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SUMMARY
Influenza virus type B strains were unexpectedly detected and isolated in Italy during summer-fall 2008 from three
patients travelling to Italy from Lebanon, Senegal and Uzbekistan. The three summer-fall strains matched to a high
degree the hemagglutinin (HA1) of influenza virus type B strains circulating in Italy in the second part (January
through April) of the 2007/2008 season, and HA1 of the type B strains included in the 2008/2009 vaccine
(B/Yamagata/16/88 lineage). Surveillance of influenza virus circulation in Western countries also during the summerfall season may help to trace and anticipate the appearance of new influenza virus variants.
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Due to the epidemiological characteristics of the
influenza virus, its circulation is usually observed
only during the winter-spring season, i.e. between
November of the preceding year and May of the
following year. Starting from the summer-fall season 2008, we monitored all known respiratory
viruses in all nasopharyngeal aspirates (NPAs) taken from patients admitted to hospital during the
period November 2007-October 2008. According
to this surveillance programme, we surprisingly
detected influenza B virus in three patients from
non-European community countries during the
summer-fall 2008. In the last two decades, influenza B virus variants circulating in Italy, as well
as in other countries, all belonged to one of the
two major lineages: B/Yamagata/16/88 (B/YM), or
B/Victoria/2/87 (B/VI) (Rota et al., 1992; Ansaldi
et al., 2003; Chi et al., 2003; Puzelli et al., 2004;
Pariani et al., 2008).
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The present study sequenced the influenza B
virus strains recovered from the three individuals
from foreign countries in a portion of the hemagglutinin (HA1) and phylogenetically analyzed to
compare their sequences with those of both
strains circulating in the same Italian area in
2007-2008, and strains included in vaccines for
the 2007-2008 and 2008-2009 influenza seasons.
Patients admitted to the University Hospital of
the Fondazione Istituto di Ricovero e Cura a
Carattere Scientifico Policlinico San Matteo during the period November 1, 2007 - October 31,
2008 with acute respiratory tract infection had
respiratory secretions collected and examined for
the presence of respiratory viruses.
The collection of nasopharyngeal aspirates
(NPAs) was conducted according to a standardized procedure.
NPAs were aliquoted and handled as previously
reported (Rovida et al., 2005; Sarasini et al., 2006).
Respiratory secretions were tested by immunofluorescence and monoclonal antibodies for influenza virus A and B, human parainfluenza
viruses, human respiratory syncytial virus, and
human adenoviruses (Millipore, Chemicon
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International Inc., Temecula, CA) as well as for
human coronaviruses 229E and HKU1 (Gerna et
al., 2006a, 2007), and human metapneumovirus
(Percivalle et al., 2005; Gerna et al., 2006b) (monoclonal antibodies developed in the laboratory).
Specimens positive for influenza were quantified
by real-time reverse-transcription PCR (RT-PCR)
for influenza virus A (Spackman et al., 2002) and
B (Ward et al., 2004). In addition, NPAs were tested by real-time RT-PCR for human coronaviruses (229E, NL63, OC43 and HKU1) (Gerna et al.,
2006a, 2007) and human rhinoviruses (Deffernez
et al., 2004) and by PCR for human bocavirus (Lu
et al., 2006). Influenza A H1 and H3 subtyping
was performed by RT-PCR, as previously reported (Percivalle et al., 2008).
In addition, NPAs were routinely inoculated onto shell-vials of mixed mink lung (Mv1Lu) and
A549 epithelial cells for rapid (48h) influenza
virus and other respiratory virus detection
(Huang and Turchek, 2000). As for influenza virus
isolation, MDCK cell cultures were routinely inoculated. When virus isolation failed in MDCK
cells, NPAs were inoculated onto MDCK cells stably transfected with cDNA of human 2,6-sialyltransferase (SIAT1) expressing higher amounts
of 6-linked sialic acids than parent MDCK cells
(Matrosovich et al., 2003).
Sequencing of the HA1 gene of influenza B
strains was done by a single-step RT-PCR using
the enzyme SuperScriptTM One-Step RT-PCR and
Platinum® Taq (Invitrogen). The HA1 gene (nt
118-879) was amplified using the method described by Stockton et al., 1998. Besides the
primer pair used for RT-PCR, two additional inhouse designed primers were used as follows: 4F,
5’-TTCGCAACAATGGCTTGG-3’, and 12R, 5’CCAAGCCATTGTTGCGAA-3’. Sequences were
then analyzed using the Genetic Analyzer 3100
System (Applied BioSystems). In addition, sequences were cut and checked by using the 4.7
version of the Sequencher Software (Gene Codes
Corp., Ann Arbor, MI). Neighbor-joining phylogenetic trees were generated following alignment
with the MEGA 4.0 software using the Clustal W
method with the kimura 2-parameter correction
for multiple base substitutions. In parallel, maximum likelihood trees were generated using the
PAUP programme. Both methods generated similar topologies. The bootstrap value was 1000 repetitions.

Overall, 1536 respiratory samples from 917 patients were examined for the presence of respiratory viruses. On the whole, 465 (50.7%) patients
and 683 (44.5%) samples were positive for one or
more respiratory viruses.
From December 2007 through April 2008, 43
strains of influenza virus were recovered from 42
patients, as follows: 32 influenza B, 6 influenza A
(H1N1), 3 influenza A (H3N2), and 2 influenza A
(undetermined). In addition, at the beginning of
September, influenza B virus was unexpectedly
recovered from two patients: an adult from
Senegal, and a child from Lebanon. In addition,
influenza B virus was recovered at the end of
October 2008 from an Italian woman returning to
Italy from Uzbekistan. Thus, influenza B virus
was detected in three individuals from foreign
countries during the summer-fall season, when
the virus was not circulating in Italy.
Of the 35 patients infected by influenza virus B, 27
(77.1%) had fever greater than 38°C, 34 (97.1%)
had respiratory symptoms, and 18 (51.4%) had
systemic symptoms. All cases of influenza virus B
occurred between December 2007 and April 2008,
and after January 2008, they were predominant
or exclusive with respect to influenza A strains.
Influenza virus B was detected in NPA by multiple diagnostic approaches. The direct fluorescent
antibody (DFA) technique was positive in 13/35
(37.1%) patients, while the shell vial culture (SVC)
was positive in 35/35 (100%) patients and virus
isolates were recovered from 32/35 (91.4%) patients. The median viral load in NPAs of the 35
influenza virus B-infected patients was 5.8x105
RNA copies/ml (range 1.3x103 to 6.6x107 copies/
ml). It is worth mentioning that 9/32 (28.1%) viral isolates could not be recovered on regular MDCK cells, but were recovered on MDCK cells overexpressing the sialyl-α2,6-galactose-containing
virus receptor.
The HA1 gene was sequenced for all 35 influenza virus B strains. These sequences were used to
construct a phylogenetic tree using as prototypes
the two influenza virus B strains included in the
influenza vaccines 2007/2008 (B/Malaysia/
2506/2004, B/VI-derived) and 2008/2009 (B/
Florida/4/2006, B/YM-derived). As shown in
Figure 1, about half of the influenza B strains
(18/35, 51.4%) belonged to the B/VI cluster, while
the other half (17/35, 48.6%) belonged to the
B/YM cluster.

Influenza B in Italy in summer-fall
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FIGURE 1 - Phylogenetic analysis of the HA1 gene of influenza virus B strains (nt 118-879). The two prototypes
from the two major influenza B lineages (B/Yamagata/16/88 and B/Victoria/2/87) as well as the two strains included in the vaccine 2007-2008 (B/Malaysia/2506/2004) and 2008-2009 (B/Florida/4/2006) are in bold. The three underlined strains (in italics) from the B/Yamagata/16/88 lineage were recovered from patients coming to Italy from
abroad.
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During the 2007-2008 winter-spring season, influenza virus B strains deriving from the B/VI lineage were predominant in the first months
(December through February), while strains deriving from the B/YM lineage predominated in
the last part of the season. In fact, they were the
only influenza strains recovered in April 2008. All
three influenza virus B strains recovered during
summer-fall 2008 belonged to the B/YM lineage.
The HA1 aa sequence of the 17 B/YM strains was
very divergent with respect to the influenza virus
B vaccine of the 2008-2009 season (B/Florida/
04/06). Of these 17 strains, 12 had the same pattern of 8 aa mutations with respect to the vaccine
strain (including the strain recovered from the
Senegalese patient), while the Lebanese patient
(B/Pavia/44/2008) had only three substitutions
and the patient from Uzbekistan (B/Pavia/
45/2008) had 8 partially different aa substitutions
(Fig. 2). In addition, another patient suspected to
have had contact with non-Italians (B/Pavia/

A

39/2008) during the season showed 10 aa substitutions.
In addition, three vaccinated individuals presented with clinically overt influenza B disease
caused by B/VI-derived strains. All three vaccinated individuals showed two aa substitutions at
position 46 (G→A) and 109 (K→N) within the
HA1 gene product with respect to the vaccine influenza virus B strain of the 2007-2008 season
(B/Malaysia/2506/04). These two aa changes were
present in all 17 strains from the B/VI-lineage, together with an additional change (N→K) at position 165 for 8 strains, and at position 262 for two
additional strains (Fig. 2).
The central finding of this investigation was the
isolation of influenza virus B strains during late
summer-early fall 2008, i.e. in a period when influenza viruses were not circulating in Italy. The
three patients came to Italy from other countries,
carrying the influenza virus from the relevant
country. This finding suggests that surveillance
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FIGURE 2 - Amino acid differences in HA1 sequences (aa 40-293) of (A) Victoria-lineage and (B) Yamagata-lineage
influenza virus B strains recovered during the period November 2007 – October 2008. In (A), virus strains from the
three vaccinated individuals are underlined. In (B), the three influenza B virus strains from patients from nonEuropean countries are underlined.
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for influenza virus circulation should be extended in the European countries to the summer-fall
season, in order to detect early circulation of new
influenza virus variants.
The phylogenetic analysis indicated that the three
strains recovered during summer-fall were B/YM
variants and were close to variants circulating in
Italy in the second part of the 2007-2008 season,
and to the influenza virus B vaccine strain of the
2008-2009 season.
In the first part of the 2007-2008 influenza season, the B/Malaysia-like (B/VI lineage) and the
B/Florida-like strains (B/YM lineage) were equivalent in number, whereas in April only B/Floridalike strains were detected. This epidemiological
trend showed that the B/Florida-like strains progressively replaced the B/Malaysia-like strains (included in the 2007-2008 vaccine) during the last
part of the season.
In addition, during our surveillance programme,
it was found that as many as three patients suffering from influenza virus B disease caused by
the B/Malaysia-like strain had been vaccinated in
previous months, as already reported (Pariani et
al., 2008). Sequencing of the HA1 gene indicated
the presence of two aa changes at positions 46
and 109 identical in all three strains. In this respect, crystal structure and selective pressure
studies have contributed to the identification of
positively selected sites, which appear to be located predominantly within the four major antigenic epitopes of HA1: the 120 loop (HA1 116137), the 150-loop (HA1 141-150), the 160-loop
(HA1 162-167), and the 190 helix (HA1 194-202),
and their relevant surrounding regions (Wang et
al., 2008; Shen et al., 2009). In general, all sites
not adjoining the 150-loop, 160-loop, or the 190helix epitopes are referred to as the 120-loop region due to their spatial proximity. It might be
speculated that the mutations observed at positions 109 and, possibly, 46 of HA1 of the three
strains isolated from the three vaccinated patients
(with respect to the B/Malaysia/2506/04 vaccine
strain) may have been sufficient to originate escape mutants.
A greater degree of variability is well recognized
for HA1 of B/Florida–like strains (B/YM variants)
as compared to the B/Malaysia–like (B/VI) strain
(Ansaldi et al., 2003). In our study, all 17 influenza B strains of the B/YM lineage showed a number of aa substitutions with respect to the vac-
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cine B/Florida/04/06 (B/YM) strain, included in
the 2008-2009 vaccine. Based on the recent definition of the major epitopes of influenza virus B
HA1 (Wang et al., 2008; Shen et al., 2009), it appears evident that multiple epitopes harbour mutations in all field strains isolated, thus suggesting that, if variants of influenza virus B detected
in the past season will circulate also in the next
season, a large number of patients would not be
protected against influenza virus B, even if vaccinated.
Results of the present study document and confirm that HA1 antigenic drift not only occurs in
influenza virus A strains, but also in influenza
virus B strains, thus lowering the protective efficacy of the vaccine. In this respect, attempts to
develop influenza vaccines based on conserved
influenza virus proteins, such as protein M, or
proteins of the replication complex (PA, PB1,
PB2) should be encouraged and investigated in
the near future (Heini et al., 2007).
In conclusion, the recovery of influenza virus B
strains during the 2008 summer-fall season from
patients travelling abroad (outside Europe)
should prompt surveillance of influenza virus circulation also in non-European countries during
summer and fall. This approach could help in
tracking new influenza virus variants.
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