
Journal of Infection 79 (2019) 373–382 

Contents lists available at ScienceDirect 

Journal of Infection 

journal homepage: www.elsevier.com/locate/jinf 

Comparative global epidemiology of influenza, respiratory syncytial 

and parainfluenza viruses, 2010–2015 

Tommy T Lam 

a , Julian W Tang 

b , ∗, Florence Y Lai c , Hassan Zaraket d , Ghassan Dbaibo 

d , 
Seweryn Bialasiewicz 

e , f , Sarah Tozer e , f , Jean-Michel Heraud 

g , Steven J Drews h , 
Todd Hachette 

i , Paul KS Chan 

j , Evelyn SC Koay 

k , Hong Kai Lee 

l , Kok Keng Tee 

m , Yang Liu 

a , 
Pieter LA Fraaij n , o , Lance Jennings p , Matti Waris q , r , Mel Krajden 

s , André Corriveau 

t , 
Hamid Jalal u , Hidekazu Nishimura 

v , Pagbajabyn Nymadawa 

w , Darmaa Badarch 

w , 
Aripuana Watanabe 

x , Alice Kabanda 

y , Theo Sloots e , f , Jen Kok 

z , aa , Dominic E Dwyer z , aa , 
Marion Koopmans o , on behalf of the INSPIRE (International Network for the Sequencing 

of Respiratory Viruses) 
a State Key Laboratory of Emerging Infectious Diseases, School of Public Health, The University of Hong Kong, Hong Kong SAR, China 
b Clinical Microbiology, University Hospitals Leicester, Level 5 Sandringham Building, Leicester Royal Infirmary, Infirmary Square, Leicester LE1 5WW, UK 
c Cardiovascular Biomedical Research Unit, University of Leicester, Leicester, UK 
d Faculty of Medicine, American University of Beirut, Beirut, Lebanon 
e Child Health Research Centre, The University of Queensland, Brisbane, Australia 
f Children’s Health Queensland, Brisbane, Australia 
g National Influenza Center, Virology Unit, Institut Pasteur de Madagascar, Antananarivo 101, Madagascar 
h Alberta Provincial Laboratory for Public Health, University of Alberta, Edmonton, AB, Canada 
i Department of Pathology, Dalhousie University, Halifax, NS, Canada 
j Department of Microbiology, The Chinese University of Hong Kong SAR, Hong Kong, China 
k Department of Pathology, Yong Loo Lin School of Medicine, National University of Singapore, Singapore 
l Molecular Diagnosis Centre, National University Hospital, Singapore 
m Faculty of Medicine, University of Malaya, Kuala Lumpur, Malaysia 
n Department of Pediatrics, Erasmus Medical Centre, Rotterdam, Netherlands 
o ViroScience, Erasmus Medical Centre, Rotterdam, Netherlands 
p Pathology Department, University of Otago, Christchurch, New Zealand 
q Institute of Biomedicine, University of Turku, Finland 
r Clinical Microbiology, Turku University Hospital, Turku, Finland 
s British Columbia Centre for Disease Prevention and Control, Vancouver, BC, Canada 
t Government of the Northwest Territories, Yellowknife, NT, Canada 
u Department of Pathology, Addenbrookes Hospital, Cambridge, UK 
v Virus Research Center, Sendai Medical Center, Sendai, Japan 
w Laboratory of Virology, National Center for Communicable Diseases, Ulaanbaatar, Mongolia 
x Department of Parasitology, Microbiology and Immunology, Federal University of Juiz de Fora, Juiz de Fora, Minas Gerais, Brazil 
y National Reference Laboratory, Kigali, Rwanda 
z NSWHP-ICPMR, Westmead Hospital, Sydney, Australia 
aa Pathology and Infectious Diseases, University of Sydney, Sydney, Australia 

a r t i c l e i n f o 

Article history: 

Accepted 12 July 2019 

Available online 16 July 2019 

s u m m a r y 

Objectives: To improve our understanding of the global epidemiology of common respiratory viruses by 

analysing their contemporaneous incidence at multiple sites. 

Methods: 2010–2015 incidence data for influenza A (IAV), influenza B (IBV), respiratory syncytial (RSV) 

and parainfluenza (PIV) virus infections were collected from 18 sites (14 countries), consisting of local 

( n = 6), regional ( n = 9) and national ( n = 3) laboratories using molecular diagnostic methods. Each site 

submitted monthly virus incidence data, together with details of their patient populations tested and 

diagnostic assays used. 
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Introduction 

Respiratory infections cause significant morbidity and mortal-

ity in both children and adults. 1–5 The healthcare impact from

community wide outbreaks with complications in risk groups add

up to the globally recognized high burden of disease, which has

formed the basis for the global influenza surveillance and preven-

tion program. 6,7 Therefore, there is a need to improve our under-

standing of the epidemiology and trends of common respiratory

virus infections to inform the timing and resourcing of various

interventions, as well as to prioritise research and development

funding for enhancing such measures. 

A global network of collaborators with shared clinical, pub-

lic health, and epidemiological research interests in respiratory

viruses was recently established – the I nternational N etwork for

the S equencing of Res pir atory Virus e s (INSPIRE). 8 This long-term

INSPIRE project aims to share viral incidence and other related

data, obtained through routine diagnostic testing, in a cross-

sectional, contemporaneous manner to reveal and compare real-

life (i.e. outside of prospective, planned studies) global trends

in viral epidemiology and feed into potential healthcare burden

estimates. 

Despite multiple single-site or national surveillance data for in-

fluenza and/or RSV being available either via publication or on-

line, e.g. from Argentina, 9 Brazil, 10 Canada, 11 UK, 12 The Nether-

lands, 13 Finland, 14 Bulgaria, 15 Russia, 16 South Africa, 17 Rwanda, 18 

Madagascar, 19 Cambodia, 20 Thailand, 21 Malaysia, 22 Singapore, 23 

The Philippines, 24 Indonesia, 25 Hong Kong, 26 Mongolia, 27 Japan, 28 

Australia, 29 and New Zealand, 30 there are still relatively few

global-scale studies that compare the contemporaneous (i.e. over

the same time period) incidence patterns of common respiratory

viruses across different countries – and nearly all of these used

mostly publicly available surveillance data extracted from national

surveillance websites, or published studies. 31–35 

However, it is clear from the literature that international collab-

orations are increasing, in an effort to pool and compare such con-

temporaneous epidemiological data, to improve our understanding

of how these respiratory viruses are behaving – not just within our

local or national populations, but simultaneously across the world.

Although national surveillance data are invaluable to reveal how

these viruses are behaving and moving through populations, and

also capture the incidence of viral infections in the community to

some extent, the bulk of that population’s healthcare burden may

be more accurately represented by the routine diagnostic testing

data obtained from patients who were sufficiently ill to be admit-

ted to hospital. 

To explore this further, we report on the compilation and anal-

ysis of mostly routinely collected, diagnostic data for influenza A

(IAV), influenza B (IBV), respiratory syncytial (RSV) and parain-

fluenza (PIV) virus, to provide a contemporaneous, cross-sectional

comparison of the epidemiology and seasonal trends of these com-

mon respiratory viruses from 18 sites (14 countries). 
sphere temperate countries, the IAV, IBV and RSV incidence peaks were 2–

se in the Southern Hemisphere, with IAV having a sharp out-of-phase dif-

V and RSV showed more variable out-of-phase differences of 2–6 months.

 Kuala Lumpur showed fluctuating incidence of these viruses throughout

ites such as Hong Kong, Brisbane and Sydney showed distinctive biannual

nd PIV. 

ble pattern of synchrony of IAV, IBV and RSV incidence peaks globally,

ltiple sampling sites (Canada, UK, Australia), despite significant distances

ritish Infection Association. Published by Elsevier Ltd. All rights reserved.

ethods 

NSPIRE ( I nternational N etwork for the S equencing of Res pir atory 

irus e s) network 

The INSPIRE network was primarily achieved through personal

ontacts with known collaborators with a common interest in res-

iratory viruses, who then disseminated invitations to other col-

aborators. This was done mostly by email, but also face-to-face at

onferences where potential collaborators were attending, and is

urrently facilitated by the network website ( www.global-inspire.

rg ). 

Network construction was partially aided by most collaborators

ho already had an interest in influenza, particularly laboratories

n existing influenza surveillance networks, with the U.S. Centers

or Disease Control and Prevention (CDC) and/or the World Health

rganization (WHO). 

pidemiological data 

Each INSPIRE network site submitted monthly incidence num-

ers (i.e. laboratory-confirmed positives and the number of sam-

les tested) for IAV, IBV, RSV and PIV types 1–4 viruses, for the pe-

iod 2010–2015 (6 years, inclusive). In addition, each site provided

nformation on their patient population tested with their diagnos-

ic assays used, as well as any relevant clinical testing protocols

 Table 1 ). 

The incidence data were plotted as a heat map to aid the vi-

ualisation of any seasonal trends for each virus, across all sites,

uring 2010–2015. By combining and stratifying plots of the data

n various ways, e.g. by individual viruses, Northern vs. Southern

emisphere, temperate vs. tropical regions, various trends in this

lobal data were explored. 

eriodicity and peak analysis 

The seasonality of IAV, IBV, RSV and mainly PIV3 (due to low

ncidence and/or limited capability to screen for other PIV types)

as examined for the periodicity and annual timing of their inci-

ence peaks. A continuous wavelet transform was applied to the

ncidence time series, as has been previously used for various in-

ectious disease studies. 10,36 This wavelet method decomposes the

nderlying time series process to the wavelet form that is a func-

ion of frequency. 

The wavelet transform was conducted using package Wavelet-

omp in R program, 37 and the Morlet wavelet was adopted as pre-

iously described. 38 To account for the truncated effect on the be-

inning and end of the time series, we shaded the area in the plot

hen such effect occurs. Observations are log-transformed and

ormalized (by subtracting the mean then dividing by the standard

rror for each log-transformed time series) to reduce skewing. 

http://www.global-inspire.org
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Table 1 

Contributing collaborating sites, with details of their routine diagnostic assays and patient populations. 

Geographical site Diagnostic assay 

used 

Respiratory virus targets 

(denominator population) 

Years covered by data 

(only 2011–2015 data 

sets presented) 

Catchment population 

(estimate) 

Patient age groups 

(i.e. adult or 

children, or both) 

Testing criteria (i.e. 

only when 

symptomatic + / −
surveillance) 

Patient origin (i.e. 

inpatient or 

outpatient, or both) 

North America 

Vancouver, Canada 

(regional) 

In-house, Luminex 

xTAG 

IAV, IBV, RSV, PIV1-4, HRV/EV, 

HAdV, HCoV, HMPV, and 

HBoV ( n = 45,598) 

2011–01 to 2015–12; 

RSV, PIV 

Vancouver and 

surrounding BC 

∼ 4.6 million 

Mostly adults Yes Mainly in-patients, 

outbreaks and 

occasional 

outpatients 

Edmonton, Canada 

(regional) 

In-house, Luminex 

xTAG 

IAV, IBV, RSV, PIV1-4, HRV/EV, 

HAdV, HCoV, HMPV, and 

HBoV ( n = 117,206) 

2010–01 to 2015–12 Edmonton and 

Northern Alberta 

∼ 2 million 

Adults and 

children 

Yes Mostly inpatients 

Halifax, Canada 

(regional) 

Seeplex RV15 IAV, IBV, RSV, PIV1-4, HRV/EV, 

HAdV, HCoV, HMPV, and 

HBoV ( n = 12,133) 

2010–01 to 2015–12 Halifax, Nova Scotia 

∼ 930,000 

Mainly adults but 

some children 

Yes Mainly in patient and 

outbreak related 

specimens. Very few 

out patients were 

tested 

Europe 

Leicester, UK (regional) In-house ( + PHE 

assay) 

IAV, IBV, RSV, PIV 1–4 

( n = 13,673) 

2010–01 to 2015–09 Leicester and 

surroundings, UK 

∼ 330,000 

Adults and 

children 

Yes Mostly inpatients 

Cambridge, UK 

(regional) 

In-house validated 

single-/multiplex 

PCR assays 

IAV, IBV, RSV, PIV 1–4 

( n = 36,228) 

2010–01 to 2015–12 Cambridge and 

surroundings 

∼ 200,000 

Adults and 

children 

Yes Mostly inpatients 

Turku, Finland 

(regional) 

Seeplex RV12 

(2010–2012; 

Anyplex RV16 

(2013–2015) 

IAV, IBV, RSV A and B, PIV1-3, 

PIV4 (2013–2015), RV, HCoV 

(OC43, 229E, NL63), HMPV, 

HAdV, HBoV (2013–2015), 

EV (2013–2015) 

2010–01 to 2015–12 Turku and Southwest 

Finland ∼ 450,000 

Adults and 

children 

Yes Mainly in-patients –

few outpatients 

Rotterdam, The 

Netherlands (local) 

In-house validated 

single-/multiplex 

PCR assays 

IAV, IBV, RSV, PIV1-4, HMPV, 

HCoV (excl. HKU1), HRV, 

HBoV HAdV ( n = 8424) 

2010–01 to 2015–10 Rotterdam, 

Netherlands 

∼ 600,000 

Adults and 

children 

Mostly, though 

occasionally for 

outbreaks also 

Mixture of in- and 

out-patients 

Africa 

Rwanda (national) Fast Track FTD21 IAV, IBV, RSV, PIV1-4, HAdV, 

HMPV, HRV, HCoV, HBoV, 

EV, HPEV ( n = 1397) 

2012–02 to 2013–09 Rwanda ∼ 11 million Adults and 

children 

Yes Mainly in-patients –

any outpatients –

pending 

Madagascar (national) Fast Track FTD21 IAV, IBV, RSV, PIV1-4, HAdV, 

HMPV, HRV, HCoV, HBoV, 

EV, HPEV ( n = 6483) 

2011–01 to 2015–12 Madagascar (mostly 

Antananarivo 

∼ 700,000) 

Adults and 

children 

Yes Mainly outpatients 

Middle East 

Lebanon (local) PCR and DFA IAV, IBV, RSV ( n = 473) 2013–07 to 2015–12 Beirut ∼ 1.4 million Mostly children, 

some adults 

Yes Mainly outpatients 

( continued on next page ) 
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Table 1 ( continued ) 

Geographical site Diagnostic assay 

used 

Respiratory virus targets 

(denominator population) 

Years covered by data 

(only 2011–2015 data 

sets presented) 

Catchment population 

(estimate) 

Patient age groups 

(i.e. adult or 

children, or both) 

Testing criteria (i.e. 

only when 

symptomatic + / −
surveillance) 

Patient origin (i.e. 

inpatient or 

outpatient, or both) 

East/ Southeast Asia 

Mongolia (national) WHO influenza 

and Fast Track 

FTD21 

IAV, IBV, RSV, PIV1-4, HAdV, 

HMPV, HRV, HCoV, HBoV, 

EV, HPEV ( n = 20,420) 

2010–11 to 2015–12, 

without 2015–02 

Mongolia ∼ 3 million Adults and 

children 

Yes Combined in- 

patients/out-patients 

Singapore (local) In-house, Luminex 

NxTAG 

IAV, IBV, RSV, PIV1-4, HAdV, 

HMPV, HRV/EV, HCoV, HBoV 

( n = 1787) 

2012–04 to 2015–12; 

without 2012–10 

Singapore (National 

University Hospital) 

∼ 1.5 million 

Adults and 

children 

Yes Mainly in-patients 

Kuala Lumpur, 

Malaysia (local) 

Luminex xTAG IAV, IBV, RSV, PIV1-4, HRV/EV, 

HAdV, HCoV, HMPV, and 

HBoV ( n = 3935) 

2012–02 to 2014–05 Kuala Lumpur ∼ 7 

million 

Mainly adults, 

some children 

Yes Outpatients 

Hong Kong, China 

(local) 

IFA IAV, IBV, RSV, PIV1-3, HAdV 

( n = 69,161) 

2010–01 to 2015–12 Shatin district ∼ 0.6 

million 

Adults and 

children 

Yes Mainly in-patients 

Sendai, Japan (local) viral culture + IFA IAV, IBV, RSV, PIV1-3, HAdV 

( n = 7896) 

2011–01 to 2015–10 Sendai ∼ 1.3 million Mostly children, 

but mixed with 

adults 

Yes Mostly out-patients, 

but mixed with 

in-patients 

Australasia 

Brisbane, Australia 

(regional) 

In-house validated 

single-/multiplex 

PCR assays 

IAV, IBV, RSV, PIV1-3, HAdV, 

HMPV ( n = 160,601) 

2011–01 to 2015–12 Queensland ∼ 4.7 

million 

Adults and 

children 

Yes Mainly in-patients, 

outpatients – some 

ED also 

Sydney, Australia 

(regional) 

In-house validated 

single-/multiplex 

PCR assays 

IAV, IBV, RSV, HRV, EV, PIV1-3, 

HAdV, HMPV ( n = 482,877) 

2010–01 to 2015–12 New South Wales 

∼ 7.7 million 

Adults and 

children 

Yes Combined in- 

patients/out-patients 

Christchurch, New 

Zealand (NZ) 

(regional) 

Fast Track FTD 21 IAV, IBV, RSV, PIV1-4, HAdV, 

HMPV, HRV, HCoV, HBoV, 

EV, HPEV ( n = 22,871) 

2010–01 to 2015–12 Christchurch (1 acute 

admitting hospital) 

∼ 49,500 

Adults and 

children 

Diagnostic or 

surveillance, all 

symptomatic. 

Mainly in-patients –

also outpatients and 

community 

surveillance activity 

Abbreviations: PCR – polymerase chain reaction; IFA – immunofluorescence (antigen) assay; NRL – National Reference Laboratory; NUH – National University Hospital (Singapore); PWH/CUHK/NT – Prince of Wales Hospital/The 

Chinese University of Hong Kong/ New Territories; IAV – influenza A virus; IBV – influenza B virus; RSV – respiratory syncytial virus; PIV1-4 – parainfluenza viruses types 1–4; HAdV – human adenovirus; HMPV – human 

metapneumovirus; HRV – human rhinovirus; HCoV – human coronavirus; HBoV – human bocavirus; EV – enterovirus; HPEV – human parechovirus; HRV/EV – indicates that the assay cannot distinguish between human 

rhinovirus and enterovirus. 
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Since the onset or transmission of an infectious disease is tem-

orally auto-correlated, the analysis of available incidence data

ay lead to a high auto-correlative power that may be inferred

nstead of the actual periodicity. 

We assessed the significance by comparing the wavelet power

f the disease incidence time series with the mean power spec-

rum of the random series simulated from the autoregression

R(1) process which shares the same autocorrelation. 

We first calculated the wavelet power for an observed time se-

ies (e.g. X), then we simulated random series from the AR(1) pro-

ess that share the same auto-correlation with X. The power of X is

hen compared with the power of these random series (the power

f these random series form the “mean power spectrum”) to assess

he significance by using the pre-defined function in WaveletComp

n R. 

Here, we define a significant biannual seasonality if a signifi-

antly high power signal occurs every six months, or when any

wo frequencies adding up to 12 months shows a significantly high

ower signal. Annual seasonality is therefore defined if there is a

ignificantly higher power signal only every 12 months. The results

re given in Figure S1. 

For those localities showing significant biannual and annual

easonality, the timing of their disease peaks was investigated by

he gravity method. Briefly, the centre of gravity (i.e. mean month)

f the monthly distribution of incidence was computed by the cir-

ular statistics in the R package “circular”. Finally, 10 0 0 bootstrap

amples were conducted to obtain the 95% confidence interval (CI)

f the centre of gravity. 10,39 

esults 

iral incidence data 

Eighteen sites representing 14 countries provided epidemiolog-

cal data for influenza, RSV and parainfluenza viruses. Sites were a

ixture of local ( n = 6), regional ( n = 9) or national centres ( n = 3)

ith advanced (molecular) diagnostic capacity. Many of these col-

aborating laboratories were already routinely testing for respira-

ory viruses as part of their diagnostic service at local hospital

r national reference laboratory level ( Table 1 ). Each site provided

onthly incidence data (expressed as a percentage, i.e. the num-

er of positives divided by the total number of patients tested) for

AV, IBV, RSV, and PIV covering 2010–2015 ( Fig. 1 ) . 

The average combined incidences of the four viruses (IAV, IBV,

SV and PIV) ranged from 13% to 39% across the 18 study sites,

ithout significant difference (Wilcoxon signed rank test, p = 0.41)

etween the temperate and subtropical/tropical regions. IAV and

SV were the predominant viruses causing the infections, followed

y PIV and IBV ( Fig. 1 right column; and Fig. 2 , showing the rel-

tive incidences of the four viruses stratified at each location). It

as also noted that PIV incidences were higher ( p < 0.05) at the

SV-predominated sites than those at the IAV-predominated sites. 

Distinctive peaks in the autumn/winter months were readily

bserved for IAV, IBV and RSV on the global plots. These were

ore pronounced in the individual Northern Hemisphere temper-

te sites than those in the Southern Hemisphere temperate sites,

hough there was less data available overall from the Southern

emispheric locations (only three sites). The seasonality of the in-

ividual PIV subtypes (1–4) varied within each site’s population,

hough the PIV3 often showed a more distinct seasonality than

he other PIV subtypes at most Northern and Southern hemisphere

ites. Tropical Singapore and subtropical Hong Kong showed a typi-

ally fluctuating incidence of all these viruses throughout the year,

hough the peaks in the Hong Kong data were slightly more dis-

inctive for IAV. 
Relatively few laboratories submitted influenza A/H1 and A/H3

ubtyping data. When combined as influenza A, the Northern and

outhern incidence peaks are approximately 6 months apart in

anuary and July, respectively. Though less clear-cut, the influenza

 peaks show a similar pattern. 

easonality patterns 

The heat map in Fig. 1 revealed that most temperate countries

ave annual patterns, whereas the sub-tropical and tropical regions

ad more year-round activity with some seasonal peaks, though

hese are not necessarily consistent, year-to-year. The most clearly

efined seasonality can be seen for IAV and RSV, followed by IBV

nd PIV3. Wavelet and gravity analyses were used to detect the

ignificant seasonality and estimate the peak time of annual and

iannual seasonality, respectively (Figure S1, Fig. 3 ). 

Most northern and southern temperate sites showed signifi-

ant single annual seasonality for IAV ( n = 11/11), followed by RSV

 n = 10/11), IBV ( n = 9/11) and PIV3 ( n = 7/9) (Figure S1). Among

ost of these sites with seasonality, IAV, IBV and RSV peaked dur-

ng December to March (northern temperate) and June to August

southern temperate), with the exception that the RSV in Sendai

Japan) peaked in September (CI: August to November), which was

pparently later than the RSV peaking in other sites in the year

 Fig. 3 ). PIV3 peaked during April to June (northern temperate) and

eptember (southern temperate). 

The four topical sites (Kuala Lumpur, Singapore, Rwanda and

adagascar) did not show significant annual and biannual sea-

onality for the four viruses, except that Madagascar showed an

nnual peak estimate in March with a wide confidence interval

November to July) ( Fig. 3 ). 

All three subtropical sites (Hong Kong, Brisbane and Sydney)

howed significant seasonality, and particularly with biannual IAV

eaks in January and July, respectively ( Fig. 3 ). Notably, Hong Kong

lso showed biannual PIV3 peaks in May (CI: April to June) and

ovember (CI: October to December). Other seasonality observa-

ions were of single annual cycles, including RSV’s, that tended to

eak between the biannual IAV peaks (i.e. April to May). 

ynchrony of epidemics over geographic space 

Next, we studied the level of synchrony of occurrence for the

our viruses (defined as the degree to which the timing of the

eak incidence of each of these viruses, coincide across the dif-

erent populations and countries). This showed that in temperate

egions IAV, IBV and RSV seasonal peaks were most synchronized,

n which most of their peaks occurred in the same or next month

f the others; whereas in the three subtropical cities (Hong Kong,

risbane and Sydney), the RSV seasonal peaks were separated from

he IAV peaks for two or more months ( Fig. 3 ). It is also noted that

BV peaks mostly followed the IAV winter peaks in both the tem-

erate and subtropical cities, and did not appear in the summer

pidemic time in the subtropics. 

Another aspect of synchrony can be seen in the data from three

ountries (Canada, UK and Australia) which had more than one

ntra-country sampling point populations, and from two countries

Singapore and Kuala Lumpur, Malaysia) which were sufficiently

lose, geographically, to compare virus seasonality. Plotting these

ata reveals that the incidence peaks of these respiratory viruses

rom each of the intra-country sampling sites for Canada, UK and

ustralia are virtually coincident, regardless of the inter-city dis-

ances between the individual cities ( Fig. 4 ). However, it can be

een that the trends for Singapore and Kuala Lumpur, two sites

ith no obvious seasonality, were surprisingly quite different, de-

pite their geographical proximity (less than 300 km apart). This

nding will require further investigation in future studies. 
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Fig. 1. The incidence of the four respiratory viruses in the eighteen surveillance sites. Panels (A)–(D) show the monthly incidence of (A) influenza A virus, (B) influenza B 

virus, (C) respiratory syncytial virus, and (D) parainfluenza viruses from January 2010 to December 2015. The left-hand column displays the order of the geographical origin 

of the data for each of the four heat maps in the central column. The final right-hand column indicates the individual viruses for which the monthly incidence is displayed 

at each of these geographical sites. The maximum value of the colour scale is set to the highest incidence value (against which the other data for that site is normalised) at 

each surveillance site after excluding any outliers. The grey boxes indicate that no data was available from that site during that period. Some sites were only able to provide 

data for only some of these viruses for a limited period (usually within the period of a specifically funded study). 

Fig. 2. A comparison of the overall incidence of the four respiratory RNA viruses in the tested samples. IAV – influenza A virus, IBV – influenza B virus, RSV – respiratory 

syncytial virus, PIV parainfluenza virus. Site abbreviations: NZ – New Zealand, UK – United Kingdom, KL – Kuala Lumpur. The white/grey squares indicate whether the 

samples are mostly children (white) or adult (grey) patients, or both. 
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Fig. 3. Month of peak incidence for the four RNA respiratory viruses. IAV – influenza A virus, IBV – influenza B virus, RSV – respiratory syncytial virus, PIV3 - parainfluenza 

type 3 virus. Peak incidence months showing significant annual and biannual seasonality (determined by wavelet analysis) were estimated via a circular statistics method. 

Study sites are ordered by their latitudes. ∗no PIV3-specific data. ∗∗only IAV and IBV data available. 
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iscussion 

The establishment of the INSPIRE global network has allowed

he pooling of basic incidence data for respiratory viruses from

outine patient testing. This cross-sectional data from 18 sites glob-

lly from 2010–2015 has given some useful quantitative data on

he contemporaneous pattern of the incidence. 

Currently, although the full INSPIRE network does include mul-

iple members in Africa and those with collaborators in South

merica, 8 this current study does lack large data sets from these

ontinents. This is mainly due to a lack of funding for rou-

ine screening for non-influenza respiratory viruses. Conversely,

ome countries (Canada, UK, Australia) may appear to be over-

epresented where there are multiple sampling sites within that
ountry. However, two of these countries cover large geographi-

al areas (Canada, Australia), and the availability of multiple intra-

ountry sampling sites has revealed other aspects about the sea-

onality of these common respiratory viruses. 

It is clear that our approach, using mostly routine diagnostic

est data, has some disadvantages, as it is not based on systematic

entinel surveillance, unlike the routine influenza surveillance in

any countries. However, our findings, based mostly on routinely

ollected diagnostic data for influenza and RSV, are similar to those

eported by other global studies using mainly national surveillance

ata, 31–34 i.e. that there are annual seasonal peaks of influenza and

SV in the colder months in the Northern and Southern hemi-

pheres, with more year-round activity in the subtropical/tropical

egions. The influenza and RSV seasons generally last 3–4 months,
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Fig. 4. Patterns of viral incidence between geographically closely related cities within the same counties. Note that the incidence peaks for influenza A (IAV), influenza 

B (IBV), respiratory syncytial virus (RSV) and (where available) parainfluenza virus 3 (PIV3) are more or less coincident for Leicester-Cambridge, Brisbane-Sydney, and 

Vancouver-Edmonton-Halifax, despite the variable and large distances between these cities within the same country. The coincidence is less obvious when all subtypes 

of PIV are grouped and compared. In contrast, note that there is much less synchrony between the incidence peaks of these viruses in the Singaporean and Malaysian 

populations. ∗ Sydney and Edmonton do not have PIV3 specific data. 
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with both viruses showing some year-to-year variation in the tim-

ing of their peak incidence ( Fig. 1 ). 

We do recognize that patterns of incidence are potentially im-

pacted by the population and age groups targeted. Nevertheless,

despite the variation in the clinical testing and laboratory assay

protocols, the high level of comparability of incidence data from

our INSPIRE sites to established, publicly available respiratory virus

surveillance sites, such as WHO’s FluNet, 40 confirms the utility of

this diagnostic data for revealing important epidemiological pat-

terns in these common respiratory viruses (Figure S2). 

From our epidemiologic data, several interesting findings have

emerged. The first of these is a notable pattern of synchrony of the

peaks of IAV, IBV and RSV across global sites with distinct and dis-

cernible patterns of seasonality. Whilst the recurring, predictable

seasonality of IAV, IBV and RSV has been reported by single cen-

tre or country, or even several countries, this study has shown that

this phenomenon appears to be occurring simultaneously in multi-

ple countries sharing the same Northern or Southern hemisphere,

which cannot be demonstrated with a series of individual, single-

site studies, or multiple-site studies confined to the Northern or

Southern hemisphere alone. 
Secondly, it can be seen that more than one-third (7/18 of the

ampling sites) showed RSV to have the highest incidence among

he four viruses, demonstrating it as a major global health burden.

his is well recognised in hospitalised paediatric patient popula-

ions, 2 where it is the commonest cause of bronchiolitis. It has also

een shown that RSV is also an important cause of hospitaliza-

ion and death in some adults. 41 This further supports the WHO’s

ecent BraVe initiative in tackling some of the non-influenza res-

iratory viruses (NIRVs). 7 Whilst we acknowledge that the nature

nd pattern of this data will be affected by the specific popula-

ions fitting the individual testing criteria at each contributing site,

he widely recognised universality of RSV as a major cause of pe-

iatric morbidity makes such testing criteria likely similar at each

ite, such that the patterns of RSV incidence obtained from these

NSPIRE network laboratories are very likely globally generalizable

nd real. 

In addition, in this data set, PIV, a related paramyxovirus, ap-

ears to be associated with this high RSV incidence, more strongly

han with IAV ( Fig. 2 ), which might be explained by the tendency

f RSV and PIV to infect younger patients, compared to IAV, 42 par-

icularly where childhood influenza vaccination programs are in
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lace. 43 However, due to the unavailability of patient age data in

ost of the datasets from each site, further studies will explore

his link in greater detail. 

Thirdly, there is a well-defined synchrony for IAV, IBV and

SV incidences across the countries within the INSPIRE network,

s well as from multiple intra-country sites where such data is

vailable (Canada, UK, Australia) ( Fig. 4 ). In contrast, the marked

ifference between the virus incidence data between populations

f Singapore and Kuala Lumpur is conspicuous, despite them being

elatively close geographically. The reasons for this unexpected

nding are unclear and require further investigation. This will help

s to understand further the factors contributing to seasonality of

hese respiratory viruses in tropical regions. 

Although some of this incidence data may have been submit-

ed to other publicly available website (such as WHO’s FluNet), this

tudy utilises the raw data available from the participating labora-

ories, rather than extracting the data from published articles. The

bility to communicate directly with the laboratories within the

etwork offers many additional benefits, including the availability

f additional metadata to enhance the analysis and the interpreta-

ion of any results obtained. 

onclusions 

The main differences between this study and previously pub-

ished, mostly single-site studies, is that it allows a direct con-

emporaneous comparison of the incidence of the same viruses

cross the globe, which enables the detection of unusual trends

n seasonality that may need further investigation – such as the

ntra-country synchrony of incidence seen in Canada and Australia,

nd the contrasting seasonality between the geographically much

loser neighbouring cities of Kuala Lumpur and Singapore. 

Therefore, we propose that a regular timely update of such

lobal, contemporaneous, incidence data, from surveillance or di-

gnostic data sources, will be a valuable indicator of changes in the

verall global respiratory virus epidemiology. This is not otherwise

ossible with single-site studies or more limited international data

ets. Such incidence data can be used to estimate and compare the

otential local healthcare burden across each of these sites. 
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