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A new influenza B variant was discovered in Singapore
in April 2011 during diagnostic testing of a 3-year-
old boy with respiratory symptoms. Influenza B virus
was isolated from culture and confirmed by standard
immunofluorescence testing, but was not detected
by the routine, in-house influenza screening reverse-
transcription polymerase chain reaction assay that
targets the nucleoprotein (NP) gene. Subsequent
sequencing investigations demonstrated that several
other published assays targeting NP could also fail to
detect this novel variant.

Influenza A and B viruses are detectable all year round
in tropical Singapore, with overlapping peak incidences
of these viruses occurring at approximately the same
time, i.e. during calendar weeks 12-30 in the years
where such peaks are discernible [1]. Surveillance
testing for influenza viruses of samples from patients
with influenza-like illness (ILI) obtained from both
community clinics and those admitted to hospital
has been ongoing in our routine diagnostic labora-
tory (Molecular Diagnosis Centre, National University
Hospital, Singapore) since the emergence of the influ-
enza A(H1N1)2009 pandemic.

TABLE 1
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On 12 April 2011 (week 18), influenza B was detected by
direct immunofluorescence staining (Light Diagnostic
Respiratory Viral Screen and ldentification DFA Kit,
Chemicon International, Millipore, Temecula, CA, USA)
and virus culture of a nasopharyngeal swab collected
from a 3-year-old boy, who was admitted to our hospital
with ILI. The specimen tested negative on our diagnos-
tic influenza A/B duplex real-time, reverse-transcrip-
tion polymerase chain reaction (rRT-PCR) assay.

This in-house assay was designed to detect all human
influenza A and B subtypes and targets the nucleopro-
tein (NP) gene of influenza B viruses. To investigate the
cause of this discrepancy, the NP gene of this influenza
B virus isolate was sequenced directly from the clinical
sample and compared with that of a patient infected
with the routinely detectable, circulating seasonal
influenza B virus (B/Singapore/5/2011, GenBank acces-
sion number CY093581) isolated during April 2011.
Three missense mutations (G158A, G697A, G1465A) and
16 synonymous single nucleotide substitutions, were
noted in this putative Singaporean influenza B vari-
ant (B/Singapore/1/2011, GenBank accession number
CY093580). Further sequencing of the haemagglutinin

Primer and probe sequences of influenza B assays presenting mismatches to the influenza B/Singapore/1/2011 virus sequence

Primer/probe name Sequence (5’ to 3’) Nucle(ost,i(ti(;e Bp’;)asition osr?eqnutg?ii)en Reference
rRT-PCR

FluBNA916F20 CCAGGGATTGCAGACATTGA 916-935 Forward This study
FluBNA968U24 TTGTTAGGCCCTCTGTGGCRAGCA 968-991 Forward This study
NPB5’705 AACTGGTGTTGCGATCAAAGGAGGTGG 717-743 Forward [8,9]
RT-PCR (including nested)

FIuABC2 ATKGCGCWYRAYAMWCTYARRTCTTCAWAIGC 1208-1177 Reverse [11]
FluAB3 (Nested) GATCAAGTGAKMGRRAGYMGRAAYCCAGG 892-920 Forward [11]
FluB4 (Nested) CTTAATATGGAAACAGGTGTTGCCATATT 1118-1090 Reverse [11]

rRT-PCR: real-time, reverse-transcription PCR.

Nucleotides of the primer or probe mismatching the sequence of the possible new variant influenza B/Singapore/1/2011 are in bold.
2Based on influenza B virus (B/Singapore/1/2011) nucleoprotein gene, GenBank accession: CYo93580.
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(HA) and neuraminidase (NA) genes of this virus is
planned, to determine if this virus is a possible new
variant or whether these changes in its NP gene simply
represent the minor antigenic drift phenomenon typi-
cal of all influenza viruses.

This NP variation may affect the ability of other PCR-
based in-house assays to detect this virus in clinical
samples as two of the single nucleotide substitutions
(Gg75A and C978T) were present within the probe-bind-
ing region of our in-house assay (Table 1). Therefore
we reviewed previously published influenza B assays
that target the NP gene. Of the ten influenza B assays
identified [2-11], three [8,9,11] had primer and/or probe
sequences presenting mismatches that may reduce
assay sensitivity. The affected primer/probe sequences
are summarised in Table 1.

The probe-mismatch in our in-house assay for this new
B/Singapore/1/2011 virus most probably explains the
discrepancy with the results from virus isolation and
immunofluorescent staining for the case presented,
and is a good example of the importance of maintain-
ing virus culture for clinical testing (at least in reference
laboratories), despite rapid developments in molecular
diagnostic techniques.

To be able to reliably detect the possible new influenza
B variant, an additional probe was designed, whilst
retaining the previous probe to allow the continued
detection of the influenza B/Singapore/5/2011virus
that may still be circulating in the Singaporean popula-
tion. As part of the validation assay for this modified
assay, we tested an additional 200 clinical specimens
that had been reported as negative for influenza A/B
viruses during April 2011, using the previous version of
this in-house rRT-PCR screening assay.

Three additional influenza B positive cases were
detected that had identical NP sequences to the virus
variant isolated from the 3-year-old boy. These three
cases included a 75-year-old patient with metabolic
syndrome presenting with community-acquired pneu-
monia and heart failure, a 60-year-old patient who
presented with non-neutropaenic febrile illness, and a
routine community surveillance specimen (no clinical
history provided). All three hospitalised patients were

TABLE 2

discharged shortly after admission with no clinical
complications.

With the use of the modified assay, of the five influenza
B viruses detected during April 2011, four were of the
possible new variant. Pairwise comparisons between
more recent and older reference (vaccine-related)
influenza B NP sequences (Table 2) show that the NP
sequence of the possible new influenza B variant virus
(B/Singapore/1/2011) presents highest similarity to
the NP sequence of the most recently circulating B/
North Carolina/WRAIR1582P/2009 strain (Victoria line-
age). Interestingly, however, when compared to the NP
sequences of the older B/Yamagata/16/88 (Yamagata
lineage) and of the B/Victoria/2/87 reference strain
(Victoria lineage), the possible new influenza B vari-
ant virus NP sequence presents higher identity to the
B/Yamagata/16/88 (Table 2). As the NP gene is rela-
tively well evolutionarily conserved compared to the
HA and NA genes, only additional sequencing of the
HA and NA genes from the possible new influenza
B variant virus detected in this study, and additional
Singaporean influenza B viruses, will clarify whether
a novel influenza B variant, not previously seen in
Singapore, is emerging, and whether it is of either the
B/Victoria/2/87 or the B/Yamagata/16/88 lineage.

The World Health Organization (WHO)’s current sea-
sonal influenza vaccine recommendations for influenza
B vaccine composition for the southern hemisphere
[12] and for the approaching influenza season in the
northern hemisphere [13] are the same. Both include
the B/Brisbane/60/2008-like virus, which is of the B/
Victoria/2/87 lineage. In China, nevertheless, the B/
Yamagata/16/88 lineage viruses have been predomi-
nating from September 2010 to January 2011 [13].
China is a popular and frequent destination for many
Singaporean Chinese, who have family connections
there, so it is likely that influenza B viruses from both
the B/Victoria/2/87 and B/Yamagata/16/88 lineages
are co-circulating in the Singaporean population.
Additional sequencing of Singaporean influenza B
viruses will allow an assessment of any potential vac-
cine mismatch between the seasonal influenza vaccine
composition and any possible new variants arising in
these locally circulating viruses.

Degree of similarity between full-length nucleoprotein gene sequences of Singaporean and reference influenza B viruses,

based on pairwise comparisons

B/Yamagata/16/88

L49385° AF100359°

B/Victoria/2/87

B/Florida/4/2006 B/North Carolina/WRAIR1582P/2009

(Victoria lineage)

(Yamagata lineage)

CY0338792

CY069566°

B/Singapore/1/2011
CY093580° 0.9684 0.9449 0.9851 0.9902
B/Singapore/5/2011
(Y093581° 0.9730 0.9483 0.9879 0.9925

2 GenBank accession number.

www.eurosurveillance.org



Conclusions

Our preliminary report highlights two important issues.
First, at local level, it is important for diagnostic virol-
ogy laboratories using molecular techniques to be con-
stantly vigilant about the possibility of emerging novel
virus variants that may decrease the sensitivity of
their frontline screening assays [14]. This requires the
availability of parallel testing using viral isolation by
culture. In addition, this report highlights the need for
diagnostic laboratories to test any in-house assay that
is developed, based on a published method, on their
own population of circulating viruses and adapt their
primers and probes accordingly, so as to minimise the
risk of diagnostic misses.

Second, from a public health perspective, it is essen-
tial for diagnostic and research laboratories worldwide
to continuously update and share gene sequences of
(possible novel) local viruses on public databases.
This allows laboratories to develop diagnostic assays
for new variants and the in-silico assessment of their
sensitivity and specificity, i.e. multiple-sequence
alignment of the available uploaded sequences against
primer/probe sequences.

These two issues are not unrelated. While the clinical
management of an individual patient may be adversely
affected by a diagnostic ‘miss’ of a novel, emerging
virus, at a global population level, due to the limited
time window for the inclusion of novel influenza virus
antigens into the WHO recommended composition of
the seasonal influenza virus vaccines, timely dissemi-
nation of data on such novel virus variants is critical
to try to avoid vaccine mismatches as much as possi-
ble. Vaccine mismatches can have a serious impact on
seasonal influenza morbidity and mortality, particu-
larly in vulnerable groups that rely on vaccines for pro-
tection against annual seasonal influenza epidemics
worldwide.
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