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The seroprevalence of the recently discovered human Malawi polyomavirus (MWPyV) was determined by virus-like particle-
based enzyme-linked immunosorbent assay (ELISA) in age-stratified Italian subjects. The findings indicated that MWPyV infec-
tion occurs early in life, and seroprevalence was shown to reach 42% in adulthood.

Twelve human polyomaviruses have been described to date, in-
cluding JC and BK polyomaviruses (JCPyV and BKPyV), Karo-

linska Institute polyomavirus (KIPyV), Washington University
polyomavirus (WUPyV), Merkel cell polyomavirus (MCPyV), hu-
man polyomaviruses 6 and 7 (HPyV6 and HPyV7), trichodysplasia
spinulosa-associated polyomavirus (TSPyV), human polyomavirus 9
(HPyV9) (1), and three recently identified polyomaviruses, i.e., Ma-
lawi polyomavirus/human polyomavirus 10 (MWPyV/HPyV10),
Saint Louis polyomavirus (STLPyV) isolated from stools (2–4), and
human polyomavirus 12 (HPyV12) identified in the liver (5).

Polyomavirus infections are ubiquitous, with seroprevalence
ranging from 40 to 90% in adults, and asymptomatic infections
occur early in childhood (6–12).

Four human polyomaviruses are associated with disease. JCPyV
causes progressive multifocal leukoencephalopathy, BKPyV is the
cause of hemorrhagic cystitis in allogeneic hematopoietic stem cell
transplant patients and induced nephropathy frequently followed
by graft loss in renal transplant patients. MCPyV is responsible for
Merkel cell carcinoma (MCC), which occurs mainly in elderly
individuals and immunocompromised subjects, and TSPyV is as-
sociated with trichodysplasia spinulosa. JCPyV-, BKPyV-, and
TSPyV-associated diseases have been observed only in immuno-
compromised subjects (1, 13).

In this study, we investigated the seroepidemiology of the re-
cently identified Malawi polyomavirus in an Italian population
using a virus-like particle (VLP)-based enzyme-linked immu-
nosorbent assay (ELISA) and evaluated the existence of cross-
reactivity with MCPyV, HPyV6, HPyV7, TSPyV, and HPyV9
polyomaviruses.

MWPyV seroprevalence was determined in 825 Italian subjects
1 to 100 years of age. This study population has previously been
investigated for reactivity against five other polyomaviruses (12),
and the approach here was similar. Antibodies against MWPyV
were determined using a VLP-based ELISA (14). The MWPyV
VP1 coding sequence (GenBank accession no. NC_018102.1) was
codon optimized for expression in Spodoptera frugiperda cells
(Genscript, Piscataway, NJ) and used to generate a recombinant
baculovirus. The presence of 45- to 50-nm VLPs and smaller par-
ticles was observed by electron microscopy (Fig. 1). Purified
MWPyV VLPs (100 ng/well in phosphate-buffered saline [PBS])
were used to sensitize microplates (Maxisorp; Nunc) overnight at
4°C. Briefly, sera were diluted 1:100, and peroxidase-conjugated
anti-human IgG (Southern Biotech, Clinisciences, Nanterre,
France) diluted 1:20,000 was used to detect human IgG binding

(14). A histogram of the ELISA optical density (OD) values in 1- to
10-year-old children (data not shown) revealed a bimodal distri-
bution of seroreactivity. The cutoff point for MWPyV positivity
was therefore set at 0.199 (mean of the lowest distribution of OD
values plus 2 standard deviations).

Cross-reactivity between MWPyV and MCPyV, HPyV6,
HPyV7, HPyV9, and TSPyV was evaluated by determining the
Spearman coefficient correlation (RS) between OD values for
MWPyV and OD values for the five other polyomaviruses (XLStat
software; Addinsoft, Paris, France). The results clearly indicated
the absence of cross-reactivity between MWPyV and MCPyV
(RS � 0.012, P � 0.002), HPyV6 (RS � 3.10�5, P � 0.871), HPyV7
(RS � 6.10�5, P � 0.828), HPyV9 (RS � 0.024, P � 1.10�4), and
TSPyV (RS � 0.027, P � 1.10�4).

Figure 2 summarizes MWPyV age-specific seroprevalence.
MWPyV antibodies were detected in 26.9% of 1- to 2-year-old
children and then increased to 68.2% in the 3- to 4-year-old age
group. After this peak, seroprevalence slowly decreased with age to
31.5% in the 30- to 39-year-old age group. The mean seropreva-
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FIG 1 Electron microscopy of Malawi polyomavirus VP1 VLPs produced in
insect cells (scale bar,100 nm).
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lence was 41.8% and was relatively stable in adulthood (�20
years) through to old age (range, 31.5% to 47.3%). No difference
in MWPyV seroprevalence according to gender was observed
(data not shown).

In order to investigate variations in antibody level according to
age, as observed for other polyomaviruses (12), samples were con-
sidered as having high levels of antibodies when the OD value was
greater than that for the third quartile of seropositive samples
(OD � 0.776). Age- and sex-adjusted odds ratio estimates (OR*)
with 95% confidence intervals were calculated (XLStat software)
to assess the association between high reactivity, gender, and age
(Table 1). High reactivity was not associated with gender (OR* �
1.175, P � 0.514). However, high reactivity was negatively associ-
ated with age, since the percentage of high OD values decreased
significantly with age from 38.5% in 1- to 9-year-old children to
18.6% in the 20- to 39-year-old adult group (OR* � 0.325, P �
0.018). Moderate variations in the percentage of high-level reac-
tivity were observed after 20 years of age, since high OD values
were detected in 19.8% and 22.8% of 40- to 59-year-olds and of
those �60 years old, respectively.

MWPyV infection is relatively common, since a seropreva-
lence of 41.8% was observed in adulthood. This seroprevalence
was similar to the seroprevalence of 39.4% reported for HPyV9

(12) but lower than the seroprevalence reported for MCPyV,
HPyV6, HPyV7, and TSPyV (63.6% to 87.0%) (12). The relatively
low seroprevalence observed for MWPyV correlates with the de-
tection of its DNA in only 2.3% of human stools (2), similar to
levels observed for HPyV9, for which seroprevalence and DNA
prevalence are low (12, 15, 16).

MWPyV seroconversion occurs early in life, as observed with
other polyomaviruses (8, 12), since 26.9% of 1- to 2-year-old chil-
dren were seropositive, followed by a seroprevalence peak of
68.2% in 2- to 4-year-old children.

The OD value at a 1:100 dilution of the sera can be used as a
surrogate for antibody titer, and it has been shown that titers in-
crease with age for MCPyV and decrease with age for TSPyV (12).
A decrease in the percentage of high reactivity with age was also
observed for MWPyV, suggesting that MWPyV clearance occurs
or that there is an absence of reactivation with age, as reported for
TSPyV (12).

Correlation analysis suggested an absence of cross-reactivity
between MWPyV and the five human polyomaviruses tested.
Nevertheless, the recently discovered Saint Louis polyomavirus
(4) is closely-related to MWPyV and further studies are needed to
investigate any cross-reactivity between these two polyomavi-
ruses.

In this study, we determined that MWPyV seroprevalence was
41.8% in our adult population and that infection occurred early in
life, as observed for other human polyomaviruses. Further studies
are required to elucidate the transmission mode of Malawi poly-
omavirus in humans and its potential involvement in human dis-
eases and cancers in both immunocompetent and immunocom-
promised patients.
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FIG 2 Age-specific seroprevalence of Malawi polyomavirus (error bars represent 95% CI).

TABLE 1 Levels of Malawi polyomavirus reactivity according to age and
gender in seropositive subjectsa

Parameter

No. of subjects with high
antibody levels/no. of
antibody-positive
subjects (%) OR* (95% CI)b P value

Gender
Female 54/229 (23.6) 1
Male 42/150 (28.0) 1.175 (0.725–1.904) 0.514

Age
1–9 yr 25/65 (38.5) 1
10–19 yr 25/93 (26.9) 0.610 (0.306–1.217) 0.161
20–39 yr 8/43 (18.6) 0.325 (0.124–0.854) 0.018
40–59 yr 17/86 (19.8) 0.400 (0.192–0.833) 0.013
�60 yr 21/92 (22.8) 0.480 (0.238–0.966) 0.039

a OR*, adjusted OR (adjusted for age and gender). The third quartile of OD values of
seropositive samples (0.776) was used as the cutoff for high levels of antibodies.
b Boldface values indicate significant OR* at P � 0.05.
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