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Abstract: XMRV or xenotropic murine leukemia virus-related retrovirus, a recently
discovered retrovirus, has been linked to both prostate cancer and chronic fatigue
syndrome (CFS). Recently, the teams of Drs. Shyh-Ching Lo and Harvey Alter discovered
the presence of sequences closely related to XMRV in the blood of 86.5% of patients with
CFS [1]. These findings are important because since the initial discovery of XMRV in CFS,
several studies have failed to find XMRV in specimens collected from CFS patients. While
the current study also did not find XMRV in CFS, Lo et al. did detect sequences that belong
to polytropic mouse endogenous retroviruses (PMV), which share considerable similarity
with XMRV. Criteria for future studies that will help bring greater clarity to the issue of
retroviral sequences in CFS are proposed below.
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XMRV has been linked to both prostate cancer [2-5] and CFS [6]. Recently, Lo et al discovered the
presence of sequences closely related to XMRV in the blood of 86.5% of patients with CFS. These
findings are important because since the initial discovery of XMRV in CFS, there have been several
studies that failed to find XMRV in CFS, in the U.S. [7], in Europe [8-10] and in China [11]. While the
current study also did not find XMRV in CFS, Lo et al. did detect sequences that belong to polytropic
mouse endogenous retroviruses (PMV).
While each of these viruses, xenotropic, polytropic and modified-polytropic viruses (M-PMV), has
been placed in distinct categories within the larger subgroup of murine leukemia viruses, it is
important to note that they share considerable similarity with each other and utilize alleles of the same
receptor for viral entry. The PMV and M-PMV share over 95% sequence identity, and the xenotropic
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viruses share over 90% identity with the PMV (derived from sequences within reference [12] and
Genbank; [13,14]). Compared to this, an average pair of random isolates of HIV-1 in the U.S. are
~85-95% similar, depending on the region of the viral genome used for comparison [15,16]. Thus it is
conceivable that PMV, M-PMV and XMRV may cause the same disease(s), if they cause disease at all.
It seems unlikely that the polytropic sequences detected by Lo et al. are due to contamination with
mouse DNA. The PCR used to detect mouse mitochondrial DNA was reported to have a hundred-fold
higher sensitivity than the PCR used to detect the MLV gag gene. Also, over 300 negative controls
were consistently negative. Furthermore, the positivity rate among healthy volunteers was only 6.8%,
considerably smaller than the 86.5% seen in patients and improbably low if contamination was really
an issue. However, it is important to note that the CFS patients were from Massachusetts while the
controls were from Maryland. Regional differences in sequences among prevailing viruses could easily
result in one set being detected well by PCR, and another not.
Proving that xenotropic or polytropic viruses are present in chronic fatigue syndrome would be the
first step towards determining if these viruses actually cause disease. This is an important question
because a large fraction of the world population, estimated at 0.4 to 1%, is affected by CFS [17]. Faced
with a chronic, severely debilitating illness and the lack of effective and approved diagnostic or
therapeutic options, some patients have begun treatment with antiretroviral agents, based on effects of
these drugs on XMRV replication in vitro [18-21]. Whether this is a wise course of action to
take—given the inconsistencies in available data—can be debated. But what cannot be debated is that
there is a real need for thoughtfully designed and carefully executed studies that examine this issue
more thoroughly.
At this point, it might be good to evaluate parameters essential to resolve whether XMRV and other
related viruses are truly present in specimens taken from CFS patients. A good study will need a
sufficiently large set of patients that fulfill well-recognized criteria for CFS, such as those outlined by
the 1994 case definition of the CDC [22], as well as the criteria defined by the Canadian consensus
document on myalgic encephalitis/CFS [23]. From this set of patients, those taking antiretroviral drugs
should be excluded, as a negative result could simply mean that viral titers have decreased to an
undetectable range by the drugs. It is also essential that the control population is large, and from the
same geographical area as the patients. In both the current study and the original CFS-XMRV study
(by Lombardi et al. [6]), the patients and controls were from geographically distinct locations in the
U.S. Furthermore, it is important that patient samples are collected and treated the same way as
controls. Most patient samples in the Lo et al. study [1] came from material frozen ~15 years ago,
while the controls were all recently acquired. A smaller subset (21%) of patient samples were collected
more recently, and results from their analysis corroborated those from older, stored samples. However,
this was a very small set, consisting of only eight samples. In a study that found a contaminating rabbit
betaretrovirus in rheumatoid arthritis patients but not in controls [24], the lead author, Robin Weiss,
contends that patient samples may have been handled much more than controls, allowing for additional
chances for contamination [25]. Blinding the investigator to the identity of patient samples and
controls would add an additional measure of confidence to the results. Another important factor in
designing future studies would be making sure that there are good controls for each step of the
analysis. For example, negative controls for PCR, which usually consist of water, should also go
through the same nucleic acid extraction process as all human samples used in the study. Thus,
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contamination of samples occurring prior to amplification is likely to be detected as a positive PCR
from a ‘water’ control. Furthermore, the number of negative controls per plate should at least equal if
not exceed the prevalence of the virus in the control population. It is also important to characterize
methods of detection in more detail than they have been so far. The present study describes their
nested PCR assays as being able to detect a single copy of retroviral DNA. However, we are not told
how reproducible this limit of detection is, either within a single run or in successive runs. We also do
not know how specific this PCR is, as in what other retroviral genomes might result in PCR products
of similar size, though the authors do sequence each product of appropriate size, thereby demonstrating
that only polytropic mouse virus sequences were detected. It is important to recognize that PCR-based
assays, the assays used in this study, can only detect nucleic acid —which may represent replicating
virus, or partial retroviral sequences or simply nucleic acid contaminants. Other assays, such as
isolating replicating virus from plasma or detecting specific antibodies in serum will be important
corroborating tests to prove the presence of an infectious virus in a set of patients. Finally, an ideal
study would use at least one method that has resulted in detection of XMRV in a previous study,
preferably using a set of samples that were analyzed in that same previous study and are ‘known’
positives or negatives. In order to avoid any possibility of contamination, it is important that these
shared samples not go to any research lab for patient deidentification or aliquoting, but instead go from
the phlebotomy lab directly to the researchers who will do the testing. A study that incorporates these
criteria is likely to resolve more clearly whether xenotropic or polytropic viruses are present in chronic
fatigue syndrome, and move us a step closer to determining if these viruses cause disease.
Acknowledgments
I thank Keith Simmons (ARUP Laboratories) and Robert Schlaberg (University of Utah) for sharing
unpublished sequence comparison data, Sergei L. Kosakovsky Pond and Douglas Richman (UCSD)
for useful discussions on HIV-1 diversity, and Christine Kozak (NIH) for generously sharing her
tremendous expertise on xenotropic viruses.
References and Notes
1.

2.

3.

Lo, S.C.; Pripuzova, N.; Li, B.; Komaroff, A.L.; Hung, G.C.; Wang, R.; Alter, H.J. Detection of
MLV-related virus gene sequences in blood of patients with chronic fatigue syndrome and healthy
blood donors. Proc. Natl. Acad. Sci. U. S. A. 2010, 107, 15874-15879.
Urisman, A.; Molinaro, R.J.; Fischer, N.; Plummer, S.J.; Casey, G.; Klein, E.A.; Malathi, K.;
Magi-Galluzzi, C.; Tubbs, R.R.; Ganem, D.; Silverman, R.H.; DeRisi, J.L. Identification of a
novel Gammaretrovirus in prostate tumors of patients homozygous for R462Q RNASEL variant.
PLoS Pathog. 2006, 2, e25.
Schlaberg, R.; Choe, D.J.; Brown, K.R.; Thaker, H.M.; Singh, I.R. XMRV is present in malignant
prostatic epithelium and is associated with prostate cancer, especially high-grade tumors.
Proc. Natl. Acad. Sci. U. S. A. 2009, 106, 16351-16356.

Viruses 2010, 2
4.

5.

6.

7.

8.

9.

10.

11.
12.
13.
14.
15.
16.
17.

2407

Arnold, R.S.; Makarova, N.V.; Osunkoya, A.O.; Suppiah, S.; Scott, T.A.; Johnson, N.A.; Bhosle,
S.M.; Liotta, D.; Hunter, E.; Marshall, F.F.; Ly, H.; Molinaro, R.J.; Blackwell, J.L.; Petros, J.A.
XMRV infection in patients with prostate cancer: novel serologic assay and correlation with PCR
and FISH. Urology 2010, 75, 755-761.
Danielson, B.P.; Ayala, G.E.; Kimata, J.T. Detection of xenotropic murine leukemia virus-related
virus in normal and tumor tissue of patients from the southern United States with prostate cancer
is dependent on specific polymerase chain reaction conditions. J. Infect. Dis. 2010, 202,
1470-1477.
Lombardi, V.C.; Ruscetti, F.W.; Das Gupta, J.; Pfost, M.A.; Hagen, K.S.; Peterson, D.L.;
Ruscetti, S.K.; Bagni, R.K.; Petrow-Sadowski, C.; Gold, B.; Dean, M.; Silverman, R.H.;
Mikovits, J.A. Detection of an infectious retrovirus, XMRV, in blood cells of patients with
chronic fatigue syndrome. Science 2009, 326, 585-589.
Switzer, W.M.; Jia, H.; Hohn, O.; Zheng, H.; Tang, S.; Shankar, A.; Bannert, N.; Simmons, G.;
Hendry, R.M.; Falkenberg, V.R.; Reeves, W.C.; Heneine, W. 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 2010, 7, 57.
Groom, H.C.T.; Boucherit, V.C.; Makinson, K.; Randal, E.; Baptista, S.; Hagan, S.; Gow, J.W.;
Mattes, F.M.; Breuer, J.; Kerr, J.R.; Stoye, J.P.; Bishop, K.N. Absence of xenotropic murine
leukaemia virus-related virus in UK patients with chronic fatigue syndrome. Retrovirology 2010,
7, 10, doi: 10.1186/1742-4690-7-10.
van Kuppeveld, F.J.; Jong, A.S.; Lanke, K.H.; Verhaegh, G.W.; Melchers, W.J.; Swanink, C.M.;
Bleijenberg, G.; Netea, M.G.; Galama, J.M.; van der Meer, J.W. 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 2010, 340, c1018.
Erlwein, O.; Kaye, S.; McClure, M.O.; Weber, J.; Wills, G.; Collier, D.; Wessely, S.; Cleare, A.
Failure to detect the novel retrovirus XMRV in chronic fatigue syndrome. PLoS One 2010, 5,
e8519.
Hong, P.; Li, J.; Li, Y. Failure to detect Xenotropic murine leukaemia virus-related virus in
Chinese patients with chronic fatigue syndrome. Virol. J. 2010, 7, 224.
Jern, P.; Stoye, J.P.; Coffin, J.M. Role of APOBEC3 in genetic diversity among endogenous
murine leukemia viruses. PLoS Genet. 2007, 3, 2014-2022.
Simmons, K.; Schlaberg, R.; Singh, I.R. ARUP Laboratories and University of Utah, Salt Lake
City, UT, USA. Unpublished work, 2010.
Kozak, C.A. Laboratory of Molecular Microbiology, NIAID, NIH, Bethesda, MD, USA. Personal
communication, 2010.
Kosakovsky Pond, S.L.; Smith, D.M. Are all subtypes created equal? The effectiveness of
antiretroviral therapy against non-subtype B HIV-1. Clin. Inf. Dis. 2009, 48, 1306-1309.
Kosakovsky Pond, S.L.; Richman, D.R. University of California, San Diego, CA, USA. Personal
communucation, 2010.
Jason, L.A.; Richman, J.A.; Rademaker, A.W.; Jordan, K.M.; Plioplys, A.V.; Taylor, R.R.;
McCready, W.; Huang, C.F.; Plioplys, S. A community-based study of chronic fatigue syndrome.
Arch. Intern. Med. 1999, 159, 2129-2137.

Viruses 2010, 2

2408

18. Sakuma, R.; Sakuma, T.; Ohmine, S.; Silverman, R.H.; Ikeda, Y. Xenotropic murine leukemia
virus-related virus is susceptible to AZT. Virology 2010, 397, 1-6.
19. Singh, I.R.; Gorzynski, J.E.; Drobysheva, D.; Bassit, L.; Schinazi, R.F. Raltegravir is a potent
inhibitor of XMRV, a virus implicated in prostate cancer and chronic fatigue syndrome. PLoS
One 2010, 5, e9948.
20. Paprotka, T.; Venkatachari, N.J.; Chaipan, C.; Burdick, R.; Delviks-Frankenberry, K.A.; Hu, W.
S.; Pathak, V.K. Inhibition of xenotropic murine leukemia virus-related virus by APOBEC3
proteins and antiviral drugs. J. Virol. 2010, 84, 5719-5729.
21. Smith, R.A.; Gottlieb, G.S.; Miller, A.D. Susceptibility of the human retrovirus XMRV to
antiretroviral inhibitors. Retrovirology 2010, 7, 70.
22. Fukuda, K.; Straus, S.E.; Hickie, I.; Sharpe, M.C.; Dobbins, J.G.; Komaroff, A. The chronic
fatigue syndrome: a comprehensive approach to its definition and study. International Chronic
Fatigue Syndrome Study Group. Ann. Intern. Med. 1994, 121, 953-959.
23. Carruthers, B.M.; Jain, A.K.; De Meirleir, K.L.; Peterson, D.L.; Klimas, N.G.; Lerner, A.M.;
Bested, A.C.; Flor-Henry, P.; Joshi, P.; Powles, A.C.P.; Sherkey, J.A.; van de Sande, M.I.
Myalgic Encephalomyelitis/Chronic Fatigue Syndrome: Clinical working case definition,
diagnostic and treatment protocols. JCFS 2003, 11, 7-115.
24. Griffiths, D.J.; Cooke, S.P.; Herve, C.; Rigby, S.P.; Mallon, E.; Hajeer, A.; Lock, M.; Emery, V.;
Taylor, P.; Pantelidis, P.; Bunker, C.B.; du Bois, R.; Weiss, R.A.; Venables, P.J. Detection of
human retrovirus 5 in patients with arthritis and systemic lupus erythematosus. Arthritis Rheum.
1999, 42, 448-454.
25. Weiss, R.A. A cautionary tale of virus and disease. BMC Biol. 2010, 8, 124.
© 2010 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article
distributed under the terms and conditions of the Creative Commons Attribution license
(http://creativecommons.org/licenses/by/3.0/).

