49:471–478.
16. Corbin A, Prats AC, Darlix JL, SitbonM (1994) A nonstructural gag-encoded glycoprotein

precursor is necessary for efficient spreading and pathogenesis of murine leukemia
viruses. J Virol 68:3857–3867.

17. Corbin A, Darlix JL (1996) Functions of the 5′ leader of murine leukemia virus genomic
RNA in virion structure, viral replication and pathogenesis, and MLV-derived vectors.
Biochimie 78:632–638.

18. Low A, et al. (2007) Mutation in the glycosylated gag protein of murine leukemia
virus results in reduced in vivo infectivity and a novel defect in viral budding or
release. J Virol 81:3685–3692.

19. Nitta T, Kuznetsov Y, McPherson A, Fan H (2010) Murine leukemia virus glycosylated
Gag (gPr80gag) facilitates interferon-sensitive virus release through lipid rafts. Proc
Natl Acad Sci USA 107:1190–1195.

20. Voisset C, Weiss RA, Griffiths DJ (2008) Human RNA “rumor” viruses: The search for
novel human retroviruses in chronic disease. Microbiol Mol Biol Rev 72:157–196.

21. Kim S, et al. (2008) Integration site preference of xenotropicmurine leukemia virus-related
virus, a new human retrovirus associated with prostate cancer. J Virol 82:9964–9977.

22. Silverman RH, Nguyen C, Weight CJ, Klein EA (2010) The human retrovirus XMRV in
prostate cancer and chronic fatigue syndrome. Nat Rev Urol 7:392–402.

6 of 6 | www.pnas.org/cgi/doi/10.1073/pnas.1006901107 Lo et al.

19

http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1006901107/-/DCSupplemental/pnas.201006901SI.pdf?targetid=nameddest=STXT
http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1006901107/-/DCSupplemental/pnas.201006901SI.pdf?targetid=nameddest=SF1
http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1006901107/-/DCSupplemental/pnas.201006901SI.pdf?targetid=nameddest=STXT
http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1006901107/-/DCSupplemental/pnas.201006901SI.pdf?targetid=nameddest=STXT
http://www.ebi.ac.uk/tools/clustalw2
http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1006901107/-/DCSupplemental/pnas.201006901SI.pdf?targetid=nameddest=STXT
www.pnas.org/cgi/doi/10.1073/pnas.1006901107


1482 • JID 2010:202 (15 November) • BRIEF REPORT

B R I E F R E P O R T

Failure to Detect Xenotropic Murine
Leukemia Virus–Related Virus
in Blood of Individuals at High Risk
of Blood-Borne Viral Infections

Eleanor Barnes,1 Peter Flanagan,1 Anthony Brown,1 Nicola Robinson,1

Helen Brown,1 Myra McClure,4 Annette Oxenius,5 Jane Collier,3

Jonathan Weber,4 Huldrych F. Günthard,6 Bernard Hirschel,7

Sarah Fidler,4 Rodney Phillips,1,2 and John Frater1,2

1Nuffield Department of Clinical Medicine, Peter Medawar Building for Pathogen
Research, Oxford University, and Oxford NIHR Biomedical Research Centre,
2The James Martin 21st Century School, at The Peter Medawar Building
for Pathogen Research, South Parks Road, 3Department of Gastroenterology,
John Radcliffe Hospital NHS Trust, Oxford, 4Division of Medicine, Wright Fleming
Institute, Imperial College London, St. Mary’s Hospital, London, United Kingdom;
5Institute of Microbiology, ETH Zurich, 6Division of Infectious Diseases
and Hospital Epidemiology, University Hospital, University of Zurich,
Zurich, and 7Division of Infectious Diseases, University Hospital,
CH-1211 Geneva, Switzerland

(See the article by Danielson et al, on pages 1470–1477, the brief report
by Henrich et al, on pages 1478–1481, and the editorial commentary by
Kearney and Maldarelli, on pages 1463–1466.)

A xenotropic murine leukemia virus–related virus (XMRV)
has recently been reported in association with prostate cancer
and chronic fatigue syndrome, with a prevalence of up to
3.7% in the healthy population. We looked for XMRV in 230
patients with human immunodeficiency virus type 1 or hep-
atitis C infection. XMRV was undetectable in plasma or pe-
ripheral blood mononuclear cells by polymerase chain re-
action targeting XMRV gag or env. T cell responses to XMRV
Gag were undetectable in peripheral blood mononuclear cells
by ex vivo gamma interferon enzyme-linked immunospot
assay. In our cohorts, XMRV was not enriched in patients
with blood-borne or sexually transmitted infections from the
United Kingdom and Western Europe.

Xenotropic murine leukemia virus-related virus (XMRV) is a

gammaretrovirus which has been linked with prostate cancer

[1, 2] and chronic fatigue syndrome [3]. XMRV was first de-
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scribed in prostate tumor samples from the United States [1,

2], but the virus could not be detected in a subsequent survey

of 589 German patients with prostate cancer [4]. Two other

surveys in Europe [5] and in Ireland [6] also failed to find the

virus. The reason for the discrepancy is not clear. More recently,

XMRV was detected in 67% of patients with chronic fatigue

syndrome in the United States [3], however 4 additional studies

examining cases of chronic fatigue syndrome diagnosed in Eu-

rope and the United States identified no cases of XMRV in-

fection [7–10].

In one of these, Groom et al [8] also looked for neutralizing

antibodies to XMRV and found that ∼1% of serum samples

tested had evidence of neutralization that could not be dis-

missed as nonspecific binding. These and other data suggest

the prevalence of XMRV in the healthy population may lie

between 1% and 3.7% [3, 8]. This has potential implications

for blood transfusion recipients and is currently under inves-

tigation by the Centers for Disease Control and Prevention and

the Department of Health and Human Services in the United

States.

The route of transmission of XMRV has not been elucidated.

We identified individuals who were at high risk for either sex-

ually transmitted or blood-borne infections, according to

whether they were infected with human immunodeficiency vi-

rus type 1 (HIV-1) or hepatitis C. We tested plasma and pe-

ripheral blood mononuclear cells (PBMCs) to reveal whether

these patients were at increased risk of XMRV infection.

Methods. Two cohorts of HIV-1–infected individuals were

tested for XMRV, 1 for patients with acute and 1 for those with

chronic HIV-1 infection (Table 1). The cohort of patients with

chronic infection included Swiss participants from the Swiss-

Spanish Intermittent Therapy Trial, described elsewhere [11].

All patients were not receiving therapy at the time of sampling

and had received a median duration of 26 months (range, 8.5–

44.5 months) of highly active antiretroviral therapy at study

entry. The median time not receiving therapy for the cohort

was 14 months (range, 3–19 months). The second HIV-1–

infected group of patients were recruited from a study of acute

HIV-1 infection at St. Mary’s Hospital, London [12]. Plasma

samples were obtained from these individuals prior to receipt

of antiretrovirals. For both cohorts, plasma samples and PBMCs

were stored in �80�C freezers and liquid nitrogen, respectively,

for up to 6 years.

The cohort of hepatitis C–positive individuals was recruited

from the John Radcliffe hospital, Oxford, United Kingdom

(Table 1). All patients had chronic infection and were treatment
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Table 1. Patient Cohort Characteristics

Characteristic

Patient cohort

Chronic HIV-1 infectiona

(n p 133)
Acute HIV-1 infectiona

(n p 101)
HCV infection

(n p 67)

Sex, ratio male:female 92:41 92:9 53:14
Age, median years (range) 40 (22–68) 31 (20–67) 50 (29–81)
Available for testing 84 79 67
CD4 count pretherapy, median cells/mL (range) 359 (1–1035) 510 (90–1480) …
Viral RNA pretherapy, median log10 copies/mL (range) 4.41 (2.23–6.11) 4.95 (1.90–5.95) …
Antiretroviral therapy

Received dual therapy 10 0 …
Received triple therapy 123 0 -

Route of acquisition or risk factor
MSM 50 (38) 89 (88) …
Heterosexual 60 (45) 12(12) …
IVDU 23 (17) 0 (0) 51 (76)
Blood transfusion … … 10 (15)
Otherb … … 9 (13)

NOTE. Data are no. or no. (%) of patients, unless otherwise indicated. HCV, hepatitis C virus; HIV-1, human immunodeficiency virus type
1; IVDU, intravenous drug user; MSM, men who have sex with men.

a Patients with chronic HIV-1 infection were from the Swiss-Spanish Intermittent Therapy Trial cohort, and those with acute HIV-1 infection
were from St Mary’s Hospital acute HIV-1 cohort.

b Other includes tattoos (6), acupuncture (1), blood product recipient (1), and vaccination (1). Three patients in the HCV cohort had 11 risk
factor.

naive. Enzyme-linked immunospot (ELISPOT) assays were per-

formed using cryopreserved PBMCs ( ) or whole bloodn p 12

( ), when they were performed fresh. For the 67 poly-n p 2

merase chain reactions (PCR), DNA was extracted from cryo-

preserved PBMCs ( ), fresh PBMCs ( ), or wholen p 11 n p 20

blood ( ). All patients gave informed consent for en-n p 36

rollment in their respective studies, according to the relevant

ethics committees.

DNA was extracted from to PBMCs or whole6 63 � 10 5 � 10

blood (Puregene DNA extraction kit), and 200–800 ng were

used in each PCR reaction. Patient plasma samples (1 mL)

underwent ultracentrifugation at 21,185 g at 4�C for 1 h and

was resuspended in 140 mL of plasma. Viral RNA was extracted

(Qiagen viral RNA extraction kit) and converted to comple-

mentary DNA (cDNA) with use of random decamers and Su-

perscript II reverse transcriptase (Invitrogen). When amplifying

genomic DNA, a house-keeping gene (hGAPDH) was incor-

porated. For each run, 2 negative water controls and a separate

positive control XMRV DNA were included (XMRV plasmid

VP-62, a generous gift from Dr Robert Silverman), of which

PCR reactions were able to detect at least 5 plasmid copies,

determined by absorbance measurements at 260 nm.

To amplify XMRV, we targeted the gag and env genes with

use of nested PCR reactions described elsewhere [1, 3]. For the

gag PCR, we used 2 mL of DNA or cDNA template, 5mL of

10� reaction buffer (Invitrogen), 1 mL of 50 mmol/L MgCl2,

1 mL of 10 mmol/L dNTPs, 0.75 mL of 20 mmol/L primer GAG-

O-F (5′-CGCGTCTGATTTGTTTTGTT-3′), 0.75 mL of 20

mmol/L primer GAG-O-R (5′-CCGCCTCTTCTTCATTGTTC-

3′), 0.2 mL of Platinum Taq (Invitrogen), and water to make

up a 50-mL final volume. Conditions were incubation at 95�C

for 4 min, followed by 35 cycles of 94�C for 30 s, 52�C for 30

s, and 72�C for 45 s, and a final incubation of 72�C for 7 min.

From this first-round reaction, 3 mL were used in a nested

second round with use of 5 mL of 10� reaction buffer (Invi-

trogen), 1.5 mL of 50 mmol/L MgCl2, 1 mL of 10 mmol/L dNTPs,

0.75 mL of 20mmol/L primer GAG-I-F (5′-TCTCGAGATCATG-

GGACAGA-3′), 0.75 ml of 20 mmol/L primer GAG-I-R (5′-

AGAGGGTAAGGGCAGGGTAA-3′), 0.2 mL of Platinum Taq

(Invitrogen), and water to make up a 50-mL reaction volume.

Conditions for the second round were an incubation at 95�C

for 4 min, followed by 35 cycles of 94�C for 30 s, 54�C for 30

s, and 72�C for 45 s, and a final incubation of 72�C for 7 min.

The resulting fragment was 413 bp in size. For the GAPDH

PCR reaction, the primers used were HGAPDH-F (5′-GAAGG-

TGAAGGTCGGAGTC-3′) and HGAPDH-R (5′-GAAGATGG-

TGATGGGATTTC-3′), with the same reaction conditions as

the first round Gag PCR.

The env PCR reaction included 2 mL of DNA or cDNA

template, 5 mL of 10� reaction buffer (Invitrogen), 1 mL of 50

mmol/L MgCl2, 1 mL 10 mmol/L dNTPs, 0.75 mL of 20 mmol/

L primer 5922F (5′-GCTAATGCTACCTCCCTCCTGG-3′),

0.75 mL of 20 mmol/L primer 6273R (5′-GGAGCCCACTGAG-

GAATCAAAACAGG-3′), 0.2mL Platinum Taq (Invitrogen), and

water to make up a 50-mL reaction volume. Reaction conditions

were an incubation at 95�C for 4 min, followed by 45 cycles
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Table 2. Assay Results for the Identification of Xenotropic Murine Leukemia Virus–Related
Virus (XMRV)

Cohort,a assay Disease stage Sample
No. of

samples tested
No. of

positive results

HIV-1 infection
Gag PCR Chronic DNA 84 0
Env PCR Chronic DNA 84 0
Gag RT-PCR Acute RNA 79 0
Env RT-PCR Acute RNA 77 0
ELISPOT Acute PBMCs 49 0

HCV
Gag PCR Chronic DNA 67 0
Env PCR Chronic DNA 67 0
ELISPOT Chronic PBMCs 14 0

NOTE. HIV-1, human immunodeficiency virus type 1; PBMC, peripheral blood mononuclear cell; PCR, poly-
merase chain reaction; RT-PCR, reverse transcription PCR.

a Patients with chronic HIV-1 infection were from the Swiss-Spanish Intermittent Therapy Trial cohort, patients
with acute HIV-1 infection were from St Mary’s Hospital acute HIV-1 cohort, and patients with chronic HCV were
from the John Radcliffe Hospital viral hepatitis clinic.

of 94�C for 30 s, 57�C for 30 s, and 72�C for 45 s, and then a

final incubation of 72�C for 7 min. From this first-round re-

action, 3 mL were used in a nested second round reaction with

the following conditions: 5 mL of 10� reaction buffer (Invi-

trogen), 1.5 mL of 50 mmol/L MgCl2, 1mL of 10 mmol/L dNTPs,

0.75 mL of 20 mmol/L primer 5942F (5′-GGGGACGATGACAG-

ACACTTTCC-3′), 0.75 mL of 20 mmol/L primer 6200R (5′-

CCCATGATGATGATGGCTTCCAGTATGC-3′), 0.2 mL Plat-

inum Taq (Invitrogen), and water to make up a 50-mL reaction

volume. Conditions for the second round were an initial in-

cubation at 95�C for 4 min, followed by 35 cycles of 94�C for

30 s, 57�C for 30 s, and 72�C for 45 s, and a final incubation

of 72�C for 7 min. The resulting fragment was 259 bp in size.

Reactions were performed under strict conditions to avoid

contamination. Master mix reagents were prepared in DNA-

free areas in hoods subject to UV decontamination. DNA tem-

plates were prepared and added to the reaction in separate

hoods. PCR products were run on 1% agarose gels stained with

ethidium bromide in a third area, away from PCR machines

and hoods.

For ex vivo T cell ELISPOT assays, 96-well plates were coated

with anti-interferon-g immunoglobulin G, to which peptide

pools and between 100,000 and 200,000 PBMCs were added,

in duplicate. After incubation, biotinylated interferon-g anti-

body was added. Following addition of a streptavidin-labelled

chromogen, the number of reactive cells was counted. Sixty-

six overlapping peptides covering the XMRV Gag protein were

synthesized as 18-mer peptides, overlapping by 10 amino acids

and tested in pools containing 11 peptides (final concentration,

2 mg/mL of each peptide). Assay results were considered to be

positive if the mean number of spot-forming units in the test

wells was greater then the mean plus 3 times the standard

deviation of the negative control well spot-forming units. As-

says with high background (110 spots/well) in the negative

control wells were excluded.

Results and discussion. We tested DNA extracted from

PBMCs from 84 patients who were chronically infected with

HIV-1. For all patients, the PCR for hGAPDH was positive,

confirming the presence of amplifiable DNA. We detected no

XMRV DNA by either the env or gag PCR reactions from

patient samples (Table 2), whereas in all reactions, 2 positive

controls containing ∼5 and ∼50 copies of XMRV, respectively,

amplified successfully. We tested plasma from 79 drug-naive

individuals recently infected with HIV-1 by reverse transcrip-

tion PCR. No patient samples were positive for XMRV gag or

env RNA (Table 2). Genomic DNA extracted from the blood

of 67 patients with hepatitis C virus (HCV) infection was tested

for the presence of XMRV gag and env viral DNA. Positive

XMRV controls and the hGAPDH house-keeping gene ampli-

fied successfully, but no samples were positive for XMRV (Table

2). In summary, of 230 patients tested, 0 (95% confidence in-

terval, 0%–1.3%) had positive results by PCR for either XMRV

env or gag.

Following the absence of positive results with PCR, we de-

veloped a novel ex vivo ELISPOT assay to identify T cell re-

sponses in PBMCs to the XMRV Gag protein. T cell ELISPOT

assays are a sensitive tool for detecting immune responses to

infecting pathogens and have become a routine component of

clinical diagnostics, for example, to screen for latent Mycobac-

terium tuberculosis infection. The PBMCs tested in an ELISPOT

assay can either be ex vivo or “cultured.” We chose the ex vivo

approach because it is both sensitive and specific for the de-

tection of effector T cell responses to active infections with

retroviruses and other pathogens, whereas cultured ELISPOT

assays are more appropriate for detecting rare or weak non-

infective memory responses, for example, those induced by
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vaccines. Here, we used T cell ELISPOT assays with use of 18

amino acid overlapping peptides from XMRV Gag to look for

evidence of XMRV infection in PBMCs from 49 patients with

acute HIV-1 infection and 14 patients with HCV infection. We

targeted the XMRV Gag gene, as in other retroviral infections,

the Gag protein is highly expressed and is recognized by T cells

[13]. In the original report of XMRV in patients with chronic

fatigue syndrome, XMRV Gag was detectable by Western blot

in lysates of patient PBMCs [3]. We found no positive responses

in the 63 patients studied, giving an estimated prevalence of

0% (1-sided 95% confidence interval, 0%–4.7%), providing no

evidence of enrichment for XMRV infection in this cohort. As

controls, PBMCs were tested with phytohemaglutinin and FEC

(influenza, Epstein-Barr virus, and human cytomegalovirus)

antigens. Peptides that are 18 amino acids long will bind to

both human leukocyte antigen class I and class II, and the assay

is designed to detect both cytotoxic T cell (CD8) and T helper

cell responses (CD4). Although widely used to detect T cells

targeting retroviral peptides, this is the first time ELISPOT

assays have been applied for the detection of responses to

XMRV, and the result must be interpreted in the context of

the lack of PCR-positive samples to act as positive controls.

However, patient cells were responsive to other antigens, such

as phytohemaglutinin or FEC, suggesting that the lack of re-

sponses simply reflects an absence of XMRV Gag-specific T

cells in our cohort.

The identification of a previously unreported retrovirus in

the human population may have profound implications. The

2 classes of known human retroviruses (HIV-1 and human T-

lymphotropic virus) are pathogenic, and murine leukemia virus

gene therapy vectors have caused insertional mutagenesis in

children treated for X-linked immunodeficiency [14]. In our

cohorts of patients with HIV-1 or HCV infection, we found

no evidence of XMRV infection in blood, consistent with some

of the studies on chronic fatigue syndrome [7–9]. XMRV DNA

has been found within malignant prostate tissue, and XMRV

can be cultured in a prostate cancer cell line, LNCaP. In vitro

studies show that XMRV has an affinity for prostate cancer

cells but is much less infectious for other cell types [15]. We

are not aware of any studies in which the PBMCs of patients

with XMRV-positive prostate cells have also been tested. It is

therefore possible that in a compartmentalized infection,

XMRV may not be represented in blood, and our data must

be interpreted in this light. However, because all the studies of

patients with chronic fatigue syndrome have used PBMCs, this

is the context in which our study was set.

We hypothesized that if XMRV is present in the United

Kingdom or Switzerland and is spread by either sexual or

blood-borne routes, we might expect to see it enriched in the

blood of patients with HIV-1 or HCV infection. We did not

detect XMRV in any patients. Together, the results of PCR

reactions for 230 patients and the paired ELISPOT assays are

evidence that XMRV is not enriched in patients who are at risk

of blood-borne and sexually transmitted infections in the

United Kingdom and Western Europe.
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