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a b s t r a c t

Human metapneumovirus (hMPV) is a significant cause of respiratory illness in children and adults.
Presently, there are no human data regarding the role of antibody for protection against hMPV illness.
Therefore, we measured serum and nasal antibody titers against hMPV by EIA and neutralization assay
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at baseline in hMPV infected adults compared with subjects who remained uninfected. Antibody titers
were also compared in patients with mild and severe illness.

Mean serum binding and neutralizing antibody titers of hMPV infected subjects were significantly
lower compared to uninfected subjects. Seventy-one percent of subjects with titers ≤10.5 (log 2) were
infected compared to 36% with titers >10.5, p = 0.003. There was no difference in the mean acute antibody
titers for patients with mild compared to severe illness. Serum antibody may play a role in protection from

g the
hMPV infection supportin

. Introduction

Human metapneumovirus (hMPV) is an enveloped RNA virus
lassified in the Paramyxovirus family (Pneumoviridae subfamily)
nd is closely related to respiratory syncytial virus (RSV). Two major
trains, designated A and B each with two subtypes, have been iden-
ified by antigenic and genetic analysis [1,2]. Since its discovery
n 2001, infection has been widely reported in infants and young
hildren with an illness similar to RSV and characterized by wheez-
ng and bronchiolitis [3–6]. Similar to RSV, hMPV infection induces
ncomplete immunity and re-infections occur throughout life [7,8].
llnesses due to hMPV infection resulting in hospitalization and
eath have been reported in adult populations and the presence of
nderlying cardiopulmonary conditions and advanced age appear
o be risk factors for severe disease [8–11].

In animal models, infection with hMPV has been shown to be
rotective from subsequent challenge [12]. In addition, antibody

irected against the fusion (F) protein of hMPV exhibits neutraliz-

ng activity and has also been shown to be protective in animal
odels [13,14]. These data are encouraging that vaccines stim-

lating humoral immunity might offer benefit in people. At the
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development of an hMPV vaccine that stimulates humoral immunity.
© 2009 Elsevier Ltd. All rights reserved.

present time there are no human data regarding the role of serum
or mucosal antibody in protection from hMPV infection. Observa-
tional studies in children and experimental challenge studies in
adults indicate that RSV infection induces antibody responses that
offer partial immunity to infection and disease severity [15–18]. In
addition, recent studies suggest that low serum and nasal antibody
levels are also risk factors for infection and disease severity in older
adults [19,20]. Although the structural similarities of hMPV and
RSV make it reasonable to extrapolate the studies of RSV to hMPV,
hMPV-specific human data are desirable. Therefore, we analyzed
serum and nasal antibody titers against hMPV in healthy young
adults and elderly persons at baseline and in response to natural
infection with hMPV.

2. Methods

2.1. Study design

The study encompassed four consecutive winters from 1999
through 2003 in Rochester, New York and involved volunteers who
participated in a study of RSV and influenza infections as previ-
ously described in detail [21]. Four groups were studied: three
prospective cohorts [healthy young adults ages 19–40, community
dwelling adults who were either ≥65 years or had chronic car-

diopulmonary conditions (high-risk) and residents of a long term
care facility (LTCF)], as well as a hospitalized cohort. The prospec-
tive cohorts were recruited and enrolled in the late summer-early
fall (prior to surveillance) and were followed for a maximum of two
consecutive winters. Upon enrollment, demographic and medical

http://www.sciencedirect.com/science/journal/0264410X
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istory data were recorded and a serum and nasal swab specimen
ere collected. Serum specimens were collected from all prospec-

ive subjects in the fall and spring of each year of participation.
Prospective volunteers notified study personnel of any respi-

atory symptoms (cough, sore throat, sputum production, nasal
ongestion, dyspnea, wheezing) or change in baseline respiratory
ymptoms for high-risk individuals, from November 15 through
pril 15 each winter. Illness evaluations included a directed respi-
atory exam, collection of nasal swab and serum specimens. Four
o six weeks later a convalescent serum specimen was collected
uring a follow-up visit.

The hospitalized cohort was recruited from persons with admis-
ion diagnoses consistent with an acute cardiopulmonary illness.
ligible subjects included those with admission diagnoses of com-
unity or nursing home acquired pneumonia, acute bronchitis,

cute exacerbations of COPD or CHF, upper respiratory illness, viral
r influenza syndrome, asthma, or respiratory failure. Patients with
cute coronary syndrome, myocardial infarction or documented
ulmonary embolism were excluded. Acute illness and follow-up
valuations were identical to that used for the prospective cohorts
xcept that hospital records were also reviewed. The University of
ochester Research Subjects Review Board and the Clinical Inves-
igation Committee of Rochester General Hospital approved this
tudy. All subjects or their legal guardians signed informed consent
rior to enrollment.

.2. Laboratory diagnostics

.2.1. RT-PCR
Nasopharyngeal swab specimens were stored at −80 ◦C and

ater analyzed for hMPV RNA by real time reverse transcrip-
ase polymerase chain reaction (RT-PCR). Conserved forward and
everse primers and a FAM-labeled probe were selected from hMPV

gene sequences available in Genbank [8].

.2.2. Serology

.2.2.1. Serum IgG enzyme immunoassay (EIA). Serology for hMPV
as performed using an EIA in which purified CAN 97-83 strain (a

roup A virus) was used in the solid phase [8]. Virus was kindly
rovided by Dr. Guy Boivin (Laval University, Quebec, Canada).
irus was coated onto 96-well EIA plates and serum dilutions

1:1600–1:204,800) incubated overnight. Bound IgG was detected
y alkaline phosphatase conjugated goat anti-human IgG, followed
y substrate. The serum titer of IgG to hMPV was calculated by
omparing the results to standardized control sera. Titers were
xpressed as the log 2 of the serum dilution in which the optical
ensity is 0.5 and at least five times the background value of wells
ith no antigen. No reactivity of sera with uninfected LLC-MK2 cells
as observed during assay development. Standard and control sera
ere included in each assay.

.2.2.2. Nasal IgA enzyme immunoassay (EIA). IgA to hMPV was
easured using methods similar to the serum IgG assay. Four

erial 2-fold dilutions (1:8–1:64) of nasal secretions were incubated
vernight on antigen coated 96-well plates.

.2.2.3. Microneutralization assay (MNA). Nine serial 2-fold dilu-
ions (1:50–1:12,800) of serum in duplicate were made in 50 �l
iral growth media (VGM) with porcine trypsin in 96-well
icrotiter plates. Fifty microliters of virus containing ∼50 pfu of

MPV A strain was added to the serum dilutions and allowed to

ncubate for 60 min at RT. Positive control wells of virus without
era and negative control wells without virus or sera were included
n triplicate on each plate. One hundred microliters of LLC-MK2 cells
t a concentration of 3 × 105/ml in VGM with porcine trypsin were
dded to the serum–virus mixtures and plates incubated at 35 ◦C in
8 (2010) 1477–1480

CO2 for 5 days. The plates were fixed with 80% acetone in phosphate
buffered saline (PBS) for 15 min at RT, air dried and then blocked for
30 min with PBS with 0.5% gelatin and 2% fetal calf serum (FCS). A
monoclonal antibody to the hMPV N protein (produced in our labo-
ratory) was diluted in PBS with 0.5% gelatin/2% FCS/0.5% Tween 20
and incubated at RT for 2 h. Wells were washed and horse radish
peroxidase conjugated goat anti-mouse IgG added, followed by 2 h
incubation. After washing, O-phenylenediamine dihydrochloride
was added and the neutralization titer was defined as the titer of
serum that reduced color development by 50% compared to the
positive control wells.

2.3. Definition of infection

Symptomatic hMPV infection was defined as a respiratory ill-
ness associated with a positive RT-PCR collected at the time of
symptoms, or a ≥ 4-fold rise in serum hMPV-specific IgG titer
between acute and convalescent serum. Asymptomatic infection
was defined as a ≥4-fold rise in hMPV-specific IgG in serum samples
bracketing a time frame in which no illnesses were reported.

2.4. Subject groups for comparison

2.4.1. Risk of infection
Subjects with RT-PCR positive hMPV illness in the prospective

groups who had baseline serum samples were compared to age
and group matched control subjects who had neither hMPV illness
diagnosed by serology or RT-PCR, nor asymptomatic seroresponse
during the period of study. Subjects with only serological evidence
of hMPV infection were not included since seroresponse may be
more evident in subjects with low baseline titers and bias these
results

2.4.2. Severity of infection
All subjects with symptomatic hMPV infection documented by

hMPV RT-PCR and/or a ≥4-fold rise in hMPV-specific IgG were
included in the analysis. Subjects who had evidence of other viral
infections by RT-PCR, viral culture or serology in addition to hMPV
infection were excluded from analysis. Infection was considered
severe in subjects who were hospitalized, and mild illness defined
as those managed as outpatients.

2.4.3. Response to infection
Subjects with mild hMPV illness documented by RT-PCR or

serology were compared to those with severe illness requiring hos-
pitalization. Mixed viral infections were excluded. The effect of age
on humoral response to hMPV was evaluated by comparing base-
line antibody titers and response to infection in persons <40 years
old to those ≥65 years old.

3. Results

During the study period a total of 257 hMPV infections were
identified. Of these, 105 were RT-PCR positive and 142 were iden-
tified by serology alone. Sixty-five infections were defined by
asymptomatic serologic responses. Of the 192 hMPV infections
associated with illnesses, 118 were documented in the hospital-
ized cohort and 74 occurred in the prospective cohorts; 3 LTCF, 17
young adults, 21 adults ≥65 years and 33 adults with cardiopul-
monary disease, of whom 6 were hospitalized. Forty-two illnesses

were associated with mixed viral infections and 150 were due to
hMPV alone. Of the 118 hospitalized subjects, 91(77%) had hMPV
identified as a single pathogen. Underlying medical conditions in
this group were common with 45%, 66% and 26% having chronic
cardiac, pulmonary conditions and diabetes mellitus, respectively.
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Table 1
Baseline antibody titers of hMPV infected subjects compared to uninfected controls.

hMPV infected (N = 41) No hMPV (N = 36) p-Value

Nasal IgA 3.93 ± 1.22 4.46 ± 1.41 0.08
Serum IgG 11.93 ± 1.25 12.86 ± 1.23 0.001
Serum MNA 10.38 ± 0.83 10.88 ± 0.88 0.02
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Table 3
Response to infection in non-hospitalized young and older adults.

N Young N Old p-Value

EIA-acute 17 11.40 ± 0.96 48 12.25 ± 1.29 0.002
EIA convalescent 15 13.80 ± 1.71 48 15.80 ± 1.49 0.0001
ig. 1. The serum neutralizing antibody values of 41 hMPV infected (RT-PCR + only)
nd 36 age matched uninfected controls were combined and ranked according to
ntibody titer into quartiles. The percentage of infected subject is shown by the bar
or each quartile.

ighteen percent received oral corticosteroids chronically and 26%
tilized home oxygen therapy.

Baseline hMPV-specific serum and nasal antibody levels were
ower among subjects who became infected compared to those

ho remained free of hMPV infection (Table 1). The mean serum
inding and neutralizing antibody titers of infected subjects were
ignificantly lower compared to non-infected subjects although the
agnitude of the difference in titers was modest. The relation-

hip between antibody and infection can be seen when cases and
ontrols are combined and divided according to baseline serum
eutralizing titer. The percentage of infected subjects increased
ith decreasing quartiles of serum neutralizing titers (Fig. 1) and

7 of 38 (71%) subjects with neutralizing titers ≤10.5 (log 2) were
nfected compared to 14 of 39 (36%) subjects with titers >10.5,
= 0.003.

Despite these findings, low acute antibody titers of hMPV were
ot associated with severe disease. Mean acute serum EIA or neu-
ralizing antibody titers were similar for patients with mild disease
nd more severe illness requiring hospitalization (Table 2). In fact,
ean acute titers were slightly higher in the hospitalized patients

ompared to the outpatient group. Of note, the mean days of symp-
oms prior to evaluation was 3.2 ± 1.7 vs. 4.8 ± 4.1, p = 0.002 in
he outpatient and hospitalized cohorts, respectively. Severe ill-
ess was associated with a trend toward a more vigorous antibody
esponse as evidenced by higher convalescent titers in the hospi-
alized group compared to the outpatients.

Finally, we examined the effect of age on humoral responses

o hMPV infection, since we had previously noted older persons
ad more vigorous responses to RSV infection than young healthy
dults [22]. The mean ages of the young and older adults in the out-
atient cohorts who were infected with hMPV were 34 ± 5 years

able 2
esponse to infection.

N Mild N Severe p-Value

EIA-acute 57 12.03 ± 1.36 93 12.27 ± 1.95 0.42
EIA convalescent 56 14.93 ± 2.11 68 16.23 ± 1.93 0.0005
EIA rise 56 2.88 ± 2.23 68 4.07 ± 2.15 0.003
MNA-acute 57 10.67 ± 0.87 92 10.83 ± 1.13 0.36
MNA convalescent 55 12.57 ± 1.92 21 13.20 ± 1.60 0.19
MNA rise 55 1.89 ± 1.95 18 2.69 ± 1.90 0.13
EIA rise 15 2.43 ± 1.15 48 3.55 ± 1.63 0.02
MNA-acute 17 10.67 ± 0.98 50 10.67 ± 1.35 1.0
MNA convalescent 15 11.89 ± 1.97 50 12.82 ± 2.06 0.13
MNA rise 15 1.23 ± 1.33 50 2.30 ± 2.22 0.08

and 72 ± 6 years, respectively. Young subjects had lower serum
antibody titers as measured EIA but similar neutralizing titers at
baseline (Table 3). However, older adults with mild hMPV had a sig-
nificantly greater response in binding antibody and a trend toward
greater neutralizing antibody responses compared to young adults
with mild hMPV illness.

4. Discussion

Since its discovery less than a decade ago, hMPV has been estab-
lished as a significant respiratory pathogen in adults and children
[23]. Thus, an effective vaccine to prevent infection and serious ill-
ness would be highly desirable. Our study is the first report data in
humans linking risk of infection with low serum hMPV binding and
neutralizing antibody. These results are very similar to the relation-
ship of serum and nasal antibody to risk of infection we previously
observed with RSV in the same adult cohort [19,20]. Although the
absolute differences in mean antibody titers of infected compared
to non-infected subjects were quite modest, virus exposure of unin-
fected controls cannot be guaranteed in studies of natural infection.
Therefore, true differences in pre-infection immunity would be
more readily identified using experimental challenge studies. Nev-
ertheless, we believe our data provide support for the development
of hMPV vaccine candidates that stimulate humoral immunity.

Unlike our previous study of risk factors for severe disease in
adults with RSV, we did not find an association of low serum neu-
tralizing antibody levels and risk of hospitalization [20]. The acute
blood samples were drawn significantly later in illness in the hospi-
talized subjects compared to the outpatients, and this discrepancy
could have obscured true baseline levels in the more severely ill
group. However, the same issue was noted in our previous study
of RSV infected patients in whom a relationship of low antibody
status and risk of hospitalization could be demonstrated. It is pos-
sible that hMPV re-infection elicits a more brisk amnestic immune
response than RSV, although given the close genetic relationship
of these viruses this seems unlikely. Alternatively, hMPV related
hospitalizations might be driven more by underlying diseases of
the host rather than inadequate immunity to the pathogen. Sev-
eral studies have suggested that illness due to RSV is more severe
than hMPV in young children and underlying medical conditions
and age appear to be risk factors for severe illness in adults [24,25].
Yet, we observed similar rates of underlying cardiopulmonary dis-
eases, diabetes and functional impairment to our previous cohort
of patients hospitalized with RSV infection [21]. Thus, the link
between low serum antibody and severe RSV disease and lack of
a similar association with hMPV remains unexplained.

Interestingly, we found that older adults exhibited a more robust
antibody response as measured by EIA or neutralization assay com-
pared to young adults infected with hMPV illnesses of similar
severity. Pre-infection hMPV antibody levels were higher in older
subjects, suggesting that aging per se does not result in a defect

in humoral immunity. The more exuberant antibody response
observed in older adults may be due to immune dysregulation asso-
ciated with poor viral clearance [26]. We observed a similar finding
in a previous study of young and older adults infected with RSV [22].
While both viruses are members of the pneumovirus subfamily,
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hese data suggest this observation represents a more general phe-
omenon associated with aging rather than a viral specific immune
esponse. To fully explore this possibility, the immune responses to
ther unrelated respiratory viruses such as coronaviruses or aden-
viruses should be evaluated.

Our study has several limitations which include the relatively
mall sample size, especially young adults with symptomatic ill-
ess. In addition, hMPV diagnosis was not group A and group B
pecific and EIA and neutralizing assays utilized group A virus. It is
ossible that different or more dramatic changes might have been
etected if group specific antibody levels were evaluated separately

n group A and group B specific infections. However, we have pre-
iously demonstrated nearly identical serologic response by EIA
sing the either CAN 97-83 (group A) and CAN 98-75 (group B)
trains of hMPV as antigen regardless of the infecting viral strain
8]. In addition, we have recently found that serum neutralizing
ntibody titers to group A and group B viruses are highly correlated
R = 0.87) [27]. Minimal differences in neutralizing activity directed
gainst group A and group B viruses is not surprising since the con-
erved F protein has been found to be highly immunogenic and
rotective, whereas the antigenically more diverse G protein is not
28]. Lastly, by using purified whole virus in our EIA, we are not able
o detect F or G antibody specific immune responses.

In summary, mean serum antibody levels are significantly lower
n adults who subsequently become infected with hMPV compared
o those who remain infection free. These data suggest that serum
ntibody plays a protective role in hMPV infection and support
evelopment of an hMPV vaccine.
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