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Many syndromes have a large number of differential diagnoses, a situation which calls for multiplex diagnostic systems. Myalgic
encephalomyelitis (ME), also named chronic fatigue syndrome (CFS), is a common disease of unknown etiology. A mouse retro-
virus, xenotropic murine leukemia-related virus (XMRV), was found in ME/CFS patients and blood donors, but this was not
corroborated. However, the paucity of serological investigations on XMRV in humans prompted us to develop a serological as-
say which cover many aspects of XMRV antigenicity. It is a novel suspension array method, using a multiplex IgG assay with
nine recombinant proteins from the env and gag genes of XMRV and 38 peptides based on known epitopes of vertebrate gamma-
retroviruses. IgG antibodies were sought in 520 blood donors and 85 ME/CFS patients and in positive- and negative-control sera
from animals. We found no differences in seroreactivity between blood donors and ME/CFS patients for any of the antigens.
This did not support an association between ME/CFS and XMRV infection. The multiplex serological system had several advan-
tages: (i) biotinylated protein G allowed us to run both human and animal sera, which is essential because of a lack of XMRV-
positive humans; (ii) a novel quality control was a pan-peptide positive-control rabbit serum; and (iii) synthetic XMRV Gag pep-
tides with degenerate positions covering most of the variation of murine leukemia-like viruses did not give higher background
than nondegenerate analogs. The principle may be used for creation of variant tolerant peptide serologies. Thus, our system al-
lows rational large-scale serological assays with built-in quality control.

The detection of antibodies to a microbe, also referred to as
“serology,” is a basic and clinically useful method for demon-

strating recent or previous infections with the microbe. The
method is often the only means of diagnosing a past infection and
immunity. Serology is often more sensitive than culture of mi-
crobes or detection of microbial nucleic acid, because it utilizes the
immune response as an amplified microbe-specific signal. Despite
these definite advantages, serology also has drawbacks, for exam-
ple, that the signal is indirect (i.e., it reflects only how the immune
system perceived the microbial antigen). The antibody response
may be narrow or broad. In the latter case, cross-reactions to sim-
ilar antigens may occur. Therefore, an optimal serological test for
detection of an infection often relies on the use of several micro-
bial antigens. If several epitopes of a microbe are used, both sen-
sitivity and specificity can increase. Immunoblotting is one way to
detect antibodies to several antigens in the same test. However, it
is possible to simultaneously measure antibodies to many micro-
bial epitopes in a more rational and rather inexpensive way,
namely, with suspension microarrays. We have thus created a
multiepitope serological assay based on this method.

The presence of xenotropic murine leukemia-related virus
(XMRV) infection, demonstrated by PCR, virus isolation, and
some antibody tests, in patients suffering from myalgic encepha-
lomyelitis (ME), also called the chronic fatigue syndrome (CFS),
was recently reported (38, 42). XMRV is a novel gammaretrovirus
belonging to the murine leukemia viruses (MuLVs) (11). It was
found in prostate cancer tissue (20, 68). This was later attributed
to contamination with XMRV-containing cell culture DNA (58),
and the claims for its presence in both prostate cancer and ME/
CFS were retracted (2, 64, 65). XMRV has a typical type C gam-

maretrovirus structure (11). The most prominent serological re-
sponses to a retrovirus are to its env- and gag-encoded proteins.
MA (p15), p12, CA (p30), and NC (p10) are the major gag-en-
coded proteins, while SU (gp70) and TM (p15E) are the major
env-encoded proteins (17). The retractions possibly made a cor-
roboration of XMRV infection from our serological study less
important. However, gammaretroviruses are well-known patho-
gens causing leukemia, neurological disease, and immunodefi-
ciency in mice, cats, and some nonhuman primates (17). From a
broader perspective, it is still important to verify the possible pres-
ence of such retroviruses in humans. The negative outcome of a
broadly targeted serological test (23) not only disproves that hu-
mans were XMRV infected but also disproves the occurrence of
human infections with the broader group of murine leukemia
virus-like retroviruses (MLLVs) (11, 56, 57).

The serological system reported here contains XMRV proteins
and peptides homologous to peptides known to react with anti-
bodies to a number of MLLVs, i.e., MuLV, feline leukemia virus
(FeLV), and gammaretroviral porcine endogenous retrovirus
group C. Moreover, we tried to widen the detection range by the
use of degenerate peptides covering known MLLV epitopes. The
value of this effort is in (i) the disproving of the occurrence of
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antibodies to MLLV in humans and (ii) the creation of a quality-
controlled multiepitope serological system which can be adapted
to many serological testing situations.

ME/CFS occurs in around 0.2% of the population, predomi-
nantly affecting previously healthy, 40- to 60-year-old women.
The symptoms include fatigability, cognitive dysfunction with
loss of memory and/or concentration, sore throat, painful lymph-
adenopathy, muscle pain, headache, unrefreshing sleep, and ex-
treme exhaustion after exercise. There is a comorbidity of ME/
CFS with fibromyalgia and irritable bowel syndrome (IBS) (53).
There are at least four case definitions for ME/CFS: the CDC def-
inition (also known as the Fukuda criteria) (25), the Oxford cri-
teria (see, e.g., reference 48), the 2003 Canadian clinical working
definition (13), and the 2011 consensus criteria (14). The first
three require a disease duration of at least 6 months. Little is
known about the etiology of this disease. However, ME/CFS is
often characterized by an unexplained long-term chronic inflam-
mation and immune dysfunction and often appears after a severe
viral infection (14, 53). Hence, the involvement of several human
viruses, including human herpesvirus 6 (HHV-6) (1), Epstein-
Barr virus (EBV) (12, 24), enteroviruses (15, 33, 76), and even
human T-lymphotropic virus type 2 (HTLV-2) (18), has been
examined, but none of them has been proven to be the cause of
ME/CFS (11). We tried to corroborate the serological findings
with a suspension array of 47 XMRV antigens, both recombinant
proteins and synthetic peptides. A novel rational internal control

system was implemented. Applying this quality-controlled system
to sera and plasma specimens from patients suffering from ME/
CFS and blood donors gave a negative result, giving no evidence
for the existence of XMRV infections in the Swedish population.

MATERIALS AND METHODS
Synthetic peptides. The amino acid sequences of our peptides were cho-
sen to match those of known antibody epitopes on the Env and Gag
proteins of Friend mouse leukemia virus (a variant of MuLV), a virus
similar to XMRV, and of feline leukemia virus (FeLV), a gammaretrovirus
somewhat less similar to MuLV.

The peptide sequences are shown in Fig. 1. The Gag peptides (MA and
CA) were selected from the XMRV VP62 genome to match those of
known cross-reacting epitopes in other MuLVs ((16, 43). Additional pep-
tides were chosen from the beginning of the amino acid sequence of the
MuLV glyco-Gag protein, a known epitope of murine sarcoma virus
(MSV)-induced tumors (3, 19, 27, 29, 46, 47). The Env peptides (SU and
TM) were chosen from (i) known epitopes of the FeLV gp70 (52, 70,
71), (ii) the epitope of the broadly neutralizing XMRV Env monoclo-
nal antibody 83A25 (39, 45, 50, 51), (iii) epitopes of narrowly reacting
nonneutralizing monoclonal antibodies, (iv) a major cytotoxic T lym-
phocyte (CTL) epitope in p15E (21, 63), (v) studies on FeLV TM
epitopes (37, 44), and (vi) critical portions of the immunosuppressive
domain as defined in MuLV (7, 35, 41) and analogous to antigenic
peptides from HIV.

Variable amino acid positions were identified by comparing differ-
ences in genomes of XMRV strains. Degenerate peptides containing most
variants of the variable regions were also produced (ma0deg, g1deg,

FIG 1 Synthetic peptides used in the study. The design of many of the peptides was based on the literature (see references in Materials and Methods).
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su12bdeg ca0a, and ca0bdeg) (Fig. 1). This was an attempt to make the test
more tolerant for antigen sequence variation. The peptides were synthe-
sized by R. Pipkorn at the DKFZ (Deutsches Krebsforschungszentrum,
Heidelberg, Germany).

All peptides were 30-mers and had a three-carbon polyethylene glycol
spacer coupled at the amino end. The spacer started with a primary amino
group. Lyophilized peptides were dissolved in sterile phosphate-buffered
saline (PBS), pH 7. The dissolution sometimes had to be facilitated by
warming the solution to 37°C overnight on a shaker or by sonication for 5
min. Highly hydrophobic peptides were dissolved in 10 to 50% (vol/vol)
dimethyl sulfoxide (DMSO) (Sigma D2650).

Recombinant proteins. Nine XMRV proteins, covering the gag and
env genes, were designed (Table 1). Their design, expression, and purifi-
cation and the verification of their antigenicity were reported previously
(61).

Control antigens. One bead was coupled with Haemophilus influenzae
type b (Hib) vaccine (Act-HIB; Sanofi Pasteur). It served as a commonly
positive control for human sera, since most Swedes have been vaccinated
against, or have been infected with, Hib. It is therefore suitable as a control
for the presence of functional antibodies in the samples.

Human sera. The 85 Swedish patients included 78 patients with the
diagnosis of ME/CFS according to the Canadian criteria (13) and 30 pa-
tients with both ME/CFS and fibromyalgia diagnoses. Seven patients who
fulfilled only the criteria for fibromyalgia were also included. The fibro-
myalgia diagnosis was made according to the ACR classification (74).
Irritable bowel syndrome (IBS) was diagnosed in 40% of the total group of
85 patients, with no significant difference in the subgroups. All patients
were rated by the FibroFatigue scale (75). The mean score was 41 � 9
points, indicating a moderate to severe degree of disorder. The total vari-
ance of the scale is 0 to 72. Diagnosis was made by three individuals, all
holding M.D. and Ph.D. degrees, who were well trained in the use of the
rating scale and in the diagnosis of the disorders. The study was approved
by the Ethical Committee of the University of Gothenburg (Dnr 680-09).
As controls, a total of 520 blood donor sera from the Uppsala Academic
Hospital blood bank were used. They were tested according to a general
permission in Uppsala to test for blood-borne viruses obtained at blood
donation.

Animal sera. Control animal sera were goat anti-MuLV p30, gp70,
and p15E. They were kindly provided by William Switzer, Centers for
Disease Control, Atlanta, GA, and Sandra Ruscetti, Laboratory of Cancer
Prevention, National Cancer Institute, Bethesda, MD. Sera from XMRV-
infected Mus pahari were a kind gift from Yasuhiro Ikeda, Mayo Clinic,
Rochester, MN (60).

Sera from three rabbits immunized with a mixture of peptides (rabbit
anti-pan-peptide sera) were obtained from Genscript Inc. (Newark, NJ).
Thirty-eight XMRV peptides (Table 1), with an amino group attached to
the peptide via a polyethylene glycol spacer (see “Synthetic peptides”
above), were sent to Genscript, where they were conjugated as a mixture to

keyhole limpet hemocyanin and used for immunization of three rabbits.
Pre- and postimmunization sera were obtained.

Coupling of antigens. The recombinant proteins and peptides were
coupled to Luminex carboxylated beads essentially as described in the
“Sample Protocol for Two Step Carbodimide Coupling of Protein to Car-
boxylated Microspheres” provided by the Luminex Corporation (Austin,
TX). In order to disperse bead aggregates, the bead stocks (xMAP Tech-
nology, Austin, TX) were sonicated for 20 s, followed by vortex mixing for
20 s. Two hundred microliters of the stock microspheres, containing
1.25 � 107 beads per ml, was transferred to a 1.5-ml Eppendorf tube. The
beads were then centrifuged at 13,000 � g for 3 min and the supernatants
removed. The beads were washed with 100 �l of distilled water, followed
by vortexing and sonication for 20 s, and then centrifuged at 13,000 � g
for 3 min. Supernatants were subsequently removed. Eighty microliters of
100 mM monobasic sodium phosphate (MSP) (pH 6.2) (Sigma, catalog
no. S3139) was added to the bead pellet, after which the suspension was
vortexed and sonicated for 20 s. Ten microliters of freshly made N-hy-
droxysuccinimide (NHS) (Pierce) and 10 �l of 50-mg/ml 1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide (EDC) (water-soluble carbodii-
mide) (Pierce; sold by Nordic Biolabs AB, Sweden) in H2O were added to
the beads, and the suspension was incubated in the dark for 20 min at
room temperature. The beads were then centrifuged as described above.
The supernatants were carefully removed, and the pellet was washed twice
in 250 �l of 50 mM 2-(N-morpholino)ethanesulfonic acid (MES) sodium
salt (CAS no. 71119-23-8; Sigma), pH 5. One hundred microliters of MES
buffer was added to the bead pellet, which was vortexed and sonicated.
Fifty micrograms of the protein or peptide was added, and more MES
buffer was added up to 500 �l. Beads were mixed by carefully vortexing
and then incubated with shaking for 2 h in the dark. The coupled micro-
spheres were pelleted by centrifugation at 13,000 � g for 3 min and resus-
pended in 500 �l of StabilGuard (catalog no. SG01-1000; SurModics)
buffer. The coupled microspheres were again pelleted by centrifugation as
described above and resuspended in 1 ml of StabilGuard buffer twice. The
final pellet was resuspended in 400 �l StabilGuard. This created a bead
mixture consisting of 6,250 beads/�l. The coupled beads were stored at
4°C in the dark.

Serological procedure. The serological procedure was performed as
described by Sheikholvaezin et al. (61), with the exception that 38 syn-
thetic peptides were also included. Briefly, the multiplex assay was carried
out in a 96-well MV Multiscreen 200-�m filter plate (Millipore, Hertford-
shire, United Kingdom), which allows washing and retention of the Lu-
minex beads. Wells were prewetted twice, using 100 �l of PBS. The PBS
was removed from the wells by aspiration through the Millipore filter.

A bead mixture consisting of 100 beads/�l was made using Stabil-
Guard as a diluent. All the beads with coupled proteins as well as the naked
bead were both sonicated and vortexed for 20 s before being added to the
bead mixture. The mixture was sonicated and vortexed for 20 s. Fifty
microliters of the bead mix was then added to each well. Fifty microliters
of serum diluted as described below in StabilGuard buffer was then, after
a brief vortexing, added to all wells except two, the negative control, also
referred to as a nontemplate control (NTC) (StabilGuard), and a blank
(PBS). After this, the wells were incubated in the dark with gentle rotation
for 30 min. During this incubation period, 0.5-mg/ml biotinylated pro-
tein G (Pierce catalog no. 29988; Thermo Science) was diluted in an Ep-
pendorf tube to a final concentration of 4 �g/ml using StabilGuard as the
diluent. The wells were then washed by adding and aspirating 100 �l of
PBS. This washing procedure was repeated 3 times. The beads were then
resuspended 3 times in 50 �l of StabilGuard. The diluted protein G was
first vortexed, and then 50 �l was added to each well. After 30 min of
incubation in the dark with rotation, the wells were washed three more
times in PBS as described above. The beads were then resuspended again
in 50 �l of StabilGuard. Fifty microliters of streptavidin-phycoerythrin
(SA-PE) (Molecular Probes, Leiden, The Netherlands), diluted in block-
ing/storage buffer to 4 �g/ml, was added to the microplate wells. The plate
was then incubated for 15 min in the dark with gentle agitation. The filter

TABLE 1 Recombinant proteins used in the studya

Portion of
XMRV provirus

Length
(amino acids) Protein construct (abbreviation)

Gag (MA) 92 p15 short TrxA His tag (p15)
129 p15 long TrxA His tag (p15L)

Gag (p12) 85 p12 TrxA His tag (p12)
207 p30 TrxA His tag (p30)

Gag (NC) 13 p10 short TrxA His tag (p10)
105 p10 long TrxA His tag (p10L)

Env (SU) 442 gp70 TrxA His tag (gp70)
Env 645 gp85 TrxA His tag (gp85)
Env (TM) 149 p15E TrxA His tag (p15E)

109 TrxA
E. coli (Origami B) extract

a A further description of the proteins is presented elsewhere (61).
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plate was washed twice as previously before the contents of the wells were
resuspended in 100 �l of PBS. The beads were analyzed in a Luminex-200
instrument following the manufacturer’s instructions.

Data reduction and automated quality control. A program which
orders the results for the antigens according to the gene order in the
XMRV genome, subtracts the nontemplate control and naked bead val-
ues, and checks the results of the rabbit anti-pan-peptide sera for each
peptide and protein was written in Visual Foxpro by J. Blomberg. The
results were then stored in a database.

Statistical evaluation and multivariate analysis. A search for signifi-
cant differences in antigen reactivity between ME/CFS patient sera and
blood donor sera was done using the nonparametric Wilcoxon rank sum
test. Multivariate analysis (principal-component analysis) (data not
shown) and descriptive statistics were performed using the Unscrambler
program (CAMO AS, Norway).

RESULTS
Development of an internal control system. An overview of the
internal controls of the serology system is shown in Fig. 2. The
antipeptide sera obtained from Genscript were tested for reactivity
by running them in the Luminex multiplex assay using the
method as described above. Three pre- and three postimmune
sera were diluted to concentrations of 1:100 and 1:1,000 and then

added to one well each. The median fluorescence intensity (MFI)
was calculated to evaluate antipeptide serum reactivity (Fig. 3).
This was intended to serve as a control for the presence and anti-
genicity of the synthetic peptide and recombinant protein on the
bead.

The antipeptide rabbit sera received from Genscript reacted to
all peptides and recombinant proteins, but not to the control
beads, when diluted 1:100 and 1:1,000. We found that rabbit se-
rum 21 was the most reactive serum and that 1:100 was the opti-
mal dilution,. The absence of reactivity in the preimmunization
rabbit sera and strong reactivity in the postimmunization sera
provided evidence that the beads contained XMRV peptides and
recombinant proteins. As expected, the three rabbit postimmuni-
zation antipeptide sera also gave strong reactions with recombi-
nant XMRV proteins, proving that epitopes recognized by these
sera also were present on whole recombinant XMRV proteins.

To detect any antibody reaction to the microspheres them-
selves, a naked non-protein/peptide-containing bead was added
to the bead mixture in each experiment. A known problem for
suspension microarrays is that occasional sera give significant
binding to the underivatized (“naked”) beads (49, 69). In our

FIG 2 Overview of internal controls of the serology system. (1) A bead containing thioredoxin A (TrxA) is used to control for anti-TrxA antibodies remaining
after absorption with free TrxA. (2) An Escherichia coli lysate-coupled bead controls for anti-E. coli antibodies remaining after absorption with E. coli lysate. Both
TrxA- and E. coli-containing beads are necessary for controlling the results with recombinant TrxA fusion proteins prepared in E. coli. (3) Antigen-coated beads
are used for surveillance of the antigenicity of individual antigens via rabbit antipeptide hyperimmune serum, of overall antigenic performance via the antigenic
index (Fig. 4), and of background binding without serum (nontemplate control [NTC]). (4) The presence of antibodies capable of binding to a common antigen
was ensured with the Haemophilus influenzae B (Hib)-containing bead. (5) A “naked” bead, without any bound antigen, was used to control for nonspecific
binding to the Luminex beads. Weak nonspecific binding is symbolized with a light gray antibody symbol.

FIG 3 Comparison of the pre- and postimmunization antipeptide sera (dilution, 1:100) received from Genscript. The postimmunization sera reacted more
strongly to all peptides than the preimmunization sera. Sera 19 and 22, 20 and 23, and 21 and 24 came from rabbits 1, 2, and 3, respectively. The difference between
pre- and postimmunization sera was greatest for rabbit 3, which yielded sera 21 and 24. MFI, median fluorescence intensity.
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experience, from this and from further work with thousands of
sera (unpublished data), mostly from humans, it is a relatively
small problem. Using the protocol described in this paper, the
average naked bead MFI was 27 (standard deviation [SD], 11),
with occasional high-binding sera. Among 321 human sera tested
consecutively, we found three sera with MFIs of 71, 88, and 140, a
frequency of 0.9%. After subtraction of the naked-bead value, it is
our general experience (from this study and other unpublished
work of ours) that a cutoff MFI of at least 100 or higher gives a
sufficient discrimination of a positive from a negative result. How-
ever, each antigen may have its own problems in this regard. One
negative-control well, where PBS (nontemplate control [NTC])
instead of serum was added, was also used in all the experiments.
The results from the rabbit antisera were used to follow the cou-
pling quality and activity of all reagents between experiments. A

bead containing Hib vaccine was also added to the bead mixture in
each experiment to evaluate the average reactivity of human sera,
which was a further means of controlling for methodological vari-
ation and ensuring antibody presence.

An antigenic index was then constructed from the reactivities
(MFIs) of 16 synthetic peptides (ma0, ca0a, ca1, ca2, su2, su3b,
su4, su6, su7, su8, su9, su9b, tm0a, tm0c, tm3, and tm4) with the
anti-pan-peptide serum 21 of rabbit 3. An expected value was
defined for each of the peptides, being the average of 6 initial runs.
The antigenic index was then calculated as the average of the 16
ratios of observed versus expected MFI for each peptide. The anti-
genic index for a run would be 1 if the run essentially gave the same
values for all 16 peptides as the average of the initial 6 runs. It turned
out to be stable over 22 successive runs during a time period of 3
months, with an interassay variation (SD) of 11% (Fig. 4).

Sera from animals hyperimmunized with MuLV proteins
and from animals infected with XMRV. High-level reactions
with several recombinant proteins were obtained with sera from
XMRV-infected mice (Fig. 5). The most intense reactions were
obtained at 5 weeks postinfection. Uninfected mice did not de-
velop reactivity. The recombinant proteins p15, p10 (but not
p10L), p15E, and gp85 gave clear reactions (Fig. 6). No reactions
with synthetic peptides were observed, illustrating the importance
of conformational epitopes.

Sera from goats hyperimmunized with purified MuLV pro-
teins gave strong reactions with the respective immunogen but
only weak reactions with the synthetic peptides derived from the
immunogen. Goat anti-p30 gave a strong anti-p30 reaction but

FIG 4 Successive average antigenicities of 16 indicator peptides with rabbit
serum 21, plotted as the percentage of the average median fluorescence inten-
sity in relation to an initial average (of the first six values).

FIG 5 Reactivities (median fluorescence intensity [MFI]) of XMRV-infected and uninfected Mus pahari mice against recombinant p15E protein. Sera were
obtained at 2, 5, 8, and 12 weeks postinfection (p.i.). Sera (a kind gift from Yasuhiru Ikeda) were obtained from mice a2, a3, a4, a5, and a6, which were XMRV
infected, at 2 and 5 weeks postinfection. All except mouse a4 developed an antibody response. Results with control sera from two other, noninfected, mice (UIC1
and UIC2) are also shown. The top panel shows results with a 1:25 serum dilution, while the bottom panel shows results with a 1:250 serum dilution.
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only moderate to weak reactions with capsid protein (CA)-de-
rived MuLV peptides (Fig. 7). The reactions of goat anti-gp70 with
gp70 were also strong, but the reactions with gp70-derived syn-
thetic peptides were weak (not shown).

Development of data handling and quality control software.
The MFI values obtained from the negative control and the naked
bead was subtracted from the MFI values obtained from patient
sera and specimens from blood donors. By comparing MFIs of
immunized-rabbit sera between runs, we calculated an average of
the rabbit antipeptide serum MFI. This was used to monitor the
antigenicity of peptide- and recombinant protein-containing
beads. Figure 8 illustrates an incident of insufficient antigenicity of
the gp70 bead. It was restored after recoupling of the gp70 protein.

Comparison of samples from blood donors and ME patients.
Samples from patients and blood donors were tested at dilutions
of 1/2 (Fig. 9, 1/10 and 1/25 (data not shown), and 1/100 (Fig. 10).
The panel of antigens was not identical between the experiments
with dilutions of 1/2 (Fig. 9) and 1/100 (Fig. 10). Although all
reactions became stronger at higher sample concentrations, in no
case was there a stronger reaction in the ME samples (Wilcoxon

rank sum test). At 1/100, most beads gave an MFI of 0 to 100 for
both ME and blood donor sera. At 1/25, most beads gave an MFI
of 0 to 150 for both categories. At a dilution of 1/2, both ME and
blood donor sera gave an MFI of 10 to 300. In contrast, hyperim-
mune rabbit and goat sera often gave MFIs of over 1,000 at a
dilution of 1/100 or 1/1,000. Several antigens gave lower reactions
with ME samples than with blood donor samples. Most of the ME
and blood donor sera yielded strong reactions with the Hib bead
(Table 2). The SU (surface unit) peptides and the TM (transmem-
brane) peptides reacted most strongly. The SU3 bead tended to
react more than the other peptides with both ME and blood donor
sera. Hence, we found no evidence that ME patient sera reacted
more strongly than blood donor sera at any of the dilutions tested.
The weak reactions with XMRV recombinant proteins and pep-
tides in human sera contrasted with the strong reactions of animal
hyperimmune sera and sera from XMRV-infected mice to some of
the same antigens. Comparing with the strong reactivity obtained
from our vaccine-loaded beads, we did not find any convincing
sign of an immune response elicited toward XMRV infection in
any of our human sera.

Attempts to detect IgM. We also evaluated whether 30 Swed-
ish ME patient sera and sera from 64 blood donors elicited an IgM
immune response to our peptides and proteins (data not shown).
Instead of using protein G as a secondary antibody, we used bio-
tinylated anti-human IgM (Sigma) at a dilution of 1/1,000. No
reactions with XMRV proteins or peptides were seen. Serum di-
lutions of 1/25 and 1/100 were tested. It was found that the Hib-
coated bead also bound IgM from the human sera and gave an
MFI of 300 to 1,000 with both blood donor and ME/CFS sera. The
Hib vaccine is a protein-polysaccharide conjugate. Many polysac-
charide antibodies belong to the IgM class. Thus, the absence of IgM
reactions to all of the XMRV antigens of the ME/CFS and blood
donor sera could be contrasted with the ready detection of IgM bind-
ing to the Hib beads (data not shown). However, this cannot be con-
sidered a critical test for the presence of anti-XMRV IgM.

DISCUSSION

Because serology is indirect and measures the adaptive immune
response to a microbe rather than the presence of the microbe
itself, no serological test can be 100% sensitive and specific. One
way of increasing the accuracy of serology is to simultaneously
measure the immune responses to several antigens from a mi-
crobe. An especially demanding situation is to declare a sample

FIG 6 Reactivities (median fluorescence intensity [MFI]) of a serum (diluted 1/25) from XMRV-infected Mus pahari mouse a3 obtained at 5 weeks postinfec-
tion. A suspension array of 37 XMRV synthetic peptides and recombinant proteins was used. The ordinate has a log scale. The absence of reactions with the
synthetic peptides and presence of reactions with the recombinant p15 (but not the longer version p15L), p10 (but not the longer version p10L), p15E, and gp85
(but not gp70) are illustrated.

FIG 7 Ratio of reactivity (median fluorescence intensity [MFI], shown with a
log scale) of a goat anti-p30 hyperimmune serum versus reactivity of a normal
goat serum (“ap30_ngoat”) and of a goat anti-gp70 hyperimmune serum ver-
sus reactivity of the same normal goat serum (“agp70_ngoat”). Results with
beads with synthetic peptides from the capsid protein and recombinant capsid
protein (p30) are shown. The sequences of the peptides are shown in Fig. 1.
Despite the rather high degeneracy of the two peptides ca0adeg (432 variants)
and ca0bdeg (144 variants), they did not give a stronger binding than the
nondegenerate counterparts.
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“negative,” because of the many methodological reasons for a
false-negative reaction. We therefore opted for a rather compre-
hensive combination of XMRV antigens, using a multiplex sus-
pension array. Such arrays are increasingly being used for infec-
tious disease serology. A few recent examples are described in
references 5, 22, 30, 34, and 62. Their main advantages versus
enzyme-linked immunosorbent assay (ELISA) are multiplexity,
sample economy, and speed.

The proof of the presence of a virus in a population rests on
virus isolation, nucleic acid detection, and serology (demonstra-
tion of a specific antibody response). Serology is often the most
sensitive technique for demonstrating a present or past virus in-
fection, because nucleic acid detection depends on a measureable
concentration in easily obtained samples such as blood, which
often is not present. Virus isolation is often difficult and more
laborious to perform. A reliable serology is needed to establish the
seroprevalence and seroepidemiology of the virus (54, 55). Ratio-
nal multiantigen ELISA systems for viral antibodies have been
implemented (9). However, the degree of multiplexity can be
much greater in suspension microarrays, as demonstrated here.
Suspension microarray serology is also quicker than ELISAs.

So far, the testing for presence of XMRV antibodies in humans
has been limited to a few methods (6, 26, 31, 32, 38, 42, 66, 67).
There is room for a serological study where multiple antigens are

tested in the same reaction. This increases the comparability of
results for individual antigens. A few previous studies have exam-
ined the antibody immune response to XMRV infection in ani-
mals (54, 55). Serological assays for detection of antibodies against
XMRV include flow cytometry, Western blotting, chemilumines-
cent immunoassays, and enzyme-linked immunoassay tech-
niques. Virus neutralization in cell culture has also been used (28,
40, 59, 77). The first report of antibodies to a retrovirus related to
XMRV came from Lombardi et al., who found that 9 out of 18
ME/CFS patients infected with XMRV reacted with antibodies to
a mouse B-cell line expressing spleen focus-forming virus (SFFV)
Env, a protein closely related to XMRV Env. These antibodies
were detected neither with SFFV-negative cell lines nor in 7
healthy blood donors (38). Eleven of 40 prostate cancer patients
were reported to be XMRV antibody positive (6). In contrast, a
Western blot study of sera from 104 ME/CFS patients and healthy
control sera was negative (67). In a study of 565 non-ME/CFS and
ME/CFS sera, 4.6% of the samples contained neutralizing anti-
bodies. Only one of these was from an ME/CFS patient. Most of
these antibodies were able to neutralize other similar viruses, in-
dicating significant cross-reactivity (28). Hohn et al. searched for
antibody activity of 173 sera from ME/CFS patients, multiple scle-
rosis patients, and healthy controls using recombinant Env in an
ELISA (31); none were considered to be true positives. To deter-

FIG 8 Antibody reactivities (median fluorescence intensities [MFI]) to 38 XMRV antigens of sera taken before (pre 24) and after (post 21) immunization of
rabbit 3 with an XMRV peptide mixture. Results obtained on three separate runs (1 to 3) on three days are shown. The arrow indicates that in run 3 the gp70 bead
did not contain enough of recombinant gp70 protein, an illustration of the utility of this quality control feature. The reactivities of some peptides were rather weak
but are evident in the logarithmic presentation. Blue bars are from preimmunization serum 24. Red/magenta bars are from postimmunization serum 21. (A)
Linear ordinate scale. (B) Log10 ordinate scale.

FIG 9 Average reactivities (MFI) and standard deviations of 39 XMRV antigens run against 64 ME/CFS sera and 90 blood donor (BD) sera at a dilution of 1/2.
Note that even at the low dilution of 1/2, which should favor nonspecific binding, the g1deg (24 variants) and ma0deg (108 variants) degenerate peptides (boxed)
did not have significantly higher binding activity than the nondegenerate variants.
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mine the dynamics of the antibody response elicited by XMRV,
three macaques were infected with XMRV. Using recombinant
gp70, p15E, and P30 in Western blotting and chemiluminescent
immunoassay (CMIA), Qiu et al. found evidence of antibodies at
2 weeks postinfection (54). They persisted for at least 158 days.
Although all three proteins elicited an immune response, antibod-
ies to recombinant gp70 and p15E showed a higher sensitivity for
detection of infection than did antibodies to p30 (54, 55). In an-
other study, Mus pahari was infected with XMRV. Antibodies re-
active with XMRV Env and Gag proteins were observed in neu-
tralization assays and Western blots (60). Since the report of
XMRV in humans, many questions have been raised about how it
is transmitted, its epidemiology, and its capability of causing hu-
man disease. The differences in the reported findings underscore

the importance of a comprehensive and standardized diagnostic
test. The absence of “true” positive human sera mandated the
development of a series of computer-aided quality control fea-
tures in our multiepitope serology. It was based on several types of
controls (Fig. 2). The most important was based on sera from
rabbits hyperimmunized with a mixture of 38 synthetic XMRV
peptides. Most of the peptides gave rise to an immune reaction.
Thus, the anti-pan-peptide sera could be used to assess the anti-
genicity of most XMRV peptides in each run. An index of peptide
antigenicity was devised, which allowed the control of the general
performance of the test. It depends both on the average perfor-
mance of peptides and on general aspects such as protein G and
phycoerythrin activities. The plot of peptide antigenicity is similar
to Levey-Jennings control charts (72, 73) and can be used to ap-
prove or reject serological rounds. Interestingly, the antipeptide
sera could also be used to assess the antigenicity of the 10 recom-
binant XMRV proteins, proving that antibodies elicited by pep-
tides also reacted with the proteins from which the peptides were
derived. Rules for issuing a warning regarding the antigenicity of a
peptide or recombinant protein in a run can be programmed into
the result calculation program. The variables in the control system
can be followed between runs and report the stability over time
(Table 2).

In this project we used a novel serological method for detecting
XMRV antibodies. In addition to using nine recombinant pro-

TABLE 2 Outcome for quality controls over time, using human blood
donor sera diluted 1/100 and rabbit anti-pan-peptide serum 21

Control Mean MFI � SDa (n)

TrxA-containing bead 42 � 34 (104)
E. coli-containing bead 35 � 44 (106)
NTC for sera diluted 1/100 34 � 10 (211)b

HIB (avg) 2101 � 420 (240)
Naked bead 27 � 5 (130)
a Without background subtraction.
b Antigenicity index, 110 � 11 (n � 22).

FIG 10 Mean reactivities (MFI) of 38 XMRV antigens (synthetic peptides and recombinant proteins). The upper section (ME) shows the reactivities of 85 sera
from ME/CFS and fibromyalgia patients, diluted 1/100. The lower section (BD) shows the reactivities of 254 blood donor sera diluted 1/100. The asterisk
indicates that two outlying values were removed. The panel of antigens was somewhat different from the ones shown in Fig. 9; this was due to the
successive production of new recombinant proteins and limited availability of xMAP beads. The result with the one degenerate peptide in this experiment
is boxed.
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teins (p15, p12, p10, p30, gp70, p15E, and gp85, with some as
short and long variants), we also used 38 synthetic peptides from
the gag and env genes of XMRV. The peptides were designed to
match those of known epitopes of feline leukemia virus (FeLV)
and MuLV, both of which are thoroughly studied gammaretrovi-
ruses. FeLV causes cat leukemia. It has a high amino acid sequence
identity to XMRV. The method of using synthetic peptides has
been proven to be successful when developing serological assays
for detection of other viruses such as HIV and HTLV (8, 10). The
low frequency of antipeptide reactions but presence of strong anti-
recombinant protein reactions in the sera of XMRV-infected mice
and hyperimmunized goats was unexpected. One reason could be
that the amino-terminally linked peptides were suboptimally ac-
cessible to antibodies through the 3-carbon-atom spacer. How-
ever, the strong reactions of the antipeptide sera indicated that the
peptides were bound to beads in a form accessible to antibodies. In
unpublished work we have tested a longer amino-terminal spacer
(a polyethylene glycol spacer with six carbon atoms) (data not
shown) with a Borrelia IR6 peptide, which had a marginal effect
(an average of 16% increase in MFI with three Borrelia antibody-
positive sera), and a carboxy-terminal three-carbon-atom poly-
ethylene glycol (PEG) spacer with an amino group with an HIV
peptide known to be highly antigenic with HIV-antibody positive
sera, giving an average of a 24% increase in MFI with 10 HIV-
positive sera. Moreover, we have now tested over 200 synthetic
30-mer peptides from a variety of human viruses coupled with the
amino-terminal 3-carbon PEG spacer, and we found that approx-
imately 20% of them gave high and specific serological reactions
(J. Blomberg et al., unpublished data). Although there is more to
explore regarding the optimal coupling of synthetic peptides to
beads in suspension arrays, the available information indicates
that the chosen format is valid for the problem addressed in this
paper.

Another possible reason for the absence of antipeptide reac-
tions in the XMRV-infected mice could be that the mice were
selectively tolerant to linear XMRV-like epitopes due to endoge-
nous retroviruses related to XMRV. A linear epitope is less suscep-
tible to mutation in a protein than a conformational epitope.
Breakage of B-cell tolerance after infection with a related exoge-
nous retrovirus may therefore primarily affect linear epitopes.
Further control experiments with FeLV antibody-positive sera
could have given more information, but such sera were not avail-
able to us. The use of degenerate synthetic peptides is a novelty.
We expected that such degenerate peptides would give more
cross-reactions than nondegenerate analogs. However, this was
not the case. We therefore envisage that degenerate peptides could
be used in research studies or diagnostic procedures where anti-
bodies to a number of related microbes are tested, to cover a range
of antigenic variation, instead of a large number of separate non-
degenerate peptides.

The fact that our study failed to detect a clear immune response
to XMRV could have many explanations. It is possible that XMRV
elicits a low-grade “stealth” infection in a limited number of cell
types and is therefore able to hide from the immune response.
Such may be the case for HTLV-2 infection, which sometimes is
accompanied by a low-grade immune response (4, 36). Macaques
infected with XMRV initially elicit a substantial immune response
during the first weeks, but antibody titers and virus particles in
sera were barely detectable at several months postinfection, which
is a sign of either an abortive or a latent infection. Determining the

dynamics of XMRV infection in humans is therefore crucial to set
up a good diagnostic method. Geographical differences in sero-
prevalence could also occur. Other retroviruses, such as HTLV-1,
show a great variation in distribution worldwide. Although our
peptides were designed to accept some antigen amino acid se-
quence variability, divergent strains of unknown, potentially
pathogenic, MuLV-like viruses could be missed by our method.
No test can claim 100% sensitivity for targets at the outskirts of its
probable detection range. It would therefore be valuable to further
evaluate the range of detection of our test. A problem facing the
development of our method was the shortage of positive-control
sera from known XMRV-positive individuals. Peptides will not
adopt the same tertiary conformation as the human cell-ex-
pressed virus proteins and thus may not have the same anti-
genic properties. This may affect the anti-XMRV antibody af-
finity to our peptides. Obviously, the 9 recombinant XMRV
proteins (61) mimicked the antigenicity of XMRV proteins
better than the peptides.

In conclusion, despite using a rather comprehensive multiplex
serological analysis, we found no significant increases in seroreac-
tivity to XMRV antigens among blood donors and ME/CFS pa-
tients. The absence of reactions of human sera contrasted with the
high reactivities of sera from infected mice and hyperimmunized
goats.

The conclusion of an absence of XMRV antibodies was aided
by the novel internal quality control system. It allowed us to con-
trol the antigenicity of each antigen and the performance of most
of the components of the assay, and it will be useful in other
large-scale serological tests using suspension microarrays.
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