
Xenotropic Murine Leukemia Virus-Related Virus (XMRV) and the
Safety of the Blood Supply

Andrew D. Johnson, Claudia S. Cohn

Department of Laboratory Medicine and Pathology, University of Minnesota, Minneapolis, Minnesota, USA

SUMMARY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .749
INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .749
RNase L . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .749
ORIGINS IN PROSTATE CANCER . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .750
CFS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .750
BLOOD SUPPLY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .750
CONTAMINATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .751
TRACING THE ORIGIN OF XMRV. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .752
INVESTIGATION: IS XMRV A CONTAMINANT? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .752
THE END . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .753

What Is Next? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .753
ACKNOWLEDGMENTS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .754
REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .755
AUTHOR BIOS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .757

SUMMARY

In 2006, a new virus, xenotropic murine leukemia virus-related
virus (XMRV), was discovered in a cohort of U.S. men with pros-
tate cancer. Soon after this initial finding, XMRV was also detected
in samples from patients with chronic fatigue syndrome (CFS).
The blood community, which is highly sensitive to the threat of
emerging infectious diseases since the HIV/AIDS crisis, recom-
mended indefinite deferral of all blood donors with a history of
CFS. As XMRV research progressed, conflicting results emerged
regarding the importance of this virus in the pathophysiology of
prostate cancer and/or CFS. Molecular biologists traced the devel-
opment of XMRV to a recombination event in a laboratory mouse
that likely occurred circa 1993. The virus was propagated via cell
lines derived from a tumor present in this mouse and spread
through contamination of laboratory samples. Well-controlled
experiments showed that detection of XMRV was due to contam-
inated samples and was not a marker of or a causal factor in pros-
tate cancer or CFS. This paper traces the development of XMRV in
the prostate and CFS scientific communities and explores the ef-
fect it had on the blood community.

INTRODUCTION

In 2006, the scientific community was introduced to a novel gam-
maretrovirus that was detected in a cohort of prostate tumors in

an article entitled “Identification of a novel gammaretrovirus in
prostate tumors of patients homozygous for R462Q RNASEL vari-
ant” (1). The virus was related to xenotropic murine leukemia
viruses (MLVs) but was distinct. Because of its relationship to
these viruses, it was given the name xenotropic MLV-related virus
(XMRV). The reports of this new virus prompted numerous in-
vestigations into the mechanisms of susceptibility, the described
association with prostate cancer, and potential associations with
other diseases.

RNase L

RNase L plays a significant role in the innate immune reaction to
viral infections, and with interferon, it contributes to the regula-
tion of apoptosis and cell proliferation through the 2=-5=-oligoad-
enylate (2-5A) pathway (2). The pathway can be activated by the
presence of double-stranded RNA, a component that is com-
monly produced in viral infections, and leads to 2-5A being pro-
duced (3). The binding of 2-5A with RNase L results in viral and
cellular RNAs being degraded and contributing to viral immunity,
and those with defects in the RNase L system have an increased
risk of viral infections (4). The signaling from 2-5A can lead to
apoptosis of cells as a reaction to viral and nonviral triggers, and
defects in RNase L may have a role in cancer biology (3). One such
defect includes the R462Q variant, which has an arginine-to-glu-
tamine substitution. A report implied a connection in up to 13%
of prostatic cancers, and thus, it was a possible candidate for the
hereditary prostate cancer gene (HPC-1) (2, 5). Investigations into
the functionality of the different variants of the RNase L gene
showed that the activity is decreased in lymphocytes from
heterozygous individuals compared to those that are homozygous
for the wild type (2). The R462Q variant has one-third of the
enzymatic activity of the wild type, and a significant association
with prostate cancer risk has been described (5). When comparing
men who are heterozygous for the mutated allele to those who do
not carry a mutation, the risk of developing prostate cancer in-

Published 29 June 2016

Citation Johnson AD, Cohn CS. 2016. Xenotropic murine leukemia virus-related
virus (XMRV) and the safety of the blood supply. Clin Microbiol Rev 29:749 –757.
doi:10.1128/CMR.00086-15.

Address correspondence to Andrew D. Johnson, john4613@umn.edu.

Copyright © 2016, American Society for Microbiology. All Rights Reserved.

crossmark

October 2016 Volume 29 Number 4 cmr.asm.org 749Clinical Microbiology Reviews

http://dx.doi.org/10.1128/CMR.00086-15
http://crossmark.crossref.org/dialog/?doi=10.1128/CMR.00086-15&domain=pdf&date_stamp=2016-6-29
http://cmr.asm.org


creases by 50%. For men who are homozygous, the risk more than
doubles (5).

Xiang et al. produced a biostable analogue of 2-5A to better
understand the effects of different RNase L gene variants on the
signaling pathway (6). They then compared the levels of RNase L
activity for different naturally occurring mutations and polymor-
phisms in RNase L. For many of the variants, the levels of RNase L
activity were similar to those of the wild-type enzyme; however,
while the R462Q variant bound 2-5A at levels similar to those of
the wild-type enzyme, it had a three-fold decrease in RNase activ-
ity and was deficient in causing apoptosis (6).

ORIGINS IN PROSTATE CANCER

Because of the described impairment in apoptosis, this mecha-
nism has been suspected to play a role in malignancy as a tumor
suppressor gene (6). Associations between RNase L mutations and
prostate cancer susceptibility have been reported, and additional
investigations have continued (2, 5, 7, 8). Urisman et al. set out to
investigate the described relationship between prostate cancer and
germ line mutations in RNase L (1). Since defects in RNase L may
leave patients more susceptible to viral infections, they hoped to
identify a virus that could be implicated in the disease.

Urisman used oligonucleotides representing all known viral
families to screen a DNA microarray of prostate tumors. With this
approach, sequences from a gammaretrovirus were identified in 7
of 11 homozygous R462Q patients and in 1 of 8 homozygous and
heterozygous wild-type patients. They widened their search to in-
clude a total of 86 tumors and added specific reverse transcriptase
PCR to the analysis. The gammaretrovirus was detected in 8
(40%) of the 20 homozygous R462Q samples compared to just a
single case from a group of 66 heterozygous and wild-type cases
(1.5%). The virus showed some homology with xenotropic MLVs
but was distinct, and it was named XMRV.

Laboratory contamination was a potential confounder that
concerned Urisman et al.; possible opportunities included the cul-
turing of cell lines and passage through nude mice, but it was ruled
out as a potential explanation for their results. The evidence they
considered included the following. The detection of XMRV oc-
curred in primary human tissues, no murine sequences were de-
tected by PCR, the presence of the virus was predominately lim-
ited to R462Q human tumor samples, polymorphisms in the
XMRV clones seen in different samples was consistent with indi-
vidual acquisition of the virus, and evidence of the virus could be
detected by immunohistochemistry and fluorescence in situ hy-
bridization (FISH) in the prostate cancer samples. When consid-
ering all of the information available at the time, it was felt that the
argument against laboratory contamination with cloned DNA or
viral material was strong (1).

The finding of Urisman et al. represented a potential break-
through in the etiology of some prostate cancers. Many laborato-
ries around the world attempted to reproduce their finding, but
there were mixed results. Most notably, labs in the United States
detected XMRV in their prostate cancer cohorts with described
associations with high-grade tumors (9), but laboratories in Ger-
many, Mexico, Japan, and the Netherlands found, at most, mini-
mal evidence of XMRV DNA in their patient samples (10–13).
The international experience with the virus did not come close to
corroborating the reports from the United States; was this poten-
tially due to geographic differences in the virus, or were there
other contributing factors?

CFS

The introduction of the novel virus to the scientific community
prompted further investigation of its presence in other diseases
(14–16). Extrapolating from the logic used with prostate cancer,
chronic fatigue syndrome (CFS) was investigated because of its
similar association with defects in the RNase L pathway and other
immune deficiencies (17). In 2009, Lombardi et al. published a
report of XMRV DNA detection in 68 (67%) of 101 patients with
CFS but in only 8 (3.7%) of 218 of healthy controls (18). They
reported the ability to detect the virus in unstimulated peripheral
blood mononuclear cells (18–20) and demonstrated the virus’s
ability to infect human lymphocytes in vitro (18, 21). Electron
microscopy demonstrated actual viral particles budding from in-
fected cells in culture.

CFS is a widespread illness characterized by profound fatigue,
cognitive dysfunction, sleep abnormalities, autonomic manifesta-
tions, pain, and other symptoms exacerbated by exertion of any
sort. Between 836,000 and 2.5 million individuals in the United
States are estimated to be affected (22). An accurate diagnosis is
wrought with difficulty, as many of these symptoms are com-
monly encountered and can overlap those of other syndromes.
The underlying pathophysiology has not been delineated, and the
diagnostic criteria are contested, so the prospect of an etiology in
the form of XMRV was met with great excitement.

Many researchers attempted to duplicate the findings de-
scribed by Lombardi et al.; however, none was able to demonstrate
the presence of XMRV in CFS patients (23–28). International
groups in the United Kingdom (26), Canada (29), China (30), the
Netherlands (27), and Germany (21) examined their own popu-
lations and found no evidence of infection. Multiple groups
within the United States scrupulously tried to duplicate the pro-
tocols of Lombardi et al., applying the same methodology and
patient selection criteria and even retesting a subset of those pre-
viously identified as being XMRV positive (24, 31). These contin-
ued to be negative.

One U.S. group, led by Lo et al., screened 41 retrospective DNA
samples from 37 individuals who met the criteria for a diagnosis of
CFS. While they did not detect XMRV sequences, in 32 (86.5%) of
37 patients, they did find MLV-related sequences and compared
that to healthy volunteer blood donors, in only 3 out of 44 of
whom they detected such sequences (16). Even though the MLV-
related virus sequences were not closely related to XMRV, this
finding was frequently cited as a confirmation of the presence of
XMRV in CFS patients.

BLOOD SUPPLY

Despite the inconsistent results obtained when screening donor
samples, the blood community was alarmed by the specter of a
virus that might cause disease and may be transmissible via trans-
fusion. A panel of experts convened by the FDA met to discuss
whether XMRV was a threat to the safety of the blood supply. The
history of the AIDS epidemic and the blood community’s histor-
ically slow response to the possibility of transfusion-transmitted
HIV have helped to create a highly conservative approach to all
potential blood-borne pathogens. The panel voted nine to four in
favor of an indefinite deferral of all individuals presenting to do-
nate blood with a medical history and/or diagnosis of CFS. The
American Red Cross was quick to adopt this policy, and other
international blood suppliers followed suit. The Chronic Fatigue
and Immune Dysfunction Syndrome Association of America is-
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sued a statement to “. . .individuals with a past or present diagno-
sis of CFS to refrain from giving blood and donating organs to
protect the safety of the blood and transplant organs supply for all
recipients.”

CONTAMINATION

Any new retrovirus with proposed chronic disease or tumor asso-
ciation is met with extreme scrutiny by the virology community,
as many of these associations do not pan out (32). This skepticism
may be justified, as many prior cases of “human retroviruses” were
found to be little more than laboratory artifacts (32–34). With the
increasing number of XMRV-negative studies, suspicions of con-
tamination continued to rise.

Multiple independent articles in a 2010 issue of Retrovirology
addressed the important concern of contamination as the expla-
nation of the findings (33, 35–39). While setting out to investigate
XMRV in a group of CFS patients, Sato et al. discovered that the

negative control was positive at the expected product size for a
region of XMRV. They subsequently investigated multiple com-
mercial kits and found a contaminant of endogenous MLV se-
quences that was amplified with primer sets designed to detect
XMRV (38). Hué et al. demonstrated that mouse DNA was capa-
ble of contaminating patient samples with an assortment of en-
dogenous MLV proviruses that are identified with PCR primers
designed and reported to be specific for XMRV (35). Their obser-
vations suggested that XMRV is not an exogenous virus that is
transmitted from person to person, and they proposed that lab
contamination could explain the disease-associated XMRV se-
quences and that XMRV might not be a pathogen affecting hu-
mans (35). The groups voiced concerns that future work required
more care and rigorous PCR protocols to detect and minimize
contamination (37, 38). As time progressed, sources of potential
contamination continued to be described, including laboratory
reagents, as well as cell lines (37, 40–42).

FIG 1 Characterization of CWR22 xenografts and XMRV-related sequences. The genesis of the 22Rv1 and CWR-R1 cell lines is shown. Bold letters indicate
samples from which genomic DNA (gDNA) or nucleic acid was available for analysis. XMRV-positive samples are boxed. (Reproduced from reference 43 with
the permission of the American Association for the Advancement of Science, with additional information from reference 44.)
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TRACING THE ORIGIN OF XMRV

As the evidence of contamination strengthened, a group of virol-
ogists tried to trace the origin of XMRV, postulating that a better
understanding of the retrovirus might help to explain the discrep-
ant results (43). These researchers returned to the original cell
lines cited in the literature that first uncovered the association
between XMRV and prostate carcinoma patients (1). They ana-
lyzed cell lines CWR22Rv1 and CWR-R1, derived from human
prostate cancer, and found XMRV sequences nearly identical to
the viral sequences seen in human subjects (Fig. 1). They traced
these cell lines back in time by analyzing earlier passages that had
been stored in laboratory freezers. This work led them to CWR22,
the progenitor human prostate tumor xenograft, isolated origi-
nally from a prostate cancer patient and combined with a nude
mouse. The CWR22 xenograft was made in 1992 and serially pas-
saged in mice. The original xenograft was not available for analysis
at this time; however, genomic DNA from the third and seventh
passages was isolated and sequenced. Through careful sleuthing,
the researchers eventually uncovered multiple other passages of
CWR22 from various laboratories in the United States (Fig. 1) in
addition to the related cell lines 22Rv1 and CWR-R1.

PCR amplification and sequencing of the early passages of the
xenografts revealed incomplete XMRV sequences and the pres-
ence of a novel XMRV-related provirus the researchers labeled
pre-XMRV-1. A survey of additional laboratory and wild-type
mice with XMRV-specific primers revealed a second novel XMRV-
related provirus, pre-XMRV-2. Full sequencing of these two pro-
viruses showed that the nearly homologous regions in XMRV
were shared and nonoverlapping (Fig. 2). This led to the hypoth-
esis that a recombination event between pre-XMRV-1 and -2 re-
sulted in the formation of XMRV. An alignment of the pre-
XMRV-1 and pre-XMRV-2 sequences showed near identity
(99.92%) with the XMRV sequence, with only a 3-bp difference
(Fig. 2) (43). The authors determined that “XMRV was generated
as a result of a unique recombination event between two endoge-
nous MLVs that took place around 1993 to 1996 in a nude mouse

carrying the CWR22 PC xenograft.” This recombination event
involved six template-switching events between the two provi-
ruses, resulting in XMRV. They calculated that the probability of
this virus arising by random chance was 1.3 � 10�12; therefore,
“. . . any XMRV isolates with the same or nearly the same se-
quences identified elsewhere originated from this event” (43).
Subsequently, the paraffin blocks from the original prostate can-
cer tumor were recovered and analyzed by PCR and FISH. Within
the primary tissue sources from patient CWR22, there was no
evidence of XMRV and no closely related viral components were
identified. This helped solidify the interpretation that XMRV was
the result of a recombination event, as it was absent from the
original prostate cancer tissue (44).

INVESTIGATION: IS XMRV A CONTAMINANT?

This finding prompted a multilaboratory study to confirm or re-
fute the claim that XMRV was a contaminant in U.S. labs and
likely not a causative factor in CFS. While prostate cancer was also
linked to XMRV, the transfusion community initiated this study
to see whether blood donors with CFS were unnecessarily de-
ferred. Since prostate cancer is already a cause for deferral, the link
between XMRV and prostate cancer was not considered.

The researchers assembled blood samples from 15 subjects
documented as XMRV positive (14/15 with CFS) and a matching
cohort of 15 healthy, XMRV-negative subjects. Nine laboratories,
blind to the sample identities, completed tests to detect XMRV/
MLV replication, nucleic acids, and antibodies. Extensive precau-
tions were taken to minimize the introduction of potential con-
taminants and also to keep participating personnel blind to the
sample identities. Independent phlebotomists were used to draw
samples, which were shipped to a central lab and processed into
coded samples. Also, a separate lab prepared aliquots of 22Rv1, the
human cell line infected with XMRV. The supernatant from these
stocks was used to create positive-control samples.

The participating laboratories were largely those that had ei-
ther reported XMRV present in patient samples or participated in

FIG 2 Predicted recombinant formed by pre-XMRV-1 and pre-XMRV-2 is nearly identical to XMRV. Alignment of plots of pre-XMRV-1 and pre-XMRV-2
reveals the reciprocal and largely nonoverlapping regions of near identity to XMRV. The predicted recombinant and the four nucleotide differences from the
consensus XMRV sequence are shown, including the six template-switching events. (Reproduced from reference 43 with the permission of the American
Association for the Advancement of Science.)
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the original investigation of contamination. Initial assays assessed
the sensitivity of detection in whole blood and plasma (Fig. 3). The
results from the Whittemore Peterson Institute lab indicated tech-
nical problems, as the limit of detection skipped several dilutions,
jumping from 80 viral RNA copies/ml to 0.128 copy/ml (Fig. 3)
(45). The labs also performed a total of 11 nucleic acid tests
(NATs) and five serologic and three culture assays. The FDA/Lo
laboratory, which had originally reported MLV sequences in a
retrospective cohort (16), failed to detect XMRV/MLV sequences
in the replicates. Only the Lombardi laboratory, which had made
the original finding of XMRV in CFS patient samples (18), re-
ported a positive NAT result for a few of the duplicates from clin-
ical samples (Fig. 4). Further testing in this lab showed that this
result was not reproducible in replicate samples. In addition, this

lab reported similar reactivity in CFS and negative-control sam-
ples. These results indicated that the finding of XMRV/MLV in
blood samples was not reproducible and that screening of blood
donors was not necessary (46).

This conclusion was bolstered by the findings of Dodd et al.,
who had set out to determine the viral prevalence in blood donors
and subsequently the risk of transmission by transfusion (47).
They investigated a large cohort of U.S. blood donors, as well as
linked donor-recipient samples. In �17,200 blood donors or re-
cipients, no XMRV antibodies could be detected (0%). Addition-
ally, 1,763 specimens tested for XMRV RNA were all nonreactive.
International groups found an absence of XMRV sequences in
their blood donor populations (48–50). In Brazil, they investi-
gated multiply transfused patients with beta-thalassemia major or
sickle cell disease and identified no XMRV/MLV sequences in this
group (51). On the basis of their own data and the negative find-
ings previously outlined, Dodd et al. came to the conclusion that
XMRV poses no current hazard to people receiving blood and that
no additional action related to XMRV and/or MLV and the safety
of blood was necessary.

THE END

The original group that found XMRV in prostate cancer samples
published a paper showing that further analysis of prostate cancer
samples showed no evidence of XMRV sequences (52). The major
publications on the topic began to be retracted; one of the longest
holdouts ended in 2014 when Schlaberg et al. retracted their article
describing the presence of XMRV in prostate cancer cells (53). The
original article reporting XMRV in CFS patient samples was at
first partially retracted and then fully retracted shortly thereafter
(54, 55). The subsequent article by Lo et al., reporting MLV-like
sequences in a CFS cohort, was fully retracted (56). Table 1 con-
tains a timeline of events related to XMRV (Table 1). The Amer-
ican Red Cross and other international blood centers withdrew
the deferral of donors with CFS or CFS-like symptoms. The CFS
Society, however, continues to warn people with CFS not to do-
nate blood. This warning is general, and no mention of XMRV is
made. The AABB released an updated fact sheet in 2012 to reflect
the work that had been performed related to XMRV, showing that
there was no valid evidence that the virus infects humans or is
associated with human disease. They note that no FDA guidance
or AABB standards exist for XMRV deferrals and they are not
necessary since XMRV does not infect humans. Acceptance or
deferral of patients with a history of CFS will be at the discretion of
the collection facility on the basis of clinical judgment of the health
of the donor (57).

What Is Next?

The gammaretrovirus XMRV was “created” in a lab, stumbled
upon and amplified in the search for a cause of prostate cancer,
and elevated into a cause célèbre for CFS. Warnings that XMRV
had been detected in the normal population and may cause CFS
led to a strong response in the blood community, with permanent
deferral of all donors with a diagnosis or symptoms of CFS. This
response was appropriate, given the importance of blood safety;
however, the XMRV crisis highlights the risk represented by any
new pathogen. Currently in the United States, there is concern
over the rise in West Nile, dengue, Chikungunya, Ebola, Zika, and
other viruses. Each new disease requires a massive effort to under-
stand the clinical presentation, characterize the means of trans-

FIG 3 Sensitivity testing for XMRV in laboratories. Analytic sensitivity of
spiked XMRV detection in multiple labs is shown. An investigation of XMRV
involved carefully controlled testing of sensitivity for different XMRV assays.
Serial dilutions of XMRV-infected cells were assayed in triplicate. Labs used a
variety of techniques for detection, including nested PCR, quantitative PCR,
and transcription-mediated amplification. Abbreviations: GP, GenProbe;
FDA(H), lab of Hewlett; FDA(Lo), lab of S. C. Lo; WPI, Whittemore Peterson
Institute; NCI, National Cancer Institute. Colors: red, 3/3 positive; orange, 2/3
positive; yellow, 1/3 positive; white, 0/3 positive. Replicates of six negative
samples were performed, and white represents 0/6 while green represents 1/6
replicates being positive. In the cases of FDA(Lo) and WPI, subsequent se-
quencing demonstrated in each case that the amplification product in the
single false-positive result for a negative-control sample was of human
genomic origin. In the case of GP, a repeat by a separate operator yielded 0/6
controls as positive. (Reproduced from reference 44 with permission of John
Wiley and Sons.)
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mission, measure infectivity, and assess the morbidity and mor-
tality that might occur. Additional research is then required to
develop screening tests, as well as therapeutic interventions.

Screening tests take time to implement, are expensive, and are
only useful for a given pathogen. Nonspecific pathogen reduction/

inactivation technologies for blood components have recently be-
come available in the United States. Solvent detergent (SD) treat-
ment of plasma reduces the risk of transmission of most clinically
relevant infectious diseases, although SD treatment is not effective
against nonenveloped viruses such as hepatitis A virus (58).
Pathogen inactivation (PI) is another technology that uses agents
such as amotosalen or riboflavin to disrupt nucleic acids (59). The
FDA has approved one PI method for treating platelets and
plasma, and additional products for red blood cells and whole
blood are under way (60). The currently available PI method can
inactivate bacteria, fungi, protozoa, and enveloped and some non-
enveloped viruses (61). The advent and universal application of PI
in the United States will go far to ensure blood safety when new
diseases emerge; however, no method is perfect. As a result, con-
tinued vigilance and well-managed responses are needed to min-
imize the loss of blood donors while maintaining the integrity of
the blood supply.
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FIG 4 Results of blind panel testing. Blood was collected from four patients with CFS found to be XMRV positive in the 2009 Whittemore Peterson Institute
(WPI) study published in Science, as well as XMRV/MRV-negative controls. Specimen tubes were then divided into three groups, with one set immediately
processed into peripheral blood mononuclear cells (PBMC), whole blood, and plasma, while the other two sets were refrigerated and then similarly processed
after 2 and 4 days. These samples were coded, blinded, and distributed to three laboratories—the CDC, the National Cancer Institute (NCI), and the WPI, as well
as to GenProbe. False-positive results were reported by the Whittemore Peterson Institute (Lombardi) laboratory. DRP, HIV Dynamics and Replication
Program. (Based on data from reference 45.)

TABLE 1 Timeline of events related to XMRV

Yr Event

1992 Prostate cancer xenograft made from CWR22 sample
1999 New prostate carcinoma cell line 22Rv1 used in labs
2006 XMRV identified in prostate cancer samples
2008–2011 Multiple labs test prostate cancer samples for XMRV
2009 XMRV identified in CFS patient samples
2010 MLV-related sequences identified in CFS patient samples
2010 Multiple labs test CFS samples for XMRV
2010 Food and Drug Administration panel of experts recommends

indefinite deferral of blood donors with CFS
2010–2011 Red Cross in multiple countries defers donors with history of

or symptoms consistent with CFS
2011 Investigation of XMRV and possible contamination
2011 Article published tracing origin of XMRV to laboratory

recombination event
2012 Key XMRV and MLV papers retracted
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