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Prospective clinical and serological follow-up in early childhood
reveals a high rate of subclinical RSV infection and a relatively
high reinfection rate within the ﬁrst 3 years of life
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SUMMARY
Children encounter repeated respiratory tract infections during their early life. We conducted a
prospective clinical and serological follow-up study to estimate the respiratory syncytial virus (RSV)
primary infection and reinfection rates in early childhood. Sera were collected from 291 healthy
children at the ages of 13, 24 and 36 months and antibody levels against RSV antigens were
determined by enzyme immunoassay. The RT–PCR method was also used for identifying the possible
presence of RSV in symptomatic patients. At ages 1, 2 and 3 years, 37%, 68% and 86%, respectively,
of studied children were seropositive for RSV. In children seropositive at age 1 year, RSV reinfection
rate was at least 37%. Only one of reinfected children showed evidence for a third reinfection by age 3
years. Of children who turned RSV seropositive between ages 1 and 2 years, the reinfection rate was
32% during the third year of life. The mean antibody levels at primary infection were very similar in
all age groups. The average decrease of antibody levels was 25–30% within a year. In 66 cases RSV
infection was identiﬁed by RT–PCR. RSV infection rate in early childhood is 86% and reinfection rate
is around 35%. This prospective serological follow-up study also provided evidence for the presence of
RSV infections in children that did not show clinical signs warranting RSV RNA detection.
Key words: Antibodies, infants, reinfection, RSV, seroprevalence.

I N T RO D U C T I O N
Respiratory syncytial virus (RSV) is the most common
cause of lower respiratory tract infection in infants
and most children are infected by age 3 years [1, 2].
Although the severity of the disease is of the greatest
during the ﬁrst year of life, RSV infection also leads
to a substantial disease burden in older children [3].
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The infection is frequently complicated by wheezing,
bronchiolitis, pneumonia and acute otitis media.
RSV infection-related mortality in healthy children
is low, but hospitalization due to severe lower respiratory tract symptoms is relatively common. However,
in prematurely born infants and immunocompromised
individuals, RSV infection can be life-threatening [4].
Typically RSV causes annual epidemics leading to
a high rate of primary infections in young children
and secondary infections throughout the life [5, 6].
RSV isolates have been divided into two major genetic
and antigenic subgroups, A and B. Usually, both
group A and B viruses co-circulate during epidemics,
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but the predominant RSV genotype varies from year
to year [7]. In Finland, an alternating prevalence of
groups A and B has been observed in 2-year cycles
[8, 9]. RSV infection induces normal virus-speciﬁc
antibody responses, thus the presence of RSV-speciﬁc
IgG in serum can be used to estimate the cumulative
incidence of RSV infection in the population [10,
11]. Previously, it was shown that children who had
suffered from one genotype RSV infection were relatively more resistant to reinfection by homologous
than heterologous groups of RSV [8, 9]. However, it
remains unclear to what extent primary infection confers immunity and protection against RSV reinfection
and what is the kinetics of antibody decay after primary and secondary infections.
Despite of signiﬁcant efforts, there is still no
licensed vaccine, nor speciﬁc antiviral treatment for
RSV infection. The only option is the immunoprophylaxis of high-risk individuals with monoclonal antibodies. Currently, the treatment of RSV infection is
generally limited to supportive care, although ribavirin can be considered in severe disease forms [12,
13]. Better understanding of the characteristics of
host humoral immune responses against RSV infection and the effects of age on immunity and protection
against RSV infection have a great importance for the
further development of an effective vaccine.
In this prospectively conducted, clinical and serological study we have used serial serum specimens from
a birth cohort of children during a 3-year follow-up.
This material allowed us to carry out a seroprevalencebased immunological study to estimate the mean
RSV-speciﬁc antibody levels, seropositivity rates at different ages, reinfection frequency, and the decrease of
antibody level after the primary infection.

M AT ER I A L S
Patients and serum specimens
Samples were obtained from children, who participated
in an interdisciplinary, prospective observational birthcohort study, i.e. the STEPS Study [14]. The STEPS
study was approved by the ethical committee of the
Hospital District of Southwest Finland (decision no.
16/180/2008). An informed consent was signed by the
parents of the children. The cohort group consists of
1827 children born in the Hospital District of
Southwest Finland between 2008 to 2010. Children
were enrolled into the study before or soon after birth
with no exclusion criteria. A subset of 923 children
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was followed intensively for respiratory infections
during the ﬁrst 2 years of life. Whenever children
experienced respiratory tract infections nasal swabs
were obtained during the study clinic visits, or alternatively, at home by the parents. The parents were trained
and well-versed with the sampling technique. Serum
samples were collected during study clinic visits scheduled at speciﬁed ages of the children.
A full series of three serum samples, collected at
ages 13, 24, and 36 months from a total of 291 children was available for this serological survey. All
sera were stored at −70 °C until tested.
Enzyme immunoassays (EIAs)
Serum samples were tested for the presence of
anti-RSV IgG by EIA using RSV group A Randall
strain whole virus antigen cross-reacting with antibodies formed after a primary infection with both
group A and B strains [15]. The antigen puriﬁcation
and EIA were performed essentially as described previously [15]. Assay conditions were optimized for the
measurement of relatively low concentrations of IgG
in a single serum dilution. The viral antigen was dissolved in phosphate-buffered saline (PBS), pH 7·2
(2·5 µg/ml, 100 µl/well) and adsorbed onto the wells
of polystyrene microtitre plates (Combiplate, 96-well
format, Thermo Scientiﬁc, USA) at room temperature
for 24 h followed by washing the plates twice with
PBS containing 0·5% Tween 20 and stored at +4 °C.
The serum samples were diluted 1:300 in a dilution
buffer (5% normal swine serum in PBS containing
0·5% Tween 20) and 100 µl was incubated in duplicates at 37 °C for 2 h. Bound IgG was detected with
polyclonal rabbit anti-human IgG conjugated to
horseradish peroxidase (1:2000 in dilution buffer,
Dako A/S, Denmark; 100 µl/well). The enzymatic reaction was developed by adding a fresh substrate solution
(0·3% 1,2-phenylenediamine and 0·02% hydrogen
peroxide in citrate-phosphate buffer, pH 5·5) and terminated by adding 1 M hydrochloric acid. The result
was read by a multilabel plate reader (Victor 3 V –
1420 Multilabel Counter, PerkinElmer, USA) at 490 nm.

Reverse transcription–polymerase chain reaction
(RT–PCR) for RSV detection
Nasal swabs were vortexed with 500 µl PBS and 200 µl
of the suspension was used for nucleic acid extraction
using MagnaPure 96 (Roche, Germany) or NucliSense
easyMag (bioMérieux, The Netherlands) automated
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extractor with 50 µl elution volume. RSV was detected
in a 3-plex RT–qPCR assay for rhinoviruses, enteroviruses and RSVs as described previously [16, 17].
Reverse transcription included RSV F gene-speciﬁc
forward primer and 5 µl of extracted RNA in a total
volume of 20 µl. Ampliﬁcation step included RSV F
gene-speciﬁc primers, an internal dual-label LNA
probe, and 5 µl cDNA in a total volume of 20 µl.
Relative RNA copy numbers were calculated using
pre-determined ampliﬁcation efﬁciency (85%) and a
RSV cDNA standard (105 copies). No-template controls (water) of extraction, cDNA reaction and PCR
were included in each run.

RSV-N A/B group typing PCR
Reverse-transcription reactions were carried out with
5 µl extracted RNA and random hexamer primers
using QuantiTect Reverse Trasncription kit (Qiagen,
The Netherlands). PCR mix contained 200 nM RSV
N gene-speciﬁc primers (forward type A: GGCTC
TTAGCAAAGTCAAGTTGAA; type B: AAAGA
TGGCTCTTAGCAAAGTCA; reverse type A: CC
TGTGCTCCGTTGGATG; type B: TGCACATC
ATAATTGGGAGTG) and 100 nm probes (A:
FAM-ACACTCAACAAAGATCAACTTCTGTCATCCAG-BHQ1; B: Cy5-ATACATTAAATAAGGA
TCAGCTGCTGTCATCCA-BHQ2), 2× Maxima
Probe qPCR Master Mix (Fermentas, Germany)
and 2 µl cDNA in a total volume of 20 µl. Ampliﬁcations were performed using a Rotor Gene 6000 cycler
(Corbett Research, Australia) with initial denaturation at 95 °C for 10 min and 45 cycles of 95 °C for
10 s and 55 °C for 60 s. Primers and probes were
modiﬁed from those described previously [18] and
obtained from Oligomer (Finland) and Eurogentec
(Belgium), respectively. No-template controls (water)
of extraction, cDNA reaction and PCR were included
in each run.

Statistical analysis
Each EIA assay included a high (100 EIA units), an
intermediate (70 EIA units) anti-RSV positive and
four negative calibrator sera (0 EIA units). All specimens were tested in duplicate. The cut-off level was
calculated as the mean absorbance value of the negative calibrator sera +3 standard deviation (S.D.) units.
The antibody concentration of the samples was
expressed as EIA units calculated from the linear
plot of the calibrator. The data were analysed using
Microsoft Excel version 2010 (Microsoft Corp.,
USA). All serum specimens of the same individual
were tested simultaneously. Data depicted on box
plots were analysed and graphed using Origin, v. 8
(OriginLab, USA). Statistical signiﬁcance of differences between different groups were analysed by
independent-samples t test using IBM SPSS Statistics
v. 22 software (IBM Corp., USA). A P value of
<0·05 was considered signiﬁcant.

R E S ULTS
Epidemiology of RSV infections in 2009–2013 in
Southwest Finland and the whole country
During the study period RSV epidemics in the
Hospital District of Southwest Finland followed the
same pattern as RSV infections in the whole country
(Fig. 1). Moreover, RSV ﬁndings in our study population by direct methods (RSV-speciﬁc RT–PCR) at the
acute phase of respiratory infections, which were mostly
mild and not necessitating hospitalization, coincided
with the NIDR surveillance data (data not shown).
The collection of serum samples took place during
2009–2013 covering two 2-year cycles of RSV occurrence. The collection periods for 1-, 2- and 3-year samples (arrows in Fig. 1) overlapped with yearly RSV
outbreaks, indicating that most of the enrolled children
were probably exposed to RSV infection every year.

RSV IgG seropositivity and reinfection
Surveillance data for RSV infections in Finland
Nationwide and Hospital District of Southwest
Finland surveillance data of RSV infections in children aged <5 years were obtained from the public
database of the National Infectious Disease Registry
(NIDR) in Finland maintained by the National
Institute for Health and Welfare (THL) (http://www.
thl.ﬁ/ttr/gen/rpt/tilastot.html). Surveillance samples
have been collected mostly from hospitalized children.

To estimate the RSV seropositivity rate, antibody
levels and possible reinfection rates, serial serum specimens collected at ages 13 months (1 year), 24 months
(2 years) and 36 months (3 years) from 291 children
were analysed for the presence of anti-RSV IgG antibodies by EIA. IgG antibodies against RSV were
detected in 37% (n = 109) of 1-year-old children indicating a relatively high primary RSV infection rate
during the ﬁrst year of life (Fig. 2). Further analysis
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Fig. 1. Epidemiology of respiratory syncytial virus (RSV) infections during the study period. Diagnosed cases of RSV
infections (number of cases per month) in children aged 0–4 years in Finland (–––), and in the Hospital District of
Southwest Finland (▪–▪) in 2009–2013. Arrows indicate the time line when the serum samples used in this study were
collected. The data are based on National Infections Disease Registry, National Institute for Health and Welfare, Finland.

Fig. 2. General description of respiratory syncytial virus (RSV) infections in the child cohort during the follow-up. The
study included 291 children from whom serum specimens were collected at aged 1, 2 and 3 years. Seropositivity is based
on positive anti-RSV IgG antibody test results in whole RSV antigen enzyme immunoassay (EIA). Reinfection is
determined as a signiﬁcant (>25 EIA units) rise in serum anti-RSV IgG antibody levels between the yearly drawn serum
specimens. The numbers in circles indicate the number of children and the percentages in parentheses indicate the
percentage of children from the whole cohort (n = 291).
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of seronegative children at 1 year (n = 182, 63% of all
children) or 2 years (n = 87, 30%) showed that 50%
and 60% of children, respectively, turned seropositive
during the follow-up (Fig. 2). Altogether only 12% of
children did not acquire anti-RSV antibodies during
the 3-year follow-up.
In order to estimate the possible RSV reinfection
rate in seropositive children aged between 1–2 years
and 2–3 years we compared anti-RSV antibody levels
between the serial samples. A rise in antibody level of
525 EIA units was considered to indicate a reinfection. This value corresponded to ∼3 s.D. of the values
for the inter-assay variation of control sera. Of the
children who acquired primary RSV infection by age
1 year, ∼60% acquired an RSV reinfection within
the two subsequent years (n = 40 + 25/109; Fig. 2).
The children who became RSV seropositive by age
2 years (seronegative at 1 year) showed a reinfection
rate of ∼32% (n = 30/95) between the second and
third years of life. Only one child showed evidence
for two reinfections (Fig. 2).

RSV IgG seropositivity and reinfection rates by
RSV-speciﬁc RT–PCR
From the studied group (n = 291), 186 children were
followed more intensively for respiratory tract infections during the ﬁrst 2 years of life. Nasal swab specimens taken during symptoms of infection were
analysed by RT–PCR for the presence of RSV
RNA. Of the 186 children, 66 had at least one
RT–PCR-conﬁrmed RSV infection. Of these RSV
RT–PCR-positive individuals, 92% turned IgG seropositive. The ﬁve (8%) serological non-responders
were very young children (aged <9 months).
Thereby, RSV positivity rates detected by RT–PCR
correlate with seropositivity based on positive
anti-RSV IgG antibody tests, which indicates that
our serological assay is sufﬁciently sensitive to represent the overall rate of seropositivity. Moreover,
according to RT–PCR results, 10 children experienced
RSV reinfection and one individual two reinfections.
Reinfected individuals showed a further rise in IgG
antibody levels of 510 EIA units (Table 1).
Exercising caution in our serological assay, a higher
rise in antibody levels (525 EIA units) was considered
to indicate a conﬁrmed reinfection. This suggests that
reinfection rates detected by a rise in antibody levels
tend to be underestimated rather than overestimated.
RSV strains from 11 children who had repeated
infections were identiﬁed as either group A or group

B by RSV-N A/B group typing PCR. During the
ﬁrst infection, six children had group B strains and
three had group A strains. In two cases, the determination failed due to initially low amount of viral RNA
in the samples. Of the six children with group B strains
during their ﬁrst infection, four had a group B and
two a group A strain during the second infection. Of
the three children with group A strains during their
ﬁrst infection, two had a group A and one had a
group B strain during their second infection.

RSV seroprevalence and mean RSV IgG levels increase
with age
Figure 3 summarizes the RSV seropositivity rates and
mean RSV IgG antibody levels at different ages. Of
the serial serum specimens collected from 291 children, 256 (88%) became RSV seropositive (speciﬁc
IgG detected in at least one serum specimen). The
RSV IgG seropositivity rate increased with age and
achieved 86% by age 3 years (Fig. 3a). The 2% discrepancy between the 3-year seropositivity rate and
overall infection rate (88%) is explained by six children
that were initially seropositive, but turned seronegative by age 3 years. In addition to increased seroprevalence, the mean IgG antibody levels rose signiﬁcantly
between 1 and 2 years (EIA unit values: 36 vs. 50, P <
0·001) while the rise between 2 and 3 years remained
more modest (EIA unit values: 50 vs. 54, P = 0·103)
(Fig. 3b). The rise in mean anti-RSV IgG levels is
likely due to reinfections and antibody levels are
higher if the primary infection is contracted at an
older age (between 1 and 2 years vs. <1 year, P < 0·001).

RSV IgG antibody levels after primary infection
To further analyse whether the child’s age contributes
to disease susceptibility and/or whether the antibody
level after primary infection protects from a reinfection, seropositive individuals were divided into groups
according to the age at the time of seropositivity
(Fig. 4). Children who acquired RSV infection (were
seropositive) by age 1 year (n = 109), showed increased
mean antibody levels (36 EIA units vs. 52, P < 0·001)
at age 2 years suggesting a high rate of RSV reinfection. The same children showed rather similar antibody levels at age 3 years (52 EIA units at 2 years
vs. 54 at 3 years, P = 0·784) suggesting the lack of a second reinfection and relatively slow decay of anti-RSV
IgG antibodies. Similarly, children turning seropositive between ages 1 and 2 years (n = 95) showed
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RSV IgG at 24 months

RSV IgG at 13 months
Case
number(s)

Mean age (range) in months at RSV RNA detection
(s) (<13 months)

Cases with a single RT–PCR conﬁrmed RSV infection episode
1–31
7·7 (0·8–13·5)
32–55
Not detected
Cases with two RT–PCR conﬁrmed RSV infection episodes
56
1·9 (group B)
57
2·6 (group B)
58
2·8 (group B)
59
4·2 (group A)
60
6·1 (group B)
61
9·7 (group B)
62
11·2 (group A)
63
2·3, 12·3 (group B, A)
64
2·9, 9·7 (group A, A)
65
4·1, 10·4 (group n.d., B)
Cases with three RT–PCR conﬁrmed RSV infection episodes
66
5·8, 7·4 (group n.d., A)

Mean EIA
units (range)

Seropositivity
rate or status

Change in
mean EIA
units

Mean EIA
units (range)

Seropositivity
rate or status

Mean age (range) in months
at RSV RNA detection(s)
(13–24 months)

32 (3–82)
0 (0–6)

87%
4%

n.d.
17·3 (13·1–24·7)

49 (4–127)
52 (6–162)

97%
100%

+17
+52

35
5
1·3
43
25
24
43
30
10
41

Positive
Positive
Negative
Positive
Positive
Positive
Positive
Positive
Positive
Positive

25·4
18·3
23·9
16·0
17·1
23·1
21·2
n.d.
n.d.
n.d.

B)
B)
B)
A)
A)
B)
B)

82
15
54
64
41
86
89
46
7
91

Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive

+47
+10
+53
+21
+16
+62
+46
+16
−3
+50

21

Positive

18·3 (group A)

49

Positive

+28

RSV, Respiratory syncytial virus; EIA, enzyme immunoassay; n.d., not detectable.

(group
(group
(group
(group
(group
(group
(group
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Fig. 3. Respiratory syncytial virus (RSV) IgG seroprevalence
in relation to the children’s age. (a) RSV IgG seropositivity
rate in different age groups. (b) The mean RSV IgG antibody
levels in different age groups. The boxes represent the
interquartile range (25–75%); the whiskers denote 5th and
95th percentiles; the horizontal lines inside boxes show a
median; the dashes show minimum and maximum antibody
levels. The values are shown as EIA units that have been
calculated in relation to the values for negative control
specimens (EIA unit value 0) and highly positive serum
specimen (EIA unit value 100).

increased mean antibody levels at age 3 years (42 EIA
units at 2 years vs. 58 at 3 years, P < 0·001). The antibody levels after the primary infection were slightly
higher if the infection was acquired at the age of 2–3
years, or 1–2 years, compared to <1 year (42 and 41
vs. 36 EIA units at 1 year, P < 0·05). Overall, primary
infection led to an average antibody level of 35–45
EIA units, and reinfection increased the mean antibody levels by nearly 40%.

showed no serological evidence for a reinfection
(Fig. 5b). As expected the children in both reinfection
groups showed a signiﬁcant increase in mean antibody
levels after reinfection (P < 0·001). The result strongly
suggests that antibody level after the second infection
is on an average at a protective level, since only one
child showed evidence for a third infection.
However, of those reinfected by age 2 years, IgG levels
declined by 25% at age 3 years (P < 0·01). Interestingly, in 25 children who acquired primary infection during the ﬁrst year of life and who did not
contract a reinfection during the second year, the
antibody levels declined by nearly 28% by age
2 years (P = 0·082). It is likely that in these children
the anti-RSV IgG levels declined below the protective
level and thus these children became susceptible to a
new RSV infection between years 2 and 3 of followup. The group of 44 children, who did not become
reinfected, showed ∼40% higher mean antibody levels
after primary infection than the other two groups
(Fig. 5b). Moreover, their RSV IgG antibody levels
remained constant without signiﬁcant decline at age
3 years (P = 0·878 and P = 0·230). We can, however,
not rule out the possibility that some exposure to
RSV was present leading to weak booster responses
(<25 EIA units) that remained under the diagnostic
reinfection criteria (525 EIA units).
Of the 95 children who acquired their ﬁrst RSV infection by age 2 years (seronegative at 1 year; Fig. 2),
30 contracted a second RSV infection and showed a
signiﬁcant increase in IgG antibody levels (P <
0·001) by age 3 years (Fig. 6a). The remaining 65 of
those who acquired an initial infection by age 2
years, were not reinfected although their postinfection antibody levels at age 2 years were at a similar level compared to those who became reinfected. It
is noteworthy that of these children the mean
anti-RSV IgG levels did not decrease (P = 0·863) at
age 3 years (Fig. 6b).

High RSV IgG antibody levels develop after reinfection

Rate of RSV IgG antibody decline after primary
infection

To deﬁne the mean RSV IgG antibody level after reinfection and to determine how a high post-infection
antibody level likely protects from reinfection, the
children were divided into groups according to the
age at the time of primary infection and reinfection.
Of the 109 children who acquired RSV infection by
age 1 year, 40 were reinfected by age 2 years
(Fig. 5a) and 25 by age 3 years (Fig. 5c) while 44

To determine the rate of decline in anti-RSV IgG antibody levels, we divided children who likely experienced only one RSV infection into two age groups
and calculated the geometric mean antibody levels at
different time points separately for groups of children
who were initially low, moderate or high responders.
The antibody levels remain fairly stable with time if
RSV IgG antibodies were initially at a low or a
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Fig. 4. Follow-up of mean respiratory syncytial virus (RSV) IgG levels post-infection and in subsequent years in different
age groups. The boxes represent the interquartile range (25–75%); the whiskers denote 5th and 95th percentiles; the
horizontal lines inside boxes show a median; the dashes show minimum and maximum. Child serum specimens were
separated into three different groups based on their seropositivity at a given time point. The mean RSV IgG antibody
levels are shown for the samples of the same children in each part of the ﬁgure as indicated.

moderate level (<50 EIA units). However, in the high
responder group (>50 EIA units), the mean anti-RSV
antibody levels fell by 15% within the ﬁrst year and by
45% 1 year later (Fig. 7a). Similarly, anti-RSV IgG
antibodies declined more in high responder children
who acquired the infection by age 2 years (Fig. 7b).
Overall, the higher the initial anti-RSV IgG antibody
level was after the primary infection the faster the decline was (Fig. 7).

DI S C US S IO N
In the present study, we estimated RSV primary and
reinfection rates in early childhood by examining serially collected serum specimens in a prospectively followed birth cohort comprising of 291 children.
Based on anti-RSV IgG antibody seroprevalence analysis at least 37% of young children were infected with
RSV during the ﬁrst year of life, 68% by age 2 years
and 86% by age 3 years. At least one third of the children that had undergone an RSV infection were susceptible to RSV reinfection during the subsequent
years, suggesting that the primary RSV infection
gives only partial protection against reinfection in

early childhood. In the present study we used a highly
sensitive, whole virus-speciﬁc EIA method to detect
antibodies against RSV. The assay was well controlled
and all test series included negative control specimens
from children of the same age. The criteria for seropositivity and diagnostic antibody rise were relatively
stringent which rather leads to underestimation than
overestimation of the rate of RSV infections.
Antibodies induced by a natural RSV infection are
important mediators of protection against subsequent
infections [11]. However, there is no general concept
of anti-RSV antibody levels or their speciﬁcity that
would provide protection against reinfection. Maternal antibody levels correlate with protection against
RSV infection in very young infants and administration of anti-RSV immunoglobulins prevent infections
in premature infants [19]. Maternal RSV-speciﬁc antibodies decline rapidly after birth and they are largely
absent at age 6 months [20, 21]. The immune system
of children aged <1 year has not yet fully developed.
However, the present study showed that in primary
RSV infection the induced antibody responses were
not necessarily so strongly age-dependent. Only modestly, although not signiﬁcantly, higher mean
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Fig. 5. Respiratory syncytial virus (RSV) IgG levels in
children who were RSV IgG seropositive at 1 year (n =
109). Children were separated into three groups based on
their likely RSV reinfection. (a) Mean RSV IgG levels in
children showing signiﬁcantly increased IgG levels at age 2
years compared to the 1-year sample (likely reinfection
between 1 and 2 years, P < 0·001). (b) Mean RSV IgG
levels in children showing no increase in IgG levels during
follow-up (no evidence for reinfection, P = 0·878 and P =
0·230). (c) Mean RSV IgG levels in children showing
increased IgG levels at 3 years compared to 2-year
samples (likely reinfection between ages 2 and 3 years,
P < 0·001). The boxes represent the interquartile range
(25–75%); the whiskers denote 5th and 95th percentiles;
the horizontal lines inside boxes show a median; the
dashes show minimum and maximum; N is the number of
children in different subgroups.

Fig. 6. Respiratory syncytial virus (RSV) IgG levels in
children (n = 95) who acquired initial infection between
ages 1 and 2 years. Children were separated in two groups
based on their likely RSV reinfection between the second
and third year of follow-up. (a) Mean RSV IgG levels in
children (n = 30) showing signiﬁcantly increased IgG levels
(P < 0·001) between ages 2 and 3 years (likely reinfection
between 2 and 3 years). (b) Mean RSV IgG levels in
children (n = 65) showing no increase in IgG levels (P =
0·863) during the follow-up (no evidence for reinfection).
The boxes represent the interquartile range (25–75%); the
whiskers denote 5th and 95th percentiles; the horizontal
lines inside boxes show a median; the dashes show
minimum and maximum; N is the number of children.

anti-RSV antibody levels were observed in the group
of older children (2 and 3 years vs. 1 year) after primary RSV infection.
Our data show that at least one third of children
experienced a RSV reinfection during the second or

third years of follow-up. It was of interest that the reinfection rate was approximately the same in children
who had the primary infection within the ﬁrst or the
second year of life. This may indicate that the primary
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Fig. 7. Kinetics of anti-respiratory syncytial virus (RSV)
IgG antibody decay after the primary infection. (a) Mean
RSV IgG antibody decline in children who acquired the
infection by age 1 year (seropositive at 1 year) and who
failed to show evidence for reinfection. Seropositive
children (n = 44) were separated into three groups based
on their RSV IgG antibody level at age 1 year and their
mean antibody levels were followed up at ages 2 and 3
years. The children were grouped as high [>50 enzyme
immunoassay (EIA) units], moderate (30–50 units) and
low (positive to <30 units) responders. (b) Mean RSV IgG
antibody decline in children (n = 65) who acquired the
infection by age 2 years (seronegative at 1 year). The
children were grouped as very high (>70 EIA units), high
(50–70 units), moderate (30–50 units) and low (positive to
<30 units) responders.

infection may provide equally weak (in reinfectionprone children) or stronger protective responses (in
reinfection-free children) in very young (<1 year)
and young (1 to <2 years) children. Moreover, it
was interesting to note that in children who had
undergone two RSV infection episodes, only one
child had evidence of two reinfections. Overall, immune response to the primary infection was relatively
weak but, after a reinfection, a signiﬁcant booster response in RSV IgG antibodies was observed resulting
in 50–60% increase in the mean anti-RSV IgG antibody levels. These results strongly suggest that
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reinfection or repeated exposure to the virus leads to
the development of high antibody levels and protection against additional RSV infections that is consistent with a previous study [22].
Some evidence for the protective role of initially
higher anti-RSV antibody levels comes from a comparison of groups of children who became reinfected
or remained free of reinfection. The children who
turned seropositive within the ﬁrst year of life and
who were reinfected by age 2 years showed lower
anti-RSV antibody levels at 1 year compared to children who did not become reinfected. This observation
was supported by RT–PCR analysis (Table 1), which
showed that children undergoing a virologically
conﬁrmed RSV reinfection mostly had low anti-RSV
IgG antibody levels prior to reinfection. In addition,
many children whose humoral immunity waned within the second year after primary infection (antibody
levels declined by 28%) were reinfected by age 3
years. In adults, low serum antibody levels are a risk
factor for reinfection [23]. However, in children who
received their primary infection by age 2 years,
anti-RSV antibody levels were not different from
those of reinfection-prone and reinfection-free children. Our ﬁndings indicate that higher antibody levels
give only relative protection against reinfection. It is,
however, likely that after two episodes of RSV infection, the antibody levels, together with cellular immunity, rise to a level that confers good protection
against RSV infection at least for some time. Even
when the production of RSV-speciﬁc antibodies following second infection is robust, humoral immunity
is relatively short-lived and wanes over time. Even if
anti-RSV antibody levels declined by 25% within 1
year after reinfection they still remained at a higher
level compared to the levels seen in children, who
had likely experienced only one infection episode. It
is interesting to note that if children did not experience
a reinfection, their antibody levels following primary
infection remained relatively stable. These ﬁndings
agree with the rate of antibody decline seen in adults
after RSV infection [24].
One-year-old seropositive children, who did not suffer a reinfection in the next year showed an average
decline of 25% in their anti-RSV antibody levels.
This observation is consistent with previous studies
where RSV neutralizing antibodies induced by primary infection in infants declined to pre-infection
levels rapidly (∼3 months post-infection) [25]. Another
study showed that RSV-speciﬁc antibodies were absent or present only at low levels 1 year after the
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primary infection [22]. Short duration of primary RSV
infection-induced antibody response can be the reason
for the susceptibility of young children to RSV reinfection(s). On the other hand, it has been suggested
that the ability of RSV to cause recurrent infections
may be due to antigenic variation [26]. It is plausible
that the reason for repeated RSV infections in early
childhood is the sum of (1) the inability of very
young children to develop efﬁcient protective immunity against RSV infection, (2) a rapid decline of antibody levels, and (3) due to antigenic variation of
RSV strains in subsequent epidemic seasons. It is
also possible that there are certain differences in the
virulence between the two groups of RSV. Some studies have suggested that subgroup A RSV isolates are
associated with a more severe form of the disease
while some other studies fail to support this concept
(reviewed in [27]). However, it has been reported
that the group A viruses replicate to higher titres
than the group B viruses [28] and patients show higher
avidity and antibody titres against subgroup A than
against subgroup B RSV antigens [15]. By mathematical modelling of epidemics in Finland and Wales over
a 20-year period, the reinfection rate was estimated to
be reduced by 64% with the homologous group and
16% with the heterologous group during a 2-year period of temporary immunity [9]. It was also predicted
that the transmission rate of group A is 8% higher
than that of group B. From the limited data of this
study, there is no clear pattern of occurrence of RSV
groups in children with two infections. Of the nine
children, six had second infections with the homologous group and three had second infections with the
heterologous group.
In the present prospective clinical and serological
study we have demonstrated that young children are
highly susceptible to RSV infections and the frequency
of RSV reinfections is relatively high. However, two
(or more) RSV infection episodes within the ﬁrst 2
years of life apparently provide a good immunological
response and a good protection against a third infection episode within the third year. We and others
[25] observed that anti-RSV antibody levels decrease
relatively rapidly, which has to be taken into account
in infant RSV vaccine development. The data presented show that if the future vaccines induce antibody responses of comparable duration to that
induced by a natural infection, there will be a need
for the administration of booster doses of the vaccine
in order to maintain antibodies at protective levels.
Since RSV infections are extremely common and

contribute to signiﬁcant morbidity in early childhood
the availability of efﬁcient and safe RSV vaccines
would be very desirable.
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