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BACKGROUND: Since the identification of xenotropic
murine leukemia virus–related virus (XMRV) in prostate
cancer patients in 2006 and in chronic fatigue syn-
drome patients in 2009, conflicting findings have been
reported regarding its etiologic role in human diseases
and prevalence in general populations. In this study, we
screened both plasma and peripheral blood mono-
nuclear cells (PBMNCs) collected in Africa from blood
donors and human immunodeficiency virus Type 1
(HIV-1)-infected individuals to gain evidence of XMRV
infection in this geographic region.
STUDY DESIGN AND METHODS: A total of 199
plasma samples, 19 PBMNC samples, and 50 culture
supernatants from PBMNCs of blood donors from Cam-
eroon found to be infected with HIV-1 and HIV-1
patients from Uganda were screened for XMRV infec-
tion using a sensitive nested polymerase chain reaction
(PCR) or reverse transcription (RT)-PCR assay.
RESULTS: Using highly sensitive nested PCR or
RT-PCR and real-time PCR assays capable of detect-
ing at least 10 copies of XMRV plasmid DNA per reac-
tion, none of the 268 samples tested were found to be
XMRV DNA or RNA positive.
CONCLUSIONS: Our results failed to demonstrate the
presence of XMRV infection in African blood donors or
individuals infected with HIV-1. More studies are
needed to understand the prevalence, epidemiology,
and geographic distribution of XMRV infection
worldwide.

X
enotropic murine leukemia virus–related virus
(XMRV), the first gamma retrovirus known
to infect humans, was identified in prostate
cancer patients in 20061,2 and chronic fatigue

syndrome (CFS) patients in 2009,3 although a causal rela-
tionship has not yet been established and several conflict-
ing findings have been reported.4-8 XMRV has also been
detected in 3.7% of healthy individuals3 and 4% of non–
prostate cancer patients2 in the United States, and appro-
ximately 1% of control groups in Germany,6 the United
Kingdom,8 and Japan,9 indicating possible widespread yet

ABBREVIATIONS: CFS = chronic fatigue syndrome; (q)PCR =
quantitative polymerase chain reaction; XMRV = xenotropic

murine leukemia virus–related virus.
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low-level distribution of the virus.10 Negative findings of
XMRV infection could be attributed to restricted geo-
graphic distribution of XMRV worldwide and possible
genetic variation of this virus.

Similar to human immunodeficiency virus Type 1
(HIV-1), XMRV may be potentially transmitted through
sexual contact as semen has been found to be positive
for this virus and prostatic acid phosphatase fragments
have been shown to enhance infectivity of XMRV in
vitro.11 Blood transfusion and intravenous drug use may
likely be other transmission modes since both peripheral
blood mononuclear cells (PBMNCs) and plasma from
XMRV-positive CFS patients are able to infect cells.3

These results highlight the need for studies on blood
donors and risk groups with HIV-1 infection who could
be co- or superinfected with XMRV. Recently, a German
study reported that XMRV could be detected in respira-
tory secretions.12 It is not clear whether the presence of
XMRV in the respiratory tract indicates that the virus can
be transmitted by the respiratory route. In general, retro-
viruses, like HIV-1, are rarely transmitted through respi-
ratory secretions.

The prevalence of XMRV infection in different popu-
lations and geographic areas and its implications for
human diseases and public health deserve further study.
Therefore, we set out to investigate the prevalence of
XMRV infection in African individuals by using sensitive
polymerase chain reaction (PCR) assays to test samples
previously collected for monitoring HIV-1 infection in
Cameroon and Uganda, which are two geographically dis-
tinct regions in Africa.

MATERIALS AND METHODS

Samples
A total of 236 plasma samples were tested including 105
HIV-1 antibody–positive samples (by a rapid HIV-1 anti-
body assay) from blood donors collected from 2006 to
2009 in Cameroon and 94 HIV-1 antibody–positive plasma
samples collected in 2005 in Uganda. Thirty-eight percent
of the Ugandan subjects were on antiretroviral therapy
with a combination pill containing nevirapine, lamivu-
dine (3TC), and either stavudine (D4T) or zidovudine
(AZT) and had fully suppressed HIV viral levels (viral load
<400 copies/mL).13 Nineteen PBMNC samples from HIV-
1-positive blood donors collected in 2007 in Cameroon
were also included in the current study. Blood was col-
lected aseptically into an ethylenediaminetetraacetate
vacutainer, and PBMNCs and plasma were separated
using Ficoll gradient centrifugation. In addition, 50 cell
culture supernatants collected from cultured PBMNCs of
50 HIV-1-positive Cameroonian blood donors were
screened for infection with both XMRV and HIV-1. All
samples tested were from unique donors.

Nucleic acid extraction and amplification
Viral RNA and genomic DNA were extracted from 200 mL
of plasma, cell culture supernatants, or PBMNC samples
using a virus spin kit (QIAamp MiniElute, Qiagen, Valen-
cia, CA). Reverse transcription (RT) was performed with a
for first-strand synthesis system (SuperScript III, Invitro-
gen, Carlsbad, CA) using 8 mL of viral RNA and random
hexamer primer. For amplification of XMRV gag gene,
first-round PCR was performed in a 30 mL volume con-
taining 5 mL of cDNA or 200 to 500 ng of genomic DNA,
15 mL of 2¥ PCR buffer (Extensor Hi-Fidelity ReddyMix
PCR Master Mix, ABgen House, Surrey, UK), and 2.5 pmol
of each primer (GAG-O-F and GAG-O-R).1 Reaction con-
ditions were as follows: one cycle at 94°C for 5 minutes; 35
cycles at 94°C for 30 seconds, 58°C for 30 seconds, and
72°C for 45 seconds; and one cycle at 72°C, 7 minutes. Two
microliters of first-round PCR products was added to the
second-round PCR with the same reaction conditions as
those in the first PCR procedure except that the different
primers (GAG-I-F and GAG-I-R) and the annealing tem-
perature of 60°C were used.1 Each PCR run included both
XMRV-positive control (XMRV plasmid DNA) and negative
control (water). PCR amplification products were visual-
ized on a 1% agarose gel stained with ethidium bromide
and sequenced. Primers for the XMRV env gene (5922F/
6273R and 5942F/6200R) and HIV-1 gp41 gene (GP40F1/
GP41R1 and GP46F2/GP47R2) have been described
previously.11,14 The PCR conditions were as follows: one
cycle at 94°C for 5 minutes; 35 cycles at 94°C for 30
seconds, 55°C for 30 seconds, and 72°C, 45 seconds; and
one cycle at 72°C for 7 minutes. To ensure integrity of
extracted DNA, human GAPDH gene was amplified using
the same PCR primers (hGAPDH-66F and hGAPDH-291R)
and conditions published previously.1 In addition, a quan-
titative (q)PCR was adapted from the article of Schlaberg
and coworkers2 to amplify XMRV DNA with one forward
primer and two reverse primers within the pol gene of
XMRV.

RESULTS

When XMRV plasmid DNA was amplified by both nested
PCR and (q)PCR, specific bands with the expected size and
(q)PCR curves were observed (Fig. 1). After amplification
and analysis of serial 1:10 dilutions of XMRV DNA with
known copy numbers based on A260 of the purified
plasmid VP62, 10 copies and one copy of plasmid DNA
were detected in the first- and second-round PCR, respec-
tively, suggesting a lower detection limit of one copy of
proviral DNA using our current nested PCR conditions.
The sensitivity of the PCR assays was also evaluated using
XMRV DNA extracted from a series of 1:10 dilutions of
22Rv1 cells (CRL-2505, ATCC, Gaithersburg, MD) that
harbor multiple copies of integrated XMRV provirus and
constitutively produce infectious virus.15 The current
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nested PCR assay could detect XMRV DNA from single
22Rv1 cells (data not shown). The RT-PCR assay was able
to amplify XMRV gag and env genes from cell culture
supernatants of 22Rv1 culture with known copy numbers.
Our (q)PCR assay could detect 1 to 10 copies of XMRV
plasmid DNA, which is comparable to the results reported
by Schlaberg and coworkers.2

Viral RNA in the plasma samples was used to
amplify both XMRV and HIV-1 sequences. HIV-1 RNA
was detected in 51% (54/105) and 52% (49/94) of plasma
samples from Cameroon and Uganda, respectively
(Table 1). However, none of the 199 plasma samples

and 50 PBMNC culture supernatants were positive for
XMRV RNA using either the gag or the env primer sets of
XMRV although the positive control was successfully
amplified in each PCR run (Fig. 2A). Genomic DNA from
PBMNCs of 19 HIV-1-infected Cameroonian blood
donors was also tested but found to be negative for
XMRV using both nested PCR and (q)PCR assays (Fig. 2B
and Table 1). Among them, 42% (8/19) were positive for
HIV-1 RNA. A specific hGAPDH gene was amplified from
all 19 samples (Fig. 2B). All of the 50 PBMNC culture
supernatants were HIV-1 RNA positive, but negative for
XMRV.

1                                                   5818            

GAG-O-F(nt538)            (1148)GAG-O-R 4552F          4653R 4673R     5922F 5942F       6200R 6273R
GAG-I-F(nt598) (1010)GAG-I-R           4572MGB

gag                           pol env

A

B

104 103 100  10   1    10    1     0               100   10     1      0            100    10     1        0    (copies)

GAG-O-F/R        GAG-I-F/R                5922F/6273R                   5942F/6200R    

C

104 103 102 10   1    0.1fg

Fig. 1. PCR for XMRV detection. (A) Primer sets for nested PCR and (q)PCR are indicated or numbered according to the XMRV vp62

sequence (GenBank Accession Number EF185282). The primer sequences have been previously published.1,2 (B) PCR products. Left

panel shows XMRV gag gene products. The first and second PCR products are 612 and 413 nucleotides, respectively. Right panel

shows PCR products for XMRV env gene. The first and second PCR products are 325 and 259 nucleotides, respectively. The detec-

tion limits of first and second PCR for both XMRV gag and env gene were 10 and 1 copy, respectively. (C) (q)PCR. XMRV plasmid was

serially diluted 1:10 from 104 to 0.1 fg and tested. The curves show the sensitivity of the assay, which was 0.1 fg or 6.7 copies in this

experiment.
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DISCUSSION

To our knowledge, the study reported here is the first
attempt to evaluate the presence of XMRV in plasma or
PBMNC samples collected from HIV-1-infected blood
donors or individuals in African countries. We chose to use

PCR methods for this study primarily because they had
been shown to be more reliable and sensitive than other
methods for detection in plasma and PBMNCs.3 Assay
sensitivity was also evaluated in a collaborative study and
determined by testing an analytical panel consisting of
plasma spiked with cell culture supernatant containing
XMRV. No substantial differences were observed com-
pared with plasma assays from other participating labora-
tories in terms of sensitivity (unpublished data). The
failure to detect XMRV in these African samples is unlikely
due to assay methods including extraction and amplifica-
tion of XMRV RNA and DNA because HIV-1 RNA and DNA
were successfully amplified in parallel and GAPDH gene
was positive in all of the PBMNC samples. Furthermore,
our PCR assays have been shown to be at least as sensitive
as those previously reported.1-3 Extra care has been taken
to avoid possible contamination by including negative
(water) controls in each round of PCR and using different
work areas for nucleic acid extraction, PCR processing,
and gel electrophoresis. It is possible that among the
Ugandan subjects, ART may affect XMRV detection
because XMRV has been shown to be susceptible to inhi-
bition by AZT at relatively high concentration;16,17

however, only some patients in our study received AZT
treatment and no evidence of XMRV was seen in any of the
samples regardless of antiretroviral therapy suppression.
It has been reported that activated PBMNCs can release
XMRV particles.3 However, we were unable to detect
XMRV RNA from the PBMNC culture supernatants,
although they were positive for HIV-1 RNA. Another likely
explanation for the negative results in our study is the
likelihood of strain variation in African populations,
which could affect detection by PCR-based methods.
Finally, it is possible that some of the donors may have
been infected with XMRV, but with transient viremia or
without a significant infection in blood. Regardless, no
evidence of XMRV infection was obtained in the African
samples we studied using highly sensitive PCR methods.
Further investigations on different populations and larger
sample sizes are needed to fully determine the prevalence
and distribution of XMRV in Africa and worldwide.

XMRV was first identified and has been confirmed in
prostate cancer patients with a frequency of 10% to 27%
in the United States.1,2,18 It has a high prevalence of 40% in
prostate cancer patients carrying a homozygous R462Q
mutation in the RNaseL gene.1 However, it was rarely
detected in nonfamilial prostate cancer patients from
Northern Europe (0.95%)6 and not detected at all in spo-
radic prostate cancer patients in Germany4 and Ireland.19

XMRV was also reported with high prevalence (67%) in
CFS patients in the United States.3 However, another US
study,20 two groups from the United Kingdom,5,8 and one
Dutch group7 could not detect XMRV DNA or RNA in CFS
patients. XMRV infection has been detected in non–
prostate cancer or CFS individuals and healthy individuals

TABLE 1. Detection of XMRV and HIV-1 in the
plasma and PBMNC samples in Africa*

Sample Number tested

PCR positive (%)

HIV-1 XMRV

Cameroon
Plasma 105† 54 (51) 0 (0)
PBMNCs 19 8 (42) 0 (0)

PBMNC culture
supernatants

50 50 (100) 0 (0)

Uganda
Plasma 94‡ 49 (52) 0 (0)

Total 268 161 (60) 0 (0)

* Viral RNA isolated from plasma was analyzed for XMRV and
HIV-1 using RT-nested PCR while genomic DNA extracted
from PBMNCs was analyzed for XMRV and HIV-1 using
nested PCR and (q)PCR. GAPDH was amplified in parallel as
an internal control.

† Anti-HIV–positive by rapid HIV-1 assay.
‡ Among the Ugandan subjects, 38% were on antiretroviral

therapy and had fully suppressed HIV viral levels (viral load
<400 copies/mL).

1     2     3    4    5      6     7    8     9    10   11  12  13    14      

1      2      3      4      5      6      7      8      9    10 11  12  13

A

B

XMRV

HIV-1

XMRV

HIV-1

hGAPDH

Fig. 2. PCR screening for XMRV and HIV-1. (A) RT-PCR prod-

ucts of 11 plasma samples (Lanes 1-11) collected in South

Africa with XMRV gag gene primer pair (top panel) and HIV-1

gp41 primer pair (bottom panel). Lanes 12 and 13 = negative

and positive controls of XMRV, respectively. (B) PCR products

of 12 PBMNC samples (Lane 1-12) collected in Cameroon with

XMRV gag (top panel), HIV-1 gp41 (middle panel), and

hGAPDH gene (bottom panel). Lane 13 and 14 = negative and

positive controls of XMRV, respectively.
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including blood donors in the United States (3.75% by
PCR),3 Germany (1.42%-3.2% by PCR),6,12 United Kingdom
(0.76% by neutralization assay),8 and Japan (1.7% by sero-
logic assay).9 These results indicate that approximately 1%
to 4% of the general population may be infected with
XMRV. However, our study and several other studies have
been unable to demonstrate the presence of XMRV infec-
tion in the general population.4,7,8,20 There could be several
possible reasons for these conflicting results. One possi-
bility is a restricted geographic distribution of XMRV
infection worldwide or focal outbreaks of XMRV infection
in specific populations and areas. For example, XMRV is
currently exclusively detected in the prostate cancer
patients in the United States21 and CFS patients in one US
study,3 but rarely in Europe except that a recent German
study found XMRV infection in 2.3% to 9.9% of patients
with respiratory tract infections.12 A second explanation
could be the lower sensitivity and specificity of testing
assays, in particular the serologic assays. There are cur-
rently no reference reagents for standardization of assays;
therefore, it is difficult to make comparisons of results
obtained in different laboratories using various methods.
Hohn and colleagues4 were unable to detect XMRV-
specific antibodies against XMRV env (gp70) and gag
(pr65) proteins in prostate cancer patients and healthy
control sera. Groom and coworkers8 reported a significant
cross-reactivity between XMRV and other viruses includ-
ing vesicular stomatitis virus (VSV-G) in their neutraliza-
tion assay. All of the serologic-positive samples are XMRV
DNA and RNA negative.8 Third, the potential genetic
variation of XMRV could result in “false-negative” detec-
tion.22 Although the current sequence data indicate that
XMRV is highly conserved,3,10 it is possible that distinct
strains of XMRV may exist.10,22 Finally, XMRV was identi-
fied within the past 5 years, and the epidemiologic data
are limited pointing to the need for additional studies
using well-standardized assays.

In summary, we screened 199 plasma samples, 19
PBMNC samples, and 50 cultured PBMNC supernatants
of HIV-1-infected blood donors from Cameroon and HIV-
1-positive individuals from Uganda for XMRV infection
using sensitive PCR assays. None of the samples were
found to be XMRV DNA or RNA positive. Therefore, our
results failed to demonstrate the presence of XMRV in the
African population we studied. However, it should be
noted that the small sample size, and its heterogeneous
nature, limits the statistical power of the study and the
conclusions. Additional more extensive studies are
needed to understand the epidemiology and geographic
distribution of XMRV infection worldwide.
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