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Infection Clinical and Epidemiological Study

Seasonality of Respiratory Syncytial Virus-Positive
Hospitalizations in Children in Kiel, Germany,

over a 7-Year Period
J.A.I. Weigl, W. Puppe, H.-J. Schmitt

Abstract
Background: Elaborate, long-term data on the rhythm,
seasonality and severity of the yearly respiratory syncytial
virus (RSV) epidemics in Germany are lacking.
Patients and Methods: A longitudinal investigation was
undertaken of children from birth to 16 years of age
admitted with an RSV infection in the two pediatric
hospitals in Kiel between July 1994 and June 2001. To
compare the severity of the individual seasons, the
incidences and the proportion of RSV-positive hospitalized
children aged 0 to 2 years from the denominator area of Kiel
were compared.
Results: During the 7-year period, the nasopharyngeal
aspirates of 2,367 children were investigated; RSV was
detected in 384 (16.2%). The seasons from 1994/95 to
1996/97 started late (December to January) and ended
between March and May. Since 1997/98 it seems that a late
season is followed by an early season (start in September to
October) in a 2-year pattern. 
Conclusion: No fixed rhythm of the RSV season can be
identified as yet. Ascertainment bias is unlikely to explain
the differences in rhythm. The incidence of RSV-positive
hospitalizations seems to be increasing.
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Introduction
Data on the seasonality, rhythm and the severity of the
yearly respiratory syncytial virus (RSV) epidemic are im-
portant for several reasons: Clinical observations suggest
that the yearly incidence of RSV-associated diseases is in-
creasing. Furthermore, a monoclonal antibody preparation
(palivizumab, Synagis®,Abbott) for prophylactic interven-
tion is available and was licensed in the United States in
October 1998 and in the European Union in September
1999. The prophylactic intervention with palivizumab is,

however, costly and requires considerable organizational
and logistic effort; the limited half-life of the monoclonal
antibody requires monthly vaccination.At present it is un-
clear whether the seasonal vaccination campaign can be
started in a fixed month or whether it has to be altered be-
cause of variability in the onset of the season.

The aims of this analysis were: to generate data on the
seasonality, rhythm and the severity of the yearly RSV epi-
demic; to provide data on the stability of the rhythm of the
yearly RSV seasons as needed to tailor the intervention
with palivizumab to the RSV season; and to generate hy-
potheses for further research on the epidemiology of RSV
in our population.

Patients and Methods
From July 1994 to June 2001, nasopharyngeal aspirates (NPA) of
children from birth to 16 years of age hospitalized because of an
acute respiratory tract infection (ARI) in the two pediatric hospi-
tals in Kiel (University Children’s Hospital or Municipal Hospital)
were tested for RSV. From July 1994 to November 1995 the rapid
EIA DirectigenTM (Becton Dickinson) was used, thereafter m-RT-
PCR as recently described [1, 2].The nonovalent RT-PCR includes
primers for RSV, parainfluenza viruses 1 and 3, influenza virus A
and B, adenovirus, enterovirus, Mycoplasma pneumoniae and
Chlamydia pneumoniae. Analysis of RSV subtypes (groups A and
B) and genotypes has not yet been completed. As the case ascer-
tainment was over 60% after July 1996,detailed analysis is provided
for the period July 1996 to June 2001. Nosocomial transmission was
presumed when the reason for hospitalization was not an ARI or
an ARI-related symptom and the ARI infection was diagnosed later
than 72 h after admission.For illustration of seasonality and rhythm,
all cases from the catchment area of the two hospitals (Kiel all), ir-
respective of the place of residence, were included. The absolute
number of NPAs and the number of RSV-positive hospitalizations
independent of the place of residence were plotted per month. To
compare different seasons, the unit “epidemiological year,” i.e. the
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period from July to June the following year, was used. The recruit-
ment area for ARI patients was constant over the time interval un-
der observation.To avoid a biased perception of severity and trend
over time, cumulative incidences and cumulative incidence ratios
taking a certain time period as reference were calculated for the de-
nominator area Kiel (“Kiel”) [3]. Children of the denominator area
“Kiel”consisting of Kiel itself,Kronshagen and Ottendorf, two sub-
urbs, would be admitted exclusively to the two local hospitals and
therefore form a population-based fraction of all cases admitted to
the two local hospitals.To test the hypothesis whether a shift to older
children occurs in late-starting (low) seasons [3], the proportions be-
tween the age-group 0–2 years and > 2–5 years were compared.Chil-
dren are assumed to have their primary contact with the virus in the
first 2 years of life and a shift to older age-groups would mainly be
a shift out of the age-group 0–2 years [4–7].

Statistics
For calculation of incidences, only cases with a community-ac-
quired infection from the geographical area “Kiel” were included
[3]. For calculation of the denominators, population data for
Schleswig-Holstein from 1997 were used [3, 8]. The data were
stored in a MS Access data base and analyzed by SPSS version 10.
The �2-test for 2 � 2 tables, 1 degree of freedom, and Fisher’s ex-
act test in case of low cell counts were applied for comparison be-
tween different epidemiologic years.

Results
In the study period from July 1994 to June 2001, which in-
cluded seven RSV seasons, NPAs of 2,367 children were
tested and 384 (16.2%) were diagnosed positive for RSV.
From July 1994 to November 1995 the NPAs of 139 children
were tested by EIA; 19 (13.7%) were positive. From Decem-
ber 1995 to June 1996 the NPAs of 120 patients were tested
by m-RT-PCR, rendering 17 (14.2%) positive results. In the
time period from July 1996 to June 2001, the time period of
detailed analysis, 3,469 children were admitted with an ARI
in the two hospitals.The NPAs of 2,108 children were tested
by m-RT-PCR, generating 348 (16.6%) RSV-positive results.

Descriptive Data and Case Ascertainment
Table 1 shows the age distribution of all ascertained cases in-
dependent of residency.The median age in ARI cases in gen-
eral was 522 days (mean 1,001,range 0–5,809). In contrast, the
median age of RSV-positive cases was 199 days (mean 373,
range 12–4,958). The age-group-specific case ascertainment
rate was highest in the youngest age-group (0–3 months) with
82.5% and declined in the group > 2–5 years, when it leveled
off to 53.7%. Detailed data on children 0–2 years of age for
the different epidemic years are presented in table 2. The

Age-group RSV % of total No. of ARI % RSV- Total no. Age-specific
positive RSV positives patients positive of total hospitalized case ascer-
cases tested by PCR tested by PCR with ARI tainment rate

0–3 months 106a (30.5) 349 (30.4) 423 82.5
> 3–12 months 140 (40.2) 524 (26.9) 780 67.2
> 1–2 years 51 (14.7) 383 (13.3) 668 57.3
> 2–5 years 41 (11.8) 451 (9.1) 851 53.0
> 5–16 years 10 (  2.9) 401 (2.5) 747 53.7
Total 348 (100) 2,108 (16.6) 3,469 60.5

a 22 cases (6.3%) were less than 1 month old; RSV: respiratory syncytial virus; ARI: acute respiratory tract infection

Table 1
Age distribution of RSV-positive hospitalized children in Kiel between July 1996 and June 2001 and tested by m-RT-PCR.

1 2 3 4 5 6

Epidemic RSV-positive RSV-positive No. of cases ARI cases Case ascertainment rate
year cases  “Kiel” cases “Kiel all” tested by PCR total (% col. 4 : col. 5)

(%  col. 2 : col. 4) (positive rate % “Kiel all”
{%  col. 2 : col. 3} col. 3 : col. 4)

2000/2001 68  (22.8) {63.0} 108 (36.2) 298 410 72.7
1999/2000 38  (14.4) {69.1} 55 (20.8) 264 425 62.1
1998/1999 29  (11.5) {69.1} 42 (16.7) 252 349 72.2
1997/1998 18  (  8.0) {72.0} 25 (11.2) 224 322 69.6
1996/1997 33  (15.1) {70.2} 47 (21.6) 218 365 59.7
Total/average 186 (14.8) {67.1} 277 (22.2) 1,256 1,871 67.1

RSV: respiratory syncytial virus; ARI: acute respiratory tract infection; col.: column; “Kiel”: denominator area Kiel

Table 2
Ascertainment in children under 2 years of age hospitalized with community-acquired ARI per epidemic year.
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columns defined are used throughout the tables. These data
provide the basis for the analysis of the intensity of the epi-
demics.The case ascertainment rate per epidemiological year
was between 59.7–72.7% (Table 2, column 6) giving a range
of 13%. The rate of positive results by the nonovalent RT-
PCR (columns 2 and 3) increased steadily.The percentage of
RSV-positive cases residing in the denominator area “Kiel”
as a fraction of all RSV-positive hospitalizations was more or
less constant over the years with an average of 67% (Table 2,
column 2).The average rate of nosocomial transmission was
6.3%: 7.6% in 1996/97, 14.3% in 1997/98, 1.3% in 1998/99,
3.8% in 1999/2000 and 7.2% in 2000/01.

Seasonality and Rhythm of RSV-Positive
Hospitalizations

Figure 1 gives the seasonal distribution of children admit-
ted with an ARI tested by m-RT-PCR and RSV-positive re-
sults by month in a longitudinal analysis. The RSV season
started between the end of September and January and
ended between March and July, lasting 5–7 months per year.
From 1997/98 onwards, a 2-year pattern with a late season
starting between December and February followed by an
early season starting in September to October was ob-
served. Taking data from 1994 onwards into consideration
the season regularly started late until 1998/99.

Figure 1. Number of hospitalized cases in whom nasopharyngeal aspirates were investigated and RSV-positive in Kiel per month from July 1994
to June 2001.

Age-group (in years) 0–1 > 1–2 0–2 > 2–5 0–16

Denominator 2,830 2,830 5,660 7,745 43,895

Epidemiological N (n) i N (n) i N (n) i N (n) i (N) n i
year

2000/2001 77 (58) 2,721 13 (10) 459 90 (68) 1,590 14 (8) 181 108 (78) 246
1999/2000 52 (32) 1,837 10 ( 6) 353 62 (38) 1,095 10 (5) 129 72 (43) 164
1998/1999 32 (23) 1,131 10 ( 6) 353  42 (29) 742 3 (2) 39 47 (32) 107
1997/1998 24 (17) 848 1 ( 1) 35 25 (18) 442 13 (7) 168 38 (25) 87
1996/1997 45 (27) 1,590 10 ( 6) 353 55 (33) 972 5 (2) 65 60 (35) 137
Total/average 230 (157) 1,625 44 (29) 311 274 (186) 933 50 (24) 116 373 (213) 148

Numerator (N) and incidence (i) per 100,000 corrected by age-group and year-specific case ascertainment rate (crude numerator, n); 
a denominator 

Table 3
Cumulative incidence of RSV-positive hospitalizations of different epidemiological years.
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Severity of RSV Epidemics 
The calculated age-dependant cumulative incidences of the
5 epidemic years 1996/97 to 2000/01 are presented in table
3. In the age-group 0–2 years 186 children (crude data) ad-
mitted with a community-acquired RSV infection from the
denominator area “Kiel” are included.Adapting the figures
by the year and age-group-specific case ascertainment rate
(for children under 2 years see table 2, column 6) the total
number rose to 274. After the trough of 1997/98 (442/105,
0.44%), the cumulative incidence rose steadily to 1,590/105

(1.59%) in the year 2000/01. The incidence of the year
1996/97 was only reached again in the 1999/2000 epidemic.

The hypothesis that a shift to older children occurs reg-
ularly in the late (low) epidemiological years has to be re-
jected as only the 1997/98 year showed a significant shift to
older children (p = 0.001, in comparison to 1998/99 p =
0.002,Table 4). Because of this very strong significance the
difference between the late and early pool was also signif-
icant (p = 0.037).

The intensities of the individual epidemiological years
were compared by the cumulative incidences (population-
based analysis) of RSV-positive children 0–2 years and the
proportions between RSV-positive and all ARI hospital-
ized children under 2 years of age (Table 5).Taking 1996/97
as a reference, the season 1997/98 was significantly less se-
vere (p = 0.003). Thereafter, a continuous rise in cumula-
tive incidence occurred. The cumulative incidence ratio
(1.64) proves the season 2000/01 to be the most severe so
far (p = 0.014).

The late-starting epidemiological year to the following
early-starting epidemiological year was compared for the
2-year cycles 1997/1998 versus 1998/1999 and 1999/2000 ver-
sus 2000/01 in a second step.This shows that the early-start-
ing epidemic years had a higher incidence than the late-
starting years (p = 0.065 and 0.006, respectively). In a third
step the two late (low) seasons (1997/98 and 1999/00) and
the two early (high) seasons (1998/99 and 2000/01) were
pooled. The early season pool was 1.52 times more intense
than the late season pool (p = 0.002).

The pooled 2-year packs of 1997–1999 and 1999–2001
were compared in a fourth step. The recent two-year pack
(1999–2001) was 2.27 times as strong as the previous one
(p < 0.001). This, together with the latest season being the
most intense so far, confirms the impression that the inci-
dence of RSV-positive hospitalization is increasing.

Discussion
Descriptive Data and Ascertainment

It should be mentioned here that ascertainment of NPA
from eligible patients was completely dependent upon the
compliance of the ward teams to which the patient was ad-
mitted as no study or research nurses were available.

The age distribution of cases in this study was as com-
monly expected [7]. The median age in RSV-positive chil-
dren was considerably younger than in ARI in general.The
younger the patients, the higher the case ascertainment rate.
This may be due to the fact that clinicians expect a higher
diagnostic output of viral diagnoses in younger children.

Age-group 0–2 years > 2–5 years Incidence in 0–2 �2-test for 0–2 P-values
Epidemiological no.  no. year relative to and > 2–5 year
year season year 1996/97 group 

2000/2001 90 14 1.64 0.977 0.323
1999/2000 62 10 1.13 1.003 0.317
1998/1999 42 3 0.76 0.101 1.000
1997/1998 25 13 0.45 10.390 0.001
1996/1997 55 5 ref. ref. ref.

Late vs early
2000/2001 90 14 1.45 0.007 0.935
1999/2000 62 10 ref. ref. ref.

1998/1999 42 3 1.68 10.045 0.002
1997/1998 25 13 ref. ref. ref.

Late vs early 
98/99+00/01 132 17 1.52 4.373 0.037
97/98+99/00 87 23 ref. ref. ref.

2-year packs
1999–2001 152 24 2.27 1.374 0.241
1997–1999 67 16 ref. ref. ref.

Numbers corrected by age-group and year-specific case ascertainment rate

Table 4
Shift in proportions of age-group  0–2  years versus > 2–5 years between epidemiologiological years.
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The fraction of positive results for at least one of the seven
viruses in the nonovalent multiplex RT-PCR was signifi-
cantly higher in children under 5 years than in older ones
[2] and increased in younger patients.

The year-specific case ascertainment varied between
59.7–72.7%, with no trend after 1998/99. Different alertness
or compliance of the referring ward teams is one possible
explanation. 60–73% is, however, a realistic case ascertain-
ment rate in settings in Germany where no study nurses are
available (J. Forster personal communication).The recruit-
ment area of the two hospitals for ARI patients was con-
stant over the time period; likewise, the fraction of RSV-
positive cases in the denominator area “Kiel” versus “Kiel
all.” On the other hand, the positive rate (i.e. the percent-
age RSV-positive to total number of patients tested) rose
continuously. This could be explained by a true increase
and/or a learning effect to predict RSV etiology clinically,
which would mean that there has to be a more specific con-
stellation of signs and symptoms which makes the clinical
teams think of RSV as the pathogen involved. That there
was a true increase could be proven by the comparison of
the cumulative incidence (population-based analysis) be-
tween epidemiological years and between the 2-year cycles.
To make up for different rates of samples sent for PCR test-
ing, the numbers were corrected by the year and age-spe-
cific ascertainment rate. However, this did not alter the mes-

sage and conclusions to be drawn from the crude cumula-
tive incidence rates and for the sake of precision we pre-
ferred to use the corrected rates.

Laboratory Investigations
As widely accepted, PCR techniques are superior to EIA
with regard to sensitivity and specificity [7, 9]. The overall
positive rate of 13.7% for the EIA between July 1994 and
November 1995 was, however, very similar to the 14.2%
and the 16.6% for the periods when m-RT-PCR was used.
As the nonavalent RT-PCR had to be developed, it only
could be applied from December 1995 onwards. It was val-
idated for RSV against the diagnostic outcome of culture
on A549 and MDCK cell lines plus immunfluorescence in
collaboration with the Department of Virology of the Eras-
mus University Rotterdam (unpublished data). The kappa
statistic of 93% agreement was excellent according to the
criteria of Byrt [10]. In 1998/99 a strain of RSV occurred
with a mutation in the detection probe binding site within
the genome of the F1 subunit of the fusion protein. The
probe used so far could therefore not specify the amplicon
seen on the gel; only the addition of a second probe re-
solved the problem [3].This phenomenon, however, cannot
be the reason for the low incidence of the earlier 1997/98
season because it occurred afterwards. As no protocol al-
terations were introduced and the laboratory team was ba-

1 2 4 6 7 8 9

Epidemiological RSV-positive Total number  Cumulative Cumulative �2-test P-values
year cases  "Kiel” of ARI cases incidence incidence ratio col. 2 vs col. 4 

crude relative to ref. 

2000/2001 90  410 1,590 1.64 6.014 0.014
1999/2000 62 425 1,095 1.13 0.036 0.850
1998/1999 42 349 742 0.76 1.399 0.237
1997/1998 25 322 442 0.45 8.872 0.003
1996/1997 55 365 972 ref. ref. ref.

Late vs early 
2000/2001 90 410 1,590 1.45 7.598 0.006
1999/2000 62 425 1,095 ref. ref. ref.

1998/1999 42 349 742 1.68 3.398 0.065
1997/1998 25 322 442 ref. ref. ref.

Late vs early pool
98/99+00/01 132 759 1,166a 1.52 9.998 0.002
97/98+99/00 87 747 769 ref. ref. ref.

2-year packs
1999–2001 152 835 1,343a 2.27 20.221 0.000
1997–1999 67 671 592  ref. ref. ref.

a average; RSV: respiratory syncytial virus; col.: column; ref.: reference

Table 5
Comparison of cumulative incidences of RSV-positive hospitalizations between epidemiological years, cycles, patterns and trends in children
under 2 years of age.
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sically the same over the investigated time period, the di-
agnostic technique is an unlikely reason for variation of the
incidences.

Seasonality and Rhythm
Studies so far reported in the literature give a divergent
view of the stability of the rhythm of the RSV season. Some
studies from the US state a more or less constant time of
the start of the yearly RSV epidemic in November/De-
cember [11, 12]. Most other investigators, however, found
considerable variability in the time of onset of the outbreak.
It mainly begins in the winter months, but can start even as
late as April [13] or even summer [14]. Waris [15] published
the longest longitudinal series (10 years) to date, demon-
strating a weaker late season (starting in December/Janu-
ary) followed by a more severe early season in a regular 2-
year cyclic pattern in Finland. Lyon et al. [16] confirmed this
2-year cyclic pattern in the state of Utah. The 2-year cycle
could only be detected in our population from 1997/98 on-
wards. The low total number of NPAs tested before 1996
and therefore the possibility of missed cases, however, seem
an unlikely explanation for an ascertainment bias as a rea-
son that this pattern was not detected before 1997. It ap-
pears that the RSV season started regularly in January from
1994 to 1997/98 and a change in the rhythm occurred be-
tween 1996 and 1999 in our population.Why this happened
can only be speculated. Most likely an as yet unknown fac-
tor contributed to this event.

Severity and Trend
The intensity of the epidemic years after 1996/97 increased
as shown by the incidence rates. In the literature, circula-
tion of a varying number of group A and group B genetic
subtypes with up to six variants of RSV contributing to one
season are considered responsible for this [17–19]. Studies
from Denmark emphasize host factors and herd immunity
in contrast to the variation of the virus itself [20, 21].

Furthermore, our data also demonstrate a trend of in-
creasing incidence and intensity of the RSV seasons since
1997/98. This finding has to be treated with caution, how-
ever, as further underlying longer year cycles (more than
2 years) could be present as indicated by the 1996/97 year.
This suspicion can only be clarified if the surveillance of
the same population is continued for many more years to
come.Time series analyses of long-term data bases have to
be conducted for this purpose. It appears that the clinical
observation that wheezing airway conditions, either pneu-
monia with wheezing or wheezing bronchitis (including
bronchiolitis) are on the increase, is valid.This observation
cannot be explained by ascertainment bias, variation of the
diagnostic technique or the rate of nosocomial transmis-
sion.

Environmental pollution, as found in studies from the
UK [22], and climatic factors [23, 24] can have an influence
on the rhythm and severity beyond just viral and host fac-
tors. For the suspected underlying long-term cycle or even

a true continuous upward trend of the population-based in-
cidence of RSV-positive hospitalization, an as yet unknown
factor is likely to be of major importance. If children still
have their first contact with the virus in the first 2 years of
life, as postulated earlier [4–6], a rise in RSV-positive hos-
pitalizations would mean that children today fall victim to
a more severe course of RSV-related disease in higher num-
bers than in earlier years. The proportion of children who
are admitted with RSV after 2 years of age is about 15% in
our population; therefore the major toll is still paid by very
young infants.

Conclusion
The start, end, duration and intensity of the yearly RSV sea-
sons in terms of RSV-positive hospitalizations show consid-
erable variation. The 2-year pattern with a late season fol-
lowed by an early season is a recent phenomenon in our pop-
ulation.The late season is regularly less severe in contrast to
the following early season. Only by means of a population-
based analysis can differences in the severity of the yearly
epidemics be assured.The incidence of RSV-positive hospi-
talizations and therefore the severity of the yearly RSV epi-
demics seem to be on the increase.

Extensive longitudinal series on the same population
have to be generated to investigate long-term trends and to
elucidate the so far unknown factors influencing the dy-
namics of the evolving epidemiology of RSV in young chil-
dren in Germany. Molecular epidemiological investigations
and studies outside the hospital are urgently warranted to
narrow down the fields contributing to RSV-related disease.

Epidemiological surveillance is crucial to focus and tai-
lor the use of palivizumab according to the duration of the
epidemic.Vaccinees should not be put at risk of infection by
a premature end of the seasonal vaccination campaign ac-
cording to a rigid 4-month interval starting in a fixed month
in autumn/winter. In this way the efficiency of this prophy-
lactic approach can be increased and costs saved.

Health-care systems which use or plan to use costly in-
terventions like passive immunization have to establish epi-
demiological early warning and surveillance systems to know
when to start passive immunization and for how long to con-
tinue it. Criteria for decision making in this regard are ur-
gently needed. In this way expenditure for epidemiological
work should pay off.
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