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Abstract
Background: The annual respiratory syncytial virus (RSV)
epidemics vary in time and severity. The aims of this study
were (1) to describe the time-related pattern of RSV
epidemics in Switzerland and (2) to deduce the most
effective time period for administration of prophylactic
measures to high-risk patients.
Patients and Methods: Descriptive study of (1) RSV
hospitalizations between 1997 and 2001 at a pediatric
hospital serving a population of 1 million and (2) of
national RSV detection rates reported by diagnostic
laboratories between 1988 and 1999.
Results: 497 RSV hospitalizations and 8,574 reported RSV
detections occurring during four and 12 epidemics,
respectively, were analyzed. There was fixed alternation of
minor and major epidemics differing in the number of RSV
infections (two to fourfold), evolution (median interval from
onset to peak 13 weeks, range 4-13 weeks vs 8 weeks, range
7-10 weeks; p = 0.065) and median duration (26 weeks,
range 24-29 weeks vs 19.5 weeks, range 18-21 weeks;
p = 0.005). For minor epidemics it was estimated that a
maximum of 85.6% (range, 79.4-86.6%) of annual RSV
infections could be covered by a standard five-dose regimen
of the monoclonal anti-RSV antibody palivizumab, if
initiated in week 50. During major epidemics the most
effective time of initiation would be week 43 (88.7%; range
81.9-94.6%).
Conclusion: RSV epidemiology in Switzerland is
characterized by fixed biannual variation. In the absence of
active RSV surveillance, such periodicity is useful for
scheduling RSV prophylaxis and for hospital resources
management.
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Introduction
Respiratory syncytial virus (RSV) is the leading cause of
acute lower respiratory tract infections in infants [1]. Up to
70% of children are infected during the 1st year of life [2],
1-2% of the annual birth cohort are hospitalized because of
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RSV infection [3,4] and a causative role of RSV in respira-
tory long-term morbidity is debated [5]. Host factors asso-
ciated with increased RSV hospitalization rates include pre-
maturity < 35 weeks of gestation [2, 6] and chronic lung dis-
ease [2, 6]. In absolute numbers, however, the vast majority
of severe RSV infections requiring hospitalization occur in
previously healthy infants born at term [4]. While antiviral
drugs and vaccines for active immunization are not currently
available, passive immunization using the humanized mon-
oclonal antibody palivizumab is efficacious in reducing RSV
hospitalization rates in these two risk groups [7].
Palivizumab has recently been approved in several coun-
tries for RSV prophylaxis in certain risk groups [8], but in
many parts its routine use remains controversial [4, 9, 10]
because of unfavorable cost-effectiveness, and because the
approved eligibility criteria may not accurately target infants
at greatest risk for severe RSV infection [4, 11].

A means of both economizing and optimizing the use
of palivizumab would be to administer it precisely during
the annual RSV epidemic. Such a strategy implies that both
onset and duration of each RSV season are predictable. Be-
cause of considerable year-to-year variability, the time-re-
lated course of RSV epidemics has been studied extensively.
While some investigators did not observe predictable peri-
odicity [12-15], others found cyclic patterns for the duration
of peak-to-peak intervals, RSV detection and hospitaliza-
tion rates and for the prevalence of RSV subtypes [16-22].

A regional survey of RSV hospitalization rates in Bern,
Switzerland [4], (Figurel), was reminiscent of the 2-year pe-
riodicity described in Scandinavia [16-19]. The purpose of
this study was to extend these observations in an attempt
to search for a pattern of long-term periodicity of RSV epi-
demiology for use in clinical practice.
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Patients and Methods
Local RSV Surveillance

In an ongoing RSV surveillance program at the University Chil-
dren’s Hospital of Bern all cases of RSV infection occurring be-
tween July 1, 1997 and June 30, 2001 were evaluated. This institu-
tion provides inpatient pediatric care for a population of 1 million
including an annual birth cohort of 10,000. Emergency department
guidelines require that all children less than 5 years of age who are
admitted with clinical manifestations compatible with RSV infec-
tion (i.e. rhinorrhea, tachypnea, signs of airway obstruction, apnea
or supplemental oxygen requirement) undergo testing for RSV ir-
respective of the season of the year. Nasopharyngeal secretions
were sampled using a Vygon® infant mucus aspirator (Ecouen,
France) [4]. RSV was detected by direct immunofluorescence
(Light Diagnostics® Respiratory Panel DFA, Chemicon Interna-
tional, Inc., Temecula, CA). A negative RSV test was repeated once
if clinical suspicion persisted. Patients who first tested positive for
RSV more than 72 h after admission were excluded.

National RSV Surveillance
From January 1, 1988 to March 31, 1999, detection of RSV was a
nationally reportable event. During this period of time the Fed-
eral Office of Public Health required all diagnostic laboratories to
report positive RSV test results from both inpatients and outpa-
tients on a weekly basis.

Analysis of National Data
A year was defined as the period of time extending from week 27
to week 26 of the following year. Weekly rates of RSV detection
are given as moving average of 3 consecutive weeks. For quantita-
tive comparison of epidemics, the proportion (%) of the total an-
nual number of RSV detections reported in a given week was de-
fined as the relative RSV detection rate. Onset and end of an epi-
demic were arbitrarily defined using a threshold relative RSV de-
tection rate of 1%. Data on individual epidemics of a given type

(i.e. minor or major) were merged into a representative curve by
determining the mean, maximum and minimum of relative RSV
detection rates for each weak. For calculating the optimum time of
onset of RSV prophylaxis with palivizumab the following assump-
tions were made. Prophylaxis was assumed to consist of five injec-
tions given at monthly intervals and providing protection for 22
weeks. Based on mean relative RSV detection rates, the 22-week
period covering the largest proportion of the total annual number
of RSV detections was calculated by moving a 22-week window
across the 52-week period and by determining the time point at
which the 22-week sum of weekly RSV detection rates was largest.

Statistics

StatView® version 5.0 (SAS Institute, Inc., Cary, NC) was used.
The two-sided Mann-Whitney U-test was used to compare dis-
tributions of independent samples. Proportions were compared by
the x2-test with Yates’s correction or Fisher’s exact test. Trends in the
total number of annual RSV detections were calculated by linear re-
gression analysis and compared by analysis of variance (ANOVA).
Results were considered significant if the p-value was < 0.05.

Results

Local RSV Epidemiology
During the four-season study period, 497 children were hos-
pitalized with RSV infection. There were two minor and
two major epidemics. Table 1 summarizes clinical charac-
teristics classified according to these types of epidemics. In-
tensive care unit admission occurred more frequently dur-
ing major epidemics. Other features did not differ between
the two types or between different epidemics of the same
type (data not shown). The two minor epidemics were char-
acterized by late onset, late peak (week 19 and 13, respec-
tively), late end (week 23) and low hospitalization rates. The
intervening major epidemics began early, peaked early

Table 1

Major clinical characteristics of patients admitted with RSV infection to the University Children’s Hospital of Bern during four consecutive

RSV epidemics.

Type of epidemic

Parameter 2 Total Minor b Major ¢ P-value d
No. of patients 497 130 367

Age (months) 8 ( 1.6-10.0) 5 0( 1.8-12.2) 3.7 ( 1.6-9.0) 0.107
Chronological age < 30 days 63 (12.7) 13 (10.0) 50 (13.6) 0.413
Gestational age < 35 weeks 56 (11.3) 11 ( 8.5) 45 (12.3) 0.310
Chronic lung disease € 5( 3.0) 5( 3.8) 10 ( 2.7) 0.729
Congenital heart disease 12 ( 2.4) 4( 3.1) 8( 2.2) 0.806
Intensive care unit admission 56 (11.3) 8( 6.2) 48 (13.1) 0.047
Mechanical ventilation 5( 3.0) 2 ( 1.5) 13 ( 3.5) 0.396
Death 1(0.2) 1( 0.8) 0

Duration of hospitalization (days) 5 (4-8) 5 (4-8) 6 (4-8) 0.562
Admission before January 1 4 ( 3.1) 115 (31.3) < 0.0001
Admission after March 31 56 (43.1) 4( 1.1) < 0.0001

a figures indicate the number of patients (%) or median (interquartile range); b comprises the epidemics 1997/1998 (53 patients) and
1999/2000 (77 patients); ¢ comprises the epidemics (1998/1999 (165 patients) and 2000/2001 (202 patients); 4 two-sided Mann-Whitney
U-test or x2-test with Yates’s correction; € defined as supplemental oxygen requirement at 36 weeks of gestational age
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Figure 1. Weekly RSV hospitalization rates during a 4-year observa-
tion period at the University Children’s Hospital of Bern, Switzerland.

(week 1 and 5, respectively), ended by week 14 and caused
two to fourfold higher hospitalization rates.

National RSV Epidemiology
During 12 consecutive years of observation, 8,574 reports
of RSV detection were recorded. In chronological order,
the numbers of RSV detections in each year were 227, 620,
384, 639, 426, 779, 497, 933, 808, 1,005, 750 and 1,506. The
fluctuation of weekly detection rates over time is depicted
in figure 2. There was a statistically significant increase in
the number of annual RSV detections over time for both
major epidemics (regression coefficient, 81.2 per year;
p =0.008) and minor epidemics (regression coefficient, 56.5
per year; p = 0.004). These trends were compared by analy-
sis of variance and found not to be significant (interaction
trend p = 0.24). There was biannual periodicity in both the
magnitude and distribution of RSV detection rates which
was in-phase with RSV hospitalization rates in Bern (Fig-
ure 2, insert). Using the threshold value for the weekly rel-
ative RSV detection rate of 1%, minor epidemics lasted sig-
nificantly longer than major epidemics (median 26 weeks,
range 24-29 weeks vs 19.5 weeks, range 18-21 weeks;
p = 0.0051) and the interval between onset and peak was
longer (median 13 weeks, range 4-13 weeks vs 8 weeks,
range 7-10 weeks; p = 0.065). This calculation includes the
1987/88 epidemic for which data were only available from
January 1 onward. Representative curves of weekly means
for minor and major epidemics, respectively, are shown in
figure 3. Based on these data, the proportion of annual RSV
infections potentially preventable by the use of palivizumab
was calculated. During an average minor RSV season, a
five-dose regimen affording 22 weeks of protection would
have covered a maximum of 85.6% of annual RSV infec-
tions if initiated in week 50 (Figure 3A, open squares). Ap-
plied to individual minor epidemics between 1988 and 1999,
the range of coverage of such a regimen would have been
79.4-86.6% (Table 2). During an average major season, a
maximum coverage of 88.7% would have been achieved by
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Figure 2.Weekly RSV detection rates reported by diagnostic laborato-
ries to the Swiss Federal Office of Public Health from 1988 to 1999.
Each data point represents the moving average of 3 consecutive
weeks. The top right insert depicts the weekly RSV hospitalization
rates at the University Children’s Hospital of Bern.
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Figure 3. Representative course of a minor (panel A) and major RSV
epidemic (panel B) based on weekly RSV detection rates reported to
the Swiss Federal Office of Public Health. ¢ mean value of five or six
relative weekly RSV detection rates reported during individual epi-
demics; = maximum and minimum of observed relative RSV detec-
tion rates; O proportion of annual RSV isolations covered by a five-
dose, 22-week RSV prophylaxis initiated in a given week (secondary
y-axis).
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Figure 4. Weekly RSV detection rates reported by diagnostic labora-

tories to the Swiss Federal Office of Public Health. Each curve repre-

sents the ascending portion of an individual RSV epidemic. — major
epidemic; — minor epidemic.

initiation of prophylaxis in week 43 (Figure 3B, open
squares) (range 81.9-94.6%). Four-dose regimens (17
weeks of protection) were calculated to cover a maximum
of 78.3% and 82.7%, respectively. Six-dose regimens (27
weeks) would have provided 92.4% and 92.5%, respectively
(data not shown). In addition, figure 3 demonstrates that —
in comparison with the major epidemic — both peak and end
of the minor epidemic were shifted to the right, but there
was no clear difference in the time of onset. Figure 4 depicts
the ascending portion of each epidemic and indicates that
minor and major epidemics overlapped with respect to the
time of onset but varied with respect to the weekly incre-

ment of RSV detections. This finding corresponds with the
prolonged onset-to-peak interval of minor epidemics.

Discussion
Both the magnitude and time of occurrence of annual RSV
epidemics are subject to variation. While the extent of year-
to-year fluctuation is unpredictable in some places [12-15],
a pattern of periodicity has been noticed in others [16-22].
Today, with new prophylactic options available and an in-
creasing demand for cost-effective patient care, pre-
dictability of RSV epidemics could be made useful in sev-
eral ways. It could assist in optimizing RSV prophylaxis for
high-risk infants and be a valuable tool for the design of
RSV vaccine or antiviral drug studies (e.g. sample size cal-
culation for efficacy trials) and for hospital management.

Based on local RSV hospitalization data observed over
a 4-year period and national laboratory notification data
spanning 12 years, we describe a fixed “every-other-year”
pattern of RSV epidemiology in Switzerland. Periodicity
relates to both the frequency and time-course of RSV in-
fections, but not to the clinical severity of infection in hos-
pitalized patients (Table 1). The steady increase in the num-
ber of RSV detections during the 12 years of national RSV
surveillance (Figure 2) is likely the result of widening avail-
ability and use of commercial RSV detection kits. A true
increase in RSV infections cannot be ruled out, but appears
unlikely. The motif of alternating occurrence of minor epi-
demics (slow onset, low peak and long duration) and ma-
jor epidemics (rapid onset, high peak, short duration) has
been observed in Norway, Finland, Sweden and several lo-
cations in the USA [23,24]. In Norway, @rstavik et al. [25]
and Anestad [17] observed such a pattern in sequential
studies between 1972 and 1985. In Finland, national labo-
ratory data collected from 1981 to 1990 showed a periodic-
ity which is indistinguishable from the data presented here
[16]. Such biannual periodicity appears to be restricted to
certain geographic areas and its cause is unknown. An an-
nual switch in the predominance of one of the RSV sub-
types A and B does not appear to occur [13,22]. Waris [16]
found that one subtype prevailed during a minor and the
subsequent major season, before being replaced by the

Table 2

of observation of RSV epidemiology in Switzerland.

Effect of the time of initiation of a five-dose RSV prophylaxis using palivizumab on the coverage of annual RSV detections based on 12 years

Minor epidemic (odd-numbered year)

Major epidemic (even-numbered year)

Week no.2 % coveredP Range¢ % covered? Range¢
43 69.9 59.9-74.7 88.7 81.9-94.6
50 85.6 79.4-86.6 78.4 52.4-92.7

a week of year at which initiation of prophylaxis yields a maximum coverage of annual RSV detections as calculated from the weekly means
of relative RSV detection rates (Figure 3); P proportion of annual RSV detections occurring during prophylaxis as calculated from the weekly
means of relative RSV detection rates (Figure 3); € range of coverage of annual RSV detections when prophylaxis initiated at the indicated
week is applied to individual epidemics in Switzerland between 1988 and 1999
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other subtype. Variation of RSV genotypes [26, 27] may
play a role, but has not been studied in areas with known
biannual periodicity. Factors influencing RSV transmission,
such as the duration of protective immunity, herd immunity
or the mode of cohorting of children, have not been evalu-
ated. Such factors may be important because mathematical
modeling of RSV epidemics allows to simulate biannual pe-
riodicity with alternating short and long intervals by mod-
ulating a single factor, i.e. the seasonal amplitude of the
transmission parameter [28]. Environmental factors such as
temperature, humidity and the duration of sunshine have
been found to correlate with the severity of RSV epidemics
in some locations [29-31] but not in others [19]. Such in-
fluences may help to explain the geographic restriction of
biannual periodicity, but are unlikely to account for 2-year
cycles in a particular location.

While the mechanism governing stable 2-year period-
icity remains unknown, its clinical utility in the absence of
an RSV surveillance system is obvious. Most recently, pre-
dictability of onset and duration of RSV epidemics has be-
come of interest because passive immunization of high-risk
infants by monthly injections of the anti-RSV antibody
palivizumab should be timed correctly to assure both max-
imum effectiveness and minimum cost. Our calculations
suggest that week 50 (mid-December) may be the most ef-
fective time for starting standard five-dose prophylaxis in
minor seasons, week 43 (late October) in major seasons
(Table 2). Starting prophylaxis in week 43 — as is customar-
ily recommended — during an average minor season would
be expected to reduce coverage by 15.7% and overall cov-
erage could be as low as 60% (Table 2). The validity of these
calculations depends on the assumption that nationally re-
ported laboratory data reliably represent RSV hospitaliza-
tions of infants. Figure 2 indicates that this was the case for
the RSV seasons 1998/1999 and 1999/2000. In addition, fig-
ure 3 indicates that year-to-year variation of RSV detec-
tions in a given week was large during the weeks of peak
frequencies, but small near the beginning and end of the
epidemic. Thus, the bases of the time-frequency curves were
fixed in time for both types of epidemics.

In conclusion, stable 2-year cycles of RSV epidemiol-
ogy were observed. Clinicians who choose to administer
palivizumab to high-risk patients should take this period-
icity into consideration for adjusting both time of onset and
the duration of prophylaxis. Hospital administrators strug-
gling with large fluctuations of admission rates in pediatric
hospitals may use such data to predict peak admission fre-
quencies.
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