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Abstract 

Objective 

Despite a recommendation for microbiological testing, only 45% of children hospitalised for 

respiratory infections in our previous data linkage study linked to a microbiological record. 

We conducted a chart review to validate linked microbiological data.  

 

Study Design and Setting 

The chart review consisted of children aged <5 years admitted to 7 selected hospitals for 

respiratory infections in Western Australia, 2000-2011. We calculated the proportion of 

admissions where testing was performed and any pathogens detected. We compared these 

proportions between the chart review and our previous data linkage study. Poisson 

regression was used to identify factors predicting the likelihood of microbiological tests in 

the chart review cohort.  

 

Results 

From the chart review, 77% of 746 records had a microbiological test performed compared 

with 46% of 18,687 records from our previous data linkage study. Of those undergoing 

testing, 66% of the chart review and 64% of data linkage records had ≥1 respiratory 

pathogen(s) detected. In the chart review cohort, frequency of testing was highest in 

children admitted to metropolitan hospitals.  

 

Conclusion 
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Validation studies are essential to ensure the quality of linked data. Our previous data 

linkage study failed to capture all relevant microbiological records. Findings will be used to 

optimise extraction protocols for future linkage studies.   
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What’s new? 

• Despite a recommendation for microbiological testing, only 45% of paediatric 

hospital admissions for respiratory infections linked to a corresponding 

microbiological test record through data linkage 

• Through the conduct of a medical chart review, we noted 77% of admissions had a 

microbiological test performed 

• Frequency of pathogen detection was similar among those that had a test reported 

from the chart review and our previous data linkage study 

• Lower levels of microbiological testing in our linked data were a result of missed 

records during the data extraction phase 



5 

 

• Data extraction protocols can now be optimised to ensure full capture of 

microbiological testing for future data linkage studies 
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1 Introduction 

Acute lower respiratory infections (ALRI), such as pneumonia, bronchiolitis and whooping 

cough, are a significant cause of mortality and morbidity in children. In 2010, it was 

estimated that ALRI accounted for 20% of mortality among children aged 1-11 months 

worldwide [1]. In Western Australia (WA), Aboriginal and Torres Strait Islander children 

(hereafter referred to as Aboriginal) bear a greater burden of infection compared to non-

Aboriginal children [2]. In 2000-2005, the rate of hospitalisations for pneumonia was 45 per 

1000 child-years in Aboriginal children aged less than 6 months compared to 4 per 1000 

child-years in similarly aged non-Aboriginal children [3]. 

 

ALRI are caused by a range of pathogens including Streptococcus pneumoniae, Bordetella 

pertussis, Mycoplasma pneumoniae, respiratory syncytial virus, influenza viruses, 

parainfluenza viruses, adenoviruses and human metapneumovirus. The aetiology of ALRI 

can be highly variable and specific to geographic location [2, 4]. Accurate local 

epidemiological data are therefore essential to monitor the circulating pathogens and can 

aid in assessing vaccine effectiveness. Population-based linkage of administrative data is an 

efficient method by which to obtain such information.  

 

Data linkage is a process of combining data from separate datasets that relate to the same 

person, place or time [5, 6]. The Western Australian Data Linkage System (WADLS) was 

formed in 1995 and facilitates the linkage of data from a wide range of administrative 

datasets. These include birth, hospital and microbiological records, many of which are 

routinely collected at a population-level [5, 7].  
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The WADLS follows current best practice guidelines for data linkage and uses the separation 

principal when performing linkages. This means that those who have access to clinical data, 

such as researchers, will not have access to identifiers and vice-versa [8]. As data extraction 

is usually performed by the data custodians on the researchers’ behalf, researchers need 

detailed knowledge of the dataset and the scope of available data prior to submitting a 

request for data to be extracted for linkage. This can pose a challenge when linking to a 

dataset for the first time as there may not be any documentation for the types of data 

available and its nuances, particularly if the dataset has not been used for research purposes 

before. With assistance from staff at the WADLS and custodians of microbiological data, we 

were the first in Australia to use the WADLS to link microbiological and administrative data 

to investigate the aetiology of ALRI in a total population cohort of WA children [9].  

 

In WA, it is recommended for children admitted to hospital with a respiratory infection to 

undergo microbiological testing to determine the causative pathogen. Despite this 

recommendation, we found only 45% of hospitalisations for ALRI corresponded to a 

microbiological test record; some remote areas had less than 5% of ALRI hospitalisations 

linking to a test record [9]. We considered the possibility that this may be due to mislinks 

(i.e. misidentification of individuals across datasets) even though the proportions of mislinks 

is very low and continues to fall [10, 11]. This possibility was ruled out as the linkage rate of 

demographic data between the microbiological data source and the other datasets used in 

this project was 96% (C Garfield, personal communication). As this was the first time 

microbiology data had been linked, we were unable to exclude the possibility that the lower 

than expected proportions of linked hospital records may be due to low levels of 
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microbiological testing, missed records during the data extraction process or a combination 

of both.  

 

Quality checks of administrative linked data for infectious diseases research has been 

flagged as an area needing further attention [12, 13]. Medical chart reviews have previously 

been used as a tool for validating linked data [14, 15]. A prior study in WA has used this 

method to identify gaps in the recording of comorbidity data on administrative datasets 

[14]. Given the novelty of linked microbiological data as well as the increasing demand and 

complexity for linked data [16], it is imperative that we validate linked hospital and 

microbiological data for future studies.  

 

Due to privacy constraints surrounding the approved use of de-identified linked data, we 

were unable to re-identify individuals from our previous data linkage study who did not 

have a corresponding microbiological test record. As a way of validation, we conducted a 

chart review to determine if the low proportion of linked hospital and microbiological test 

records in our previous data linkage study was due to records being missed during data 

extraction or due to low levels of testing. We hypothesized that the low proportions of 

linkage in the previous study was due to records being missed during the extraction process 

rather than low levels of testing. Secondary to this, we also identified the demographic 

predictors of pathogen testing using data collected from the medical chart review so we 

may identify any groups that may have been missed during data extraction. 
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2 Materials and methods 

2.1 Study setting and population 

WA spans 2.5 million square kilometres with a population of 2.3 million people, 

approximately 4% of whom identify as Aboriginal [17]. Approximately 80% of the non-

Aboriginal population reside in the Perth metropolitan area, while over 60% of the 

Aboriginal population reside in the rural and remote regions of the state [17]. Australia has a 

publicly-funded healthcare system. Located in metropolitan Perth, Princess Margaret 

Hospital for Children (PMH) is a public hospital and is the only tertiary paediatric hospital in 

the state. PathWest Laboratory Medicine (hereafter referred to as PathWest) is the only 

public laboratory system in WA. PathWest processes all microbiological specimens collected 

through public hospitals and is a reference laboratory for virology tests performed in other 

laboratories in the state.  

 

2.2 Data linkage study (Cohort 1) 

Our previous data linkage study consisted of linked hospital and microbiological data on a 

birth cohort of WA children to investigate the aetiology of ALRI [9]. Information on the data 

extraction, cleaning and coding for this group are described in more detail elsewhere [3, 9, 

18]. Briefly, hospital and microbiological data were extracted for all singleton live births in 

WA between 1996 and 2005. A hospital admission for ALRI was defined as having a principal 

or co-diagnosis code for ALRI using a pre-determined selection of 9
th

 and 10
th

 edition 

International Classification of Disease codes (ICD9 and ICD10) [18].  A child was coded as 

Aboriginal if at least one record indicated that the child was Aboriginal [9, 18].  
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Data were restricted to admissions between 2000 and 2005 as microbiological testing data 

were only available for this period [9]. Of 19,857 admissions, 45.2% had linked to a 

corresponding microbiological test record [9]. To enable comparisons to the chart review 

cohort, records of children aged 5 years or more were excluded, thereby leaving 18,687 

linked data records available for comparison, hereafter referred to as Cohort 1.  

 

2.3 Medical chart review (Cohort 2) 

We selected 7 major hospitals throughout WA from which to conduct a chart review (in the 

analysis referred to as Cohort 2). These hospitals collectively represented 57% of all 

hospitalisations for ALRI throughout WA. These were 3 metropolitan hospitals (including 

PMH), 2 rural and 2 remote hospitals. Our intention was to review no more than 900 

admission records (300 from PMH and 100 from each of the remaining hospitals). To ensure 

representativeness of the sample of admissions to be reviewed to the total population data 

linkage cohort [9, 19], we set a number of restrictions for the chart review from each 

hospital. These restrictions were a) the child’s date of birth was between 1 January 1996 

and 31 December 2011; b) hospital admissions between 2000 and 2011 with an equal 

number of records from the time periods 2000-2005 and 2006-2011; c) the child was aged 

less than 5 years at the time of admission with 50% of all records selected in the <12-month 

age group, 25% in the 12-23-month age group, 25% in the 2-4-year age group and d) 

hospital admissions with a diagnosis code of ALRI, according to ICD10 diagnoses [20].  

 

ALRI was defined as a principal or co-diagnosis of influenza (J09-J11), pneumonia (J12-18), 

bronchiolitis (J21), whooping cough (A37) or unspecified ALRI (J22). We set the selection 
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criteria so that records coded as influenza, pneumonia or bronchiolitis would each comprise 

25% of all records from each hospital, while whooping cough and unspecified ALRI records 

would each comprise 12.5% of all records from each hospital. Multiple admission records of 

the same child were eligible for selection provided all other selection criteria were met.  

 

Based on these criteria, a maximum of 888 records could be selected from the 7 hospitals. 

The data custodian of the Hospital Morbidity Database System randomly selected admission 

records from each hospital that met these pre-established criteria. Of the 888 records 

requested, only 761 records (85.7%) were selected by the data custodian for review. This 

was because there were fewer than expected records coded as whooping cough or 

influenza in selected rural and remote hospitals that met all other selection criteria. 

Supplementary records were not selected if there were an insufficient number of records in 

a particular cell. Figure 1 displays a flow chart of records that were requested, selected and 

then reviewed.   

 

Demographic, clinical and microbiological data were reviewed from the 761 medical records 

by a research nurse (BV) and trained medical students (OJR, DYW, CJ) and recorded on a 

standardised data collection form. Demographic data collected included date and country of 

birth, gender and Aboriginal status. A child was coded as Aboriginal if indicated as such in 

medical charts. Clinical data collected included dates of admission and hospital discharge; 

risk factors and comorbidities present such as preterm birth, immunosuppression and 

chronic respiratory disease; and principal and secondary diagnoses. Immunosuppression 

was defined as prednisolone use for 2 weeks or more, use of a disease-modifying agent (e.g. 

chemotherapy) or any congenital or acquired immunodeficiency. Moderate to severe 
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preterm birth was defined as less than 34 weeks gestation. Microbiological data collected 

included respiratory specimens collected, tests requested and test results.  

 

Ethical approvals to conduct the chart review were received from the Department of Health 

WA Human Research Ethics Committee, the Western Australian Aboriginal Health Ethics 

Committee, WA Country Health Service Research Ethics Committee and the Joondalup 

Health Campus Human Research Ethics Committee.  

 

2.4 Statistical analysis 

For both cohorts, ALRI diagnoses were identified from principal and co-diagnosis codes and 

grouped according to a hierarchical diagnosis algorithm [9], which ranked admissions in the 

following order: whooping cough, pneumonia, bronchiolitis, influenza, unspecified ALRI and 

bronchitis. For Cohort 1, geographical region was coded according to the place of the child’s 

birth whereas the location of the hospital where the admission took place was used for 

Cohort 2.  

 

Any mention of a test in the medical charts in Cohort 2 was considered to be indicative of a 

completed microbiological test.  Nasopharyngeal swabs, nasopharyngeal/pernasal aspirates 

and throat swabs were grouped together as nasopharyngeal specimens for analyses. 

Respiratory specimens were tested using one or more of immunofluorescence, polymerase 

chain reaction or viral culture. A positive test was defined by detection of a respiratory 

pathogen on nasopharyngeal specimens, isolation of a respiratory pathogen from blood or 
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pleural fluid or detection of elevated antibodies or seroconversion to respiratory pathogens 

such as B. pertussis or S. pneumoniae. 

 

We calculated the proportion of admission records with any microbiological test reported 

by age, diagnosis, Aboriginal status, location and prematurity in both cohorts. We compared 

the proportions with a microbiological test between Cohorts 1 and 2 in 2000-2005 and 

between 2000-2005 and 2006-2011 for Cohort 2. Among those with a microbiological test 

reported, we then calculated the proportion of admission records with at least one 

respiratory pathogen detected by age, diagnosis and Aboriginal status. The frequencies of 

positive pathogen detections were also compared between Cohorts 1 and 2 in 2000-2005 

and between 2006-2011 and 2000-2005 in Cohort 2.   

 

In order to investigate the predictors of microbiological testing using information collected 

during the chart review, we performed univariate and multivariable Poisson regression 

analyses using the presence of a microbiological test as the outcome variable. Records were 

clustered by patient to allow for children with more than one admission record included in 

the chart review and robust standard errors were estimated, to correct for the usual over-

estimation of error when using Poisson regression with common outcomes [21]. Aboriginal 

status, hospital location, gender, prematurity, presence of comorbidities, age and year of 

admission were used as potential predictor variables and were included in the multivariable 

model. Records with missing data on the variables analysed were dropped from the 

regression models. Data cleaning and analyses were conducted in Excel, IBM SPSS version 

22 and STATA version 13. Confidence intervals for the crude ratios of proportions were 

calculated using ESCI [22] and EpiBasic [23].  
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3 Results 

A total of 746 of 761 (98.0%) selected hospital admission records were reviewed for Cohort 

2. Remaining records were not reviewed as records were washed away by floods (n=3) or 

could not be found (n=12; Figure 1). Sixteen children had multiple admission records that 

were included in the chart review, affecting a total of 34 records (4.6%); all records were 

included in the following analyses.  

 

3.1 Comparisons between data linkage (Cohort 1) and chart review cohorts (Cohort 2) 

There was a higher proportion of males in Cohort 1 compared to Cohort 2, however, both 

cohorts were comparable for Aboriginal status (Table 1). As fewer than requested number 

of records with a diagnosis of whooping cough and influenza were selected for review, it 

was expected that the distribution of ALRI diagnoses would differ. Whooping cough and 

influenza accounted for a larger proportion of Cohort 2 compared to Cohort 1 (Table 1). 

Chronic respiratory disease was the most common comorbidity recorded in Cohort 2 but 

comparable data on comorbidities were not available for Cohort 1.  

 

Overall, 571 admission records (76.5%) from Cohort 2 had evidence of a microbiological 

test. In 2000-2005, the frequency of microbiological testing was 1.7 times (95% CI=1.6, 1.8) 

higher in Cohort 2 compared to Cohort 1 (Table 2). Testing was more frequently recorded in 

Cohort 2 than in Cohort 1 in both Aboriginal and non-Aboriginal children and across all age 

groups, prematurity status and locations, although this was less marked in records from 

rural regions (Table 2). There was twice as much testing reported in records of children aged 
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12 months or more in Cohort 2 than in Cohort 1 and for admissions coded as pneumonia 

and unspecified ALRI (Table 2).  

 

Of the records with a microbiological test reported in Cohort 2, overall, 65.5% (n=374) had 

at least one respiratory pathogen detected. Overall, there were no differences in the 

frequency of pathogen detection between Cohorts 1 and 2 in 2000-2005 (Table 3). Pathogen 

detection was less often reported in records of children hospitalised with pneumonia in 

Cohort 2 compared to Cohort 1 (ratio=0.8, 95%CI=0.6, 1.0). Conversely, pathogens were 

more frequently reported in records of children aged 2-4 years in Cohort 2 than in Cohort 1 

(ratio=1.4, 95%CI=1.1, 1.6).  

 

3.2 Chart review cohort (Cohort 2) descriptive analyses  

Overall, between 2005-2010 and 2000-2005, microbiological testing remained steady over 

time (ratio=1.0, 95% CI=0.9, 1.1). Testing was reported more frequently in 2006-2011 

compared to 2000-2005 in records of Aboriginal children and children admitted to rural or 

remote hospitals (Table 2). However, the increase in testing recorded in rural and remote 

hospitals was not uniform across hospitals. For example, in one remote hospital testing 

doubled (ratio=2.2, 95%CI=1.3, 3.6) in 2006-2011 compared to 2000-2005 while over the 

same time period, testing remained stable in the other remote hospital (ratio=1.0, 

95%CI=0.6, 1.6).  

 

Of those records which indicated microbiological testing was conducted, pathogens were 

detected more frequently in children diagnosed with unspecified ALRI in 2006-2011 than in 
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2000-2005 (Table 3) although the difference was not statistically significant. Of those that 

had a pathogen detected in Cohort 2, the most common were respiratory syncytial virus 

(n=119, 31.8%), influenza viruses (n=111, 29.7%) and B. pertussis (n=61, 16.3%). 

 

Univariate analysis of Cohort 2 showed that Aboriginal children and children presenting to 

rural and remote hospitals were least likely to have had a microbiological test performed 

(Table 4). Children older than 6 months were also less likely to have a microbiological test 

performed compared to children aged less than 6 months although this did not reach 

statistical significance (Table 4). After adjusting for all other covariates, hospital location was 

most predictive of having a microbiological test with children presenting to metropolitan 

hospitals most likely to have had a test (Table 4).  

 

4 Discussion 

We conducted a medical chart review to investigate the reason for the low proportion of 

hospital admission records that linked to a corresponding microbiological record in our 

previous data linkage study. We found that in 2000-2005, the proportion of hospital 

admissions for ALRI that documented a microbiological test was 1.7 times higher in the 

chart review cohort compared to our previous data linkage cohort. Of admissions that 

documented a microbiological test in 2000-2005, the frequency of pathogen detection was 

similar in both cohorts. Using data collected during the chart review and after adjusting for 

other factors, we found children admitted to metropolitan hospitals were more likely to 

undergo testing.  
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The higher proportion of testing observed in Cohort 2 compared to Cohort 1 suggests that 

the reason for low numbers of hospital records with a corresponding laboratory record that 

we observed in our previous linked data study was likely due to missed records. Extraction 

of PathWest data for linkage with hospital data for Cohort 1 was conducted as a proof-of-

concept study as part of a previous program of work [9]. In this instance, there was limited 

documentation available on the codes used in the PathWest dataset, their changes over 

time and their utilisation. Therefore, even with assistance from data custodians, it is likely 

that all relevant records were not identified in the initial data request sent to the WADLS 

and as such, may not have been extracted for the previous data linkage study. These results 

demonstrate the power of this approach but highlight some of the complexities of data 

linkage and how important in-depth knowledge of the dataset and validation studies can be, 

particularly for newly linked datasets such as PathWest. With validation and better 

documentation of codes used in the PathWest dataset and how they have changed over 

time, PathWest remains a powerful source of linked pathology data and may still be used as 

a data source for future studies looking at pathogen-specific burden of respiratory and other 

infectious diseases or effects at the population-level [9]. 

 

To comply with best practise protocols for data linkage [8] and due to constraints 

surrounding the approved use of linked data, we were unable to re-identify individuals from 

Cohort 1 with hospital admissions that did not have a corresponding PathWest record to 

individually access their medical charts. This meant that we were unable to directly identify 

predictors of testing or conduct sensitivity analyses. We have attempted to compensate for 

this by imposing strict selection criteria for Cohort 2 in order to achieve a representative, 
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but small, sample of admissions which we could review across varying demographics such as 

age, location and ALRI diagnosis.  

 

Of the admission records that had a microbiological test reported, overall, there was no 

difference in the frequency of pathogen detection between the two cohorts. However, the 

proportion of records from 2-4 year-olds with reported positive pathogen detections were 

1.4 times higher in Cohort 2 compared to Cohort 1. This difference may be partially 

explained by the inadvertent omission of blood culture records during data extraction for 

Cohort 1, which has been highlighted previously [9]. Nonetheless, the high degree of 

similarity in the positivity rate overall suggests that our previous linked dataset did provide a 

reasonable snapshot of the aetiology of ALRI at a population level [9]. 

 

During the chart review, we observed an increase in the frequency of microbiological testing 

reported in 2006-2011 compared to 2000-2005 among rural and remote hospitals. 

However, this was not uniform across all hospitals in these 2 regions. As such, inter-hospital 

variability in testing practices is likely to account for the differences in microbiological 

testing. If not accurately documented, these differences are likely to impact on data quality 

which in turn has the potential to introduce bias in studies using linked data [24, 25]. Future 

studies using microbiological data need to take into account the potential impact of 

differential testing practises on study findings, and validation studies may need to use a 

wider sample of hospitals to fully assess inter-hospital heterogeneity.  

 

While both cohorts are broadly comparable, some variables were coded differently which is 

a limitation of our validation analyses. One of these is Aboriginal status, where variability in 
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coding has been shown to result in over- or under-estimations of gains in health outcomes 

such as mortality and infection [26, 27]. In addition, Cohort 2 only includes records from a 

small subset of hospitals in the state, almost all of which are public hospitals (one hospital 

accepts both publicly- and privately-funded patients). Collectively, these hospitals still 

accounted for over half of all paediatric admissions for ALRI, notwithstanding the omission 

of records from private hospitals, which accounted for approximately 12% of admissions in 

Cohort 1 (data not shown). While our validation exercise may give a crude measure of the 

validity of our previous data linkage study, it is one of the few options available without re-

identifying children in our linked dataset [8]. 

 

To our knowledge, this is the first study to validate linked hospital and microbiological data 

in Australia. Prior studies have highlighted potential biases and errors in these data that 

could easily be missed without validation studies [14, 25, 28]. For example, an earlier 

validation study in WA has found that comorbidity data are better recorded in medical 

charts compared to administrative datasets but further studies have concluded that this 

may be due to insufficient follow-up time [14, 29]. WA is one of the few jurisdictions that is 

currently able to link microbiological data of routine testing of infectious disease pathogens 

and there is increasing interest in locating and possibly linking microbiological data across 

jurisdictions in Australia and between countries [30]. Therefore, this study represents an 

essential step in the continued use of administrative data, especially routinely collected 

microbiological data. Findings from this study will be used to optimise the data extraction 

protocol for further data linkage studies investigating the pathogen-specific burden of ALRI 

and the clinical impact of co-infection.  
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6 Figure and Table legends 

Figure 1. Flow chart of medical chart review records requested, received and analysed 

(Cohort 2)  

Table 1. Comparisons between the data linkage (Cohort 1) and chart review cohorts (Cohort 

2) 

Table 2. Frequency of microbiological testing in data linkage (Cohort 1) and chart review 

cohorts (Cohort 2) 

Table 3. Positivity rates of respiratory pathogen detection in data linkage (Cohort 1) and 

chart review cohorts (Cohort 2) 

Table 4. Modified Poisson regression of demographic predictors of having a microbiological 

test in the chart review (Cohort 2) 
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