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1 | INTRODUCTION

Abstract

Background: We previously estimated Singapore's influenza-associated hospitalisa-
tion rate for pneumonia and influenza (P&l) in 2010-2012 to be 29.6 per 100 000
person-years, which corresponds to 11.2% of all P&l hospitalisations.

Objectives: This study aims to update Singapore's estimates of the influenza-associ-
ated pneumonia and influenza (P&l) hospitalisation burden using the latest data from
2010 to 2017.

Methods: We estimated the number of P&l hospitalisations associated with influenza
using generalised additive models. We specified the weekly number of admissions for
P&l and the weekly influenza positivity in the models, along with potential confound-
ers such as weekly respiratory syncytial virus (RSV) positivity and meteorological
data.

Results: In 2010-2017, 16.3% of all P&l hospitalisations in Singapore were estimated
to be attributed to influenza, corresponding to an excess influenza-associated P&l
hospitalisation rate of 50.1 per 100 000 person-years. Higher excess rates were es-
timated for children aged 0-4 years (186.8 per 100 000 person-years) and elderly
aged = 65 years (338.0 per 100 000 person-years). Higher influenza-associated hos-
pitalisation rates were estimated for 2016 and 2017 (67.9 and 75.1 per 100 000 per-
sons, respectively) years when the influenza A(H3N2) subtype was dominant.
Conclusion: Influenza burden in Singapore has increased since 2010. Influenza vac-

cination programmes should continue to be prioritised for the young and the elderly.

KEYWORDS
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influenza virus types/subtypes, vaccine uptake in the community and
the match between the recommended vaccine with the circulating vi-

There is a widespread consensus that influenza imposes a considerable ruses.*® Quantifying the burden of influenza disease is important so
burden on public health, including substantial numbers of severely ill as to assess the severity of the virus, evaluate how well public health
patients resulting in hospitalisations and deaths.**’ The impact of influ- services are coping with the additional burden or determine whether
enza on public health varies across seasons, mainly due to the varying additional interventions should be considered to reduce the impact.
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Estimating the burden is challenging because many who are ill
typically receive empiric treatment without laboratory confirma-
tion of influenza infection. In 2015, the World Health Organization
(WHO) published a manual to introduce methods to estimate the
burden associated with seasonal influenza.?° There have also been
advances in methods introduced by various studies to measure in-
fluenza burden,?! including statistical regression models such as the
generalised additive model (GAM). An advantage of using regression
models is that confounding factors, such as temperature or long-
term time trends, which may influence the observed outcome of
choice (ie, pneumonia admissions) can be controlled for.

Singapore, being a small globally connected city-state in an
equatorial region, has a climate that is high in temperature and hu-
midity. It also experiences influenza activity that is vastly different
from temperate countries, characterised by year-round influenza
activity and bimodal peaks that usually occur in the beginning and
middle of the year.?? Previous local studies have highlighted the
significant burden that influenza imposes on public health. One
older study estimated the influenza-associated excess mortality
rate to range from a low of 0.2 per 100 000 persons in 1975 to a
high of 54.4 per 100 000 persons in 1957 during the pandemic.13
More recent studies estimated the excess mortality rate for all-
cause deaths to be 14.8 per 100 000 person-years in 1996-2003
and the excess hospitalisation rate for pneumonia and influenza to
29.6 per 100 000 person-years in 2010-2012.245 The excess hos-
pitalisation rate was also found to be substantially greater in the
very young (infants aged 0-5 months) and the very old (275 years).
This study aims to update Singapore's estimates of the influenza-
associated pneumonia and influenza (P&l) hospitalisation burden
using the latest data from 2010 to 2017.

2 | METHODS

2.1 | Data

We obtained the weekly number of admissions for pneumonia
and influenza (P&l) (ICD-9 480-487 and ICD10 J10-J18) for all
acute hospitals from the inpatient administrative database. Five

age groupings were analysed in our study: 0-4 years, 5-49 years,

TABLE 1 Summary statistics of
weekly meteorological and pneumonia
and influenza (P&l) hospitalisation data,
2010-2017

Meteorological variables

Temperature (°C)

Relative humidity (%)

P&l hospitalisations
All-age
0-4y
5-49y
50-64y
65y and above
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50-64 years, 265 years and all ages. These age groupings were
in accordance with the WHO manual for estimating influenza
burden.?°

The Ministry of Health (MOH), Singapore, has a national sur-
veillance programme for influenza. Virological surveillance is car-
ried out on respiratory specimens from patients with ILI symptoms
who visit public primary care centres (accounting for ~ 20% of all
primary care consults nationwide),?® public hospitals (accounting

for ~ 75% of all hospitalisations nationwide)?*

or sentinel private pri-
mary care clinics. These specimens are sent to the National Public
Health Laboratory (NPHL) to be tested for influenza and other re-
spiratory pathogens. We used the all-age weekly influenza positivity
from 2010 to 2017, derived by calculating the proportion of speci-
mens that had been laboratory-confirmed positive for influenza, as
a proxy variable for influenza activity. We also highlighted the domi-
nant influenza type/subtype for each year based on results from an-
other study.?® To adjust for potential confounding, we also obtained
the weekly respiratory syncytial virus (RSV) positivity data from the
paediatric departments of two government acute hospitals, as well
as meteorological data (weekly mean temperature and weekly mean
relative humidity) from the National Environment Agency (NEA).
These data sources have been described in more detail in previous

studies.1*1°

2.2 | Statistical analysis

We used a generalised additive negative binomial model to estimate
the weekly number of P&l hospitalisations associated with influ-
enza during the 8-year study period. Generalised additive models
(GAMs) have been used in multiple studies for estimating influenza
burden.*81¢7 An advantage of the GAM is that it allows the data
to suggest an appropriate functional form for the relationship be-
tween an explanatory variable and the response using a penalised
likelihood function.?® We also included a spline function to account
for the non-linear long-term time trend. Each model for the five dif-
ferent age groupings was fitted as follows:

Log [E(Weekly number of P&l hospitalisations)]

=s(t) +s(temperature) + s(humidity) + RSV + Influenza positivity,

Percentiles

Mean SD Min 25th 50th 75th Max

279 0.9 25.6 27.2 279 28.5 30.0
80.8 4.7 63.4 77.7 81.1 84.2 92.5

319 88 161 257 297 363 792
33 12 9 25 31 40 82
55 16 16 44 53 63 125
47 14 19 37 45 55 118

183 54 86 144 170 209 493
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TABLE 2 Age-specific pneumonia and influenza (P&l) hospitalisation rates (per 100 000 person-years) and virological surveillance for influenza in Singapore, 2010-2017

Correlation analysis

Influenza surveillance

P&l hospitalisation rates

2
C
M
<

% influenza B

% influenza A
among influ-

among influ-

Yearly

Total no. of

Correlation

Dominant influenza type/

subtype(s)

enza-positive
specimens

enza-positive
specimens

influenza

specimens
tested
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P-value

coefficient®

positivity (%)

0-4y 5-49y 50-64y >65y

All-age

<.01

0.57
0.08
0.36
0.44

A(HIN1)pdm09

21.7

78.3

0.3

239.2 650.7 61.7 231.5 1759.2 6971 5
827.7

2010

.57
<.01
<.01
<.01
<.01
<.01
<.01
<.01

A(HIN1)pdmO9 and A(H3N2)

23.6

76.4

40.9
4

2903
2112
1801
2105

1894.3

264.0 68.8 226.1
271.8

2011

B-Victoria and B-Yamagata

47.9

52.1

6.3

250.8 1910.8
2447

714

677.9

2012

22.6

774

421

1933.8

607.6 64.8
633.3

272.2

2013

74
0.47
0.58
0.69
0.36

0.

and B-Yamagata

Al

377
20.2

62.3

49.3

259.7 2050.8

275.5

62.0

291.9

2014

79.8
63.1

421

1952
2263

2025.7

774
101.6

729.6
935.6
11194

316.1

2015

36.9

53.6

2220.5

323.7

3771

2016

32.7

67.3

350.1 2386.2 1983 51.5
22090

272.4

98.7

416.2

2017

28.7

71.3

47.6

2047.6

75.9

775.1

307.7

Overall

Bolded values represent signicant results.

dCorrelation between weekly all-age P& hospitalisation numbers and weekly influenza A&B positivity using the Spearman's method.

where s() refers to a cubic smoothing spline function and t refers
to the week index (1 to 417). To determine the amount of smoothing
required for the time trend, temperature and humidity, we examined
the relationship between P & | hospitalisations and each explana-
tory variable by means of a scatterplot smoother. In our model, we
used the cubic regression smoothing spline which is versatile in fit-
ting a variety of complex relationships. Over-fitting or under-fitting
by these cubic smoothing splines would result in under-estimation
or over-estimation of the influenza burden, respectively. We used
a combination of graphical methods and judgement to determine a
reasonable fit for each smoothing spline. A smoothing spline of 4
degrees of freedom (dfs) per year was used for the time trend. For
temperature and humidity, we specified a DF value of 3 for both
variables. We also tested the significance of lag variables for RSV
and influenza positivity (up to 1-week lag). After fitting the model,
we assessed the autocorrelation and partial autocorrelation values
(ACF & PACF) of the residuals. The values were within 0.3, which
suggested that the temporal trend had been adequately explained
(Figure 51).7

In the previous model,15 we had modelled the time trend and
seasonality using a non-linear variable for week of the year (e-weeks
1to 52/53) and a dummy variable for e-year. In this model, we used a
smoothing spline to model the time trend and variability in seasonal-
ity patterns across the entire time series. This change has improved
the goodness of fit of the long-term trend and seasonality, especially
after incorporating recent years' data.

The weekly number of excess influenza-associated hospital-
isations was defined as the difference between the predicted P&l
hospitalisation number from the model and a counterfactual of the
predicted number when the influenza positivity variable was set to
zero. The annual excess numbers were calculated by summing the
weekly excess numbers for each year. Annual influenza-associated
hospitalisation rates (per 100 000) were calculated by dividing the
derived excess influenza-associated numbers with mid-year total
population estimates. Proportions of P&l hospitalisations attribut-
able to influenza were calculated by dividing the excess numbers
with the observed P&l numbers. 95% confidence intervals (Cls) of
the annual excess numbers were generated by bootstrapping with
1000 resamples. To further examine the difference in influenza bur-
den between the two bimodal influenza peaks seen in Singapore, we
specified two time periods that each encompass the ‘mid-year’ and
‘end-to-start-of-year' high activity months, respectively: weeks 14 to
39 (April to September) and weeks 40 to 13 (October to March). We
compared the estimated number of influenza-associated hospitalisa-
tions from the all-age model between the two periods.

All weekly data were represented in epidemiological weeks (e-
weeks). Correlation between weekly P&l hospitalisations and in-
fluenza positivity was calculated using the Spearman's correlation
coefficient. Statistical significance was set at P-value < .05. All sta-
tistical analyses were conducted using the R statistical software?®
version 3.3.1. The GAMs were performed using the ‘mgcv’ packagezé
inR.
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FIGURE 1 Weekly number of pneumonia and influenza hospitalisations and weekly influenza positivity data, 2010-2017

TABLE 3 Estimated excess rates (per 100 000 person-years) and its 95% confidence intervals of influenza-associated pneumonia and

influenza hospitalisations by age group, 2010-2017

All-age 0-4y 5-49y 50-64y >65y

Estimate  95% ClI Estimate  95% ClI Estimate  95% CI Estimate  95% ClI Estimate  95% ClI
2010 39.9 36.3-43.6 160.8 144.4-177.8 111 10.1-12.1 55.4 50.6-60.5 2971 272.0-324.3
2011 38.2 33.9-42.1 171.6 154.0-187.5  10.6 9.5-11.7 48.0 42.2-53.5 2793 247.3-308.9
2012 46.3 42.2-50.9 172.3 156.1-190.3 13.0 11.9-14.4 60.7 55.6-66.5  330.5 301.1-362.5
2013 40.5 35.5-45.6  134.0 116.6-152.3  10.1 9.0-11.2 52.5 46.2-58.6 2925 256.0-330.0
2014 45.5 38.5-52.7 148.2 124.0-173.6 10.2 8.9-11.5 56.9 48.8-65.3 325.7 274.6-376.4
2015 447 39.1-50.3  156.6 135.1-178.5 11.6 10.4-12.8 55.6 49.1-61.9  290.3 254.4-326.6
2016 67.9 60.4-74.9 2494 218.3-278.8 19.6 17.0--219 83.2 74.0-91.9 403.6 359.8-445.2
2017 75.1 67.7-83.1  294.5 265.2-326.9  19.0 17.0-20.9 89.4 81.1-97.9 437.2 394.5-483.4
Overall 50.1 48.1-52.1 186.8 179.2-194.9 13.2 12.7-13.7 63.3 60.9-65.7 338.0 323.9-352.0

3 | RESULTS of 40.9% in 2011 to a high of 53.6% in 2016 (Table 2). Every year,

Singapore experienced an average weekly temperature of 27.9°C
(range: 25.6-30.0°C) and an average weekly relative humidity of
80.8% (range: 63.4%-92.5%) during the 8-year study period (Table 1).
A weekly average number of 319 P&l hospitalisations was observed,
with the majority of patients being the elderly aged 65 years and
above. The all-age P&l hospitalisation rates ranged from a low of
239.2 per 100 000 persons in 2010 to a high of 416.2 per 100 000
persons in 2017 (Table 2). Higher overall hospitalisation rates were
observed in the 0-4 and 2 65 years age groups at 775.1 per 100 000
person-years and 2047.6 per 100 000 person-years, respectively.
For all age groups, higher rates were observed in 2016 and 2017.

A total of 22 090 specimens were tested for influenza during the

study period, and the yearly influenza positivity ranged from a low

more than half of the influenza-positive specimens were positive for
the influenza A subtype. Influenza B also contributed substantially
to the influenza-positive specimens, especially in 2012, 2014, 2016
and 2017 when more than 30% of the influenza-positive specimens
were positive for influenza B. Weekly P&l hospitalisations for all
ages were significantly correlated with weekly influenza positivity
data for all years except 2011 (P = .57). Peaks in weekly P&I hospi-
talisations generally coincided with the peaks in weekly influenza
positivity (Figure 1).

From 2010 to 2017, we estimated the overall influenza-associ-
ated P&l hospitalisation rate to be 50.1 per 100 000 person-years
(95% ClI: 48.1-52.1 per 100 000) (Table 3). Similar to our previous
study, the estimated excess rates attributable to influenza were no-

tably different among the age groups. Higher age-specific excess
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TABLE 4 Estimated excess proportions and its 95% confidence intervals of pneumonia and influenza hospitalisations attributable to

influenza by age group, 2010-2017

All-age 0-4y 5-49y 50-64y >65y
Estimate 95% Cl Estimate 95% CI Estimate 95% Cl Estimate 95% Cl Estimate 95% CI
2010 16.7 15.2-18.2 24.7 22.2-27.3 17.9 16.3-19.6 23.9 21.9-26.2 16.9 15.5-18.4
2011 14.5 12.8-15.9 20.7 18.6-22.6 15.4 13.8-16.9 21.2 18.7-23.7 14.7 13.1-16.3
2012 17.0 15.5-18.7 254 23.0-28.1 18.2 16.7-20.1 24.2 22.2-26.5 17.3 15.8-19.0
2013 14.9 13.0-16.7 22.1 19.2-25.1 15.6 13.9-17.3 214 18.9-23.9 15.1 13.2-17.1
2014 15.6 13.2-18.0 23.4 19.6-27.4 16.4 14.4-18.5 21.9 18.8-25.1 15.9 13.4-18.4
2015 14.2 12.4-15.9 21.5 18.5-24.5 14.9 13.4-16.5 20.2 17.8-22.5 14.3 12.6-16.1
2016 18.0 16.0-19.9 26.7 23.3-29.8 19.3 16.7-21.5 25.7 22.9-28.4 18.2 16.2-20.0
2017 18.0 16.3-20.0 26.3 23.7-29.2 19.2 17.2-21.2 25.5 23.2-28.0 18.3 16.5-20.3
Overall 16.3 15.6-16.9 241 23.1-25.1 17.3 16.7-18.1 23.2 22.4-24.1 16.5 15.8-17.2
200
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FIGURE 2 Mean, minimum and maximum estimated number of influenza-associated pneumonia and influenza hospitalisations from the

all-age model for each e-week

rates were found for the 0-4 and > 65 years age groups, at 186.8
per 100 000 person-years (95% Cl: 179.2-194.9 per 100 000) and
338.0 per 100 000 person-years (95% Cl: 323.9-352.0 per 100 000),
respectively. Approximately 51.2% of influenza-associated P&l hos-
pitalisations were from the elderly aged = 65. The all-age excess rate
was estimated to be 75.1 per 100 000 persons (95% Cl: 67.7-83.1
per 100 000) in 2017, considerably higher than the estimated rate
of 39.9 per 100 000 persons (95% Cl: 36.3-43.6 per 100 000) at the
beginning of the study period in 2010.

Approximately 16.3% (95% Cl: 15.6%-16.9%) of all P&l hospi-
talisations from 2010 to 2017 were estimated to be attributable to
influenza (Table 4). Greater excess proportions were estimated for
2010, 2012, 2014, 2016 and 2017, reflecting the higher influenza

positivity percentages. Excess proportions were notably elevated in
2016 and 2017, with estimated excess proportions of 18.0% for both
years (95% Cl: 16.0%-19.9% for 2016 and 16.3%-20.0% for 2017).
The proportion of P&l hospitalisations attributable to influenza was
found to be highest in the youngest age group of 0-4 years, with
an estimate of 24.1% (95% Cl: 23.1%-25.1%). In contrast, the lowest
estimated excess proportion, at 16.5% (95% Cl: 15.8%-17.2%), was
found in the elderly aged 2 65 years old. All five regression models
had moderate to high adjusted R-squared values (range: 0.66-0.88),
implying that the variation exhibited in the weekly P&l hospitalisa-
tion data had been adequately explained.

Influenza burden was found to be higher during the mid-
dle of the year. From 2010 to 2017, the mean weekly number of
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influenza-associated P&l hospitalisations for the period from weeks
14 to 39 was 55.6, compared to 48.3 for weeks 40 to 13 (P-value
from two sample t test = .006; Figure 2).

4 | DISCUSSION

16.3% of all P&l hospitalisations in Singapore from 2010 to 2017
were estimated to be attributed to influenza, corresponding to an
excess influenza-associated P&l hospitalisation rate of 50.1 per
100 000 person-years. These latest estimates are considerably
higher than our previous estimates of 11.2% and 29.6 per 100 000
person-years using data from 2010 to 2012, and are more reflective
of the higher P&l hospitalisations and influenza positivity percent-
ages in recent years. The use of the smoothing spline across the en-
tire time series had improved the model fit and could have explained
the difference in estimates from the previous study.

Higher influenza-associated P&l hospitalisation rates were esti-
mated for 2016 and 2017 years when the influenza A(H3N2) sub-
type was dominant. The estimated all-age excess rate of 75.1 per
100 000 persons in 2017 was almost twice the estimated rate in
2010. Age-standardised rates calculated using the estimated age-
specific rates also showed similar highs in 2016 and 2017 (result
not shown). The greater burden estimated for recent years was also
discussed in studies conducted by other countries. Neighbouring
Indonesia estimated a rate of 19 excess hospitalisations per 100 000
persons at three hospital sites for 2015/2016, higher than past years'
estimates.” In the United States, the Centers for Disease Control &
Prevention (CDC) estimated an influenza-associated hospitalisation
rate of 185.6 per 100 000 persons during the 2016/2017 season,
which was almost double the estimated rate of 95.9 per 100 000
in 2015/2016 but lower than the rate of 221.8 per 100 000 esti-
mated in 2014/2015.%° The higher influenza positivity percentages
in 2016 and 2017, together with the surge in observed P&l hospi-
talisation rates, would result in larger estimates for hospitalisations
attributable to influenza in Singapore in these two years. 2016 was
the first year since 2010 that our local influenza positivity data ex-
ceeded 50%, suggesting a resurgence in virus transmissibility since
the post-influenza A(H1N1) 2009 pandemic period.30 Theincreasein
observed P&l hospitalisations might be due to the varying composi-
tion of respiratory viruses circulating in the community, but it could
also be due to an increased susceptibility from an ageing population.

Apart from 2016 and 2017, the years 2010, 2012 and 2014 sim-
ilarly experienced larger influenza burden based on our all-age esti-
mates. These five years were characterised by relatively high influenza
positivity percentages (46.3% to 53.6%), with four of them (excluding
2010) having higher proportions of influenza B among influenza-pos-
itive specimens (32.7% to 47.9%) compared to other years. Yamagata
was the predominant influenza B lineage in 2014 and 2017, while 2012
and 2016 were observed to have co-circulating lineages with slightly
higher proportions of the Victoria Iineage.25 There is, however, in-
sufficient evidence to conclude that the influenza B virus was driving
influenza-associated hospitalisations in Singapore. One hypothesis is

WILEY--

that influenza B could have played an additive effect in the above-men-
tioned four years, contributing to the burden generated by influenza
A thus leading to greater overall morbidity burden. This could be seen
by the higher all-influenza positivity percentages compared to other
years. In other studies, it was commonly found that seasons dominated
by the influenza A(H3N2) subtype had typically been associated with
higher numbers of influenza-associated hospitalisations and mortal-
ity. 2183132 For 2010, the high estimated excess proportions might
have been an after-effect of the 2009 influenza A(HIN1) pandemic33
as the population then was probably still building its collective immu-
nity against the emerging influenza strain.

Our overall estimated excess P&l hospitalisation rate of 50.1
per 100 000 person-years was higher than the average seasonal ex-
cess P&l hospitalisation rate of 19.4 per 100 000 persons reported
by Portugal from 1998/1999 to 2014/2015, and the overall excess
severe acute respiratory infection (SARI) hospitalisation rate of 20.6
per 100 000 persons reported by Oman for 2012-2015.>7 It was also
higher than the annual excess SARI hospitalisation rate of 13-19 per
100 000 persons from 2013/14 to 2015/16 reported by Indonesia,
which has a similar tropical climate. Our estimate was however
lower than that of Chile (excess SARI hospitalisation rate of 71.5 per
100 000 person-years for 2012-2014), Hong Kong (excess P&I hospi-
talisation rate of 74.3 per 100 000 person-years for 1998-2013) and
the United States (average yearly hospitalisations of 133 per 100 000
persons for 2010/2011-2016/2017).4172° As discussed by Abdel-
Hady et al,” it is difficult to make like-for-like comparisons between
the countries' estimates due to different outcome variables used (ie
P&l vs SARI vs all-cause hospitalisations), unequal health-seeking be-
haviour (accessibility to healthcare at an acute hospital), non-identical
methodologies (multiplication method vs statistical regression mod-
els) and different study periods. It is notable that given the year-round
influenza activity in Singapore, our annual influenza positivity per-
centages were consistently more than 40% every year; this is more
than double that reported by Chile and Oman (averages of 8.8% and
17%, respectively), countries that experience distinct influenza sea-
sons in the winter.>® Hence, it could be possible that the burden im-
posed by influenza on countries with year-round influenza activity is
relatively greater in a calendar year, with all other things being equal.

We estimated higher overall influenza-associated P&l hospital-
isation rates for the young and elderly across the study period, result-
ing in the J-shaped curve seen in other studies.”*>!8 The higher rates
estimated for these two groups suggest that influenza vaccination
programmes should continue to be prioritised for the young aged
0-4 years and the elderly aged 65 years old and above. Vaccination
has been found to be one of the most effective ways to reduce in-
fluenza burden and also a cost-effective intervention strategy for
targeted age groups.®*3¢ Our findings show that influenza burden
was higher during the ‘mid-year’ period (Apr to Sep) compared to
the ‘end-to-start-of-year’ period (Oct to Mar). This corroborates the
findings of a previous study showing frequent epidemics and influ-
enza excess mortality during the ‘mid-year’ period across history.13
This shows that we may also have to vaccinate during the middle
of the year, in addition to the recommendation by a WHO study
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to vaccinate in October.®” Further studies should be conducted to
determine the optimal vaccination schedule in countries with year-
round influenza activity, especially when there is growing evidence
of waning vaccine effectiveness.%®

The estimated proportion of P&l hospitalisations attributable to
influenza was the highest for the youngest age group but, in con-
trast, was the lowest for the oldest age group. These results sug-
gested that while both the young and the elderly were more prone to

influenza-attributed hospitaIisations,w’“'39

older people were also
particularly at risk of developing severe symptoms, and requiring

hospitalisations, from other pathogens.

4.1 | Limitations and strengths

There were a few limitations to our study. Firstly, we used the all-age
influenza positivity variable in all models regardless of age group.
Influenza positivity percentages might vary among the different age
groups, but the age-specific weekly number of respiratory specimens
tested for influenza was too small for use in a time series model. This
was especially so for the 0-4 years age group as parents could be more
reluctant in giving consent for nasopharyngeal swabs to be taken.
Likewise, we also used RSV data from paediatrics data in our models
due to lack of such routine testing in adults. Secondly, other bacterial
and viral causes of pneumonia, such as rhinoviruses and streptococcus
pneumonia, were not specifically accounted for in our model. Instead,
we used a smoothing spline function to adjust for background varia-
tions. Lastly, our study was confined to P&l hospitalisations, which is
a subset of all-cause or respiratory hospitalisations. Hence, our esti-
mates might be an under-estimation of the true influenza burden.
The strengths of our study were Singapore's comprehensive data
collection system and that our observed P&l hospitalisation num-
bers accounted for all acute hospitals in Singapore. The respiratory
specimens tested for influenza were also collected from multiple
sites around the country. This means that our data were reflective of
the nation as a whole and population-based estimates were derived.

5 | CONCLUSION

The overall influenza-associated P&l hospitalisation rate in
Singapore for 2010-2017 was estimated to be 50.1 per 100 000
person-years, with higher rates seen in recent years. Higher excess
rates were observed in the very young aged 0-4 years and the el-
derly aged = 65 years, while the proportion of P&l hospitalisations
attributable to influenza was highest in those aged 0-4 years and the
lowest in the elderly aged = 65 years old. Further studies should be
conducted to estimate the influenza burden by each subtype.
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