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This short communication hypothesises that rhinovirus epidemics
occurring after start of school may interfere with the spread of
influenza during the period when warm and humid climate
decreases the influenza spread by aerosol. Limited laboratory data
supporting this hypothesis are included in the article, but the report
is written mainly to stimulate interest and research concerning the
possibility that viral interaction may affect influenza epidemiology.

Modelling and prediction of the spread of influenza are important
for rational decisions on how to handle epidemics and pandemics.
Apart from immunity in the population, both climate and social
behaviour seem to be important factors affecting the spread.
Holiday time usually interrupts the spread [11. In dry and cold
weather the aerosol transmission of influenza is more efficient since
the virus becomes stabilised by hardening of the lipid membrane,
remains airborne for longer time and is spread to longer distances
[2-3]. In warm and moist weather, droplet and possibly contact
spread and inoculation by contaminated hands seem to become
more important [4].

However, these factors do not explain all characteristics of the
spread of the pandemic influenza A(H1N1) virus during 2009. In
Sweden, and some other European countries, the spread increased
after the end of the holidays, but after four weeks of increasing
activity the spread suddenly declined, despite similar weather
conditions and social behaviour (Figure 1) [5]. Limitation by herd
immunity induced by the spread that actually took place is possible,
but not very likely, as the reported number of infections and of
influenza-like disease in total was rather low. Also, the experience
from the United States and the United Kingdom, with considerable,
though patchy, spread of the virus during late spring and summer,
despite a climate unfavourable to influenza, makes it likely that the
virus would have managed to reach a substantial peak in Sweden
in early October, unless other factors than the weather affected
the spread.

All cases of influenza were made reportable in Sweden on 13
May 2009. Samples were taken from all suspected cases until
16 July, when the strategy was changed from containment to
mitigation. Figure 1 shows the number of laboratory-confirmed
cases reported in Sweden according to the law. Influenza diagnoses

reported from all Swedish laboratories during the past three seasons
are included for comparison.

Since the number of samples sent for influenza analysis was
increasing until week 36 [5] while the proportion of samples
positive for pandemic HIN1 influenza was already decreasing
(Table 1), we hypothesised that some other virus infection may
have interfered with the spread of the influenza pandemic.

Laboratories in Sweden conducting extended viral diagnosis on
samples sent for influenza examination were asked what viruses
they found in the influenza-negative samples, and the answer was
unanimous: rhinoviruses dominated, with sporadic findings of
other respiratory viruses, such as enteroviruses and adenoviruses.
We retrieved all data from one of the dominant laboratories, the
microbiological laboratory at Karolinska University Hospital. All
respiratory samples received are analysed by PCR for influenzavirus
A and B, including pandemic influenza A(HIN1) virus, as well as
for respiratory syncytial virus (RSV). Tests for a further thirteen
viral pathogens are done if extended diagnoses is requested by the
doctor submitting the sample [6]. The number of samples analysed
between weeks 32 and 39 2009 at Karolinska University Hospital,
as well as the results of the analyses, are shown in Tables 1 and 2.
Extended PCR was only requested for samples that were negative
for RSV and influenza. As shown in Figure 2, there was an increase
in the proportion and number of rhinovirus diagnoses roughly in
parallel with the decrease of influenza diagnoses.

A simple but likely explanation for the sudden interruption of
the spread of influenza could thus be the increase in the spread
of above all rhinoviruses. It is well known that a major rhinovirus
epidemic always occurs soon after school has started [7]. The virus
is spread mainly by contaminated hands [8], and has not been
reported to be climate-dependent. Thus the spread of rhinoviruses
may have had an advantage over influenza due to the mild and
moist climate. Once a rhinovirus infection has become established,
infected cells start producing interferon and other cytokines, similar
to those produced by influenza [9]. This immune reaction causes
the cells to enter an antiviral state. Though double infections occur,
they are probably not common enough to maintain high level spread
of both rhino and influenza viruses in the population.
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FIGURE 1

Laboratory-confirmed cases of seasonal influenza since 2006-7 and of pandemic versus seasonal influenza in 2009, Sweden
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TABLE 1

Number of samples examined with PCR for pandemic influenza A(HIN1) and number and proportion of positives*,
Karolinska University Hospital, Stockholm, August-September 2009 (n=2,994)

Week no. (2009) 32 33 34 35 36 37 38 39
Pandemic influenza A(H1N1)-positives, no. (%) 10 (7%) 16 (11%) 38 (14%) 85 (19%) 61 (8%) 33 (5%) 24 (7%) 9 (3%)
Total no. examined 146 150 277 440 754 616 351 260

* Respiratory syncytial virus and seasonal influenza were also included in the examinations, with one positive each during the whole period.

TABLE 2

Number of samples examined for 13 viruses*, Karolinska University Hospital, Stockholm, August-September 2009 (n=401**)

Week 32 33 34 35 36 37 38 39
Rhinovirus, no. (%) 2 (6%) 2 (5%) 7 (19%) 6 (11%) 18 (25%) 16 (27%) 14 (27%) 9 (16%)
Picornaviruses not subtyped, no. (%) 0 2 (5%) 0 1 (2%) 4 (6%) 2 (3%) 1 (2%) 2 (4%)
11 other viruses, no. (%) 1 (3%) 0 4 (11%) 4 (8%) 1 (1%) 1 (2%) 0 1 (2%)
Total no. examined** 35 38 36 53 n 60 51 57

*Rhinovirus , bocavirus , andenovirus, four types of human coronavirus, metapneumovirus, parainfluenzavirus types 1-3, non-subtyped picornaviruses,
enterovirses. Positive results for rhinovirus and non-subtyped picornaviruses, which could be rhinoviruses, are presented separately as numbers and
percentages, the other viruses are summarised.
**A subset of samples from Table 1, which had tested negative for pandemic influenza A(H1N1), seasonal influenza and respiratory syncytial virus.
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Influenza surveillance with sentinel reporting normally does not
start until week 40, and respiratory sampling for viral diagnostics
is usually scarce during early autumn. For week 40, most Swedish
sentinel doctors usually report zero cases of influenza-like illness
(ILI1), and we do not know whether we the early autumn rhinovirus
peak would have been reported as ILI in previous years even if
reporting had been in place then. The reason for the large number of
rhinovirus infections diagnosed in 2009 was most likely that people
who got respiratory tract infections, who would not normally have
visited a doctor, did so due to the fear of the pandemic influenza.

In conclusion, we hypothesise that a rhinovirus epidemic that
occurred after the end of the summer holidays may have interfered
with the spread of pandemic influenza during a period with
warm and humid climate that decreases spread of influenza by
aerosol. Although the laboratory data supporting this hypothesis
are limited, it may stimulate research into the possibility that
the interaction between different circulating viruses may affect
influenza epidemiology.

We therefore suggest the following:

1. The epidemiology of influenza should be related to that of
other respiratory viruses for improved understanding of the
true epidemiological situation.

2. Surveillance of respiratory infections should be conducted
throughout the year to create reliable baselines for ILI
and acute respiratory infections, which are useful when
a pandemic virus occurs that does not follow the usual
pattern of spread.

FIGURE 2

Proportion of samples examined at Karolinska University
Hospital, Stockholm, containing pandemic influenza
A(HIN1) and rhinoviruses, August-September 2009
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