
Testing patterns for respiratory viruses  1 
 

Title 1 

Using record linkage to examine testing patterns for respiratory viruses among children born 2 

in Western Australia 3 

 4 

Authors 5 

F. J. LIM1, C. C. BLYTH1,2,3,4, A. D. KEIL4, N. DE KLERK1, H. C. MOORE1 6 

 7 

Author affiliations 8 

1 Wesfarmers Centre of Vaccines and Infectious Diseases, Telethon Kids Institute, The 9 

University of Western Australia, PO Box 855, West Perth, Western Australia, 6872 Australia 10 

2 School of Paediatrics and Child Health, The University of Western Australia, GPO Box D184, 11 

Perth, Western Australia, 6840 Australia 12 

3 Department of Infectious Diseases, Princess Margaret Hospital for Children, GPO Box 13 

D184, Perth, Western Australia, 6840 Australia 14 

4 PathWest Laboratory Medicine WA, Princess Margaret Hospital for Children, GPO Box 15 

D184, Perth, Western Australia, 6840 Australia 16 

 17 

Disclaimers 18 

None to declare.  19 

 20 

Corresponding author 21 

Faye Janice Lim 22 

Mailing address: PO Box 855, West Perth, Western Australia, 6872 Australia 23 

Email: Janice.Lim@telethonkids.org.au 24 

mailto:Janice.Lim@telethonkids.org.au


Testing patterns for respiratory viruses  2 
 

 25 

Running head 26 

Testing patterns for respiratory viruses 27 

 28 

Word count 29 

Approx. 3300 words 30 

 31 

Author contributions 32 

HCM, CCB and FJL conceptualised the study. CCB provided clinical expertise, CCB and ADK 33 

provided background information on PathWest and virology, while HCM and NdK provided 34 

statistical and record linkage expertise. FJL performed the analyses for this study under 35 

supervision of HCM, CCB and NdK. FJL wrote the first draft of this manuscript. All authors 36 

have critically reviewed the manuscript and approve of the final version as submitted. 37 

  38 



Testing patterns for respiratory viruses  3 
 

Summary 39 

Changes in respiratory pathogen testing can affect disease burden estimates. Using linked 40 

data, we describe changes in respiratory virus testing among children born in Western 41 

Australia (WA) in 1996-2012. We extracted data on respiratory specimens from these 42 

children from birth to age nine years. We estimated testing rates by age, year, Aboriginal 43 

status and geographical location. Predictors of testing among children hospitalized at least 44 

once before their tenth birthday were identified using logistic regression. We compared 45 

detection methods for respiratory viruses from nasal/nasopharyngeal (NP) specimens by 46 

age and year. Of 83,199 virology testing records in 2000-2012, 80% were nasal/NP 47 

specimens. Infants aged less than one month had the highest testing rates. Testing rates in 48 

all children increased over the study period with considerable yearly fluctuations. Among 49 

hospitalized children, premature children <32 weeks gestation had over three times the 50 

odds of being tested (95%CI=3.47-4.13) than those born at term. Testing using molecular 51 

methods increased from 5% to 87% over the study period. Proportion of positive samples 52 

increased from 36.3% to 44.4% (p<0.01); this change was greatest in children aged two to 53 

nine years. These findings will assist in interpreting results from future epidemiology studies 54 

assessing the pathogen-specific burden of disease. 55 

 56 

Key results 57 

 Viral testing rates increased during the period 2000-2012 with large yearly 58 

fluctuations  59 

 Nasal/nasopharyngeal specimens undergoing molecular testing increased from 5% 60 

to 87% 61 

 Testing rates varied significantly by population group and by risk factors  62 

 Prematurity was the strongest demographic predictor of respiratory virus testing 63 
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1 Introduction 64 

Globally, acute lower respiratory infections (ALRI) cause significant childhood morbidity [1]. 65 

ALRI are associated with numerous bacterial and viral pathogens including Streptococcus 66 

pneumoniae, influenza and respiratory syncytial virus (RSV). A shift towards testing using 67 

molecular methods including polymerase chain reaction (PCR) to detect respiratory viruses 68 

has occurred due to its improved sensitivity and specificity over traditional methods [2,3]. 69 

This shift may have resulted in artificial increases in estimates of disease incidence and 70 

prevalence over time [4]. A detailed understanding of changes in testing for respiratory 71 

pathogens is needed when interpreting longitudinal data on the burden of ALRI, particularly 72 

in children severe enough to warrant admission to hospital. 73 

 74 

Western Australia (WA) is in a unique position to describe changes in pathogen testing using 75 

linked data via a state-wide record linkage system [5]. Record linkage is a method of 76 

connecting data from multiple sources relating to the same person, time or place [5]. 77 

Datasets available for linkage in WA include administrative registries managed by the state, 78 

geocoding information and selected datasets managed by other organisations such as Silver 79 

Chain Nursing and St John Ambulance [6]. We have previously demonstrated the feasibility 80 

and validity of using linked data obtained via this system to combine and analyse laboratory 81 

data alongside clinical data on respiratory infections [7,8]. 82 

 83 

Within Australia’s publicly funded healthcare system, PathWest Laboratory Medicine WA 84 

(PathWest) provides reference pathology services to the single tertiary paediatric hospital 85 

and all but three of the other hospitals in WA that admit children [9]. In addition, most 86 

virology testing is referred from private laboratories to PathWest. Therefore, testing 87 
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changes observed from PathWest virology data are indicative of overall changes in hospital-88 

based testing practices throughout the state.   89 

 90 

As a precursor to future work investigating the pathogen-specific burden of ALRI, we sought 91 

to describe the changes over time in the frequency of and detection methods for (primarily 92 

hospital-based) respiratory virus testing in a cohort of WA-born children aged less than ten 93 

years at the time of testing. We also aimed to identify demographic factors present at birth 94 

that are associated with increased likelihood of testing among a subset of these children 95 

who were hospitalised. 96 

 97 

2 Methods 98 

WA covers a geographical area of two and a half million square kilometres with a population 99 

of over two and a half million people, of whom an estimated 4% identify as Aboriginal or 100 

Torres Strait Islander (hereafter referred to as Aboriginal) [10]. Data used for this study were 101 

part of a record linkage study established to investigate the pathogen-specific burden of 102 

ALRI in children born in WA between 1996 and 2012. The birth cohort was identified using 103 

data extracted from the Midwives Notifications System, Birth Registrations and Death 104 

Registrations provided via the WA Data Linkage Branch. 105 

 106 

As Australia does not have a unique identifier for each person, probabilistic matching of 107 

identifiers from each dataset (e.g. name, address and date of birth) was used by the WA 108 

Data Linkage Branch to identify the same person across multiple datasets. These links are 109 

manually reviewed if the identifiers differ between datasets, with an estimated false 110 

negative rate of 2-3% for most routine linkages [11]. 111 
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 112 

Data pertaining to in-patient hospitalisations from children in the cohort were derived from 113 

the Hospital Morbidity Data Collection. Only hospital stays that included both an admission 114 

and separation during the study period (1996-2012) were included in these analyses and are 115 

henceforth referred to as hospital admissions. Records from PathWest concerning routine 116 

respiratory specimens collected from children in the birth cohort were then extracted and 117 

analysed. Approximately 95% of PathWest records extracted for the study were successfully 118 

linked to children in the birth cohort. 119 

 120 

2.1 Demographic data 121 

Aboriginal children were identified using a derived flag for Aboriginal status provided by the 122 

WA Data Linkage Branch [12]. Non-Aboriginal children were further classified as Caucasian 123 

or other, based on the ethnicity of their mother. Residential postcode of the mother at the 124 

time of her child’s birth was used to allocate children to metropolitan, rural or remote 125 

regions. Children born between December and February were classified as born in summer, 126 

between March and May as autumn, between June and August as winter and between 127 

September and November as spring.  128 

 129 

Gestational age was calculated using Midwives Notifications System data based on a 130 

combination of variables [13]. This was grouped into very preterm (<32 weeks), preterm 131 

(32-36 weeks) and term (>36 weeks). Data on maternal smoking during pregnancy, mode of 132 

delivery and special care at birth were sourced from the Midwives Notifications System. 133 
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Mode of delivery was coded as per a prior study [14]. A child was considered to have 134 

required special care if they spent at least one day in a level two or three neonatal nursery. 135 

 136 

We used the Socio-Economic Indexes for Areas (SEIFA) [15] scores to measure 137 

socioeconomic status. SEIFA scores were calculated at the collection district level based on 138 

the boundaries used on the child’s year of birth. Each collection district comprises of 139 

approximately 250 households in an urban area and is the smallest area from which SEIFA 140 

scores may be calculated [15]. Of the four slightly differing SEIFA scores available we chose 141 

to use the Index of Relative Socio-Economic Advantage and Disadvantage, which is derived 142 

from education, occupation, income, housing, disability and family measures collected from 143 

the Census of Population and Housing [15]. Age of the child was recorded at the time of 144 

specimen collection and specimens collected at 10 years old or older were ignored as there 145 

were so few. 146 

 147 

2.2 Laboratory data 148 

As there were no PathWest data available pre-2000 and no coded mortality data available 149 

post-2012, all outcome datasets used for this study were restricted to the period between 150 

January 2000 and December 2012. All records of testing, regardless of whether a pathogen 151 

was detected or if the child was ever hospitalized, were included. Records were combined if 152 

they related to the same specimen collected from the same child on the same date.  153 

 154 

Respiratory specimens were defined as nasal/nasopharyngeal (NP), throat, tracheal, 155 

bronchial, sputum, lung, pleural and serum. Nasal/NP specimens included combined nose 156 
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and throat, nasopharyngeal, postnasal swabs and pernasal aspirates. Specimens collected 157 

on or after the date of death were considered to be post-mortem specimens and excluded 158 

from subsequent analyses.  159 

 160 

Viruses were tested using one or more methods including culture, antigen detection, PCR or 161 

serology. Test protocols have changed over time within PathWest Laboratories. The most 162 

frequently utilised methods have included viral culture (Madin-Darby canine kidney cells 163 

and diploid human lung fibroblasts with confirmation using immunofluorescent antibodies 164 

[Oxoid Microbiology; ThermoFisher, Waltham, MA]), antigen detection using direct 165 

immunofluoresent antibodies (Chemicon; Millipore Corporation, Billerica, MA) and 166 

multiplex tandem PCR. Serology for respiratory viruses is most frequently undertaken using 167 

complement fixation tests. A specimen was considered to have tested positive if a known 168 

viral respiratory pathogen was detected by any method. These include detections of human 169 

adenovirus, coronavirus, influenza virus (any subtype), human metapneumovirus, 170 

parainfluenza virus (any subtype), rhinovirus (or unspecified picornavirus from the 171 

respiratory tract) or RSV. Multiplex PCR and antigen detection assays were used to test for 172 

adenovirus, influenza virus, parainfluenza virus and RSV simultaneously. Human 173 

metapneumovirus was added to the multiplex PCR assay in 2003 and to the antigen 174 

detection assay utilised from 2008.  175 

 176 

2.3 Statistical analysis and ethical approvals 177 

Using person-time-at-risk as the denominator (derived by dates of birth, death and the end 178 

of the study period), we estimated the testing rate per 1000 child-years and incidence rate 179 
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ratios (IRR) in the PathWest dataset among Aboriginal and non-Aboriginal children by age, 180 

geographical region of birth and year of testing. Testing rates were presented separately for 181 

Aboriginal children and non-Aboriginal children due to differences in risk and incidence of 182 

respiratory infections [16,17]. 183 

 184 

Given the similarities in testing trends over time for some age groups, we chose to divide 185 

children into age groups of less than a month; one to five months; six to 23 months; and two 186 

to nine years. The two youngest age groups were combined for some analyses for the same 187 

reason. Segregating by year, we calculated the proportions of nasal/NP specimens that 188 

underwent testing using culture, PCR and direct immunofluorescent antibody detection (IF), 189 

as well as the proportion with at least one respiratory virus detected. These analyses were 190 

restricted to nasal/NP specimens only as they represented the bulk of respiratory specimens 191 

collected among this cohort.  192 

 193 

To identify demographic predictors of testing, we returned to the birth cohort and identified 194 

children admitted as inpatients to hospital between 2000 and 2012. We then merged this 195 

with the PathWest dataset to determine the number of children admitted as inpatients who 196 

were tested at least once for respiratory viruses before they turned ten years old. Logistic 197 

regression with demographic variables at birth was used to obtain univariable and 198 

multivariable models of odds of being tested for respiratory viruses. Individuals with missing 199 

data on any of the variables included in the multivariable model were dropped. 200 

Demographic variables were selected based on known risk factors for hospital admission 201 

and respiratory infections. These included region of birth, season and year of birth, gender, 202 

ethnicity, gestational age, maternal smoking during pregnancy, mode of delivery, multiple 203 
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births, SEIFA scores and special care requirements at birth. All variables were included as 204 

categorical variables except for year of birth.  205 

 206 

Data cleaning and descriptive analyses were performed in IBM SPSS Statistics (version 23). 207 

IRR with exact 95% confidence intervals were calculated using EpiBasic [18]. Changes in 208 

proportions over time were compared using trend tests in EpiBasic [18]. Logistic regression 209 

analyses were performed in Stata (version 14.1). Ethical approvals were obtained from the 210 

WA Department of Health Human Research Ethics Committee, the WA Aboriginal Health 211 

Ethics Committee and the University of Western Australia Human Research Ethics 212 

Committee.  213 

 214 

3 Results 215 

The birth cohort comprised 469,589 children born in WA from 1996 to 2012, of whom 216 

approximately half (51.2%, n=240,237) were male and 6.7% (n=31,348) were Aboriginal. Of 217 

these, 48,179 children were less than ten years old when they underwent testing for 218 

respiratory viruses (Figure 1). These children contributed 83,293 test records, of which 0.1% 219 

(n=94) related to specimens collected on or after the date of death. These were mainly lung 220 

and/or tracheal specimens (n=33).  221 

 222 

Excluding records relating to post-mortem specimens, there were 83,199 PathWest records 223 

remaining from 48,141 children (Figure 1). Males accounted for 55.7% (n=26,825) of this 224 

cohort, 11.0% (n=5277) were Aboriginal and 76.8% (n=36,958) were born in metropolitan 225 

Perth. Of all the specimens collected from these children, 80.1% (n=66,606) were nasal/NP 226 



Testing patterns for respiratory viruses  11 
 

specimens, while the next most common specimen, throat samples, accounted for 8.2% 227 

(n=6836).  228 

 229 

3.1 Changes in frequency of testing 230 

The overall rate of respiratory virus testing in children aged less than ten years was 28.4 per 231 

1000 child-years, although there were significant differences in the rate of testing by age, 232 

region at birth, Aboriginality and year of specimen collection. Despite the small number of 233 

infants aged less than a month, this group had the highest rates of testing (Table 1). Among 234 

non-Aboriginal children, infants aged less than a month received virology tests two times 235 

more than children aged 1-5 months (95% CI=2.05-2.17), five times more than children aged 236 

six to 23 months (95% CI=4.89-5.16) and 22 times more than children aged two to nine 237 

years (Table 1). A similar pattern was observed among Aboriginal children and across 238 

different locations.  239 

 240 

Testing rates in non-Aboriginal children aged less than six months peaked in 2004 before 241 

declining until 2007 and then gradually rose again from 2008 onwards, with a similar pattern 242 

observed among their Aboriginal peers (Figure 2, Supplementary Tables S1-S2). Compared 243 

to these children, lower testing rates were observed in both Aboriginal and non-Aboriginal 244 

children aged six to 23 months, with testing increasing slightly over the study period (Figure 245 

2, Supplementary Tables S1-S2). All children aged two to nine years showed a sudden 246 

increase in the testing rates in 2009 compared to 2008; from 8.4 to 14.9 per 1000 child-247 

years in non-Aboriginal children and from 10.4 to 27.5 per 1000 child-years in Aboriginal 248 

children.  249 
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 250 

3.2 Changes in testing methods and frequency of detection 251 

Over the study period, 23,414 nasal/NP specimens were collected in children aged less than 252 

six months, 25,281 from those aged six to 23 months and 17,911 from those aged two to 253 

nine years. Overall, the proportion of these specimens undergoing testing using two or 254 

more of culture, PCR and IF ranged between 46.6% and 66.4%. Culture together with direct 255 

IF was the most common combination between 2000 and 2004, after which testing using all 256 

three methods was most common.  257 

 258 

Although PCR was in use throughout the study period, less than a quarter of all nasal/NP 259 

specimens from children aged six months or more were tested using PCR by 2003 (Figure 3b 260 

and 3c). From 2004 onwards, PCR testing in all age groups increased and was used for over 261 

80% of all nasal/NP specimen testing by 2012 (Figure 3). In particular, 39.5% of all nasal/NP 262 

specimens collected from children aged two to nine years in 2009 were tested using PCR 263 

only.  264 

 265 

Overall, the proportion of nasal/NP specimens with at least one virus detected rose from 266 

36.3% (n=1218) in 2000 to 44.4% in 2012 (n=3391; p for trend <0.01). This increase in the 267 

frequency of pathogen detection was greatest among children 2-9 years, increasing from 268 

34.3% in 2000 to 49.9% in 2012 (p for trend <0.01; Figure 4, Supplementary Table S3). 269 

Children aged 6 to 23 months had a similar, albeit less pronounced, increase over the same 270 

period (p for trend <0.01; Figure 4, Supplementary Table S3). By contrast, the proportion of 271 

samples positive in children under 6 months of age showed limited change in the frequency 272 
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of pathogen detection in 2000 compared to 2012 (p=0.57; Figure 4, Supplementary Table 273 

S3).  274 

 275 

3.3 Predictors of testing among children admitted to hospital 276 

Approximately 45.4% of the birth cohort (n=213,387) were hospitalized as in-patients at 277 

least once between 2000 and 2012 for any reason. Of these, 19.0% (n=40,472) were tested 278 

for respiratory viruses at least once before their tenth birthday (Figure 1).  279 

 280 

Univariable analyses suggested that region at birth, ethnicity, gestational age, special care 281 

requirements at birth and multiple births were the strongest predictors of being tested for 282 

respiratory viruses (Table 2). With the exception of multiple births, these factors remained 283 

significant after adjusting for all other covariates. In particular, children who were born at 284 

less than 32 weeks gestation had more than three times higher odds of being tested for 285 

respiratory viruses compared to children born at term (more than 36 weeks; Table 2). 286 

Children born in the most disadvantaged areas, those born by elective caesarean, or whose 287 

mothers smoked during pregnancy also had higher odds of receiving a virology test (Table 288 

2). 289 

 290 

4 Discussion 291 

WA is one of the few jurisdictions globally that has access to respiratory pathogen testing 292 

data linked to perinatal and hospital data. Using these data, we described the testing 293 

patterns for respiratory pathogens in a total population cohort of children, 45% of whom 294 

were hospitalised before their tenth birthday. Approximately 10% of the birth cohort 295 
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received a virology test before their tenth birthday, with the highest rate of testing among 296 

infants aged less than one month old. Testing rates in all children rose from 2008 but with 297 

considerable year-to-year variability. On average, over half of nasal/NP specimens were 298 

tested using multiple methods of detection. The proportions undergoing multiple testing 299 

that included PCR increased over time. While the proportions of nasal/NP specimens 300 

yielding a positive result increased over time, this was largely driven by children aged two to 301 

nine years. Among hospitalized children, those born at less than 32 weeks gestation had 302 

over three times the odds of being tested than those born at term. 303 

 304 

We are fortunate that PathWest is the sole public pathology provider for WA and, unlike 305 

notification data, records both positive and negative test results. These characteristics 306 

allowed us to investigate patterns of respiratory virus testing that are representative of the 307 

total hospitalised paediatric population in the state. We are unaware of other studies 308 

retrospectively investigating testing patterns for respiratory viruses in hospitalised children 309 

and so are unable to compare the frequency of testing observed here to other paediatric 310 

populations. We found considerable year-to-year variability in rates of testing across age 311 

groups within Aboriginal and non-Aboriginal children, some of which may be partly 312 

explained by external changes.  313 

 314 

Potential explanations for the variability in pathogen testing over time include significant 315 

changes to the PathWest database structure in 2006-2007. We postulate that consultation 316 

and piloting of the new database structure may have affected data retrieval from the 317 

database and, in turn, partially contributed to sudden drops in testing between 2004 and 318 

2007. At a local level, yearly variations in the severity of influenza and RSV seasons as well as 319 
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changes to healthcare providers’ perceptions of testing may have further influenced the 320 

number of tests performed. At a global level, the emergence of pandemic influenza 321 

A/(H1N1) in 2009 [19] was likely to have driven the rise in virology tests, particularly among 322 

the older age groups. We are unaware of any further changes in education or practice that 323 

may have influenced the results observed. Documenting overall changes in testing 324 

frequency are important in contextualizing changes in disease burden (especially during 325 

epidemics of certain pathogens) and assessing effectiveness of preventative programs such 326 

as immunisation. 327 

 328 

The proportion of PCR-tested nasal/NP specimens increased across all age groups since 329 

2004, particularly in combination with other methods. This mirrors broader trends in 330 

respiratory virus testing around Australia [20] and globally. Concurrent to this, the 331 

frequency of positive detection increased, particularly among children aged two years or 332 

older. This is likely due to the improved sensitivity of PCR compared with antigen detection 333 

methods, which have been shown to have lower sensitivity, particularly in older children 334 

and adults [21].  335 

 336 

Over half of all nasal/NP specimens were tested using multiple methods during the study 337 

period. Despite other laboratories moving towards exclusively using molecular methods, 338 

PathWest has continues to use both antigen detection and viral culture. Continued use of 339 

antigen detection is largely influenced locally by faster turnaround times, which are critical 340 

for local hospital infection control activities (e.g. patient isolation and de-isolation), while 341 

culture is maintained to ensure its availability for viral surveillance and novel viral discovery. 342 

As new commercial platforms capable of detecting multiple pathogens become available, 343 
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the additional cost of multiple testing methods, particularly with only marginal 344 

improvement in pathogen detection, needs to be reassessed in WA as well as in other 345 

regions with similar practices. Furthermore, with the limited clinical impact of multiple viral 346 

detection in low risk, immunocompetent children [22,23], the breadth of routinely 347 

undertaken viral detection should also be reassessed.  348 

 349 

We have identified a number of important predictors of testing that are known at birth 350 

including ethnicity, gestational age, maternal smoking during pregnancy and special care 351 

requirements at birth. These are in addition to factors at the time of admission, including 352 

hospital location, age at admission [8], season of admission, length of stay and diagnosis 353 

(data not shown). These results highlight the many complex factors that are influencing the 354 

likelihood of a child receiving a microbiology test. Combining findings from this and other 355 

studies will help to inform models assessing the viral burden of ALRI when using routinely 356 

collected data, which will ultimately provide more accurate estimates. We acknowledge that 357 

there are additional factors, such as physician preference, likely to influence testing that we 358 

are unable to explore here. 359 

 360 

We provide, for the first time in WA, a comprehensive population-based view of how testing 361 

for respiratory pathogens has changed in the state. Future studies into the burden of 362 

respiratory infections will need to be interpreted with consideration for the increased 363 

sensitivity and specificity of the detection methods used. Findings from this study will be 364 

used to account for temporal changes in testing patterns and test sensitivities in planned 365 

analyses investigating the temporal changes in pathogen-specific admission rates of ALRI in 366 

children. 367 
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10 Tables 454 

10.1 Table 1 – Overall frequency and rate per 1000 child-years of respiratory viral testing, 2000-2012 455 

Description < 1 month 1-5 months 6-23 months 2-9 years 

  n rate IRR (95% CI) n rate IRR (95% CI) n rate IRR (95% CI) n rate IRR 

Aboriginal status                

 Non-Aboriginal 7109 250.8 22.2 (21.6-22.8) 16,861 119.0 10.5 (10.3-10.7) 24,928 49.9 4.4 (4.3-4.5) 23,349 11.3 Ref 

 Aboriginal 944 465.7 28.5 (26.4-30.7) 3385 334.0 20.4 (19.4-21.5) 4153 115.3 7.1 (6.7-7.4) 2470 16.4 Ref 

Region at birth                

 Metropolitan 6246 273.4 22.8 (22.2-23.5) 15,862 138.9 11.6 (11.4-11.8) 22,542 56.4 4.7 (4.6-4.8) 19,441 12.0 Ref 

 Rural 1066 216.2 21.2 (19.8-22.7) 2267 92.0 9.0 (8.6-9.5) 3468 39.2 3.8 (3.7-4.0) 3931 10.2 Ref 

 Remote 712 144.4 23.0 (21.2-25.1) 2083 84.5 13.5 (12.7-14.3) 3047 34.4 5.5 (5.2-5.8) 2415 6.3 Ref 

 456 

Note:  IRR=incidence rate ratios with children aged 2-9 years as the reference group.  457 

 458 
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10.2 Table 2 – Logistic regression models of demographic factors at birth predicting 459 

likelihood of testing among those who were admitted as in-patients at least once 460 

(2000-2012) 461 

Factor Hospitalized 

children 

(N=213,387) 

Univariable Multivariable 

  n OR (95%) aOR (95%) 

Region at birth      

 Metropolitan 154,019 Ref    

 Rural 38,250 0.64 (0.62-0.66) 0.59 (0.55-0.63) 

 Remote 20,782 0.96 (0.93-1.00) 0.76 (0.69-0.85) 

Season of birth      

 Summer 51,413 Ref    

 Spring 52,427 1.00 (0.97-1.03) 1.04 (0.98-1.10) 

 Autumn 56,203 1.11 (1.08-1.14) 1.17 (1.10-1.23) 

 Winter 53,344 1.08 (1.05-1.11) 1.15 (1.09-1.22) 

Year of birth (per year)  1.09 (1.09-1.09) 1.06 (1.05-1.06) 

Male 120,383 1.04 (1.02-1.06) 1.03 (0.99-1.07) 

SEIFA at birth      

 0-10% (most 

disadvantaged) 

21,460 1.13 (1.08-1.19) 1.28 (1.15-1.42) 

 11-25% 33,285 1.08 (1.03-1.13) 1.25 (1.14-1.38) 

 26-75% 97,484 1.02 (0.98-1.07) 1.16 (1.07-1.27) 

 76-90% 28,364 0.98 (0.93-1.03) 1.05 (0.95-1.16) 



Testing patterns for respiratory viruses  24 
 

 91-100% (most 

advantaged) 

13,523 Ref    

Ethnicity      

 Caucasian 173,669 Ref    

 Aboriginal 19,832 1.52 (1.48-1.58) 1.51 (1.42-1.61) 

 Other 19,755 1.23 (1.19-1.28) 1.00 (0.95-1.05) 

Gestational age      

 <32 weeks 4036 4.89 (4.60-5.19) 3.79 (3.47-4.13) 

 32-36 weeks 20,234 1.55 (1.50-1.60) 1.21 (1.14-1.28) 

 >36 weeks 188,938 Ref    

Special care at birth      

 No 58,484 Ref    

 Yes 24,161 2.04 (1.98-2.11) 1.22 (1.16-1.28) 

Mother smoked during 

pregnancy 

     

 No 149,727 Ref    

 Yes 38,111 1.17 (1.14-1.20) 1.22 (1.16-1.28) 

Mode of delivery      

 Emergency caesarean 31,045 0.89 (0.86-0.93) 0.99 (0.94-1.05) 

 Elective caesarean 35,253 1.17 (1.14-1.21) 1.14 (1.07-1.20) 

 Instrumental (vacuum 

or forceps) 

20,536 1.40 (1.36-1.44) 0.85 (0.79-0.91) 

 Spontaneous vaginal 126,374 Ref    

Multiple birth      
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 No 205,851 Ref    

 Yes 7536 1.52 (1.44-1.60) 0.92 (0.85-0.99) 

 462 

Note: Sum of number of children for each variable may not equal 213,387 due to missing 463 

data for some variables. Multivariable model adjusted for all other variables listed in the 464 

table. Year of birth was included as a continuous variable in both models.  465 
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11 Figure titles and legends 466 

Figure 1 – Flow chart of data cleaning and cohort 467 

Legend: Solid arrow denotes that the latter dataset is a subgroup of the prior dataset. 468 

Dashed arrows denotes that the prior dataset feeds into the latter dataset.  469 

*Only data from this subgroup of children were used to generate results for Table 2. 470 

Note: PathWest=PathWest Laboratory Medicine Database. 471 

 472 

Figure 2 – Yearly changes in testing rates per 1000 child-years by age groups in a) non 473 

Aboriginal and b) Aboriginal children 474 

Note the doubling in scale between Figure 2a and Figure 2b. 475 

 476 

Figure 3 – Proportion of nasal/NP specimens tested using culture, IF and PCR among 477 

children aged a) less than six months, b) 6-23 months and c) 2-9 years at time of specimen 478 

collection 479 

Note: NP=nasopharyngeal, IF=immunofluorescence, PCR=polymerase chain reaction 480 

 481 

Figure 4 – Yearly changes in frequency of virus detection from nasal/NP specimens by age 482 

groups 483 

Note: NP=nasopharyngeal.  484 
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(2000-2012)
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n=83,199 records (48,141 children)
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*Only data from this subgroup of children were used to generate results for Table 2
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Supplementary Table S1 – Yearly changes in testing rates per 1000 child-years with 95% confidence intervals by age groups in non-Aboriginal 20 

children 21 

Year of specimen 

collection 

<1 month 1-5 months 6-23 months 2-9 years 

n Rate (95% CI) n Rate (95% CI) n Rate (95% CI) n Rate (95% CI) 

2000 263 135.1 (119.3-152.5) 882 90.6 (84.8-96.8) 1344 37.6 (35.6-39.6) 694 11.7 (10.9-12.6) 

2001 330 171.8 (153.8-191.4) 928 96.6 (90.5-103.1) 1398 39.9 (37.9-42.1) 831 10.0 (9.4-10.7) 

2002 506 266.9 (244.1-291.2) 1369 144.4 (136.9-152.3) 1838 53.2 (50.8-55.7) 1325 12.5 (11.8-13.2) 

2003 463 244.8 (223.0-268.2) 1169 123.6 (116.6-130.9) 1653 48.5 (46.1-50.8) 1305 10.1 (9.6-10.7) 

2004 619 316.0 (291.6-341.9) 1676 171.1 (163.0-179.5) 1824 53.3 (50.8-55.8) 1548 10.1 (9.6-10.7) 

2005 579 285.1 (262.4-309.3) 1211 119.3 (112.6-126.2) 1677 47.8 (45.5-50.2) 1590 9.1 (8.7-9.6) 

2006 533 246.2 (225.7-268.0) 1311 121.1 (114.6-127.8) 1367 37.4 (35.4-39.4) 1250 6.7 (6.4-7.1) 

2007 510 222.4 (203.5-242.6) 1115 97.3 (91.6-103.1) 1799 46.2 (44.0-48.3) 1586 8.5 (8.1-8.9) 

2008 674 284.1 (263.1-306.4) 1303 109.8 (104.0-116.0) 1967 47.6 (45.5-49.7) 1587 8.4 (8.0-8.8) 

2009 655 274.3 (253.7-296.2) 1336 111.9 (106.0-118.1) 2398 56.5 (54.3-58.8) 2861 14.9 (14.4-15.5) 

2010 608 249.3 (229.9-269.9) 1471 120.6 (114.5-127.0) 2262 52.6 (50.5-54.8) 2311 11.8 (11.3-12.2) 
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2011 659 266.5 (246.5-287.7) 1463 118.3 (112.3-124.6) 2574 58.8 (56.5-61.1) 2951 14.6 (14.1-15.1) 

2012 710 275.7 (255.8-296.8) 1627 126.4 (120.3-132.7) 2827 63.5 (61.1-65.8) 3510 16.8 (16.3-17.4) 

Total 7109 250.8 (245.0-256.7) 16,861 119.0 (117.2-120.8) 24,928 49.9 (49.3-50.5) 23,349 11.3 (11.2-11.5) 

 22 
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Supplementary Table S2 – Yearly changes in testing rates per 1000 child-years with 95% confidence intervals by age groups in Aboriginal children 23 

Year of specimen 

collection 

<1 month 1-5 months 6-23 months 2-9 years 

n Rate (95% CI) n Rate (95% CI) n Rate (95% CI) n Rate (95% CI) 

2000 29 198.4 (132.9-284.9) 156 213.4 (181.3-249.7) 250 95.5 (84.0-108.1) 71 17.5 (13.7-22.0) 

2001 52 356.7 (266.4-467.7) 205 281.2 (244.0-322.4) 317 121.8 (108.8-136.0) 98 16.9 (13.8-20.6) 

2002 62 414.4 (317.7-531.3) 290 387.7 (344.4-435.0) 330 126.4 (113.1-140.8) 145 19.3 (16.3-22.7) 

2003 60 424.6 (324.0-546.5) 288 407.6 (361.9-457.5) 317 118.7 (106.0-132.5) 123 13.3 (11.1-15.9) 

2004 94 639.1 (516.5-782.1) 367 499.0 (449.3-552.8) 361 138.8 (124.9-153.9) 162 14.7 (12.5-17.1) 

2005 84 543.7 (433.7-673.2) 294 380.6 (338.4-426.7) 359 136.5 (122.8-151.4) 130 10.2 (8.5-12.1) 

2006 88 539.8 (432.9-665.0) 243 298.1 (261.8-338.0) 249 90.6 (79.7-102.5) 153 11.2 (9.5-13.1) 

2007 57 339.8 (257.4-440.2) 185 220.6 (189.9-254.7) 265 90.9 (80.3-102.5) 179 12.9 (11.1-14.9) 

2008 72 441.7 (345.6-556.3) 237 290.8 (255.0-330.3) 302 100.3 (89.3-112.3) 148 10.4 (8.8-12.3) 

2009 103 625.4 (510.5-758.5) 284 344.9 (306.0-387.4) 346 118.2 (106.1-131.3) 396 27.5 (24.8-30.3) 

2010 70 440.8 (343.6-556.9) 251 316.1 (278.2-357.7) 309 105.6 (94.1-118.0) 242 16.5 (14.5-18.8) 

2011 91 567.5 (456.9-696.8) 260 324.3 (286.1-366.2) 337 116.9 (104.7-130.0) 275 18.5 (16.4-20.8) 
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2012 82 497.5 (395.7-617.6) 325 394.4 (352.7-439.7) 411 142.8 (129.3-157.3) 348 23.2 (20.8-25.8) 

Total 944 465.7 (436.5-496.4) 3385 334.0 (322.8-345.5) 4153 115.3 (111.8-118.8) 2470 16.4 (15.7-17.0) 

 24 

 25 
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Supplementary Table S3 - Yearly changes in frequency of virus detection from nasal/NP 26 

specimens by age groups 27 

 28 

Year of specimen 

collection 

<6 months 6-23 months 2-9 years 

n % (95% CI) n % (95% CI) n % (95% CI) 

2000 457 37.8 (35.0-40.6) 533 36.1 (33.6-38.6) 228 34.3 (30.7-38.0) 

2001 387 30.2 (27.7-32.8) 437 29.9 (27.6-32.3) 182 27.6 (24.2-31.2) 

2002 660 33.9 (31.8-36.0) 810 42.0 (39.8-44.2) 440 41.0 (38.1-44.1) 

2003 525 31.0 (28.8-33.2) 685 39.1 (36.8-41.4) 380 37.3 (34.3-40.3) 

2004 673 27.5 (25.8-29.3) 734 37.1 (35.0-39.3) 303 25.3 (22.8-27.8) 

2005 564 30.7 (28.6-32.9) 602 33.5 (31.4-35.8) 362 30.7 (28.0-33.4) 

2006 610 35.1 (32.9-37.4) 550 39.0 (36.5-41.6) 259 30.6 (27.5-33.8) 

2007 469 31.7 (29.4-34.2) 596 34.1 (31.8-36.3) 363 34.4 (31.5-37.3) 

2008 657 35.6 (33.4-37.8) 793 40.8 (38.6-43.0) 464 40.5 (37.6-43.4) 

2009 560 29.9 (27.8-32.0) 857 36.3 (34.3-38.3) 996 40.9 (38.9-42.9) 

2010 684 35.5 (33.3-37.6) 947 42.6 (40.6-44.7) 723 42.8 (40.4-45.2) 

2011 653 34.1 (32.0-36.3) 937 37.9 (36.0-39.9) 836 37.3 (35.3-39.3) 

2012 859 38.7 (36.7-40.8) 1187 43.5 (41.6-45.4) 1345 49.9 (48.0-51.8) 

Total 7758 33.1 (32.5-33.7) 9668 38.2 (37.6-38.8) 6881 38.4 (37.7-39.1) 
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