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Abstract 

Background 

Emergency department (ED) presentations of respiratory infections are not well 

described.  Baseline ED data are needed to monitor trends, and to help evaluate the 

impact of health interventions, and assess changes in clinical practice for these 

conditions. 

 

Aims  

To describe the epidemiology of respiratory infections diagnosed in Western Australian 

hospital EDs from 2000 to 2003; to determine the extent and usefulness of bacterial 

cultures ordered in hospital, and to describe and evaluate the antibiotic prescribing 

pattern in the ED setting. 

 

Methods 

The cohort consisted of patients diagnosed with a respiratory infection at the ED of 

Perth’s major metropolitan teaching hospitals from 1 July 2000 to 30 June 2003. 

The analysis was based on a linked data set containing patient data from the Emergency 

Department Information System, the Hospital Morbidity Data Set, the death registry, 

and the Ultra
®
 Laboratory Information System.  Further, a sample of patient medical 

records from 1 adult hospital was examined to assess antibiotic prescribing practice.    

 

Results 

Overall, there were 37,455 presentations (28,885 patients) given an ED diagnosis of a 

respiratory infection.  Of these, 14,884 (39.7%, 95% CI: 39.2 to 40.2) were admitted 

and 715 (1.9%, 95% CI: 1.8 to 2.0) died in hospital.  The infections included; 48.1% 

acute upper respiratory infections (URI), 18.5% pneumonia, 23.5% other acute lower 

respiratory infections (LRI), 7.4% chronic obstructive pulmonary disease with lower 

respiratory infection (COPD+), 1.3% influenza or viral pneumonia and 1.2% other URI.  

Children accounted for 80.7% of acute URI diagnoses, COPD+ mainly affected the 

elderly, just over 40% of pneumonia diagnoses were in patients 65 years or older and 

30.7% in patients younger than 15 years.  Admissions by diagnostic group were: 
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pneumonia 76.9%, URI 12.3% and COPD+ 83.5%.  Pneumonia accounted for 35,660 

hospital days during 2000-2003 and 6.3% of patients with this ED diagnosis died in 

hospital.   

 

Representation with the same diagnosis within 7 days was 4.0% or less for all major 

groups of respiratory infection but increased to around 10% when reattendance for any 

reason was considered.   

 

Overall, significant positive blood cultures was around 5% but varied according to 

respiratory infection group and age.  The most common pathogen isolated from blood 

was Streptococcus  pneumoniae and 10.4% (95% CI: 4.8 to 16.0) had reduced 

susceptibility to penicillin.  For those diagnosed with pneumonia, Strep. pneumoniae 

accounted for over 90% of pathogens isolated from the blood of young children and 

isolation of Enterobacteriaceae from blood increased with age.  Around 30% of patients 

had positive sputum cultures and from these Haemophilus influenzae, Strep. 

pneumoniae and Pseudomonas aeruginosa were the most common organisms grown.   

 

Of those diagnosed with pneumonia, acute LRI or COPD+, 34.7% (95% CI: 26.1 to 

43.3) of S. aureus isolated from sputum and 16.4% (95% CI: 7.1 to 25.7) from blood 

were methicillin resistant.    

 

Of 366 adult patient medical records reviewed, 56.8% (95% CI: 51.7 to 61.9) noted that 

an antibiotic was prescribed in the ED and amoxycillin was the most frequently 

prescribed.  For those with pneumonia, concordance between prescribing guidelines and 

practice was low. 

 

Conclusions 

The administrative data sets used in the present study are useful for monitoring 

outcomes for respiratory infections diagnosed in the ED.  Pneumonia continues to place 

a burden on the hospital system.  Routine blood and sputum cultures have limited value.  

However, an appropriately designed surveillance program is needed to monitor potential 
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respiratory pathogens and assist in monitoring the appropriateness of current empiric 

antimicrobial therapy. 
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1 

1 Introduction 

1.1 Significance 

When patients present with a respiratory infection a number of clinical management 

issues confront emergency department (ED) physicians.  These include; which if any 

diagnostic investigations to initiate, whether to prescribe antibiotics empirically, and 

whether hospitalisation of the patient is necessary.  Knowledge of the epidemiology of 

the respiratory infections likely to be encountered, including; who presents with what 

and when, patient outcomes including representation, utility of diagnostic tests, and 

likely infecting organisms and antimicrobial susceptibilities, may assist in the clinical 

management of future patients.  Further, baseline data to monitor trends in these 

presentations are essential in determining effectiveness of interventions, such as 

vaccination programs, or planned changes in clinical practice.  Data relevant to 

Australia, and specifically Western Australia, are scant and not population based.   

 

1.2 Aims and objectives 

The key aim of this thesis was to describe the epidemiology of respiratory infections 

diagnosed in Western Australian hospital EDs from 2000 to 2003 inclusive.   

 

Secondary aims were: 

 To determine the extent and usefulness of bacterial cultures ordered in the ED or 

after admission. 

 To describe and evaluate antibiotic prescribing patterns in the ED setting.   

 

These 3 aims are closely linked and need to be considered collectively when 

determining the clinical care of the patient presenting with a respiratory infection.   

 

To achieve these aims a number of objectives were identified: 
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 To determine the concordance of ED diagnosis and hospital discharge diagnosis 

for respiratory infections. 

 

 To describe the demographic and other characteristics of those patients who 

were diagnosed with particular types of respiratory infections over the 3-year 

study period. 

 

 To describe the temporal patterns of presentation of respiratory infections over 

the 3-year study period. 

 

 To determine those factors associated with poor outcomes (including; admission, 

representation, admission on representation and death) for patients diagnosed 

with particular types of respiratory infections. 

 

 To describe the bacteria isolated, and their antibiograms, from patients 

diagnosed with particular types of respiratory infections. 

 

o To determine the proportion of presentations diagnosed with a 

respiratory infection that had proven bacteraemia. 

 

o To determine the proportion of presentations diagnosed with a 

respiratory infection that had positive bacterial cultures from specimens 

other than blood. 

 

o Where both blood and another type of specimen were cultured, to 

determine the proportion of positive cultures from only a single specimen 

type and from both specimens. 

 

 To describe the pattern of serological evidence suggesting infection with the 

viral or ‘atypical’ respiratory infection agents for those given an ED diagnosis of 

respiratory infection.  
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 To determine the proportion of ED presentations diagnosed with a respiratory 

infection that was prescribed antibiotics in the ED.  

 

This research was possible through access to the following data sets: 

 Hospital Morbidity Data Set (HMDS) 

 Death registry 

 Emergency Department Information System (EDIS) 

 Ultra
®
 Laboratory Information System 

 

The epidemiological analysis was based on the ability to establish linkage keys between 

each of these 4 data sets.  The data related to patients presenting to Perth’s 4 

metropolitan teaching hospitals including: the 2 adult hospitals, Royal Perth Hospital 

(RPH) and Sir Charles Gairdner Hospital (SCGH); the paediatric hospital, Princess 

Margaret Hospital (PMH) and the mixed adult and paediatric hospital, Fremantle 

Hospital (FH).  In addition, a sample of patient medical records from 1 adult hospital 

ED was examined to assess antibiotic prescribing practice.  

 

This PhD candidate is not aware of any local or overseas study which has used such a 

comprehensive data set to describe the epidemiology of respiratory infections in the ED 

setting and hence this PhD will make a substantial contribution to scholarship. 

 

The following chapter presents background and a literature review of the issues relevant 

to this study.  Chapter 3 presents the study methods relating to the data linkage and 

subsequent data analysis.  Results are presented in Chapters 4 and 5 followed by 

discussion in Chapter 6 and conclusions in Chapter 7. 
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2 Background and literature review 

2.1 Introduction 

This review begins by briefly describing the hospital system in Australia and current 

knowledge regarding ED presentations, including; numbers, cost, admission rate and the 

contribution of respiratory infections to the casemix of patients seen in EDs.  Following 

this, the review lists and comments on the current data sources available for 

epidemiological analysis of respiratory infections.  Epidemiological features of selected 

respiratory infections are described and this leads to an exploration of the issues related 

to the practice and value of microbiological investigations performed in the hospital 

setting and to antibiotic prescribing.  Finally, the process of data linkage and the 

benefits of using population data are described.   

 

The review identifies the knowledge gaps where further information and research are 

needed.  In general, the literature database Medline was searched dating from 1990 

onwards.  In addition, bibliographies from published articles were used to source further 

literature.  Internet searching was utilised for reports originating from government or 

institutional sources.    

 

2.2 Australian hospitals 

Australian citizens and others permanently residing in Australia are covered for free 

medical treatment in public hospitals under the health care system Medicare.  In 

addition, private hospitals operate on a fee for service basis.  There were 759 public 

hospitals and 534 private hospitals in Australia during 2004-2005 
1
 serving a population 

of around 20 million people 
2
.  In Western Australia, 92 public hospitals 

1
 serve the 

state’s population of around 2 million 
3
.  However, most of these hospitals are small 

with only 21 providing more than 50 beds 
1
.  The majority of Western Australia’s 

population (around 1.5 million) reside in the metropolitan area of Perth 
3
.  Seven public, 

1 public/private hospital and a single wholly private hospital in Perth have EDs which 

provide diagnosis and management of acute and urgent illnesses and injuries.  The 
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services are provided free from all but the wholly private hospital and no referral to 

attend is necessary.  In Western Australia, admissions to hospitals for acute conditions 

are generally made via the ED.  The 4 central Perth metropolitan public teaching 

hospitals include the principal referral hospitals SCGH, RPH and FH and the specialist 

childrens hospital PMH.   

 

2.3 Emergency department presentations 

During the financial year 2001-2002, there were 5,754,666 attendances to the EDs of 

Australian public acute hospitals 
4
.  Numbers for individual states included 1,210,195 

for Victoria, 2,003,438 in New South Wales and 560,847 in Western Australia.  

Locally, attendances at the EDs of the public teaching hospitals in Perth totalled 

181,067 in 2000 
5
.  Overall, the proportion of patients admitted was estimated to be 

around 30% of all presentations to Australian public hospitals 
6
.  In financial terms, 

admitted patients may consume a large proportion of hospital costs but non admitted 

patients may also contribute substantially.  The average financial cost of an ED visit to a 

Perth teaching hospital in 2000 was estimated to be between A$212 and A$259 
5
.  For 

presentations not resulting in an admission, the cost may be less than this average.  

However, using only half the average amount leads to an estimated cost of around 1.2 

million dollars to Perth’s teaching hospitals for attending to non admitted patients 

during that year. 

 

The Australian Institute of Health and Welfare publishes hospital separation statistics
7, 8

.  

Whereas these types of data describe discharge diagnoses and reflect hospital 

admissions, they do not provide details on ED presentations.  Although an Australian 

National Minimum Data Set for ED encounters has been developed recently, it provides 

limited data and does not include ED diagnosis or presenting problems 
9
.  Individual 

Australian States, including Victoria and New South Wales also collect and collate ED 

data from some but not all hospitals and have produced publications focussing on areas 

such as asthma 
10

 and injuries 
11

.  Elsewhere, there has been a realisation of the value of 

collecting standardised ED data for epidemiological and health services planning 

purposes.  In 2003, the Canadian Association of Emergency Physicians identified a need 



  Chapter 2 

6 

for a national ED information strategy 
12

 and, in England, forwarding ED data to a data 

clearing house became mandatory in April 2005 
13

.  Limited statistics from these data 

are currently available but in the future it is likely that details on British presentations, 

including diagnoses, will be analysed.   

 

Other data describing ED visits originate from the United States.  The National Health 

Care Survey is a series of surveys measuring health care utilisation across different 

providers in the United States including hospital EDs 
14

.  The survey uses a complex 

multistage method of sampling involving geographic primary sampling units, hospitals 

that have EDs, emergency service areas within EDs (ESA) and patient visits within the 

ESAs.  Hospital staff are asked to complete patient record forms for a systematic 

random sample of 100 patient visits occurring during a randomly assigned 4 week 

reporting period.  The survey conducted for the 12 months beginning December 2002 

included 40,253 record forms.  Using this information, estimates were made on ED 

utilisation including overall reasons for presentation and overall proportion admitted.  In 

2003, contusions, acute upper respiratory infections (URI), abdominal pain and chest 

pain were the most frequently reported diagnoses, and admission was estimated to be 

13.9% of the 113.9 million visits to hospital EDs 
14

.  This proportion is therefore less 

than half that estimated to occur in Australian hospitals.  Possibly the difference is due 

to different health insurance arrangements, admission policies, or American patients 

presenting to EDs for complaints which are usually dealt with by general practitioners 

(GPs) in the Australian setting.  Regardless of the reasons, generalising American 

presentation characteristics to the Australian setting may not be appropriate. 

 

Extrapolating from Australian hospital separation statistics it is likely that respiratory 

infections are common reasons for presenting to EDs.  In 2002-2003, the principal 

hospital discharge diagnosis of pneumonia (International Classification of Diseases 

(ICD) 10 code J18 ‘organism unspecified’) had the third highest number (42,116) of 

overnight separations from Australian public hospitals and accounted for 266,233 

patient days.  In Western Australia, it was the seventh most common principal hospital 

discharge diagnosis accounting for 3695 public hospital separations that year 
15

.  It is 

likely that the majority of these were admitted via EDs.  However, the number of ED 
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presentations for pneumonia and other respiratory infections is likely to be substantially 

higher.  

 

In the early 1990s, the New South Wales Department of Health, examined the casemix 

complexity of 5675 ambulatory care patients presenting to hospitals and community 

primary health care settings 
16

.  Data were collected from 10 hospitals throughout 

Australia and included tertiary and non metropolitan centres but excluded paediatric 

hospitals.  Patients arriving by ambulance or who were subsequently admitted to 

hospital were excluded from the analysis.  These data are therefore severely limited.  

However, they shed some light on the types of less severe problems that confront staff 

in the ED setting.  Although the most common problem managed in the ED was related 

to injuries, URI (1.8 per 100 encounters) was the fifth most common reason for 

presentation.  Including data from paediatric hospitals would have provided a more 

accurate indication of the range and frequency of problems managed for a wider cross 

section of the community. 

 

2.4 Monitoring respiratory infections 

In Australia, there are a number of data sources helpful to understanding the 

epidemiology of respiratory infections.  These are described below. 

 

The National Hospital Morbidity Database 

The Australian Institute of Health and Welfare compiles the National Hospital 

Morbidity Database from data supplied by the State and Territory health departments 
17

.  

The database contains summary records for admitted patients discharged from public 

and most private hospitals.  Therefore, the statistics collected are biased towards 

relatively severe illnesses or injuries.  Whereas the prevalence or incidence of diseases 

cannot be determined, hospitalisation rates using population figures as the denominator 

(but not the number of those with the disease) can be estimated to provide an indication 

of the burden of illness to society.  Much of the data are in the public domain and easily 

accessed from the Australian Institute of Health and Welfare website 
7, 8

.   
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The National Notifiable Diseases Surveillance System 

The National Notifiable Diseases Surveillance System includes compulsory notification 

of particular diseases or organisms from both hospital and community cases 
18

.  There 

are case definitions used which provide consistency in reporting 
19

.  The incidence of 

diseases on the basis of notifications can be calculated and trends over time described.  

Relevant to respiratory infections are notifications of tuberculosis, pertussis, invasive 

pneumococcal disease, legionellosis and influenza. However, the latter 3 diseases 

require laboratory confirmation 
19

 for notification and it has been suggested that reports 

of influenza may be biased towards younger age groups as virology testing may occur 

more frequently in children 
20

.  Haemophilus influenzae type B is also notifiable but 

may manifest mainly as meningitis and to a lesser extent the respiratory infection 

epiglottitis.   

 

There is a suggestion that some diseases may be under notified.  Torvaldsen and 

McIntyre 
21

 compared infant notifications of pertussis and hospitalisation data in New 

South Wales and found higher numbers in the latter 
21

.  However, the difference may be 

due to differences in case definitions.  Further, in the study of Torvaldsen and McIntyre, 

all hospitalised patients with a discharge diagnosis of whooping cough were included, 

which covered Bordetella parapertussis and whooping cough with no organism 

mentioned, in addition to B. pertusssis. 

 

Laboratory Virology and Serology Reporting Scheme 

The Laboratory Virology and Serology Reporting Scheme (LabVISE) is a scheme that 

utilises sentinel virology and serology laboratories in Australia to monitor detection of 

particular viruses and other micro-organisms, including some responsible for respiratory 

infections such as influenza, parainfluenza, adenovirus, respiratory syncytial virus 

(RSV), Chlamydia and Mycoplasma 
22

.  As not all laboratories are included, especially 

those private, representativeness is not assured.  Further, the results may not be accurate 

across all age groups due to possible selection bias (the young are more likely to be 

tested).  Interpretation of changes in detection of organisms over time may be difficult 

due to changes in diagnostic procedures but this is a potential problem with any 

surveillance scheme based on organism detection. 
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The Bettering the Evaluation and Care of Health 

Patients with respiratory infections may be managed in the community by GPs or be 

subsequently referred to hospital.  The Bettering the Evaluation and Care of Health 

(BEACH) 
23

 program began in 1998 and continuously monitors general practice activity 

from a random sample of GPs across Australia.  Each year around 1000 GPs (20 GPs 

each week, to overcome problems of seasonality of certain conditions) selected from a 

sample frame based on Health Insurance Commission data, record details of about 100 

consecutive patient encounters.  The participating GPs change each year.  

Unfortunately, the response rate of the GPs is quite low.  In the 2004-2005 study, 
23

 the 

response rate was 28.1% of those that the researchers could contact (which was 85.7% 

of those of the initial sample) which makes it difficult to generalise the survey results 

with confidence.  However, the latest study results were based on 94,386 encounters 

with 953 GPs and, although they cannot be used to calculate prevalence of disease, they 

give an indication of frequency of utilisation of general practice services and may 

reflect the relative frequency of types of conditions, albeit broad conditions, present in 

the community. 

 

Australian Sentinel Practice Research Network 

Another program monitoring GP utilisation is the Australian Sentinel Practice Research 

Network (ASPREN) 
18

.  This consists of about 40 GPs across Australia who report 

consultations for particular medical problems each week.  The conditions reported may 

change from year to year.  Unlike the BEACH program the GPs are not randomly 

selected each year but rather are recruited if they have an interest in surveillance.  

ASPREN currently reports on influenza to the National Influenza Surveillance 

program
18

.  This latter program collates data on influenza from previously mentioned 

schemes. 

 

The Australian Group on Antimicrobial Resistance 

The Australian Group on Antimicrobial Resistance is a group of clinicians and 

microbiologists from major laboratories who conduct surveys on antimicrobial 

resistance 
24

.  The main focus is resistance in Staphylococcus aureus but other 
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organisms such as Escherichia coli, Klebsiella spp., Enterobacter spp., Streptococcus 

pneumoniae and H. influenzae are also monitored 
24

.  Antimicrobial resistance 

surveillance of these organisms is particularly relevant for respiratory infections. 

 

Death registry 

In Australia, death registration is compulsory and cause of death along with 

demographic details are registered by each State and Territory and subsequently 

compiled by the Australian Bureau of Statistics.  Analysis of death data may not be 

straightforward.  The underlying cause of death is coded according to ICD 10 and refers 

to the disease which initiates the events leading directly to death 
25

.  These data are 

commonly analysed and reported because they allow consistency for comparisons 

between countries and time.  However, restricting analysis to this may not truly reflect 

the contribution of some diseases to death.  Multiple cause of death is now included and 

coded in the mortality database.  This incorporates underlying cause of death, the cause 

giving rise to the latter and causes contributing to death but not related to the disease 

causing it 
25

.  Unfortunately, whereas multiple cause of death may provide more useful 

details, analysis may be complex. 

 

National Health Survey 

The 5 to 6 yearly National Health survey 
26

 conducted by the Australian Bureau of 

Statistics tends to focus on long term conditions and the health conditions assigned as 

National Health Priorities and therefore provides little useful information relating to the 

prevalence or other epidemiological features of respiratory infections.  Further, although 

the latter accesses people who do not consult health services, the survey relies on self 

reporting and there is potential for recall bias and inconsistencies with disease/illness 

definitions. 

 

 

Respiratory infection statistics available come from a variety of sources.  Although each 

source contributes to our understanding of the patterns of occurrence of these infections, 

no single source provides all information of interest. 
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2.5 Epidemiological features of respiratory infections 

Respiratory infections are categorised as being upper or lower depending on which 

structures they affect.   

 

2.5.1 Upper respiratory tract infections 

The group of URIs include a range of infections affecting the larynx and structures 

above 
27

. 

 

The latest BEACH study report lists URI as the second most frequent problem managed 

in general practice at the rate of 5.6 per 100 general practice encounters with 77.5% of 

these new problems rather than a return with an unresolved problem 
23

.  This suggests 

these are acute conditions which are generally either self limiting or respond quickly to 

treatment.  In comparison, hypertension was recorded as the most frequent problem 

managed at 8.9 per 100 encounters with only 5.6% of these new problems.  

Unfortunately, in the study report the problem managed was not broken down to more 

specific types and was not tabulated according to age nor to season which are key 

aspects to the epidemiological study of disease.   

 

Australian hospital separation statistics published by the Australian Institute of Health 

and Welfare report discharge diagnoses according to ICD codes by age and year 
7
.  

According to these statistics, in Australia there were 30,000-33,000 separations per year 

for URI for the period 2000-2003.  Children and young adults accounted for most of the 

separations with around 40% accounted for by children 1-4 years of age.  The most 

common specific URI diagnoses were obstructive laryngitis (6800-9000 per year) and 

tonsillitis (8500-9200 per year).  There was a small number of separations with 

epiglottitis (150 per year) but the number of separations with pertussis fluctuated (424 

in 2000-2001, 631 in 2001-2002, 287 in 2002-2003), probably due to its epidemic 

nature.  Both of these latter diseases can largely be prevented by vaccination.   
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2.5.1.1 Acute obstructive laryngitis 

Acute obstructive laryngitis (croup) presents typically with a barking cough, hoarseness 

and stridor, particularly on inspiration 
28

.  Whereas some published work originating 

from North America refers to croup as a lower respiratory tract infection 
29, 30

, in this 

study, croup was considered as an acute URI in accordance with ICD 10 classification
31

. 

 

The 1-4 year age group accounted for the highest proportion of Australian hospital 

separations for croup during the years 2000-2003 
7
.  Males accounted for more than 

twice the number of separations for croup than females.  This gender difference has also 

been reported overseas 
30, 32

.  The average length of hospital stay was 1.3 days with 

around 40% same day separations 
7
 suggesting that in many cases disease was mild and 

self limiting. 

 

Croup is believed to be primarily a viral illness and the most commonly found agent is 

parainfluenzae virus 
30, 33-35

.  Other viruses isolated include RSV and influenza 
30, 33-35

.  

The aetiology studies reported in the literature originate from around 20 or more years 

ago 
30, 33-35

 (Table 2.1).  Recent studies are lacking, perhaps because of the logistical and 

financial issues associated with conducting large studies of this nature.   

 

Studies headed by Denny 
30

, Foy 
34

 and Wright 
35

 were American prospective studies of 

children in the community.  In contrast, Buchan and co-workers 
33

 studied Scottish 

hospitalised patients in a retrospective study and hence relied on the diagnostic tests 

performed as part of normal patient management.  Diagnosis of aetiology in these 

studies was primarily by virus cultures of throat swabs and a substantial but variable 

proportion of cases did not have aetiology determined.  In positive cultures, 

parainfluenza viruses were the most frequently isolated.  As collectively these studies 

covered both community and hospitalised patients it is likely both the mild and more 

severe forms of croup were represented.  However, only Foy and co workers 
34

 

compared the frequency of particular viruses in those with croup to a ‘quasi’ control 

group (a group of children under longitudinal surveillance regardless of health status).  

Therefore, they attempted to fulfil one of Evan’s postulates of causation and disease, 
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Table 2.1 Aetiology studies for croup 

Primary author Location 
Study 

years 
n  Patient type Age range Diagnostic criteria Comparison group % swabs ≥ 1 viral isolate 

         

Denny 
30

 One practice 

USA 

 

1964-1975 951 Community <6yrs Virus/mycoplasma culture No 37.6 (parainfluenza 28.6%) 

Foy 
34

 

 

 

Medical care 

group USA 

 

1966-1971 210 

 

109 

Community <6yrs Culture 

 

Sera CFT* 

Yes (parainfluenza 0.35%) 29.0 (parainfluenza 17.2%) 

 

39.4 

 

Buchan 
33

 One hospital 

Scotland 

 

1966-1972 177 Hospitalised <15yrs Culture No 54% (parainfluenza 34.5%) 

Wright 
35

  Health 

Maintenance 

Organisation, 

USA 

 

1980-1984 68 Community <1yr Culture No 48.5 (parainfluenza 22.1%) 

*CFT complement fixation test 
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namely, exposure to the hypothesised cause (e.g. parainfluenza) should be more 

frequent among those with the disease (croup) than in controls without the disease 
36

.   

 

Overseas studies show that hospitalisations for croup occur in minor peaks each year in 

winter and major peaks in autumn of every second year 
29, 32

.  This pattern also reflects 

the seasonality of parainfluenza viruses which strengthens the link of this virus to croup.  

In Australia, the LabVISE reporting scheme suggests that human parainfluenza 

serotypes 1 and 2 occur in biennial epidemics and there are annual epidemics of 

serotype 3 
22

.   

 

2.5.1.2 Tonsillitis and pharyngitis 

The distinction between tonsillitis and pharyngitis is not always clear in the literature 
37

.  

Tonsillitis is an infection or inflammation of a tonsil and pharyngitis is inflammation or 

infection of the throat 
38

.  Whereas Australian hospital separation statistics 
7
 indicate the 

number of separations for acute tonsillitis is around 4 to 4.5 times that of acute 

pharyngitis, the average length of stay for both discharge diagnoses is around 2 days.  

However, same day separations account for about 25% of those with acute pharyngitis 

but only about 16% of those with acute tonsillitis.  This difference may be due to some 

of the latter group undergoing surgery.  Acute tonsillitis was most common in the 1-4 

and 15-19 year age groups during the years 2000-2003 
7
.  It was uncommon in those 

over 50 years of age.  In the Australian community in 2004-2005, tonsillitis accounted 

for 1.1 per 100 GP encounters 
23

.  This compared with 2.3 per 100 encounters for 

asthma and 1.2 per 100 encounters for acute otitis media which are common illnesses of 

the young.  Around 75% of encounters for tonsillitis were new episodes. 

 

The prevalence of acute tonsillitis and acute pharyngitis in the community is difficult to 

estimate.  Hannaford and co-workers 
39

 sent a postal questionnaire to a random sample 

of 12,100 Scottish households in late winter and early spring of 1998.  The 

questionnaire asked about ear, nose and throat symptoms experienced by individuals 

aged 14 years or older.  The response rate was 64.2% which the authors reported as 

good although they could not compare the characteristics of the non responders.  
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Around 30% of responders stated they had at least 1 episode of tonsillitis or severe sore 

throat in the previous 12 months but only 38% of these had consulted their GP for 

advice.  This demonstrates the difficulty of estimating prevalence of mild conditions in 

the community based on a GP reporting scheme, as many more episodes may occur than 

reported.  Further, health surveys such as the study by Hannaford are subject to recall 

bias and the problem of consistency of case definitions.  It is also unfortunate that 

symptoms experienced by children were not included in the study, as this group is likely 

to frequently experience upper respiratory symptoms as suggested by hospital 

separation statistics 
7
.   

 

Group A beta-haemolytic streptococci are isolated by throat culture from children and 

young adults with acute tonsillitis or acute pharyngitis more frequently than those with 

no symptoms but still only in about 20-40% of cases 
37, 40

.  Viruses are common causes 

of tonsillitis and acute pharyngitis 
41, 42

 and  H. influenzae may be associated with 

recurrent acute tonsillitis 
43

. 

 

Del Mar 
44

 reviewed the literature from 1945 to 1990 and concluded that throat swab 

cultures for identifying bacterial causes of sore throat are of little use because of the 

high asymptomatic carrier rate of streptococcus, and organisms isolated from the throat 

surface do not always correspond to those in deeper tissues.  

 

Further, the Cochrane Collaboration reviewed the published literature to assess the 

benefits of antibiotics for sore throat 
45

.  They concluded that antibiotics had a beneficial 

effect on suppurative infections and symptom reduction but the effect was small.  The 

effectiveness of antibiotics increased in those with streptococci isolated from the throat.  

However, by 7 days, 82% of controls were symptom free regardless of whether they 

were streptococcus positive, negative or untested.  Unfortunately, the number of 

children in the studies reviewed was small and hence it may be difficult to draw 

conclusions about the effect of antibiotics on young patients.  An earlier Cochrane 

review could not reach a conclusion on the effectiveness of tonsillectomy for chronic or 

recurrent acute tonsillitis in adults 
46

.    
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Therefore, as there are questions surrounding the value of certain diagnostic and 

management practices for tonsillitis and pharyngitis, it would be useful to determine the 

current frequency of these practices in Western Australian hospitals.  

 

2.5.1.3 Acute epiglottitis 

Acute epiglottitis is a potentially life threatening condition causing airway obstruction.  

It is predominantly caused by H. influenzae type B.  Fortunately, it is not common in 

Australia.  Hospital separations for acute epiglottitis declined from 269 in 1993-1994 to 

173 the following year, 150 in 2000-2001 and 135 in 2002-2003 
7, 8

.  The decline 

followed the introduction of H. influenzae type b (Hib) vaccines 
47

.  At the same time, 

Australian notifications of this organism consequently declined from 502 in 1992 to 366 

in 1993 and to 27 in year 2000 (1 case in Western Australia in 2000) 
48

.  Therefore, it is 

expected that the number for epiglottitis in Western Australia in following years would 

be small and account for only a small proportion of acute URIs. 

 

2.5.1.4 Pertussis  

Pertussis is caused by B. pertussis and may be commonly referred to as whooping 

cough but the latter term is also used to describe a less severe disease caused by B. 

parapertussis 
27

.  Pertussis occurs in periodic epidemics at intervals of 3 to 5 years 
49

 

and, in Australia, both confirmed and probable cases of pertussis are notifiable.  Over 

80% of pertussis notifications occur in those aged 10 years or older 
48

.  However, the 

highest notification rates in 2004 were in children aged less than 1 year (103.1 cases per 

100,000 population) and those aged 10-14 years (80.2 cases per 100,000 population) 
49

.  

The latter peak might have been due to waning immunity.  In 2004, Western Australia 

had the highest rate of pertussis cases of all Australian states and signalled an 

epidemic
50

.  The high proportion of notifications from teenagers suggested this age 

group played a significant role in the transmission of this disease and lead to a mass 

vaccination program in secondary schools 
50

. 
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Although the overall mortality from pertussis is around 0.03%, the mortality in 

hospitalised babies under 6 months of age is 3.5% 
47

.  Vaccination against pertussis is 

currently part of the Australian standard vaccination schedule and in 2005, over 90% of 

children in all Australian states had been immunised against pertussis by the end of their 

first year 
51

.  However, the third dose of the primary pertussis immunisation course is 

usually given at around 6 months of age 
47

 and therefore, children younger than 6 

months may be at risk of infection due to potentially incomplete immunity.  Booster 

vaccinations of teenagers and immunisation of new parents and carers of young children 

have been suggested as strategies to reduce transmission 
47

. 

 

2.5.2 Influenza 

There are 3 types of influenza viruses, A, B, and C, and these are further classified 

according to antigenic properties.  Influenza infections tend to be seasonal.  In Australia, 

reports to LabVISE of laboratory confirmed cases indicate peaks tend to occur in late 

winter and early spring 
48

.  This is also the peak time for consultations to GPs for 

influenza like illness 
52

. 

 

In 2003, there were 3587 reports of laboratory-confirmed influenza in Australia with 

48% of notifications relating to children aged less than 5 years and 94% were influenza 

A 
20

.  As previously mentioned, the relative dominance of young child notifications may 

reflect the higher likelihood of virology testing of this age group.  For example, hospital 

separation data show higher numbers of ‘influenza virus identified’ for those younger 

than 5 years old compared with those older but this trend is not seen for the diagnosis of 

‘influenza virus not identified’ 
7
.  For the latter diagnosis code there is no distinct 

pattern for most years.  During the years 2000-2003, discharge diagnoses of influenza in 

Australia totalled 2383, 1836 and 2206, respectively 
7
.  The length of hospital stay was 

around 3 days for influenza where the virus was not identified and about a day longer 

for those where the virus was identified. 

 

The Australian standard vaccination schedule recommends annual vaccination against 

influenza for all Australians 65 years or older and for Indigenous Australians 50 years 
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or older 
47

.  This aims to reduce the incidence of influenza and hence subsequent 

significant complications such as pneumonia 
53

.  Vaccination of the elderly against 

influenza is also associated with a reduction in the risk of hospital admission for heart 

disease, cerebrovascular disease and the risk of death from all causes during influenza 

season 
54

.   

 

In 2003, influenza vaccination coverage of those over 65 years was estimated as around 

77% based on a telephone survey of 8000 people 40 years and older 
55

.  However, the 

survey relied on the respondents having a telephone and people residing in boarding 

houses and aged care facilities were excluded.  Further, interviews were completed in 

only around 20% of eligible calls which casts some doubt on the precision of the 

vaccination coverage estimate.  In a separate survey, influenza vaccination coverage 

was estimated to be around 86% of those 65 years and over in aged care institutions 
55

.   

 

Annual vaccination for children except for special groups is not currently part of the 

Australian schedule.  However, some researchers suggest vaccinating young children 

would be cost effective as previously healthy children account for most hospitalisations 

for paediatric influenza 
56

.  Also, in children, influenza viruses may predispose to acute 

otitis media 
56

.  

 

2.5.3 Acute lower respiratory tract infections 

Acute lower respiratory infections (LRIs) include acute bronchitis, acute bronchiolitis 

and pneumonia (considered in section 2.5.4) along with other infections loosely 

classified as ‘unspecified acute LRIs’.   

 

Tuberculosis, caused by Mycobacterium tuberculosis, can also be regarded as a LRI as 

the lungs are usually affected 
38

.  In Australia, the number of notified cases of 

tuberculosis is around 1000 per year, and the incidence rate remained fairly stable 

between the years 1985 and 2004 
57

.  In 2003, the highest incidence was in people born 

overseas (19.9 cases per 100,000 population) followed by Indigenous Australians (8.5 
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cases per 100,000).  The lowest incidence was in the non Indigenous Australian-born 

population at 0.9 cases per 100,000 
20

.   

 

2.5.3.1 Bronchiolitis 

Bronchiolitis is characterised by inflammation of the bronchioles and typically begins as 

an URI 
38

.  The main symptoms are cough, wheeze and breathing difficulties 
27

.   

 

Acute bronchiolitis accounted for between 12,000 and 14,000 hospital separations each 

year between 2000 and 2003 with an average length of hospital stay of around 3 days 

and less than 10% were same day separations 
7
.  This suggests the disease may exhibit 

relatively severe symptoms.  The majority of cases (around 10,000 to 11,000 per year) 

were children younger than 1 year with most of the remaining from the 1-4 year age 

group.  Male separations with this diagnosis were around 1.5 times the number of 

females 
7
.  This age and gender distribution is consistent with other reports 

34, 58
.    

 

RSV is believed to be a major cause of LRI manifesting as bronchiolitis 
34, 35, 58, 59

.  

Long term prospective studies (Table 2.2) were performed more than 20 years ago and 

data from those headed by Foy 
34

, Wright 
35

 and Henderson 
58

 were drawn from the 

studies which also examined children diagnosed with croup (see section 2.5.1.1).  

Aetiology was determined primarily by virus culture of throat or nasopharyngeal swabs 

and was supplemented in some cases by serology.  Serology results tended to increase 

the proportion of positive cases.  However, independent of serology, RSV was still the 

most frequent agent detected with a substantial increase in frequency over that detected 

in the controls.  As with other respiratory diseases, a potential causative agent was not 

always found, even when both culture and serological methods were used 
34, 58

 (Table 

2.2). 

 

Laboratory reports of RSV to Lab VISE from 1991 to 2000 showed distinct peaks 

during the winter months and 89.4% of the 2735 notifications in 2000 were in children 

aged less than 5 years 
22

.   
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Table 2.2 Aetiology studies for bronchiolitis   

 

Primary 

author 
Location 

Study 

years 
No. nasopharyngeal/throat swabs  Patient type Age range 

Comparison 

group 
% ≥ 1 viral isolate 

        

Kim 
59

 Children’s hospital 

USA 

1960-

1970 

1179 

873 (paired sera) 

Mostly hospitalised, 

some outpatients 

<6yrs Yes (RSV 0.3%) Only reported for RSV 27% 

30.2% for RSV (paired sera) 

 

Henderson 
58

 One practice USA 1963-

1975 

 

1851 Community <15yrs No 21% (7.3% RSV) 

        

Foy 
34

 Medical care group 

USA 

 

1966-

1971 

78 

33 (paired sera) 

Community <6yrs Yes (RSV 0.1%) 24.3 (9.8% RSV) 

36.4 (from paired sera) 

Wright 
35

 Health Maintenance 

Organisation, USA 

 

1980-

1984 

183 Community <1yr No 89.6 (65% RSV) 
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Whereas some young children may experience a mild form of bronchiolitis and are 

managed outside of hospital 
60

, there is some variation of reported admission rates.  Foy  

and co-workers 
34

 reported 40% of all bronchiolitis cases were hospitalised but this was 

influenced by patient age.  Those younger than 6 months had the highest admission.  

Other admission rates reported include 25% and 37%, and 7 day representation rates of 

12% and 6% 
61

.   

 

Leader and co-workers 
62

 performed a retrospective analysis of the American National 

Hospital Ambulatory Medical Care Survey data from 1997 to 2000.  They reported that 

during the RSV season, 46% of the 718,008 ED visits recorded for infants 1 year or 

younger were given a diagnosis of ‘acute bronchiolitis caused by other infectious 

organisms’.  In comparison, 38% of the ED visits for this age group were given the 

diagnosis of ‘pneumonia organism unspecified’ suggesting these 2 diagnoses accounted 

for more than 80% of presentations for this age group.   

 

A recent systematic review of the literature 
60

 encompassing studies conducted from 

1980 to April 2002, concluded the existing data did not support diagnostic testing for 

bronchiolitis nor was there currently good evidence to recommend any single agent for 

treating the illness, including bronchodilators, corticosteroids and antibiotics, over 

supportive care.  If these recommendations translate into clinical practice it is 

reasonable to expect a low frequency of culturing, serology testing and antibiotic 

prescribing for patients diagnosed with bronchiolitis.   

 

2.5.3.2 Bronchitis 

Acute bronchitis is caused by spread of URI to the bronchi 
38

.  Symptoms include 

cough, fever, and varying levels of sputum production 
27

.  There is some variation in the 

working definition of acute bronchitis 
63-66

 but generally refers to an acute cough of less 

than 2 to 3 weeks duration for which there is no other explanation.  In practice, other 

conditions such as asthma may incorrectly be assigned a diagnosis of acute bronchitis 
67

 

although this may be due to variation in case definition.   
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This confusion with case definition is also seen in aetiology studies.  The study by 

Macfarlane and co-workers 
66

 used acute bronchitis synonymous to lower respiratory 

tract illness in their prospective aetiology study.  They recovered bacterial pathogens, 

predominantly Strep. pneumoniae, from 82 of the 316 patients studied, ‘atypical’ agents 

from 75 and viral pathogens from 61 patients.  The authors concluded that their study 

showed that symptoms of acute bronchitis in adults are related to bacterial, ‘atypical’ 

and viral pathogens.  However, their results included at least 17 patients with 

radiographic pneumonia suggesting a diagnosis of pneumonia might have been more 

appropriate.   

 

Generally, it is believed that respiratory viruses, including influenza viruses, are the 

most common cause of acute bronchitis although results have tended to be based on 

small sample sizes 
68, 69

.  There is conflicting evidence for the aetiological role of M. 

pneumoniae and C. pneumoniae 
69-72

.  In the study by Boldy and co-workers 
68

 a 

potential pathogen was detected by either nasopharyngeal washings, sputum culture or 

in paired serology in only around 30% of cases and Jonsson 
69

 identified the aetiology 

by serology in only 16% of patients.  Differences may be attributable to differences in 

the diagnostic tests used or possible epidemic nature of the agents causing acute 

bronchitis 
63

.  Both these studies involved patients diagnosed in the community 

suggesting they were likely to be at the mild end of the severity spectrum.  However, the 

proportion of those with acute bronchitis subsequently admitted may be as low as 

0.25%
68

 indicating that most cases of acute bronchitis are managed in the community.   

 

Whereas bacterial infection may be diagnosed in a small proportion of patients with 

acute bronchitis 
68

, bacteria may be responsible for around 70% of exacerbations of 

chronic bronchitis 
73

.  Chronic bronchitis is usually defined as a cough with sputum 

production for at least 3 months of the year for more than 2 years 
38

. 

 

During 2000-2003, the number of Australian hospital separations for acute bronchitis 

was between 3000 and 4000 per year with peaks in the 1-4 and 85+ years age groups 
7
.  

Generally, numbers were lower for young adults and a slightly higher proportion of the 

separations was female.  Discharge diagnoses were higher for the ICD specific code 
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indicating acute bronchitis due to H. influenzae compared with those due to specific 

viruses, but this may reflect the greater likelihood of bacterial rather than viral cultures 

performed.  Overall, the most common diagnosis was acute bronchitis unspecified, 

implying aetiology was not determined either because of no testing, inappropriate 

testing or negative test results.  The average length of hospital stay for bronchitis was 4 

to 5 days with around 11% same day separations.   

 

Those separations assigned the principal discharge diagnosis of unspecified acute LRIs 

accounted for a further 13,000 to 15,000 separations per year during 2000-2003 
7
 and it 

is not known what proportion was acute bronchitis.  The BEACH study 
23

 in 2004-2005 

listed acute bronchitis/bronchiolitis as the ninth most frequent problem managed in 

general practice at the rate of 2.4 per 100 general practice encounters and 70.6% of 

these were new problems rather than a return with an unresolved problem.  

Unfortunately, a distinction wasn’t made between bronchitis and bronchiolitis. 

 

The American College of Chest Physicians do not recommend routine viral cultures, 

serologic assays or sputum analysis 
74

 for those with acute bronchitis.  They also do not 

recommend routine treatment with antibiotics.  A Cochrane review of antibiotic 

treatment of acute bronchitis concluded that use of antibiotics had a modest beneficial 

effect on patients’ symptoms but needed to be considered in the broader context of 

potential side effects for this self limiting condition 
75

.   

 

Despite the belief that viruses cause the majority of acute bronchitis and that use of 

antibiotics may have minimal if any benefit, antibiotics have been prescribed widely for 

this condition.  The National Hospital Ambulatory Medical Care Survey of 1996 found 

of 1,192,947 visits to American EDs coded as either acute bronchitis or ‘bronchitis, not 

specified as acute or chronic’, around 42% were prescribed antibiotics 
76

.  For adults, 

the proportion was 49.1%.  As the survey included a considerable number of randomly 

selected visits across all age groups, this is likely to be representative of the situation in 

the United States.  In the American community setting, a 1996 study by Oeffinger and 

co-workers 
65

 found 63% of family physicians used antibiotics as treatment for acute 

bronchitis.  However, the case definition of acute bronchitis was left up to the physician.  
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The Australian Morbidity and Treatment Survey, which described patient encounters 

with GPs during 1990-1991, found around 80% of patients diagnosed with acute 

bronchitis were prescribed antibiotics, most commonly amoxycillin 
77

.  Again, the 

definition of acute bronchitis used in this study was not clear. 

 

2.5.4 Community acquired pneumonia 

2.5.4.1 Frequency 

Community-acquired pneumonia (CAP) is defined as pneumonia occurring in 

individuals who are not in hospital (or have been in hospital for less than 48 hours) and 

who are not significantly immunocompromised 
78

. 

 

A population based study in Finland in the early 1980s 
79

 in which all patients with 

pneumonia in a defined geographical area were reported to a pneumonia register, 

calculated the overall incidence of CAP as 11.6 per 1000 inhabitants of that area per 

year, with a case fatality rate of 4%.  The age specific incidence was ‘U’ shaped with 

higher incidence for the very young (<5 years, 36.0 per 1000) and the very old ≥ 75 

years (34.2 per 1000).  There were also more cases of pneumonia during the autumn and 

winter months.  Other incidence or prevalence data for CAP are limited.  An Australian 

study in 2000 sought to estimate the community incidence of pneumonia in children 

residing in Western Sydney 
80

.  A cross sectional randomised telephone interview 

method was used.  From interviews with 2020 parents of children aged 5-14 years, the 

lifetime diagnosis of pneumonia for this cohort was reported as 6.8% with an estimated 

incidence of 7.6 per 1000 person-years or a rate of 21 per 1000 children aged less than 5 

years.  The proportion hospitalised was reported as 42%.  As with all telephone surveys 

of this nature, there is potential for recall bias.  However, given the severity of 

pneumonia, it is likely that parents would recall this illness with reasonable accuracy, 

especially if their child was admitted to hospital.  There may have been some selection 

bias however, as the area surveyed was reported by the authors to have a large 

immigrant population and yet no households where the primary carer didn’t speak 

English were interviewed.  The effects of such bias are unknown. 
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Hospital separation figures for Australia show that in 2001-2002 there were 61,064 

separations from hospitals with specific diagnosis codes for pneumonia caused by an 

infective agent 
7
.  The average length of hospital stay ranged from 4.1 days for viral 

pneumonia to 9.7 days for bacterial pneumonia (coded as ‘not elsewhere classified’ 

(J15)) 
7
.  Influenza and pneumonia as a combined category was the ninth leading 

underlying cause of death for females in 2002 and the twelfth most common cause of 

death for males, collectively accounting for 3084 deaths 
81

.   

 

2.5.4.2 Clinical presentation and predisposing factors 

Pneumonia may present with a number of signs and symptoms including but not 

restricted to; fever, cough, pleuritic chest pain, sputum production, increased respiratory 

rate and at least one opacity on chest radiography 
53

.  Factors which are believed to 

predispose to CAP in elderly adults are chronic conditions including age, alcoholism, 

chronic obstructive pulmonary disease (COPD), heart disease and 

immunosuppression
82

.  An increased exposure to the pathogen due to crowded living 

conditions may also increase the risk 
83

.  For children, there is evidence that predictors 

of pneumonia include a history of asthma and other lung problems 
80

.  A type of 

pneumonia known as aspiration pneumonia is caused primarily by aspiration of 

oropharyngeal contents 
27

.  In the hospitalised patient, the infecting organisms in these 

cases may reflect the Gram negative organisms resident in the upper airways 
27

.  

 

2.5.4.3 Aetiology 

According to Sarosi 
84

, in the 1800s, pneumonia was thought to be synonymous with 

infection by Strep. pneumoniae (previously designated Diplococcus pneumoniae).  It 

was believed that infection with Strep. pneumoniae always produced the same clinical 

symptoms and later when chest radiographs were used in assessing patients, segmental 

or lobar consolidation was commonly seen.  However, in the 1930s patients with chest 

infection were observed with ‘atypical’ clinical presentations including no chest pain.  

Sputum did not contain pneumococci and patients did not appear critically ill.  The 
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pneumonia appeared to affect mainly young people in crowded conditions.  It soon 

became apparent that many different agents could cause pneumonia but comparison of 

radiographs revealed no significant differences between pneumonias caused by different 

agents 
84

.  Today, although the term ‘atypical’ pneumonia is a misnomer, as it implies 

that there is a ‘typical’ form of pneumonia, the term ‘atypical’ is clinically useful when 

referring to M. pneumoniae, C. pneumoniae and Legionella spp. as a group.  These 

organisms are not readily cultured and are usually detected by serological or other 

diagnostic means. 

 

The aetiology of CAP has mainly been studied overseas. However, in the late 1980s 

there was an Australian prospective study 
85

 which attempted to determine the aetiology 

of CAP in 106 admitted patients.  Specimens of sputum, blood, urine and 

nasopharyngeal aspirate were obtained before antibiotic treatment began and either 

cultured or used for serological or other diagnostic tests.  Strep. pneumoniae was the 

most common pathogen and was found in 42% of patients.  Respiratory viruses 

accounted for 18% of infections and M. pneumoniae for 8%.  In New Zealand, 2 

prospective studies of admitted patients, 1 including patients aged from 13 years and the 

other of adults, were carried out in 1988 
86

 and 1992, 
87

 respectively.  A microbiological 

diagnosis was made in around 70% of cases in both studies and Strep. pneumoniae 

accounted for a similar proportion of cases as in the Australian study.  However, M. 

pneumoniae accounted for around twice the proportion of cases in New Zealand 

compared to Australia.  While there was some variation in the diagnostic tests used 

which may account for the differences, it is also possible that the difference was related 

to geographical reasons or the epidemic nature of M. pneumoniae.  The New Zealand 

authors Karalus and co-workers 
86

 mention their study was conducted during an 

outbreak of M. pneumoniae. 

 

These and other studies using a variety of diagnostic methods failed to determine 

aetiology for 23% to 57% of patients with CAP 
85-92

 (Table 2.3).  Further, no mention 

was made of attempts to isolate the potential causative agents from healthy individuals 

as comparisons.  It is known for example, that Strep. pneumoniae, H. influenzae and 

Moraxella catarrhalis may be part of the normal flora in the nasopharynx 
93, 94

.   



 

27 

Table 2.3 Aetiology studies for pneumonia    

Primary 

author 
Location 

Study 

years 
n Patient type Age range Diagnostic tests (n) 

% aetiology 

established 
S. pneumoniae  

         

Jokinen 88 Finland 1981-

1982 

345 All in defined 

geographical area 

 

≥ 15 yrs Paired sera (304) 

 

60% of 304 41% of 304 

Heiskanen-

Kosma 89 

Finland 1981-

1982 

201 All in defined 

geographical area 

 

3mths -14 yrs Paired sera (193) 

 

69% of 193 30% of 193 

Howard 90 England 1982-

1983 

 

1999-

2000 

Study 1, 61 

 

 

Study 2, 99 

Admitted Adults Paired sera 

Blood, sputum culture, pneumococcal 

antigen 

PCR 

Number tested by each test not clear 

 

62% of 61 study 1 

 

 

48% of 99 study 2 

Most frequent organism 

but % not clearly stated 

Lim 85 Australia 1987-

1988 

106 Admitted ≥ 17 yrs Sputum (90) 

Blood (103) 

Viral culture (100) 

Mycoplasma antigen (97) 

Serology Legionella (101) 

 

77% of 106 42% of 106 

Karalus 86 New Zealand 1988 92 Admitted ≥ 13 yrs Blood (87) 

Sputum (75) 

Nasopharyngeal aspirate (83) 

Paired sera (80) 

 

51% definite (72% 

definite and probable 

of 92) 

Most frequent organism 

but % not clearly stated 

Neill 87 New Zealand 1992-

1993 

255 Admitted ≥ 18 yrs Sputum, blood, urine, nasopharyngeal 

and throat swabs , numbers tested and 

methods not stated 

 

71% of 255 39% of 255 

Ruiz 91 Not stated but 

likely Spain 

1996-

1997 

395 Admitted 50-86 yrs Sputum (243) blood (261) 

Paired serology (204) pleural fluid (29) 

 

46% of 395 10% of 395  

Wubbel 92 USA 1996-

1997 

168 Medical centre 6 mths-16 yrs Blood, nasopharyngeal/oral swabs 

culture (168) 

Paired sera (136) 

Blood cultures 

negative 

Aetiology established 

43% of 168 

 

27% of 129 paired sera 
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A prospective study by Ruiz and co-workers 
91

 determined the yield from different 

diagnostic methods.  Sputum cultures gave a greater yield (53%) than serology (45%) 

which had a greater yield than blood culture (13%).  However, as sputum passes 

through a non sterile site it is difficult to determine for sure whether the yield from 

sputum is a true indication of the aetiology of pneumonia. 

 

To find aetiology data relating to non admitted patients one needs to refer to the 

population based Finnish study conducted in the early 1980s 
88

.  The cohort originated 

from all suspected or confirmed pneumonia cases reported by all physicians during a 12 

month period from an industrial town and 3 rural municipalities in eastern Finland.  

Aetiology was assessed serologically or by detection of pneumococcal antigen in urine.  

From the adult study participants, Strep. pneumoniae was the most common organism 

demonstrated (41% of 345 patients) followed by Chlamydiae (12%), M. pneumoniae 

(10%) and viruses (9%).  M. pneumoniae was found in a higher proportion of young 

adults compared with those older, and more frequently among outpatients than 

inpatients.  From the paediatric study participants in the initial analysis, Strep. 

pneumoniae was the most common organism detected serologically (28% of 201 

patients) followed by M. pneumoniae (22%) 
89

 .  However, some years later the 

mycoplasma serology was supplemented by an IgM and IgG class specific enzyme 

immunoassay (EIA) 
95

.  The previous diagnostic test used was the complement fixation 

test (CFT).  The additional analysis of the frozen sera resulted in the proportion of cases 

with evidence of M. pneumoniae infection increasing to 30% of the 201 patients.  M. 

pneumoniae was again more common in outpatients and about 50% of mycoplasmal 

cases were mixed infections with two thirds involving Strep. pneumoniae 
95

.  It was 

noted by the authors that M. pneumoniae infections were common in the Finnish 

population during the initial surveillance period.  Epidemic cycles of 4 to 6 years for M. 

pneumoniae infections have been reported 
96, 97

. 

 

These studies illustrate that results may be difficult to compare because of differences in 

cohorts studied, year of study (influence of epidemics) and differences in the 

sensitivities and specificities of diagnostic tests used.  However, studies consistently 

identify Strep. pneumoniae as one of, if not, the most frequent causative organism. 
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Pattern of causative organisms and age 

Ruiz and co-workers 
91

 found that those aged 60 years or older was not associated with 

any particular microbial aetiology compared to those younger than 60 years, although 

‘atypical’ pathogens were more frequent in the younger group.  However, the cohort 

studied included only patients aged 50 to 86 years.  The Finnish study of Jokinen and 

co-workers 
88

 included patients from 15 years of age.  They found Strep. pneumoniae 

infection more common among patients 60 years or older compared with those younger, 

and M. pneumoniae infection more common in those 15-44 years of age compared with 

those older.  There were no trends by age evident for H. influenzae, M. catarrhalis or C. 

pneumoniae infections 
88

. 

 

2.5.4.4 Diagnosis and management  

Diagnosis of pneumonia in adults is usually made on the basis of clinical features and 

results of a chest radiograph, although, at least one professional society, the British 

Thoracic Society, does not recommend chest radiography for children with mild acute 

LRI 
98

.  

 

Management guidelines for pneumonia 
98-101

 giving recommendations on which 

diagnostic tests to perform, when to admit and which antibiotics to prescribe have been 

developed in different countries.  Patient management may depend on the severity of the 

illness on presentation.  To aid management decision making, Fine and researchers 
102

 

developed and validated a prediction rule to identify patients with pneumonia who were 

at low risk for death within 30 days.  They found that age greater than 50 years, a 

number of coexisting illnesses, including neoplastic disease, congestive heart failure, 

cerebrovascular disease, renal disease and liver disease, and certain physical 

examination findings related to pulse rate, respiratory rate, systolic blood pressure, 

temperature and mental status were associated with mortality.  The prediction rule 

placed patients without any of the significant predictors of mortality in class I and they 

were classified as at low risk.  The remaining patients were assigned to classes II to V 

depending the number of points assigned to them based on age and the presence of the 
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predictor variables described above and additional predictor variables relating to 

laboratory measurement and radiographic findings.  Their total score reflected the 

probability of death ranging from 0.1% for class 1 to 27% for class V.  The score is now 

referred to as the pneumonia severity index score.  In Australia, this risk stratification 

protocol has been used to guide decisions regarding admission and antibiotic therapy for 

adult patients with pneumonia 
78, 103

.  No such risk stratification and management 

guidelines appear to have been developed for children. 

 

The CURB-65 assessment tool is an alternative method used in Australia to stratify 

adult patients with CAP into risk groups and hence to guide admission practice.  The 

rule was derived by the British Thoracic Society 
99

, modified by Lim and co-workers 
104

 

and is based on the clinical assessment of mental Confusion, concentration of Urea, 

Respiratory rate, Blood pressure and age.   

 

There is considerable debate over the value of microbiological studies in the 

management of CAP and this is discussed under microbiology investigations Section 

2.6. 

 

Treatment for bacterial pneumonia involves antibiotic therapy.  In Australia, there are 

guidelines formulated by a therapeutic guidelines writing group 
105

 which also make 

recommendations for other infections based on likely causative agents, known 

antimicrobial susceptibilities and the natural history of the disease.  The guidelines 

assist when determining empiric therapy but as the guidelines mention, local patterns of 

agents and their antibiotic susceptibilities should always be considered. 

 

2.5.5 Chronic obstructive pulmonary disease with lower respiratory 

infection 

Chronic obstructive pulmonary disease is defined as ‘a progressive and irreversible 

condition characterised by diminished inspiratory and expiratory capacity of the lungs 
38

 

and is seen in patients with chronic bronchitis or emphysema.  Symptoms include 

difficulty inhaling and exhaling deeply and sometimes a chronic cough 
38

.   
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The 1984 report of the United States Surgeon General concluded that cigarette smoking 

was the major cause of chronic obstructive lung disease in the United States and its 

contribution to COPD mortality and morbidity outweighed other factors 
106

. 

Working in certain occupations may also increase the risk of COPD 
107

. 

Exacerbations of COPD are common and may be caused by infection.  However, the 

role of pathogens is not clearly elucidated.  Sethi and Murphy 
108

 reviewed a number of 

studies focussing on this issue.  They found conflicting results in early studies of which 

some found no difference in incidence of bacteria isolated from sputum or in antibody 

titres between times of exacerbations and stable periods of COPD.   However, studies 

utilising bronchoscopic sampling of the lower respiratory tract, which reduced potential 

contamination from the upper respiratory tract, consistently demonstrated significant 

bacterial infection of the distal airways.  More recent studies have supported these 

results.  Rosell and co-workers 
109

 performed a pooled analysis of crude data from 

studies that used bronchoscopic brush sampling.  A high load of potentially pathogenic 

organisms was found in 4% of 70 healthy individuals, 29% of 181 patients with stable 

COPD and 54% of 86 patients with exacerbated COPD.  H. influenzae was the most 

common organism isolated from 4%, 17%, and 30% of the patient groups, respectively.  

Pseudomonas aeruginosa was also found significantly more frequently in those with 

exacerbated COPD compared with those with stable COPD.   

 

In Australia, COPD is a leading cause of disease burden, ranking third in 1996 
110

.  The 

estimated prevalence in that year was around 300,000 persons.  In Australia in 2002, 

COPD of all forms was the fifth most common underlying cause of death for males and 

the seventh most frequent for females, accounting for 5597 deaths in total 
81

. 

 

COPD with acute lower respiratory infection is assigned a distinct ICD code, J44.0.  In 

Australia in 2002-2003, there were 25,739 hospital separations with a J44.0 principal 

discharge diagnosis code with only 4.4% of these being same day separations 
7
.  The 

average length of hospital stay was long at 8.2 days suggesting the combination of 

COPD and lower respiratory infection increases the severity of the patient’s condition.  

In comparison, the average length of stay for ‘chronic obstructive pulmonary disease 
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with acute exacerbation unspecified’ (J44.1) was 6.8 days and for ‘other specified 

chronic obstructive pulmonary disease’ (J44.8) it was 6.5 days 
7
.  COPD tends to affect 

the elderly, and admissions for those coded with J44.0 were predominantly over 50 

years of age and a higher proportion of admissions were males 
7
.  The number of 

admissions of those with J44.0 in Australia has increased from 1998 
7
.  Whereas the 

initial increase may be accounted for by the change in ICD coding from ICD9 to ICD10, 

the number of admissions has continued to increase.  Whether this is the result of a 

change in the admission policies of hospitals or a real increase in the number of people 

affected is unknown. 

 

2.6 Microbiology investigations 

The rationale for microbiological investigations is to aid diagnosis and guide antibiotic 

therapy.  This particularly applies to those patients with severe disease or who are 

unresponsive to therapy.  However, there is considerable debate concerning the use of 

tests for those less ill.  Although culturing specimens from normally sterile sites may 

reduce the problem of trying to decide whether the organism cultured is the pathogen or 

normal flora, contamination may result, for example, from skin flora when taking blood.  

There are also the issues of the time it takes to obtain a result from culture and follow up 

of positive results of patients not admitted to hospital.  Demonstrating infection by 

serology for viral infections can be problematic as the preferred option is to obtain 2 

specimens several days or weeks apart to show a rise in antibody titre.  Newer 

molecular assays incorporating nucleic acid amplification such as the polymerase chain 

reaction (PCR) for identification of potential pathogens may not be available at all 

laboratories.   

 

However, from a microbiological perspective, in the absence of widespread ongoing 

surveillance programs to monitor antimicrobial resistance of organisms, results of 

routine bacteria cultures may bring to light potential resistance problems and may 

indicate if current empiric therapy is appropriate.  
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2.6.1 Blood cultures 

An argument for culturing blood is that bacteraemia is associated with death 
111

.  

Further, with some organisms there may be differences in antimicrobial susceptibilities 

between invasive and non invasive strains 
112

 and therefore monitoring bacterial isolates 

from blood as well as other specimen types may be necessary.   

 

However, blood cultures have a proportion of false positives.  A true positive may be 

considered if the organism isolated can reasonably account for the patient’s illness, is 

present in more than one culture set and the same organism is isolated from the 

suspected focus of infection 
113

.  In practice though, blood may be the only specimen 

cultured and hence, microbiological diagnosis may rely on the results of 1 type of 

specimen.  Generally, normal skin flora such as coagulase-negative staphylococci, and 

organisms normally found in the environment such as Bacillus spp. are considered 

contaminants if cultured from blood taken from patients presenting to the ED or within 

48 hours of admission to hospital.  After 48 hours there is a possibility of the isolate 

being hospital acquired 
114

.  In these situations, coagulase-negative staphylococci may 

be clinically significant, particularly if devices such as intravenous catheters were used 

on the patient 
111

.   

 

Probable contaminants may account for a considerable proportion of positive blood 

cultures and may approach or equal the proportion of true positives (Table 2.4).  

Further, studies have typically reported the proportion of true positive as less than 10% 

(Table 2.4).  However, despite some of these published studies stipulating that blood 

cultures were taken prior to giving antibiotics, it is not clear whether patients had 

received medication from other medical practitioners before attending hospital.  Studies 

have reported that prior use of antibiotics reduces the detection of potential pathogens, 

including Strep. pneumoniae, although the critical time period is not clear 
85, 90, 115

. 
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Table 2.4 Proportions of true and false positive blood cultures in CAP reported in 

the literature 

Primary author Patient type Number 
True positive 

% 

False positive 

% 

Chalasani 
116

 Adult admitted 517 6.6 4.8 

Campbell 
117

 Adult admitted 760 5.7 Not stated 

Corbo 
118

 Adult admitted 335 9.0 10.0 

Kennedy 
119

 Adult admitted/non 

admitted 
414 7.0 6.0 

Campbell 
120

 Adult non admitted 289 2.1 Not stated 

Hickey 
121

 Children non admitted 180 2.8 Not stated 

Kelly 
122

 Adult admitted/non 

admitted 
260 5.0 Not stated 

 

There is potential for financial and clinical impacts of false positive blood culture, 

including repeat testing and unnecessary antibiotic use.  Bates and co-workers 
123

 

examined whether contaminant blood cultures taken from patients hospitalised for any 

reason resulted in increased resource utilisation.  Compared with 1097 negative cultures 

the 94 false positive cultures were significantly associated with increased pharmacy and 

laboratory charges and there was a trend toward increased length of hospital stay.  

Souvenir and co-workers 
124

 also found that physicians used antibiotics to treat near 

50% of 59 patients with contaminated blood cultures and vancomycin was misused in 

20 of these patients.   

 

A number of studies suggest that results of blood culture taken routinely from patients 

presenting for any reason rarely impact on the management of patients 
121, 122, 125

.  This 

has been found for both adult and paediatric patients.   An Australian study by Kelly 
122

 

found 5 % of 1062 blood cultures taken for a number of different clinical diagnoses in 

the ED returned a positive microbiological culture, with only 1.6 % resulting in changes 

in patient management.  For those presenting with pneumonia, blood culture resulted in 

altered treatment in 1% of cases, although the change made was not stated.  Chalasani 

and co-workers 
116

 found only 1.4% of 517 admitted adult patients with CAP had their 

management affected because of blood culture results and, although the mean length of 
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stay was 6.9 days for those with a positive culture compared with 5.4 days for those 

with a negative culture, the difference was not statistically significant.  Campbell and 

co-workers 
120

 found that adult outpatients with CAP had a 0.69% chance of having a 

treatment change due to the blood culture results.  Other studies of adult patients with 

CAP report low frequency of changes including; 1.97% 
117

 (admitted patients), and 

3.6% 
119

 (mixed admitted/non admitted patients).   

 

However, these were proportions of the number of patients who had blood cultures 

performed.  When the number of significant positive cultures is used as the 

denominator, the proportions are variable and increase to 34.8% 
117

 and 51.7% 
119

, 

respectively.  Therefore, although there is a small chance of having a positive blood 

culture, if positive, there is a reasonable chance that antibiotic therapy will be changed.  

Changes may include narrowing or broadening coverage or change to a more 

appropriate drug.  

 

It is interesting to note the results of a prospective randomised open study in the 

Netherlands 
126

 which compared pathogen directed antibiotic treatment and empirical 

broad spectrum antibiotic therapy in adult patients with CAP.  The results indicated no 

significant difference in clinical efficacy as measured primarily by length of hospital 

stay and therapeutic failure.  In that study, microbiological investigations were not 

restricted to blood cultures but included a battery of diagnostic tests including sputum 

culture, serology and urine sample for legionella antigen.  No statistical significance 

was found in the differences in hospital length of stay, or clinical failures, between the 2 

groups. 

 

The issues of low positivity and limited utility of blood cultures are only relevant to 

respiratory infections if blood is cultured frequently.  This is likely to be the case at least 

for pneumonia.  A study by Hickey 
121

 reported blood culturing for 44% of 939 

paediatric patients with radiographic evidence of pneumonia diagnosed in the ED.  

Further, a number of professional societies overseas recommend blood cultures for 

hospitalised patients diagnosed with CAP, although recent guideline updates suggest a 

recognition that diagnostic testing is controversial.  In the recent consensus guidelines 
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from the Infectious Diseases Society of America and the American Thoracic Society 
127

 

blood cultures are recommended for admitted CAP patients with certain clinical 

conditions but are optional for other patients.  Further, the British Thoracic Society 
128

 

in their update in 2004 recommended that if a patient did not have severity indicators or 

co-morbid disease blood cultures could be omitted.  For adult patients managed in the 

community the British Thoracic Society 
128

 and Canadian guidelines 
100

 do not 

recommend any routine microbiological investigations.  In addition, the British 

Thoracic Society has produced a set of guidelines relating specifically to children 
98

.  

Whereas blood cultures are recommended for all children suspected of having bacterial 

pneumonia and admitted to hospital, no routine microbiological investigation of the 

child with pneumonia in the community is recommended.   

 

2.6.2 Sputum cultures 

Similar to other professional societies 
100, 101

, the British Thoracic Society recommends 

sputum cultures for patients with non severe CAP who have not received prior antibiotic 

therapy, and from patients with severe CAP or those who fail to improve 
128

.  However, 

there is debate concerning the value of Gram stains and cultures of expectorated sputum 

101, 129
.  It may be difficult producing a ‘valid’ specimen without contamination by 

organisms resident in the upper respiratory tract and the sensitivity and specificity of 

culture may be poor.  Generally sputum specimens are considered acceptable if they 

have a low count of squamous epithelial cells (a high count indicates probable 

contamination with saliva) and a relatively high count of segmented neutrophils or 

white blood cells which suggests infection 
130, 131

.  Reports suggest that good quality 

specimens may only be obtained from around 50% of adult patients 
130, 132

.  Further, 

Lentino and Lucks 
133

 reported the sensitivity and specificity of sputum culture or Gram 

staining each as 60.2% in the diagnosis of radiologically confirmed pneumonia.   

 

Potential pathogens of pneumonia such as Strep. pneumonia, H. influenzae and M. 

catarrhalis may be part of the normal bacterial flora in the nasopharynx of children and 

adults 
93, 94

.  Therefore, the presence of these organisms in sputum, particularly when 
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polymicrobial cultures are produced, may limit specificity and makes the exact 

aetiological diagnosis of pneumonia or other lower respiratory infection difficult.   

 

2.6.3 Other diagnostic tests 

Complement Fixation Tests, EIA and immunofluorescence techniques may be used to 

detect antibodies 
27

.  EIAs and immunofluorescence techniques are also used to detect 

bacterial and viral antigens 
27

.  More recent developments in diagnostic tests include 

amplification of DNA to detect organisms that cannot easily be cultured 
27

.   

 

Nasopharyngeal swabs and nasal aspirates are used for isolation of B. pertussis and for 

the diagnosis of some viral respiratory infections by culture or detection of antigen 
27, 

134
.  However, viral cultures may take several days to show the cytopathic effects 

(damage to the culture cell monolayer) used to provisionally determine identification 
27

.   

 

Recommendations for diagnostic tests for Legionella spp., M. pneumoniae and C. 

pneumoniae are not clear.  There are a range of tests available but not all laboratories 

are equipped for these and different tests may have varying sensitivities and specificities 

depending on which reference test is used.  The urine antigen test for L. pneumophila 

serogroup 1 is recommended for those with severe CAP in some countries 
100, 128

 as L. 

pneumophila is the predominant legionella species isolated.  However, this test may be 

less useful in Australia as L. longbeachae accounts for a large proportion of legionella 

isolates and this species is not detected by the urinary antigen test 
135

.  Serological tests 

for detection of M. pneumoniae and C. pneumoniae are generally not recommended as 

routine tests for all patients with CAP 
100, 101

.  However, the British Thoracic Society 

guidelines recommend paired serological tests for patients with severe CAP or who are 

unresponsive to β-lactam antibiotics 
99

.  Unfortunately, paired serological tests 

necessary to show a 4 fold increase in antibody titre and hence confirm diagnosis, may 

have limited value.  The second sample is required several days after the first, hence 

delays diagnosis, but also makes compliance difficult.   
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As yet there is no perfect diagnostic test to detect the aetiological agents of respiratory 

infections. 

 

2.7 Antibiotic prescribing 

2.7.1 Antibiotic usage 

Use of antibiotics is common.  For Western Australia, 1,024,270 prescriptions for drugs 

categorised as general anti-infectives for systemic use were processed by the 

Pharmaceutical Benefits Scheme during the 2002–2003 financial year 
136

.  The cost to 

the scheme was A$20,917,172 and for Australia wide, the cost was A$233,251,686 
136

.   

 

For amoxycillin and roxithromycin, which are commonly recommended in the 

treatment of pneumonia 
105

 the cost for all forms of these drugs Australia wide was over 

A$43,000,000 for the 12 months ending June 2005 
137

.  

 

Containment of these costs in all health settings including the ED has the potential of 

making funds available for other health services.   

 

 

2.7.2 Prescribing patterns 

Previous overseas studies have found antibiotics are prescribed unnecessarily for 

indications suggestive of viral infections or where the infection is self limiting 
138

.  

Further, the use of broad spectrum antibiotics such as the cephalosporins is implicated 

in emergence of vancomycin resistant enterococci 
139

 and methicillin resistant S. aureus 

(MRSA) 
140

.  Studies suggest decreasing the use of certain classes of antibiotics 

decreases the prevalence of antimicrobial resistance 
141, 142

.  Further scrutiny of current 

antibiotic prescribing is needed as a first step to promoting appropriate antibiotic use. 

 

The extent of antibiotic prescribing in the Australian ED setting is largely unknown.  In 

the eastern Australian states, a 1999 drug usage evaluation study 
143

 showed that about 
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one third of therapy using the third generation cephalosporins (cefotaxime or 

ceftriaxone) prescribed in 51 Victorian hospitals were commenced in EDs.  Eighty-two 

percent of 671 patients were given the antibiotic for empirical treatment with about a 

half for respiratory tract infection.  In 2001, the same group examined the patterns of 

antibiotic prescribing in the ED for LRI infections and the concordance with national 

prescribing guidelines 
105, 144

.  The most frequently prescribed antibiotics were 

ceftriaxone or cefotaxime for 44% and roxithromycin for 36% of the 603 study patients.  

This patttern was similar for those patients who were admitted and the rate of overall 

concordance with the guidelines was low.  The principal reasons for non concordance 

were prescription of ceftriaxone or cefotaxime with and without other antibiotics, or that 

antibiotics were not indicated.     

 

Unfortunately, it may not be appropriate to generalise antibiotic prescribing patterns 

from one hospital to another as patterns may reflect local antimicrobial susceptibility.  

In addition, some hospitals may restrict the use of certain types of antibiotics such as the 

third generation broad spectrum cephalosporins 
145

.  This makes it important to 

determine prescribing patterns on a local basis.   

 

2.8 Data linkage and population studies  

The data linkage process allows records from individual contributing data sets to be 

identified as belonging to the same patient.  The process enables a view of the different 

health services accessed by the patient at particular points of time, including during the 

same episode of care.  This permits analysis of population data for the purpose of public 

health surveillance, utilisation of health services 
146

 and monitoring of health 

outcomes
147

.   

 

Data linkage is achieved by comparing pairs of records on the basis of particular 

variables or identifiers.  For large numbers of records computer software is used.  In 

deterministic linkage, each identifier is of equal weight and a match is made when a 

number of identifiers agree within the pair of records 
148

. That number is determined by 

the user.  In probabilistic linkage, the identifiers are given weights, depending on the 
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reliability and uniqueness of the information they provide 
149

.  The more reliable or 

more unique the value of the variable, the greater the weight.  For example, date of birth 

would have a higher weight than gender 
148

.  Jaro 
150

 provides a good overview of 

probabilistic linkage and describes agreement and disagreement weights.  An agreement 

weight for each matching variable is calculated as log2 (m/u) where m is the probability 

of a field agreeing given that the record pair is a true match and u is the probability of a 

field agreeing at random given that the record pair is an unmatched pair.  A 

disagreement weight is calculated as log2(1-m)/(1-u).  The parameters m and u may be 

determined from frequency analysis of the values for particular variables and the 

frequency of the number of times a value has agreed in a matched pair.   

 

A composite weight for each pair of records is determined as the sum of the individual 

weights for each variable comparison.  Upper and lower thresholds for accepting or 

rejecting the paired records are decided by the user with those falling in between 

considered to be in the ‘grey’ area and are usually reviewed manually to determine 

whether the records are true matches 
148, 150

.   

 

For computational efficiency the data are ‘blocked’ before comparing pairs of records.  

This involves partitioning the files into subsets of records with a high probability of 

being matches, for example blocking on surname and birth year 
150

.  Records within 

each block are compared which reduces the overall number of comparisons made.  

Those failing to match using the first blocking strategy are then tested using a second 

blocking strategy.   

 

Population based data linkage projects have been developed overseas including 

Canada
151

, the United States 
152

 and Scotland 
153

.  In Western Australia, the WA 

Linkage System (previously known as the Health Services Research Linked Database) 

commenced in 1995 
154

.  It now consists of a number of core data sets including the 

HMDS incorporating approximately 14,000,000 public and private hospital separation 

records from 1970, and the State death registry incorporating around 347,000 

registrations since 1969 
155

 (Figure 2.1).  Probabilistic matching is used to produce a 

master linkage file containing the links to the different data sets for an individual.  It 
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currently holds around 3.6 million chains of links with each chain representing an 

individual 
155

.  Recently, records from EDIS, which allows real time entry of ED patient 

data, have been linked to the HMDS and death registry.  This allows analysis of both 

admitted and non admitted patients.  For the study of infectious diseases, the potential 

exists to incorporate microbiology data to further extend the utility of data linkage.   

 

Figure 2.1 Some of the data sources incorporated into the Western Australian data 

linkage system 
155

 

 

Linkage of Western Australian data has enabled a wide range of population based 

research projects focussing on cancer, cardiovascular disease, social and environmental 

health and mental health 
156

.    

 

The main advantage of population studies is that problems of generalising the results to 

the immediate reference population are reduced or even eliminated because a sample is 

not used, rather, all or close to all records of a defined population over a defined time 

period are utilised.  However, the large data sets available for population studies have 

commonly been created as administrative data sets rather than designed specifically for 

research.  Consequently, research using these databases is limited by the variables 

present and the consistency of any codes used.  
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2.9 Conclusion 

The literature review has shown that what we know of the epidemiology of respiratory 

infections is based primarily on hospitalised cases and those which present in general 

practice.  Ongoing surveillance programs such as notification of influenza (laboratory 

confirmed) and voluntary reporting of particular laboratory isolated organisms also 

provide indications of temporal and age trends for some respiratory infections.  

However, a missing piece of the picture is what is happening at the interface between 

the community and hospital, i.e. the initial contact with hospital, in the ED.  Those 

admitted are presumably the more serious cases but it is important to know about those 

who are not admitted to gain a complete understanding of the overall burden of 

respiratory infections to society and specifically on the emergency medical services.  

Epidemiological features such as the frequency of presentations according to age and 

time may help define the need and aid planning for hospital and other community health 

facilities.  This doctoral thesis will analyse data from non admitted as well as admitted 

patients. 

 

Where there is information on ED presentations, the limited data tend to originate from 

the United States rather than Australia.  Generalising from these data to Australia may 

not be valid due to differences in population and in the structure of the respective 

medical systems.  This thesis will analyse Australian data and hence provide an 

Australian perspective. 

 

Many of the studies previously conducted have focussed on patients attending a single 

medical facility.  The exceptions are the Finnish studies conducted in the 1980s 
79, 88

.  

Although the National Hospital Ambulatory Medical Care Survey 
14

 results from the 

United States are from a number of facilities, they do not include all ED visits but rather 

a sample of visits.  Other studies tend to include either paediatric or adults studied 

during different time periods.  This doctoral thesis will include all presentations, both 

paediatric and adults, to the 4 major teaching hospitals in Perth over the same study 

period.   It is thus close to being a population based study which provides a large 
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snapshot of what occurred during the same 3-year period for all age groups.  This is 

made possible by using linked data.  As all presentations are included, sampling bias is 

reduced.   

 

The literature review identified the complexities in the determination of the aetiology of 

respiratory infections.  It is not the intention of this thesis to clarify these.  

Appropriately designed surveillance studies over a number of years are needed to do 

this and determination of patterns of aetiology will always be dependent on the 

limitations of the diagnostic tests used.  However, this thesis will include analysis of all 

blood, sputum, throat and nasal aspirate bacterial culture results of the cohort.  It will 

also include some serology analysis.  It will add to the bank of knowledge we already 

have on the aetiology of respiratory infections. 

 

The literature review indicated that there is debate about the usefulness of blood and 

sputum cultures.  However, there are little data on the frequency of particular specimen 

culturing and this is needed to see if the debate is relevant in Australia.  Further, there 

are little data comparing culture results between specimen types.  This thesis will 

include an examination of these issues. 

 

One of the indicators of appropriate patient management, or effective treatment is 

whether the patient represents with the same illness.  Representation is often neglected 

in outcome studies and hence is not well represented in the literature.  Using linked data 

in the present study will allow an outcome analysis which includes determination of the 

frequency and predictors of representation for particular types of respiratory infections.  

This may help patient management.  Patient management may include a range of 

activities such as the simple measure of providing reassurance or more information to 

patients on the expected course of the illness. 

 

The literature review noted cases where antibiotic prescribing both in the ED and in 

general practice may be inappropriate.  There are few Australian studies describing the 

frequency and appropriateness of antibiotic prescribing in the ED.  This thesis will 

include a review of a sample of medical records from patients with an ED diagnosis of a 
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respiratory infection.  It will determine the frequency at which antibiotics are prescribed 

in an ED and where information is available, will compare the prescribed antibiotic with 

that recommended by the national guidelines. 
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3 Methods 

3.1 Introduction 

The methods chapter describes the study design, the variables used from the different 

data sets and their completeness in entries.  It explains the strategies used to identify and 

validate episode links between EDIS and morbidity records, link EDIS and laboratory 

records, and select the cohort.  Further, the chapter provides details on the methods used 

for data analysis, including descriptive analysis and logistic regression.  Finally, it 

describes the process of reviewing medical records to obtain antibiotic prescription data.  

Figure 3.1 outlines the major steps of the study which include the linking and analysis 

of patient data.   

 

3.2 Research Design 

The study was a retrospective cohort study design.  Patients who were diagnosed with a 

respiratory infection in Western Australian hospital EDs formed the reference 

population.  The source population was comprised of patients presenting to Perth 

metropolitan public teaching hospitals SCGH, RPH, FH, and PMH between 1 July 2000 

and 30 June 2003, inclusive.  These 4 hospitals account for around 65% of ED 

presentations at Perth’s 7 public hospitals 
157

 and around 53% of ED presentations in 

Perth if the 2 private hospital EDs are included.   

 

These 4 hospitals were selected as they constitute the major teaching hospitals in Perth, 

and where EDIS and laboratory data were available and accessable at the beginning of 

the study period.  EDIS from these 4 hospitals was the sampling frame.   
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Figure 3.1 Flowchart showing outline of project   

Patient linkage of EDIS/morbidity/death data. 

Episodes determined and validated. 

Cohort selected by ICD codes (ICD 10 Manual ChptX) 

Respiratory infections grouped into categories. 

 

Cohort selected by ICD codes (ICD 10 Manual Chpt I). 

 

Descriptive analysis. 
Analysis of EDIS/morbidity data: 

Descriptives, prediction of admission, death and representation. 

Serology/PCR records linked to EDIS: 

Analysis of data for non admissions and admissions within 2 days of ED 

arrival. 

Analysis of bacteriology data for non admissions and for admissions within 2 days of ED arrival: 

Descriptives, prediction of representation and death, pattern of culturing, organisms isolated and 

antibiotic susceptibilities. 

 

Bacteriology records linked to EDIS episodes and 

validated. 

A sample of medical records reviewed from one adult hospital to determine 

antibiotic prescription in ED. 
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3.3 Data sets used and completeness of data sets 

The data sets used in the present study included; EDIS, HMDS, the death register and 

the Ultra
®
 Laboratory Information System.  Tables 3.1 to 3.4 describe the variables 

relevant to the study and their completeness.  Further details are provided below.   

 

EDIS 

EDIS is a real time patient tracking tool that allows ED staff to electronically record 

patient demographic, triage and clinical details as the patient moves through the ED 
158

.  

EDIS was progressively implemented in Perth’s hospitals commencing in the late 

1990s.  For the study years 2000-2003 the EDIS data set from the study hospitals 

contained 520,524 records.   

 

HMDS  

Hospitals, both public and private throughout Western Australia, are required to forward 

morbidity data relating to each patient separation (hospital discharge) to the Health 

Information Centre of the Department of Health (Western Australia).  The HMDS 

collection is complete from 1970.    

 

There were 426, 037 records for the relevant hospitals during the study period.  These 

records related to those patients present in the EDIS data set but also included records of 

patients who were admitted directly to hospital, and not via the ED.  These latter 

patients were typically those attending for elective surgery or procedures such as regular 

dialysis.   

 

Death register 

In Western Australia, deaths are recorded by the Registrar General.  These records are 

then obtained by the Western Australian Data Linkage Unit and linked to other datasets.  

There were 21,025 death records which related to patients included in the EDIS data set.   
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Table 3.1 Variables in the EDIS data set used in the present study and data 

completeness 

Variable Description where relevant  
Data 

completeness 

Root number Assigned by the WA Data Linkage Unit.  This is an 

encrypted alphanumeric patient identifier. 

100%  

UMRN Medical record number of patient and is used for the same 

patient at each of the teaching hospitals. 

98.5% 

Surname  >99.9% 

Date of birth  >99.9% 

Age Calculated from date of birth and ED arrival date.  

Episode number Assigned to a record relating to an episode of care.   98.1% 

Triage score 1-5 graded with 1=resuscitation, to 5=non urgent  >99.9% 

ED arrival date / time 
 

Date 100%, 

time 99.9% 

ED discharge 

date/time 
Departure from ED to either home, ward, or other facility. 

Date >99.9%, 

time >99.9% 

Admission date/time Should be recorded if patient admitted but not always 

accurate. 

 

Postcode Of residence 98.0% 

Referred by Main options include self/relative, GP, other hospital. 97.2% 

Disposition Options include discharge, transfer, ward, died in ED. 

Will also record discharge if patient admitted in ED 

(known as a virtual ward or EMER ward) then discharged 

directly from the ED.  If a patient was admitted to an 

Observation ward which may be attached to the ED the 

disposition should not change to discharge.  However, in 

practice this has not always been the case and some 

records will show discharge.  Those transferred may 

initially be in EMER and hence generate a morbidity 

record.  The field will change to TRANSFER when the 

patient departs. 

99.9% 

Destination Options include home, other hospital, ward, mortuary. 

Will record home if patient admitted in ED (EMER ward) 

then discharged from the ED – will record HOSPITAL or 

OTHER if patient admitted in ED then transferred to 

another hospital. 

98.8% 

ED diagnosis code / 

text description 

Text description constructed by pull down menus then 

internally mapped to an ICD code. 

96.1% (code) 

Hospital name  100% 
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Table 3.2 Variables from the HMDS used in the present study and data completeness 

Variable Description where relevant  Data completeness 

Root number Assigned by the WA Data Linkage Unit.  This is an 

encrypted alphanumeric patient identifier. 

100% 

UMRN Medical record number of patient and is used for the 

same patient at each of the teaching hospitals. 

100% 

Admission date / time  Date 100% 

time >99.9% 

Hospital separation date / 

time 

 Date 100% 

time >99.9% 

Hospital  100% 

Location Last location of patient before hospital separation 

e.g. ward number.  Would expect this to say EMER 

or equivalent if admitted but then discharged directly 

from the ED. 

97.5% 

Admission type Options 3-5 (3/4=Elective, 5=Emergency). 100% 

Type of medical referral Includes GP, specialist clinician, outpatient 

clinician, Emergency Department clinician. 

97.7% 

Separation type Includes a code for death in hospital. 100% 

Principal discharge 

diagnosis 

ICD10 code. 100% 

Other diagnoses Up to 20 ICD 10 coded diagnoses.  Co-morbidities 

are not necessarily differentiated from complications 

by code or order. 

 

Account number Also known as episode number which identifies an 

episode of care. 

100% 

 

Table 3.3 Variables from the death register used in the present study and data 

completeness 

 .   
Variable Description where relevant  Data completeness 

   
Root number Assigned by the WA Data Linkage 

Unit.  This is an encrypted 

alphanumeric patient identifier. 

100% 

Date of death  100% 

Underlying cause of death ICD 

code and text description 

 ICD code 65.3% 

Text 100% 
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Table 3.4 Variables from the bacteriology data set used in the present study and data 

completeness 

   
Variable Description where relevant Data completeness 

   
UMRN Medical record number of patient and is used for 

the same patient at each of the teaching 

hospitals. 

Approx. 99.5%  

Surname   

Encounter number Assigned to a record relating to the episode of 

care and is equivalent to the account number in 

the morbidity data set and episode number in 

EDIS.   

Ascertained during 

EDIS-lab matching 

validation only (see 

section 4.3) 

Hospital  100% 

Laboratory request number  100% 

Laboratory service date / 

time 

Date and time laboratory received the specimen. 

 

 

Specimen collection date / 

time 

Recorded on the laboratory request form. See text and Table 

3.5 

Sample description Free text  

Organism isolated Coded by the individual laboratories  

Antibiotic susceptibilities Recorded as Resistant/Susceptible/Intermediate 

and coded by the individual laboratories. 

 

 

 

Microbiology- bacteriology 

The Ultra
®
 Laboratory Information System was used in all study hospitals as an 

electronic means of managing laboratory testing and reporting of results.  Ultra
® 

consists of a number of modules relating to microbiology and other clinical laboratory 

testing.  The bacteriology data used included culture results and antimicrobial 

susceptibility patterns.   

 

The data extract from Ultra
®
 initially included a mixture of records relating to ED, 

inpatients, outpatients, research and environmental samples.  Where the result was 

positive, i.e. where an organism was isolated, there was a record for each antibiotic 

tested.  The initial file therefore consisted of a series of vertically arranged records for 

each laboratory request (Fig. 3.2).  The data were manipulated to bring the antibiotic 

results alongside the other variables.  After removing records for obvious environmental 
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samples 729,279 entries remained.  Data completeness was difficult to determine as the 

data set before linking to EDIS still contained records which would not be expected to 

contain an UMRN or episode number.  Nevertheless, 99.5% of the data set contained an 

UMRN.   

 

Umrn lab_request no collection_date time sample organism* antibiotic* susceptibility 

A1234     R123 6/07/2002 8:30 blood sta eryth s 

A1234     R123 6/07/2002 8:30 blood sta amox r 

A1234     R123 6/07/2002 8:30 blood sta van s 

A1234     R123 6/07/2002 8:30 blood bac amox s 

A1234     R123 6/07/2002 8:30 blood bac tet r 

A1234     R123 6/07/2002 8:30 blood bac van r 

A1234     R126 6/07/2002 9:00 urine    

B2345       R347 7/07/2002 10:30 urine kle tet s 

B2345       R347 7/07/2002 10:30 urine kle eryth s 

C3459     R898 7/07/2002 14:30 blood    

*the data contained laboratory assigned organism and antibiotic codes.  The codes in the figure are not 

actual codes used. 

Figure 3.2 Format of records in the bacteriology data extract 

 

Both the date and time of specimen collection were entered on the laboratory request 

forms in most cases from Hospitals 1 and 3 (Table 3.5).  However, for Hospital 3, a 

considerable proportion of entries corresponded exactly to the laboratory service date 

and time suggesting a possible default to the laboratory time for missing data.  The 

collection time was missing in many cases from Hospitals 2 and 4 (Table 3.5). 

 

Table 3.5 Number of laboratory records with missing collection times for each 

hospital 

  
 Number of laboratory records before linking 

     
Missing collection 

times 

Hospital 1 

(n=125407) 

Hospital 2 

(n=83488) 

Hospital 3 

(n=416082) 

Hospital 4 

(n=117807) 

     Time of lab service =0 12 (<0.1%) 37 (<0.1%) 24 (<0.1%) 452 (0.4%) 

Time of collection =0* 105 (0.1%) 9374 (11.2%) 465 (0.1%) 29064 (24.7%) 

Lab service=collection 

date and time (if not 0) 
4913 (3.9%) 1284 (1.5%) 52666 (12.7%) 792 (0.7%) 

*indicates missing data 
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Microbiology –PCR and serology 

PCR and serology records were only available from the end of September 2000.  Prior 

to this time laboratory information was recorded in a different format and extraction of 

data was difficult.  Further, only data relating to adult patients were accessible for the 

present study.  The variables used were similar to those listed in Table 3.4 but test result 

variables related to the exposure or presence of: influenza A or B; parainfluenza types 

1,2, or 3; RSV; Legionella spp.; M. pneumoniae and C. pneumoniae.  Of the 9635 

serology or PCR records available, 9550 (99.1%) had a UMRN entered and 1553 

(16.1%) records had a missing collection time (either equal to zero or equal to the 

laboratory service time).   

 

3.4 Linking of data and validation of episode links 

3.4.1 Patient linkage of EDIS, morbidity and death records  

The Emergency Care Hospitalisation and Outcome Study (ECHO) research group of 

The Discipline of Emergency Medicine - University of Western Australia, provided 

patient identifiers from EDIS records to the Western Australian Data Linkage Unit.  The 

Data Linkage Unit then linked EDIS data to morbidity and death records based on 

probabilistic matching.  This type of matching was described previously in Chapter 2 

(section 2.8).  There were a number of matching variables used such as hospital, 

medical record number, name, date of birth and gender.  An unique identifier for each 

ED record was also provided to the Data Linkage Unit to enable subsequent merging of 

other EDIS variables held in the full EDIS data set by ECHO.  

 

During the linking process, morbidity, mortality and EDIS records belonging to the 

same patient were given the same encrypted alpha numeric patient identifier referred to 

as a root number (rlpno).  The result was a set of files (death, morbidity, EDIS) with 

each containing rlpnos along with the relevant data.  The rlpno acted as a linkage key 

which enabled subsequent merging of the files when required.  The set of files and other 

EDIS variables were obtained from the ECHO study group.  The sorting of links into 
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episodes, which involved matching the correct morbidity record to each EDIS record of 

a particular patient, was then performed by the PhD candidate.   

 

3.4.2 Identification and validation of episode links between EDIS 

and morbidity records 

The statistical package SPSS was used to merge files and manipulate the data to create a 

data set containing ED, hospital morbidity and death data for each episode of care.  

 

Figure 3.3 provides an overview of the linking process and Figure 3.4 a more detailed 

step by step description of the episode linkage. 
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Figure 3.3 Overview of linking of EDIS, morbidity and death records 
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Figure 3.4 Description of the EDIS-morbidity episode linkage 

 

 

Initially the EDIS and morbidity records being compared were considered to match if 

the hospitals were the same and the admission time was greater or equal to the ED 

arrival time but less than or equal to the ED discharge time.  Commonly patients are 

       
After vertical merging of EDIS and morbidity (mor) records the data were arranged as follows: 

 

Rec rlpno hosp adm_date adm_time ED_arrival ED_time ED_discharge disch_time 

Mor AC15 105 6/08/2002 7:18     

Mor XB12 106 15/03/2003 17:29     

ED AC15 105   6/08/2002 3:15 6/08/2002 8:17 

ED WE10 101   7/05/2002 23:14 8/05/2002 0:30 

 

Matching on times and hospital     

Admission date and time and ED arrival date and time brought into the same field called ‘date’ 

 

Sorted on rlpno (A), date (A), record type (A)  (A=ascending order)   

 

Sequence rec rlpno hosp date 

1 ED AC15 105 6/08/2002  3:15 

2 mor AC15 105 6/08/2002  7:18 

3 ED WE10 101 7/05/2002  23:14 

4 mor XB12 106 15/03/2003  17:29 

 

SPSS Lag function used to compare rlpno, date/times and hospitals of record to the one above  

 

Sequence rec rlpno hosp adm_date_time ED_arrl_date_time ED_disdate_date_time 

1 ED AC15 105  6/08/2002 3:15 6/08/2002 8:17 

2 mor AC15 105 6/08/2002 7:18   

3 ED WE10 101  7/05/2002 23:14 8/05/2002 0:30 

4 mor XB12 106 15/03/2003 17:29   

 

Morbidity record matched to ED record if the admission date and time fell on or between the ED arrival 

and discharge dates and times and hospitals matched.    

 

Morbidity record also matched to ED record if the admission date/time was up to 2 hours after the 

recorded ED discharge date/time and hospitals were the same.       

 

Sequence rec rlpno hosp adm_date_time ED_arrl_date_time ED_disdate_date_time 

1 ED AD23 102  17/6/01  5:15 17/6/01  8:50 

2 mor AD23 102 17/06/01  9:10   

3 ED XF10 101  7/5/02  23:14 8/5/02  0:30 

4 mor XC12 106 15/3/03  17:29   

 

Morbidity variables belonging to the same episode as the EDIS record were brought alongside the EDIS 

variables using an upside down file and the lag function.      

 
Sequence rec rlpno hosp adm_date_time ED_arrl_date_time disdate_date_time separation_date mor_diag 

1 ED AD23 102 17/6/01  9:10 17/6/02  5:15 17/6/01  8:50 20/6/01 J44 
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technically admitted prior to ED discharge as admission commences as soon as a bed is 

requested.  For this project, the interest was only if the patient was admitted at the 

hospital where he/she presented. 

 

For non matches, where the admission time was recorded after the ED discharge time, 

clerical checks of other fields were undertaken to help decide further matches.  These 

included; the episode number, admission type, patient location and medical referral 

fields in the morbidity record, and the disposition, departure and admission date fields 

in the EDIS record. 

 

The final matching criteria were if the hospitals matched and if the admission date and 

time fell on or between the ED arrival time and the ED discharge time plus 2 hours.   

 

3.4.2.1 Expected number of EDIS-morbidity episode links 

It was difficult to determine the expected number of EDIS-morbidity matches as there 

was no reliable field in EDIS to indicate admission.  As noted previously (Table 3.1), 

those with an entry of discharge or transfer in the disposition field may have generated a 

morbidity record if temporarily admitted to the ‘EMER’ ward.  Further, the admission 

date field in EDIS was found to be unreliable as those with a disposition entry 

suggesting an admission (either with an entry of ward or admission via clinics) did not 

all have this field completed.  However, the disposition and admission date fields were 

used in combination to provide an estimate of the expected proportion of presentations 

admitted.   

 

3.4.3 Matching strategy used for EDIS and laboratory records. 

Microbiology data from the teaching hospitals’ Ultra
®
 Laboratory Information System 

were provided to the PhD candidate by PathWest Laboratory Medicine.  The candidate 

then linked these data to EDIS records.  The data were linked by medical record 

number, hospital and date/time variables using SPSS software.   

 



  Chapter 3 

57 

Figure 3.5 provides an overview of how the bacteriology records were managed before 

and after the matching process.   

 

Figure 3.5 Overview of the EDIS –bacteriology record management and 

matching process 

 

 

Bacteriology data after reading into SPSS. 

 

Umrn request collect_date time sample org* antibiotic sensitivity 

A1234     R123 6/07/2002 8:30 blood sta ery s 

A1234     R123 6/07/2002 8:30 blood sta amox r 

A1234     R123 6/07/2002 8:30 blood sta van s 

A1234     R123 6/07/2002 8:30 blood bac amox s 

A1234     R123 6/07/2002 8:30 blood bac tet r 

A1234     R123 6/07/2002 8:30 blood bac van r 

A1234     R126 6/07/2002 9:00 urine    

B2345       R347 7/07/2002 10:30 urine kle tet s 

B2345       R347 7/07/2002 10:30 urine kle ery s 

C3459     R898 7/07/2002 14:30 blood    

*the data contained laboratory assigned organism codes.  The codes in the figure are not actual codes used. 

  

 Frequency of antibiotics determined and new variables created which corresponded to the 

different antibiotics. 

 Antibiotics for a particular laboratory request brought onto the same row using the SPSS lag 

function.  

 
Umrn request collect_date time sample org ery tet bac amox 

A1234 R123 6/07/2002 8:30 blood sta s s r s 

A1234 R123 6/07/2002 8:30 blood bac s s r s 

A1234 R126 6/07/2002 9:00 urine      

B2345 R347 7/07/2002 10:30 urine kle s s s  

C3459 R898 7/07/2002 14:30 blood      

 

 EDIS records with morbidity attached added in a vertical merge and matching took place as 

described in the text.   

 If the laboratory record matched, that record was given the same file sequence number as the 

corresponding EDIS record.  Variables from the matching EDIS record were merged onto each 

matching bacteriology record on the basis of this file sequence number.   

 Non matching bacteriology records were removed from the data set. 

 

request time sample Org ery tet rec 
File 
seq ED arrival 

ED 
discharge Admit Sep 

      ED 234 6/7/02  7:45 6/7/02  8:35 6/7/02  8:15 7/7/02 

R123 8:30 Blood Sta S S Lab 234 6/7/02  7:45 6/7/02  8:35 6/7/02  8:15 7/7/02 

R123 8:30 Blood Hae S S Lab 234 6/7/02  7:45 6/7/02  8:35 6/7/02  8:15 7/7/02 

R126 9:00 Urine    Lab 234 6/7/02  7:45 6/7/02  8:35 6/7/02  8:15 7/7/02 

      ED 567 
7/7/02  
10:00 7/7/02  11:00   

R347 10:30 Urine Kleb S S Lab 567 

7/7/02  

10:00 7/7/02  11:00   

R898 14:30 Blood    Lab      
Sep=hospital separation 
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Matching of all EDIS records to bacteriology records was performed before selection of 

the study cohort.  However, the PCR and serology extract became available after the 

project began and hence these records were matched only to the EDIS records contained 

in the cohort, i.e. those patients with an ED diagnosis of a respiratory infection.  

Managing the serology and PCR results with EDIS records was simpler than the 

bacteriology records as each presentation had all results in one record.   

 

Data for all microbiology data were linked on a hospital basis to keep the size of the 

files relatively small.  The data were then combined.  Episode links were derived 

primarily from the matching of medical record number and specimen collection date 

and time (strategy1).  However, some dates and times of collection matched the 

laboratory service date and time, suggesting defaulting to laboratory times if collection 

times were missing (see section 3.3).  In these cases, a second strategy was utilised with 

date of collection, but not time, as the matching criterion (strategy 2).  Figure 3.6 shows 

the main steps involved in linking laboratory records and EDIS records.   

 

Using strategy 1, a match was accepted for non admissions if the laboratory collection 

date and time was equal or greater than the ED arrival and less than or equal to 30 

minutes past the ED discharge time.  The 30 minutes was to allow for differences in 

time recording.  For admissions, the date and time of specimen collection was compared 

to the ED arrival and the hospital separation dates and times (morbidity record).  The 

specimen was then classified as being taken in hospital either within or after 2 days post 

ED arrival.  Most of the analysis included only specimens taken within 2 days post ED 

arrival to reduce the possibility of including hospital-acquired infections 
114

.   

 

Using strategy 2, a match was accepted for non admissions if the laboratory collection 

date was equal or greater than the ED arrival date and less than or equal to the ED 

discharge date.  For admissions, the date of specimen collection was compared to the 

ED arrival and the hospital separation dates.  As with strategy 1, the specimen was then 

classified as being taken in hospital either within or after 2 days post ED arrival.    
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Figure 3.6 Flow chart showing steps in linking laboratory records and EDIS 

records 

 

Laboratory records 

Strategy 1 

Records with collection time entered. 

Strategy 2 

Records with collection time missing or equal 

to the laboratory service time. 

Lab records added to EDIS/morbidity records 

in vertical file. 

Specimen collection date and time and ED 

arrival date and time placed in same field 

(date). 

Data sorted on UMRN, date field and record 

type (EDIS or lab) in ascending order. 

Fields UMRN and date in lab record compared 

to corresponding fields above in EDIS record.  

If matched then following lab records 

compared to EDIS. 

Non admissions matched if collection 

date/time ≥ ED arrival and  ≤ ED discharge 

time+30 minutes. 

 

Admissions matched if collection date/time ≥ 

ED arrival and ≤ ED arrival + 48 hours 

Matched EDIS and lab records tagged. 

Lab records added to EDIS/morbidity records 

in vertical file. 

Specimen collection date and ED arrival date 

placed in same field (date). 

Data sorted on UMRN, date field and record 

type (EDIS or lab) in ascending order. 

Fields UMRN and date in lab record compared 

to corresponding fields above in EDIS record. 

If matched then following lab records 

compared to EDIS. 

Non admissions matched if collection date ≥ 

ED arrival date and  ≤ ED discharge date. 

 

Admissions matched if collection date ≥ ED 

arrival date and ≤ ED arrival +2 days. 

Matched EDIS and lab records tagged. 

Matching laboratory records from both 

strategies combined. 

Unique code given to each set of 

matching EDIS and lab records. 
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3.4.3.1 Validation of links 

Episode numbers and patient surnames recorded in the EDIS records were compared to 

those in the matching laboratory records to help validate the linkage.  However, it was 

recognised that this could only at best be a guide of correct linkage as surnames may 

change and errors in spelling were also possible.  Preliminary work by the candidate 

also suggested that there were possible errors in the episode numbers automatically 

retrieved from another electronic system, The Open Patient Administration System, 

when recording patient data in the laboratory database.   

 

3.5 Study samples 

3.5.1 Selection of codes representing respiratory infection 

ED respiratory infection diagnosis and hospital principal diagnosis on discharge were 

identified on the basis of codes as defined by the Australian version of the International 

Classification of Diseases and Related Health Problems, 10
th

 revision, Australian 

Modification (ICD-10-AM) 
159

 and the Australian version of the International 

Classification of Diseases, 9
th

 revision, Clinical Modification (ICD-9-CM) 
160

.  

Respiratory infections are assigned to Chapters I and X in ICD 10 and Chapters 1 and 8 

in ICD 9.   

 

When a diagnosis is determined in the ED, the physician either enters the diagnosis as 

free text in EDIS or more commonly uses a pull down menu to describe the diagnosis in 

text form.  The latter is based on a hierarchy so the diagnosis is created in steps.  For 

example +RESPIRATORY+INFECTIVE-BRONCHIOLITIS, ACUTE.  The EDIS 

software then maps the text description to an ICD code.  In the example, the description 

would map to J21.9.  The result is that often several different diagnosis descriptions 

may translate to the same ED diagnosis ICD code. 

 

Of the 520,524 ED records in the EDIS extract, the diagnosis ICD code was missing in 

3.9% of cases, 3.3% of presentations were coded using ICD 9 codes and the remaining 

92.8% using ICD 10 codes.  Those presentations coded by ICD 9 originated from one 
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hospital ED and covered the period 1 July 2000 to 15 November 2000.  Diagnosis codes 

entered in the HMDS were all ICD 10 codes. 

 

Selection of records for the ED cohort was achieved by running frequencies of ED 

diagnosis codes.  The ICD 10 
159

 and ICD 9 
160

 code manuals were then examined to 

decide which codes represented respiratory infections and these ED records were tagged 

accordingly.  In addition, all unique combinations of ED diagnosis codes and diagnosis 

descriptions in the EDIS data set were extracted regardless of the ICD code.  The 

descriptions were searched for words indicating infection, such as infectious, infection, 

infective or abscess.  If present, the presentations were included in the cohort regardless 

of the ICD code recorded.  For example, J98.8 is described in the code manual as ‘Other 

specified respiratory disorder’.  For some entries mapped to J98.8, the EDIS text 

description indicated chest infection, whereas in others, it indicated non infective, 

airway obstruction.  The former record was included but the latter excluded. 

 

Before data analysis, respiratory infections identified by ICD 9 codes were mapped to 

the corresponding ICD 10 code using the mapping tables produced by the National 

Centre for Classification of Diseases 
161

.  Consequently, results are presented according 

to ICD 10 codes. 

 

To determine the sensitivity of the ED diagnosis relative to the principal discharge 

diagnosis, the sample of records from the HMDS was selected in a similar manner.  As 

no text descriptions are provided in the HMDS, the sample was selected solely on the 

ICD 10 codes and, if the code did not indicate a definite infection, the admission was 

not classified as such for the purposes of this part of the study. 

 

Most respiratory infections are coded to ICD 10 Chapter X (Diseases of the Respiratory 

System) and a few are coded to ICD Chapter 1 (Certain Infectious and Parasitic 

Diseases).  These 2 groups of infections were selected and analysed separately.  

However, due to the small number of respiratory infections coded to ICD Chapter I, this 

group was not analysed extensively.   
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For the present study, specific diagnoses were generally reported only to the 3-

alphanumeric character code level as depicted in the ICD Manual.  For example, 

diagnostic codes J18.0, J18.1, J18.2, J18.8, and J18.9 which all relate to types of 

pneumonia where the organism is not specified, was reported collectively as J18.  

 

3.5.1.1 ICD 10 Chapter X respiratory infections 

Analysis was performed on all EDIS records noting a respiratory infection (ICD 10 

Chapter X) as the ED diagnosis.  The respiratory infections were usually combined and 

analysed as a single group and then reanalysed after further classification of these 

infections.  These further classifications in the most part were based on categories 

recorded in the ICD 10 Manual
159

.  For example, codes J00-J06 are recorded under the 

sub heading ‘Acute Upper Respiratory Infections’ in the ICD 10 Manual and hence 

presentations with these ED diagnoses/discharge diagnoses were analysed together as 1 

group.  For the present study, the group classified as ‘Influenza and pneumonia’ 

according to the ICD 10 Manual was further divided into influenza/viral pneumonia as 

1 group and pneumonia due to other infectious organisms, e.g. bacteria, chlamydia as 

another group.  Abscess of lung and mediastinum, and pyothorax, were placed with 

COPD (with infection) because of small numbers of the former 2 conditions (49 and 22, 

respectively) and as all are classified in the ICD 10 Manual as being conditions of the 

lower respiratory tract.  Presentations which were included in the cohort only on the 

basis of the EDIS diagnosis text description were placed in the most appropriate group 

according to that description. 

 

Table 3.6 shows the groupings used for those respiratory infections coded to Chapter X 

of the ICD 10 Manual.   
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Table 3.6 Classification of the respiratory infections into groups 

ICD 10 code        

(3- character level) 
Respiratory infection  (abbreviations used) 

  
 Acute upper respiratory infections (acute URI) 
J00 Acute nasopharyngitis 

J01 Acute sinusitis 

J02 Acute pharyngitis 

J03 Acute tonsillitis 

J04 Acute laryngitis and tracheitis 

J05 Acute obstructive laryngitis [croup] and epiglottis 

J06 Acute upper respiratory infections of multiple and unspecified sites 

 

 Pneumonia 

J13 Pneumonia due to Streptococcus pneumoniae 

J14 Pneumonia due to Haemophilus influenzae 

J15 Bacterial pneumonia, not elsewhere classified 

J16 Pneumonia due to other infectious organisms, not elsewhere classified 

J18 Pneumonia, organism unspecified 

 

 Influenza and viral pneumonia (flu/viral pneum) 

J10 Influenza due to identified influenza virus 

J11 Influenza, virus not identified 

J12 Viral pneumonia, not elsewhere classified 

 

 Other acute lower respiratory infections (acute LRI) 

J20 Acute bronchitis 

J21 Acute bronchiolitis 

J22 Unspecified acute lower respiratory infection 

 

 Other upper respiratory infections (other URI) 

J34 Abscess, furuncle and carbuncle of nose 

J35 Chronic tonsillitis 

J36 Peritonsillar abscess 

J39 Retropharyngeal and parapharyngeal abscess 

 

 Chronic obstructive pulmonary disease  (with infection) and suppurative 

conditions of lower respiratory tract (COPD+) 

J44 Chronic obstructive pulmonary disease with infection 

J85 Abscess of lung and mediastinum 

J86 Pyothorax 

  

 

 

3.5.1.2 ICD 10 Chapter I respiratory infections 

Those respiratory infections assigned to Chapter I – ‘Certain Infectious and Parasitic 

Diseases’ include pertussis (code A37), respiratory tuberculosis (codes A15, A16) and 

Legionnaire’s disease (code A48.1).  Only a limited descriptive analysis was performed 

on these respiratory infections because of the small number.  
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3.6 Validation of mapping ED text descriptions to ICD codes by 

EDIS 

After selection of the cohort by ED diagnosis ICD codes, a list of the codes and 

corresponding descriptions as recorded in EDIS was produced along with the number of 

times the particular code-description combination appeared.  The EDIS text descriptions 

for each ICD code were manually compared with the text descriptions present in the 

ICD Manuals.  Where the descriptions were deemed to have equivalent meanings a 

score of 1 was given and, if partially equivalent, a score of 0.5 was allocated.  The 

scores were added and expressed as a proportion (with 90% confidence intervals (CIs)) 

of the number of unique entries examined.  This was then converted to a proportion of 

the total number of entries.  The validation exercise was performed on respiratory 

infections coded to ICD 10 Chapter X and Chapter 1. 

 

3.7 Comparison of the ED diagnosis and hospital discharge 

diagnosis 

Comparison of the ED diagnosis and hospital discharge diagnosis was conducted only 

for respiratory infections coded to ICD Chapter X. 

 

Hospital discharge diagnosis compared to ED diagnosis 

The ED diagnosis was regarded as a provisional diagnosis.  However, it was recognised 

that following admission, given the opportunity for further observation, examination 

and tests, the diagnosis may have changed.  Therefore, it was appropriate to compare 

the discharge diagnosis recorded on hospital separation for admitted patients to the ED 

diagnosis given on presentation.  Comparisons were made on the basis of either broad 

respiratory infection groups coded to ICD 10 Chapter X, e.g. pneumonia or 3 character 

diagnosis codes e.g. J03 (tonsillitis).  All 21 diagnosis fields of the morbidity record 

were searched for codes representing the ED respiratory infection diagnosis code.  If not 

present, the most common principal discharge diagnosis was noted.  
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ED diagnosis compared to hospital discharge diagnosis 

The comparisons were also made the other way, i.e. the ED diagnosis was compared to 

a principal discharge diagnosis indicating a respiratory infection.  In this situation, the 

sensitivity, specificity and predictive values of ED diagnosis was determined relative to 

the principal diagnosis code for a respiratory infection in the HMDS.  The parameters 

were calculated using records of patients who had presented to ED for any reason and 

then were admitted.  EDIS records which did not have an ICD diagnosis code were 

excluded from the analysis and ICD 9 diagnosis codes were mapped to ICD 10 codes.   

 

Sensitivity, specificity and predictive values were calculated according to the following 

formulae and 95% CIs were reported. 

 

Sensitivity  

Number presentations with ED resp infection diag which have principal diag resp infection code  

Total number of admissions with principal diag resp infection code (for relevant infection group) 

 

Specificity  

Number presentations without an ED resp infection diag and without a principal diag resp infection code  

Total number of admissions without a principal diag resp infection code (for relevant infection group) 

 

Positive predictive value 

Number presentations with ED resp infection diag which have principal diag resp infection code 

Total number of admissions with ED resp infection diag 

 

Negative predictive value 

Number presentations without ED resp infection diag and without principal diag resp infection code 

Total number of admissions without ED resp infection diag  

 

Resp=respiratory  diag=diagnosis 

 

Further, the most common ED diagnosis (3 character diagnosis code level) was 

determined if the ED and morbidity diagnoses did not match according to the particular 

respiratory infection category in the HMDS record. 

 

3.8 Data analysis 

All statistical analyses were performed using the software SPSS version 12, Intercooled 

STATA 8 or Epi Info 6.  P values with the statistical significance set at =0.05, and 

95% confidence intervals were reported where appropriate.   
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3.8.1 Descriptives 

Frequencies, proportions, means, and percentiles of relevant variables were calculated.  

These included: gender; age; socio-economic status; night presentation (defined as 

presenting between 6pm and 6am the following morning), week day, month and year of 

presentation; State of residence; triage score; respiratory infection group, diagnosis; 

admission, length of hospital stay; representation; death; type of specimen collected, 

organisms isolated, antimicrobial susceptibilities and serological results.  Age was 

treated either as a continuous variable or, where indicated, was grouped into 

predominantly 10 year categories as commonly used by the Australian Institute of 

Health and Welfare 
81

.  The difference in the proportion of males versus females with a 

particular diagnosis was reported as age specific or crude rate ratios.  In this case, the 

Perth metropolitan male and female populations as recorded in the 2001 population 

census 
162

 were used as rate denominators. 

 

ED triage score 

The ED triage score is assigned to the patient according to the Australasian Triage Scale 

and reflects the urgency of the patient’s illness on presentation.  It is a five category 

scale 
163

: 

1. Immediately life threatening – response time immediate. 

2. Imminently life threatening or important time-critical treatment or very severe 

pain – response time within 10 minutes. 

3. Potentially life threatening or situational urgency  - response time within 30 

minutes. 

4. Potentially serious or situational urgency or significant complexity or severity – 

response time within 60 minutes. 

5. Less urgent – response time within 120 minutes.   

 

In the present study, although correctly meaning urgency, triage was used as a surrogate 

measure of severity of illness.   
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In-hospital deaths 

In-hospital deaths were identified by ‘died in ED’ recorded in the ED disposition field 

of EDIS or the code for death recorded in the ‘separation type’ field of the HMDS.  

Deaths in the ED were excluded from descriptive results relating to admission. 

 

Socio-economic status 

There are 4 Socio-Economic Indexes for Areas (SEIFA) used in Australia which 

measure different aspects of socio-economic conditions by geographic areas.  They 

include; the Index of Relative Socio-Economic Disadvantage, the Index of Relative 

Socio-Economic Advantage/Disadvantage, the Index of Economic Resources and the 

Index of Education and Occupation 
164

.  The present study used the Index of Relative 

Socio-Economic Advantage/Disadvantage as an indicator of socio-economic status and 

classified each ED presentation into one of five groups (referred to from now on as 

SEIFA groups) based on the postcode of their residence.  A higher score on this index 

(e.g. a score of 1) indicates that the patient resided in an area which had a relatively high 

proportion of people with high incomes or work skills 
164

.   

 

The method of allocating each ED presentation to a SEIFA group was as follows:   

 

 SEIFA indexes and populations for all Australian postal districts were obtained 

from Australian Bureau of Statistics data 
165

.  Postal districts are an 

approximation of postcodes and are groupings of collection districts (the 

smallest geographic area of the Australian Standard Geographical Classification) 

which have been given the same Australia Post postcode 
164

.    

 

 The postal districts were ordered according to their SEIFA indexes from highest 

to lowest and the cumulative population calculated as descending down the list.  

The total Australian population corresponding to all postal districts was divided 

into quintiles.   
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 The cumulative population value closest to each quintile limit was then used to 

divide the postal district codes into quintiles.  Each quintile consisted of similar 

but not exactly the same proportion of the Australian population.   

 

 The quintile corresponding to the highest SEIFA indexes was classified as group 

1, the next highest indexes as group 2 and so forth down to group 5 which had 

the lowest SEIFA indexes.  The postcodes of the presentations in the study 

cohort were then compared to those of each SEIFA group and thus given a 

SEIFA classification of 1 to 5.   

 

3.8.2 Representations 

For each patient, their first recorded ED diagnosis of a respiratory infection of a 

particular group, for example pneumonia, was considered as their first index 

presentation for that infection type.  If a patient presented with the same group of 

respiratory infection after 28 days of leaving hospital, this was classified as a further 

index presentation for that type.  Presentations diagnosed with the same type of 

infection within 7 days of an index presentation were assumed to be due to the same 

infection and thus classified as representations.  As there was uncertainty on whether 

return visits after this time related to the initial infection, reattendances between 7 and 

28 days were not examined in the present study. 

 

This criterion of using 28 days as the ‘washout’ period was continued over the 3-year 

study period resulting in patients possibly having a number of index infections for one 

or more type of respiratory infections.   

 

The analyses included; determining the diagnoses of the presentations directly 

preceding the index infections, comparing the characteristics of representations with the 

relevant index presentations and performing logistic regression to determine 

independent predictors of representation.  Only those patients alive at hospital 

separation at the index presentation were included in the latter 2 analyses. 
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As an additional analysis, the proportion of index presentations of a particular 

respiratory infection type that subsequently returned to the ED for any reason within 7 

days was calculated.   

 

3.8.3 Co-morbidities  

The entry in the first diagnosis field in the HMDS was considered the principal 

discharge diagnosis.  It was not always possible to distinguish other associated or 

secondary diagnoses from complications within the other 20 diagnoses fields contained 

in the morbidity record.  For descriptive analysis, entries in these fields were considered 

co-morbidities. 

 

In logistic regression analysis, certain co-morbidities were used to create a co-morbidity 

measure.  The co-morbidities selected were based on the Charlson Index 
166

.  This index 

is determined from 17 clinical conditions associated with mortality and weighted 

according to severity.  Mapping of the conditions to groups of ICD 10 codes was 

developed by the School of Population Health, The University of Western Australia, 

using the Dartmouth-Manitoba algorithm for administrative data 
167

.  For technical 

reasons, the relevant ICD 10 codes were extracted from the 21 diagnosis fields of only 

the morbidity record of the most recent admission within 12 months preceeding each 

ED diagnosis of a respiratory infection.  Morbidity records with admission dates 

extending back to 1 July 1999 were thus examined to capture admissions for those 

presenting in the early part of the study. The co-morbidity measure for the cohort 

ranged from 0 to 9 with 0 meaning no relevant co-morbidities recorded or no admission 

within the time period.   

 

The ICD codes used in determining the co-morbidity measure included those relating to 

cardiovascular, pulmonary, neurologic, endocrine, renal, liver, gastrointestinal, cancer 

and immune conditions.  A full list of the codes used can be found in Appendix I.  The 

measure was used as a potential independent variable in logistic regression analysis of 

admission, representation and death. 
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3.8.4 Univariate and multivariate analysis- ICD 10 Chapter X 

Respiratory infections 

Univariate analysis was performed on all the variables of interest for the particular 

outcome.  All variables significant at the p=0.1 level were placed in the logistic model 

as one block of variables and multivariate analysis performed.   

 

The model was refitted with only variables significant at the p=0.05 level.  Relevant 

interaction terms were added one at a time keeping the main effects in the model.  

Interaction terms chosen to include in the model were those which made clinical sense.  

After testing each relevant interaction individually with the main effects, all significant 

interactions were added to the model.  The model was again refitted with the main 

effects and significant interactions.  Adjusted odds ratios with 95% confidence intervals 

were determined.  Generally for categorical variables, the odds ratios were reported in 

reference to the most prevalent level of that variable.  

 

Where significant interaction terms involved a categorical and continuous variable, the 

effect modification of one of the variables on the other was illustrated by plotting the 

values of the variables against the predicted probabilities of the relevant outcome.   

 

As some patients presented to the ED more than once during the study period, some of 

the data were not strictly independent.  It is possible that observations of the same 

patient were correlated, particularly if these observations took place close together in 

time.  Each patient represented a cluster.  If intra-cluster independence of observations 

is assumed this may underestimate the standard errors of the β coefficients and lead to 

incorrectly believing there is a statistically significant relationship between the 

explanatory variable in the logistic model and outcome 
168

.  To adjust for the within 

cluster correlation a robust standard error was specified during the logistic regression 

analysis.  As the robust option is not available in SPSS, STATA version 8 was used for 

logistic regression.  Within Stata, the robust variance is known as the 

Huber/White/sandwich estimate of variance.   
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Goodness-of-fit of the logistic model to the data was tested using the method of Hosmer 

and Lemeshow 
169

 and performed using STATA.  The method involved ranking 

presentations on the basis of their estimated probability of outcome determined by the 

logistic model then grouping them into deciles.  The goodness of fit statistic was 

obtained by calculating the Pearson chi-square statistic from the set of observed and 

expected frequencies of response for each ‘decile of risk’.  Good fit of the model was 

indicated if the Hosmer and Lemeshow goodness-of-fit test statistic was greater than 

0.05.  

 

The outcomes examined included: admission; representation for the same respiratory 

infection group within 7 days from ED discharge or hospital separation if admitted; 

admission at representation and death during contact with hospital.  Table 3.7 lists the 

potential independent predictor variables tested by logistic regression for each outcome.   

 

Representation was analysed for index presentations and again for the smaller group of 

index presentations which had a specimen taken for culture during contact with the 

hospital.  For the latter, the index presentations were divided into 2 groups.  Group 1 

included acute and other URIs and group 2 included pneumonia, acute LRI and 

COPD+.  Group 1 was tested for association of representation and the isolation of; 

Strep. pyogenes, S. aureus and H. influenzae.  Group 2 was tested for association of 

representation and the isolation of P. aeruginosa, H. influenzae, Strep. pneumoniae, E. 

coli, Moraxella sp. and S. aureus.  If the number of isolates was relatively small, only 

univariate analysis was performed using either Pearsons chi square or the 2-sided 

Fisher’s exact test where appropriate.    

 

It was anticipated that patients who were given an ED diagnosis of pneumonia, acute 

LRI and COPD+ would account for the majority of deaths.  Therefore, only 

presentations with these diagnoses were analysed by logistic regression for the outcome 

death.  Death was also examined for its association with Strep. pneumoniae, Moraxella 

sp., P. aeruginosa, S. aureus, E. coli and H. influenzae isolated from any specimen 

taken while in contact with hospital.   
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Table 3.7 Variables tested in logistic regression models for particular outcomes  

 Outcome 

 

Variables tested in logistic regression models Admission* Representation† 
Admission at 

representation 
Death 

Age (quantitative) Y Y Y Y 

Gender (categorical) Y Y Y Y 

Respiratory group (categorical) Y   Y 

SEIFA group (categorical) Y Y  Y 

Triage score (quantitative) Y  Y Y 

Co-morbidity (quantitative) Y Y  Y 

Representation within 7 days (categorical) Y    

Time since last presentation (categorical, ≤ 3 days, > 3≤ 7 days, >7≤14 days, 

>14≤28 days, > 28 days or no previous presentation within study period) 
Y   Y 

Admission during index presentation  Y Y  

Isolation of particular microorganisms  Y  Y 

 

Y=tested in the logistic regression model 

*The data were stratified according to respiratory infection group and the logistic regression procedure repeated separately for each group.   

†Only those index respiratory infections who were alive at hospital separation were included in the analysis.   
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Further, univariate analysis was undertaken to determine the association between death 

and S. aureus, P. aeruginosa and E. coli isolated from blood and separately from 

sputum taken within 2 days of ED arrival.   

 

3.8.5 Bacteriology 

Specimen type was entered as free text in the sample field of the bacteriology data set 

with no standard entry format.  Therefore, the free text entries in this field were grouped 

into broad categories of interest including; blood, sputum, nasal aspirate, and throat 

swab.  Throat swabs which were obvious screens for MRSA, (where either this was 

stated in the field or a series of records including those for throat, mouth, perineum 

occurred together with the same collection time), were excluded from the throat swab 

analysis.  The name of the organism isolated was coded by the individual laboratories 

and codes for the same organism differed across the sites.  Organism codes were 

therefore mapped to a standard code used for the study.  A similar method was used to 

manage the different antibiotic codes for data from different sites. 

 

Only culture results relating to specimens taken in the ED or within 2 days of ED arrival 

for admissions were analysed unless otherwise stated.  The proportions of culturing of 

different specimen types were calculated and for pneumonia, the relationships between 

age and culturing, and age and positive blood or sputum cultures, were tested for linear 

trends in proportions using Epi Info 6.   

 

Frequencies of organism species were calculated for each respiratory group and 

according to specimen type for non admissions and admissions.  In cases where blood 

and sputum were both taken during the same presentation, the microbiology results of 

both specimens were compared.  This was also done with blood and throat swabs, and 

blood and nasal aspirates.  The bacteriology results of blood and sputum cultured for 

index presentations were compared with those of representations.  S. epidermidis, non-

speciated coagulase negative staphylococci and other organisms which commonly 

originate from normal skin flora or the environment were considered probable 

contaminants of blood cultures and are listed in Appendix II.  
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3.8.6 Antimicrobial susceptibilities 

Antimicrobial susceptibility testing was based on guidelines from the Clinical and 

Laboratory Standards Institute (formerly known as the National Committee for Clinical 

Laboratory Standards) and was performed as part of normal laboratory practice 
170, 171

.  

Susceptibilities of the most common organisms isolated from presentations with URI 

(acute and other) were examined as 1 group and those with diagnoses of pneumonia, 

other acute LRI or COPD+ examined as a second group.  The focus was on the 

susceptibilities to antibiotics recommended as first line therapy against particular 

organisms 
105

.  Frequencies of resistance and characteristics of those presentations 

yielding a resistant organism were reported.  Organisms isolated from specimens taken 

in the ED or, if admitted, while in hospital within 2 days of ED arrival, were included in 

the analysis.  Resistance to di- or flu-cloxacillin was reported as methicillin resistance. 

 

3.8.7 Serology and PCR 

Serology and PCR test results were examined for adult patients (15 years and older) 

diagnosed with a respiratory infection coded to ICD 10 Chapter X and for specimens 

taken in the ED or if admitted, within 2 days of ED arrival.  The interpretation of the 

serology and PCR results were based on the standard comments given by the laboratory 

to clinicians.  PCR tests for molecular material were recorded as detected or not 

detected.  For influenza A and B, parainfluenza types 1,2,3, and RSV, a CFT titre of at 

least 1 in 80 was used as the criterion for previous exposure.  For M. pneumoniae, a 

CFT titre of at least 1 in 40 suggested possible recent infection.  Immunofluorescent 

assay (IFA) results of at least 1 in 256 suggested possible infection with L. longbeache 

or L. pneumophila groups 1, 2 or 4.   For C. pneumoniae, a result of 1.1 units from the 

IgG EIA test suggested previous exposure and a result of 2.99 suggested a strong 

positive.  As the results were based on single specimens, the CFT, IFA and EIA results 

were only used as indicators of possible exposure or infection. 
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3.8.8 Medical record review for antibiotic prescription 

Medical files from one of the adult hospitals were reviewed to determine the proportion 

of patients with an ED diagnosis of a respiratory infection who were prescribed 

antibiotics in the ED.  The sample size needed to give a proportion with a precision of 

+/- 5% was calculated according to the formula: 

 

n=(Z/)
2 

p(1-p)  

where n=sample size, p=proportion, z=1.96 for a 95% confidence interval,  the width 

of the confidence interval.  

 

As the proportion was not known, a value of p=0.5 was used to give the largest possible 

sample size that would be required and this was calculated to be 384.  This was rounded 

to 400.   

 

A systematic sampling method was used to select the final sample of 400 files.  The first 

or index respiratory infection presentations coded to ICD Chapter X for the patients 

presenting at the relevant hospital were pooled and sorted chronologically.  The 

sampling fraction (1/i) was determined by dividing the number of records in this pool by 

400.  Every ith patient was selected.   

 

Information extracted from the medical files included: recent prior antibiotic treatment, 

whether antibiotics were first prescribed in the ED or on the wards and type of antibiotic 

first prescribed.   

 

The type of the first prescribed antibiotic was compared to the antibiotic prescribing 

guidelines contained in the publications, Therapeutic Guidelines: Antibiotic versions 10 

172
, 11 

173
 and 12 

105
.  It was expected that version 11 would have been used for most of 

the study period as it was released in October 2000.  Prior to this date, version 10 was in 

circulation and version 12 was released in April 2003.  The comparisons were made for 

pneumonia and specific URIs as guidelines existed for these conditions.  Results for 

pneumonia were also compared to other guidelines specifically used at the relevant 

hospital.  The origin of these guidelines could not be determined.  A summary of the 
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antibiotic guidelines and the hospital specific guidelines for particular respiratory 

infections is given in Appendix III. 

 

3.9 Ethics and other approvals 

Approvals for the study were obtained from the Confidentiality of Health Information 

Committee of the Western Australian Department of Health and the Human Research 

Ethic Committees of The University of Western Australia and each of the 4 study 

hospitals.  Approvals to access the ED data were obtained from the Directors of the 

relevant hospital EDs and for microbiology data from the Directors of the relevant 

hospital laboratories. 

 

3.10 Data security 

The project required access to identified and potentially identifiable patient medical 

information.  Patient names were removed following merging and validation of data 

files.  Data were held in secure format on computer and only persons authorised in the 

ethics applications had access to the data. 
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4 Results – Data linkage and validation 

4.1 Introduction 

This chapter presents the results of the data linkage, including its validation.  Further, it 

includes a validation of the mapping of ED diagnosis text to ICD codes, and describes 

the concordance of the ED and hospital discharge diagnoses.   

 

4.2 EDIS-morbidity episode linkage 

Based on the disposition and date of admission recorded in the EDIS data set, the 

expected proportion of presentations admitted was 192,349/520,524 (37.0%) (Fig. 4.1).   

 

 

Figure 4.1 Estimation of proportion of ED presentations admitted 

 

The EDIS and morbidity episode linkage initially resulted in 184,213 matched records.  

In addition, there were 7 presentations which did not have an ED discharge date 

recorded.  These records were examined manually and all other field entries were 

consistent with a match to a nearby morbidity record and hence were accepted as 

matches. 

EDIS records 520,524 

 

Disposition 

 (not clearly defined for 28,788 

presentations) 

Codes suggesting admission 

178,579 

(although admit date present in 

EDIS 172,882) 

Discharge 304,949 

 

Admit date in EDIS 12,633 

Transfer 8208 

 

Admit date in EDIS 1137 

Admission estimate 

178,579+12,633+1137 

=192,349 (37.0% of EDIS 

records) 



  Chapter 4 

78 

 

Of the 336,304 non matches, 4928 (1.5%) morbidity records indicated an admission 

time less than or equal to 1 hour after ED discharge (group 1) and 709 (0.2%) morbidity 

records indicated a time difference between 1 and 2 hours (group 2).  Of groups 1 and 2, 

98.1% and 93.8%, respectively, were recorded as emergency type patients in the 

morbidity record.  The disposition recorded in EDIS was recorded as ‘ward’ or 

‘admitted via hospital units’ for 91.5% of group 1 indicating that it is likely these 

patients were admitted.  For group 2, the disposition field indicated an obvious 

admission in 64.0% of cases and the morbidity account number and EDIS episode 

number matched in 62.2% of cases. 

 

After due consideration it was decided to accept groups 1 and 2 as true matches giving a 

total number of admissions of 189, 857 (36.5%). 

 

Characteristics and confirmation of matching cases 

The admission type and medical referral field entries in the morbidity data set supported 

the EDIS and morbidity record matches in over 96% of cases.  The disposition field in 

the EDIS data set suggested over 98% of the matches were likely.  Comparing the 

admission date and time fields in the EDIS record to those in the morbidity record 

confirmed a smaller number of matches, particularly when time was considered (Table 

4.1).  
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Table 4.1 Characteristics and confirmation of the 189,857 EDIS-morbidity 

matched records 

    
Data set Variable Indicator Total entries 

189,857 

   n (%) 

Morbidity Admission type Emergency 189,655 (99.9) 

Morbidity Medical referral ED clinician or specialist 183,671 (96.8) 

EDIS Admit date/time Admission date present 183,859 (96.8) 

  Date matches to that in morbidity set 179,381 (97.6) 

  Date / time recorded 176,088 (92.8) 

  Date / time match to that in morbidity set 146,505 (83.2) 

EDIS Disposition Components described below: 187,440* (98.7) 

  Ward or admission via hospital units 176,627
†
 

  Discharge:  

where location in morbidity set entered 

as observation or emer ward 

11,219 

10,019
†
 

  Transfer:  

where location in morbidity set entered 

as observation or emer ward 

823 

794
†
 

 

* the sum of figures indicated by † 

 

Characteristics and confirmation of non matching cases 

The number of EDIS records which did not match and hence were classified as 

presentations not resulting in an admission was 330,667 (63.5%). 

 

Of the 330,667 records not matching to a morbidity record 326,836 (98.8%) did not 

have a date entered in the EDIS admission date field.  

 

The disposition field recorded ‘ward’ in 1897 cases with ‘admitted via a hospital unit’ 

recorded in a further 48 cases.  Therefore 1945/330,667 (0.6%) of records which did not 

match to a morbidity record had an obvious code reflecting an admission.  Of the 1897 

records with ‘ward’ as the disposition, 437 (23%) clearly indicated ‘home’ in the EDIS 

departure destination field.  The destination field indicates the final destination of the 

patient but ‘ward’ disposition should not correspond with a departure destination of 
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home.  It was not possible to clarify the situation and confirm non matching cases with 

dispositions of ‘discharge’ or ‘transfer’ as a morbidity record may or may not be 

generated under these circumstances, depending on whether the patient was temporarily 

admitted but then discharged directly from the ED. 

 

4.3 EDIS –microbiology episode linkage 

Of the 520,524 EDIS records, 120,135 (23.1%) linked to at least one bacterial culture 

record.   

 

Of the 398,505 bacteriology records linking to EDIS, 396,308 (99.4%) had the same 

surname as recorded in EDIS and of the 382,502 records with an encounter (episode) 

number recorded and linking to EDIS, 378,116 (98.9%) had the same number as in 

EDIS.   

 

4.3.1 ICD Chapter X respiratory infections 

There were 37,347 ED presentations with an ED diagnosis of a respiratory infection 

coded to ICD 10 Chapter X.  Of these, 14,414 (38.6%) presentations linked to at least 1 

bacterial culture record indicating at least 1 specimen was taken at some stage during 

the patient’s contact with the hospital, and 14,024 (37.6%) presentations had at least 1 

specimen taken either in the ED or within 2 days of ED arrival (2658/22,494, 11.8% 

non admissions; 11,349/14,819, 76.6% admissions; 17/34, 50% of those who died in the 

ED). 

 

Serology/PCR records were linked only to EDIS records of the selected cohort.  There 

were 14,227 ED presentations aged 15 years or older and diagnosed with a respiratory 

infection (coded to ICD 10 Chapter X) available for linking within the time period end 

of September 2000 to beginning of July 2003.   

 

Of the 2953 serology/PCR records linking to EDIS records, 2941 (99.6%) had the same 

patient surname recorded in both the serology/PCR record and EDIS record.  Six of the 
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other 12 records recorded the same first name as in EDIS but different surname, and 5 

had obvious typing errors in the name entry.  Only 1 record had a very different name.  

For serology/PCR data relating to testing which took place in the ED or within 2 days of 

ED arrival, there were 2240 serology/PCR records matching to 2047 EDIS records for 

patients 15 years or older.   

 

4.4 Validation of mapping ED text descriptions to ICD codes by 

EDIS 

For respiratory infections selected by ICD 10 Chapter I codes or the equivalent from 

ICD 9, there were 10 different text descriptions and all were equivalent to the 

descriptions in the ICD manuals.  For respiratory infections selected by ICD 10 Chapter 

X codes or the equivalent from ICD 9, there were 75 different text descriptions.  Of 

these, 65 (86.7%) were equivalent to those found in the ICD Manual.  A further 8 

descriptions partially matched (6 had codes for ‘influenza with virus identified’ but as 

this is unlikely in the ED the text should have mapped to ‘influenza virus not identified’, 

and 2 descriptions mapped to less specific codes than in the manual).  Assigning a score 

of 1 to equivalent matches and 0.5 to the partial matches resulted in a proportion of 

equivalence of 92% (90% CI: 0.87 to 0.97).  Only 2 descriptions representing 2 

presentations mapped to codes which did not accurately reflect the diagnoses (‘infective 

exacerbation of CAL’ and ‘lung abscess’ mapped to codes for pneumonia).  Overall, of 

the 32,612 presentations selected by an ICD code for respiratory infection (coded to 

ICD Chapters I and X), 32,610 had text descriptions at least partially equivalent to those 

in the ICD Manual.  A further 4843 presentations were selected on the basis of the text 

description and had ICD codes reflecting respiratory disorders but not specifically 

respiratory infections.   
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4.5 Concordance of ED diagnosis and hospital discharge diagnosis 

for admitted patients – respiratory infections coded to ICD 

Chapter X 

Objective: To determine the concordance of ED diagnosis and hospital discharge 

diagnosis for respiratory infections  

 

Of the 184,195 morbidity records which linked to an ED record with an ICD diagnosis 

recorded, 15,387 (8.4%, 95%CI: 8.3 to 8.5) recorded a principal discharge diagnosis of 

a respiratory infection coded to ICD 10 Chapter X. 

 

The specificities and negative predictive values of ED diagnosis for a principal 

discharge diagnosis of a respiratory infection classified to a group level were around 

99%.  The sensitivities ranged from 67% for the group other URI down to 5% for 

influenza/viral pneumonia.  Positive predictive values for these 2 groups were 72% 

and 22.0%, respectively (Table 4.2).  

 

Where the ED diagnosis did not match to the principal discharge diagnosis in terms of 

respiratory group the most common ED diagnosis tended to be one which was not 

specified as a respiratory infection, including; fever of unknown origin, viral infection 

of unspecified site, heart failure and chronic obstructive pulmonary disease (infection 

not specified) (Table 4.3).    

 

Pneumonia as the principal discharge diagnosis matched to the ED diagnosis in 57.3% 

of records.  Where there was no match the most common respiratory infection group 

noted in the ED related to acute LRI with unspecified acute LRI as the most common 

diagnosis within this group.  Similarly, in cases where the principal discharge diagnosis 

was classified as acute LRI, the most common ED diagnosis was pneumonia (organism 

unspecified).  Chronic obstructive pulmonary disease (infective) was commonly given 

an ED diagnosis of non infective COPD disease or pneumonia. 
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Table 4.2 Sensitivities, specificities and predictive values of ED diagnosis of respiratory infections 

         
Respiratory group as recorded 

in morbidity data set 
Sensitivity 

95% Confidence 

interval 
Specificity 

95% Confidence 

interval 

Positive 

predictive value 

95% Confidence 

interval 

Negative 

predictive value 

95% Confidence 

interval 

  Lower Upper  Lower Upper  Lower Upper  Lower Upper 

             
Acute URI (n=3180) 0.47 0.45 0.49 1.00 1.00 1.00 0.68 0.66 0.70 0.99 0.99 0.99 

Pneumonia (n=4593) 0.57 0.56 0.59 0.99 0.99 0.99 0.50 0.48 0.51 0.99 0.99 0.99 

Flu/viral pneumonia (n=620) 0.05 0.01 0.09 1.00 1.00 1.00 0.22 0.15 0.28 1.00 1.00 1.00 

Acute LRI (n=3433) 0.54 0.53 0.56 0.99 0.99 0.99 0.42 0.41 0.43 1.00 0.99 0.99 

COPD+ (n=3109) 0.42 0.40 0.44 1.00 1.00 1.00 0.57 0.55 0.59 0.99 0.99 0.99 

Other URI (n=452) 0.67 0.63 0.72 1.00 1.00 1.00 0.72 0.68 0.77 1.00 1.00 1.00 
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Table 4.3 Concordance of ED diagnosis to principal discharge diagnosis for respiratory infections  

Principal discharge diagnosis (n=15,387) % Match If no match, common ED diagnosis group         Common ED 3-character code diagnosis and description 

Pneumonia  57.3 Not specified as respiratory infection n=1107 I50 (n=97) Heart failure 

n=4593 (29.8%)   R50 (n=87) Fever of unknown origin 

     

  Acute lower respiratory infections n=725 J22 (n=560) Unspecified acute lower respiratory infection 

   J98 (n=142) Other respiratory disorders (EDIS text infective/chest 

infection)     

     

Acute LRI 54.4 Not specified as respiratory infection n=901 B34 (n=92) Viral infection of unspecified site 

n=3433 (22.3%)   R50 (n=77) Fever of unknown origin 

     

  Pneumonia n=487  J18 (n=342) Pneumonia, organism unspecified 

     

Acute URI  47.2 Not specified as respiratory infection n=1309 R56 (n=280) Convulsions, not elsewhere classified 

n=3180 (20.7%)   R34 (n=211) Viral infection of unspecified site 

   R50 (n=175) Fever of unknown origin 

     

COPD+ 41.9 Not specified as respiratory infection n=1056 J44 (n=433) COPD infection not specified 

n=3109 (20.2%)   I50 (n=109) Heart failure 

     

  Pneumonia group n=473 J18 (n=400) Pneumonia, organism unspecified 

     

  Acute lower respiratory infection n=264 J22 (n=246) Unspecified acute lower respiratory infection 

     

Influenza/viral pneumonia  5.0 Not specified as respiratory infection n=330  B34 (n=64) Viral infection of unspecified site 

n=620 (4.3%)   R50 (n=64) Fever of unknown origin 

     

  Pneumonia group n=143 J18 (n=88) Pneumonia, organism unspecified 

   J15 (n=24) Bacterial pneumonia, not elsewhere classified 

     

Other URI  n=452 (2.9%) 67.3 Acute upper respiratory infection n=110 J03 (n=96) Acute tonsillitis (EDIS text is tonsillitis) 



  Chapter 4 

85 

Non matches for the group other URI, commonly specified the code for acute URI in 

the EDIS record, specifically, acute tonsillitis.  However, although the ED diagnosis 

code in EDIS reflected acute tonsillitis, the ED text descriptions recorded in EDIS 

specified tonsillitis with no distinction between acute or chronic tonsillitis.  The latter, 

chronic tonsillitis was assigned to the other URI group for this study.  Therefore, it was 

unknown whether the discordance was due to a coding issue. 

 

The concordance of ED diagnosis and hospital discharge diagnosis was also determined 

by examining the hospital discharge diagnoses for those admissions diagnosed with a 

respiratory infection in the ED. 

 

Of the 14,819 admissions diagnosed in the ED as having a respiratory infection (coded 

to ICD 10 Chapter X) 11,001 (74.2%, 95%CI: 73.5 to 74.9) were given a principal 

discharge diagnosis of a respiratory infection (including aspiration pneumonia) 

following hospital separation.  A further 1639 (11.1%) admissions had an ICD code for 

a respiratory infection in at least 1 of the other 20 possible co-diagnosis fields in the 

hospital morbidity record, therefore increasing the concordance to 85.3%.  Of the 

remaining 2179 admissions, 1385 (63.6%) had a principal discharge diagnosis code 

reflecting a disease of the respiratory system but no infection was specified, 310 

(14.2%) relating to the circulatory system and 271 (12.4%) were coded as ‘symptoms, 

signs and abnormal clinical and laboratory findings, not elsewhere classified’.   

 

The most common differential diagnoses of particular types of respiratory infections are 

shown in Table 4.4.  Diagnoses recorded in the morbidity record broadly corresponded 

with the ED diagnosis in around 80% of URI presentations.  The proportion of 

pneumonia cases with corresponding diagnoses recorded was lower (61.0%).  

Including discharge diagnoses of pneumonitis, unspecified acute LRI and COPD with 

lower respiratory tract infection increased the proportion to 78%.  For those younger 

than 1 year given an ED diagnosis of pneumonia, acute bronchiolitis was the most 

common differential diagnosis (45/113, 39.8%, where pneumonia was not recorded in 

the morbidity record).  For age groups 65-74 years and 75-84 years, the most common 

differential diagnosis for pneumonia was J44.0-other COPD with lower respiratory  
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Table 4.4 Concordance of hospital discharge diagnosis to ED diagnosis for respiratory infections 

   ED diagnosis Any diagnosis 

field in morbidity 

record 

Most common principal discharge diagnoses for remaining admissions 

     
Acute and other URI (n=2635) 

 

2136 (81.1%) B34 viral infection of unspecified site (59, 

2.2%), 

J21 acute bronchiolitis (46, 1.7%) J22 unspecified acute LRI 

(36, 1.4%)  
     

 Croup (n=761) 680 (89.4%) J45 asthma (20, 2.6%) J38 diseases of vocal cords and larynx 

(14, 1.8%) 

J06 acute URI of multiple or 

unspecified sites (12, 1.6%) 
     

 Tonsillitis/peritonsillar 

abscess (n=1184) 

 

1061 (89.6%) B27 infectious mononucleosis (25, 2.1%) J02 acute pharyngitis (17, 1.4%) B34 viral infection of 

unspecified site (13, 1.1%) 

     

Pneumonia (n=5293) 3229 (61.0%) plus 

351 pneumonitis 

(67.6%) 

 

J22 unspecified acute LRI (383, 7.2%), J44.0 other COPD with lower respiratory 

tract infection (166, 3.1%) 

J21 acute bronchiolitis (61, 

1.2%)  

     

Influenza/viral pneumonia 

(n=144) 

 

32 (22.2%) J22 unspecified acute LRI (32, 22.2%) J18 pneumonia, organism unspecified 

(24, 16.7%) 

B34 viral infection of 

unspecified site (14, 9.7%) 

     

Acute LRI (n=4455) 2073 (46.5%) J18 pneumonia, organism unspecified (603, 

13.5%) (with all codes for pneumonia and 

aspiration pneumonia 788, 17.7%) 

J44.0 other COPD with lower respiratory 

tract infection (258, 5.8%) 

 

J06 acute URI of multiple or 

unspecified sites (176, 4.0%) 

     

 Bronchiolitis (n=1705) 1354 (79.4%) J06 acute URI of multiple or unspecified 

sites (79, 4.6%) 

 

J45 asthma (47, 2.8%) J22 unspecified acute LRI 

(40, 2.3%) 

     

COPD+ (n=2292) 1440 (62.9%) J44 other COPD (infection not specified) 

(342, 14.9%) 

J47 bronchiectasis (infection not 

specified) (85, 3.7%) 

J45 asthma (75, 3.3%) 
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tract infection (142/581, 24.4%), and for other age groups, J22-unspecified acute LRI 

was the most common (273/1019, 26.8%). 

 

4.6 Summary 

The results demonstrate that the EDIS-morbidity and EDIS-microbiology episode links 

had high validities.  This means the records contributing to a particular episode were 

correctly assigned.  Further, overall, the validity of the automatic mapping of text 

entries in EDIS to diagnostic ICD codes was high.  This indicates that using ICD codes 

recorded in EDIS was an appropriate method to identify the cohort. 

 

There was some variation in the concordance of ED and hospital discharge diagnosis for 

admitted patients and this is discussed in Chapter 6. 
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5 Results - Epidemiology 

5.1 Introduction 

This chapter describes the results of the analysis of the data and relates the results to the 

study objectives.  It provides a descriptive epidemiology of respiratory infections 

diagnosed in the ED.  Sections 5.2 to 5.16 relate primarily to those respiratory infections 

coded specifically to ICD10 Chapter X.  Section 5.17 relates to those respiratory 

infections coded specifically to ICD 10 Chapter I.   

 

Of the 500,168 EDIS records with a diagnosis ICD code entered, 37,347 related to a 

respiratory infection coded to ICD 10 Chapter X (Diseases of the Respiratory System).  

There were a further 108 presentations with a respiratory infection diagnosis coded to 

ICD Chapter I (Certain Infectious and Parasitic Diseases), giving a total of 37,455 

(7.5% of all EDIS records, 95%CI: 7.4 to 7.6).  This equated to 28,885 individuals. 

 

5.2 Summary descriptives 

Table 5.1 provides a summary of the characteristics of the 37,347 presentations with a 

respiratory infection coded to ICD 10 Chapter X.  The median age of those presenting 

was just over 6 years (males 5.2 years vs females 8.3 years, p <0.001) and 42% resided 

in areas considered relatively advantaged.  Approximately 75% were given a triage 

score of 3 or 4 and around 40% were admitted.  The most common respiratory 

infections represented were those of the acute URI group.  However, URI infections 

and the collective LRI infections (pneumonia, acute LRI and COPD+) accounted for 

similar proportions of respiratory infections (49.3% vs 49.4%, respectively). 
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Table 5.1 Characteristics of patients diagnosed in the ED with respiratory 

infections coded to ICD 10 Chapter X 

Characteristic 

Number (%) 

37,347 presentations is 

denominator unless otherwise 

stated 

  
Number of individuals 

 

28,782 

Males 

 

20,854 (55.8) 

Mean age (s)  Median age (IQR) (yrs) 

 Males 

 Females 

 

25.4 (30.8)  6.2 (1.5 to 50.5) 

24.1 (30.3) 5.2 (1.4 to 47.5) 

27.0 (31.4) 8.3 (1.7 to 53.6) 

Western Australian postcodes for residence (n=36637) 

Residence in Perth metropolitan area 

 

36,359 (99.2) 

35,012 (95.6) 

SEIFA Group based on postal districts (n=36522) 

 1 (most advantaged) 

 2 

 3 

 4 

 5 (least advantaged) 

 

 

7058 (19.3) 

8299 (22.7) 

9644 (26.4) 

7099 (19.4) 

4422 (12.1) 

Triage (n=37344) 

 1 (most urgent) 

 2 

 3 

 4 

 5 (least urgent) 

 

 

324 (0.9) 

3307 (8.9) 

12,152 (32.5) 

15,964 (42.7) 

5597 (15.0) 

Referred to ED (n=36601) 

 Self/relative 

 General practitioner 

 Other hospital 

 

 

30,435 (81.5) 

3626 (9.7) 

2024 (5.4) 

Category of respiratory infection 

Acute URI 

Acute LRI 

Pneumonia 

COPD + 

Influenza/viral pneumonia 

Other URI 

 

 

17,969 (48.1) 

8783 (23.5) 

6908 (18.5) 

2747 (7.4) 

483 (1.3) 

457 (1.2) 

Most common ED diagnoses 

J06 Acute upper respiratory infections of multiple and unspecified 

sites 

J18 Pneumonia, organism unspecified 

J05 Acute obstructive laryngitis and epiglottis 

J03 Tonsillitis 

J22 Unspecified acute lower respiratory infection 

 

 

8476 (22.7) 

5091 (13.6) 

4185 (11.2) 

4134 (11.1) 

3725 (10.0) 

 

Admissions  (n=37313, excludes those who died in ED) 

 

14,819 (39.7)  

Deaths occurring between ED arrival and hospital separation/ED 

discharge (34 died in ED) 

715 (1.9) 
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5.3 Diagnoses, admissions, age and gender 

Objective: To describe the demographic and other characteristics of those patients who 

were diagnosed with particular types of respiratory infections over the 3-year study 

period. 

 

Diagnoses 

Table 5.2 lists the respiratory infections by ICD 10 code which were present in the 

EDIS data set for the current study.   

 

Table 5.2  Respiratory infections present in the EDIS data set for this study 

ICD 10 

code 
Code description from ICD manual 

EDIS text if substantially 

different from ICD Manual 

description of code 

 Acute URI  

J00 Acute nasopharyngitis  

J01 Acute sinusitis  

J02 Acute pharyngitis  

J03 Acute tonsillitis  

J04 Acute laryngitis and tracheitis  

J05 Acute obstructive laryngitis [croup] and epiglottitis  

J06 Acute upper respiratory infections of multiple and 

unspecified sites 

 

 

 Pneumonia  

J13 Pneumonia due to Streptococcus pneumoniae  

J15 Bacterial pneumonia, not elsewhere classified  

J18 Pneumonia, organism unspecified  

J69 Pneumonitis due to solids and liquids Respiratory-infective-pneumonia, 

aspiration 

 Flu/viral pneum  

J10 Influenza due to identified influenza virus  

J12 Viral pneumonia, not elsewhere classified 

 

 

 Acute LRI  

J20 Acute bronchitis  

J21 Acute bronchiolitis  

J22 Unspecified acute lower respiratory infection  

J98 Other respiratory disorders Chest infection or lower 

respiratory tract infection 

 COPD+   

J40 Bronchitis, not specified as acute or chronic Infective - bronchitis 

J44 Chronic obstructive pulmonary disease  Infective exacerbation of CAL 

J47 Bronchiectasis Infective - bronchiectasis 

J85 Abscess of lung and mediastinum  

J86 Pyothorax 

 

 

 Other URI  

J34 Abscess, furuncle and carbuncle of nose  

J36 Peritonsillar abscess  
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At the 3-character code level, the most common diagnosis was acute upper respiratory 

infections of multiple and unspecified sites (J06), followed by pneumonia (organism 

unspecified) (J18) and acute obstructive laryngitis and epiglottitis (J05) (Fig.5.1) 

[Appendix IV– Table 9.5].  Of the latter, however, epiglottitis only accounted for 21 

presentations. 
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*For code descriptions see Table 5.2.  Excludes 34 patients who died in the ED (1 acute URI, 29 

pneumonia, 2 acute LRI, 2 COPD+) 

Figure 5.1 Number of presentations and admissions according to ED diagnosis, 

2000-2003 

 

 

Admissions 

Overall, 14,819 (39.7%, 95% CI: 39.2 to 40.2) of the 37,313 presentations with a 

respiratory infection who were alive at ED discharge were admitted.  This compares to 

169,211 (36.8%, 95% CI: 36.7 to 36.9) admissions from the 459,812 ED coded 

presentations without a respiratory infection (p<0.001).  A smaller proportion 

(2215/17968, 12.3%, 95% CI: 11.8 to 12.8) of those with acute URI were admitted 

compared with other respiratory groups.  Over 75% of those diagnosed with 
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pneumonia, COPD+ or other URI were admitted (Fig.5.1) [Appendix IV– Table 9.5].  

The latter group (other URI) had the highest proportion admitted and 176/420 (41.9%) 

admissions underwent incision and drainage of peritonsillar abscess or tonsillectomy.  

Admission rates over the period 2000-2003 for specific diagnoses were; bronchiolitis 

1705/3394, 50.2% (95% CI: 48.5 to 51.9), croup 761/4164, 18.3% (95% CI: 17.1 to 

19.5), acute tonsillitis 776/4134, 18.8% (95% CI: 17.6 to 20.0), and infective aspiration 

pneumonia 439/497, 88.3% (95% CI: 85.5 to 91.1).  

 

Age 

Respiratory infections were most prevalent in children and accounted for 17,483/80,530 

(21.7%, 95% CI: 21.4 to 22.0) of all presentations by those younger than 5 years.  For 

each 10 year age interval following, respiratory infections accounted for less than 10% 

of presentations.  The lowest contribution (3161/113,018, 2.8%, 95% CI: 2.7 to 2.9) was 

for those aged between 25 and 45 years [Appendix IV – Table 9.6].   

 

The number of respiratory infection diagnoses peaked in the 1-4 year age group, 

decreased until middle age then increased from 55 years with a small drop for those 85 

years and older (Fig.5.2) [Appendix IV - Table 9.6].  
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Figure 5.2 ED presentations according to respiratory infection category and 

age, and admissions according to age, 2000-2003 

 

The number of acute URI followed this pattern until middle age but then continued to 

decrease as age increased.  Flu/viral pneumonia accounted for less than 3.5% of 

respiratory infections diagnosed in each age group and COPD+ tended to manifest in 

the elderly with a peak at 65-74 years.   

 

As a proportion of age group diagnosed with a respiratory infection, pneumonia 

generally increased with age except for a small drop in the 15-24 year age group.  It 

then almost doubled (from 10.9% to 21.4% of respiratory infections) for those 25-34 

years and continued to increase until peaking at 45.7% of those 85 years and older (Fig. 

5.2) [Appendix IV – Table 9.7].  However, although accounting for nearly half the 

respiratory infections presented by the latter age group, pneumonia contributed to only 

3.3% of all presentations for this elderly group.  Figure 5.3 shows the contribution of 

pneumonia and other specific ED diagnoses to all respiratory infections according to 

age.   
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Figure 5.3 Specific ED diagnoses as a proportion of respiratory infections 

according to age, 2000-2003 

 

As with the cohort as a whole, acute upper respiratory infections of multiple and 

unspecified sites (J06) was the most common diagnosis for children (7066/21,968, 

32.2%).  Bronchiolitis was the most common specifically coded respiratory infection for 

infants and also accounted for 2950/23,567 (12.5%, 95% CI: 12.1 to 12.9) of 

presentations for any reason for this age group.  Croup was the most common for those 

1-4 years, accounting for 2744/56,963 (4.8%, 95% CI: 4.6 to 5.0) of their presentations, 

and acute tonsillitis was the most common for the 15-24 year age group, but accounted 

for only 747/68,468 (1.1%, 95% CI: 1.0 to 1.2) of all presentations for this group.  

These 3 illnesses were uncommon respiratory infections for patients older than 55 years 

who tended to present with pneumonia or COPD+ (Fig.5.3).   

 

Of note, epiglottitis was relatively rare.  Of the 21 cases, 7 were younger than 15 years 

of age. 
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Of those younger than 1 year, 2221/6569 (33.8%, 95% CI: 32.7 to 34.9) were admitted 

after being given an ED diagnosis of a respiratory infection (1504/2950, 51.0% of this 

age group diagnosed specifically with bronchiolitis).  The proportion of admitted 

patients dropped to 2220/10,914 (20.3 %, 95% CI: 19.5 to 21.1) of those 1-4 years 

(466/2744, 17.0% of this group diagnosed specifically with croup) then increased as age 

increased.  Excluding deaths in the ED, 5916/7235 (81.4%, 95% CI: 80.8 to 82.6) of 

those 65 years and older were admitted (2605/2890, 90.1% of this age group diagnosed 

with pneumonia, 1760/2034, 86.5% with COPD+) (Fig.5.2) [Appendix IV – Table 

9.8].  For those 15-24 years of age and diagnosed with tonsillitis, the proportion 

admitted was 234/747 (31.3%), and for those diagnosed with peritonsillar abscess 

152/163 (93.3%) were hospitalised. 

 

Gender 

Males presenting to the ED were significantly more likely to be diagnosed with a 

respiratory infection than females (7.7% of 270,785 vs 7.2% of 229,372; p<0.001).  

There were more than twice as many males as females diagnosed with croup (2814 vs 

1350) and males also dominated the diagnosis of bronchiolitis (2103 vs 1291) and 

aspiration pneumonia (317 vs 187).  Bronchiectasis was more frequently diagnosed in 

females compared with males (150 vs 61).  Comparing age specific rates using Perth’s 

metropolitan population confirmed this trend (Table 5.3). 

 

 

 

 

 

 

 

 

 

 

 

 



  Chapter 5 

96 

Table 5.3 Gender differences in ED diagnoses, 2000-2003 

ED diagnosis Study year Age group Rate ratio M/F* 
Average rate ratio 

M/F for study 

Croup 2000-2001 <15 yrs 2.0 2.0 

Croup 2001-2002 <15 yrs 2.0  

Croup 2002-2003 <15 yrs 2.0  

Bronchiolitis 2000-2001 <5 yrs 1.5 1.6 

Bronchiolitis 2001-2002 <5 yrs 1.7  

Bronchiolitis 2002-2003 <5 yrs 1.6  

Aspiration pneumonia 2000-2001 All ages 2.4 1.8 

Aspiration pneumonia 2001-2002 All ages 1.4  

Aspiration pneumonia 2002-2003 All ages 1.6  

Bronchiectasis 2000-2001 All ages 0.4 0.4 

Bronchiectasis 2001-2002 All ages 0.4  

Bronchiectasis 2002-2003 All ages 0.3  

 

*Number of disease specific ED diagnoses in males per 100 males (M) of same age group residing in 

Perth according to the 2001 Census divided by the rate for females (F). 
 

 

5.3.1 Summary 

Acute upper respiratory infections were the most common type of respiratory infections 

diagnosed in the ED, but this was influenced by the high number of children with this 

diagnosis.  This group of infections overall had a low admission rate.  In comparison, 

pneumonia, COPD+ and other URIs had higher admission rates.  Males tended to 

dominate the paediatric illnesses croup and bronchiolitis. 

 

5.4 Temporal patterns 

Objective: To describe the temporal patterns of presentation of respiratory infections 

over the 3-year study period. 

 

There was a greater number and a significantly higher proportion of presentations given 

a respiratory infection diagnosis during the winter months (June, July, August) of 2002 

compared with 2001 (5099/45,918, 11.1% vs 4357/43,518, 10.0%, p<0.001).  There 

was no significant difference in the proportion of presentations diagnosed with a 
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respiratory infection during the summer seasons (December, January, February) of each 

year of the study (2000-2001, 5.1% of 40,068; 2001-2002, 5.3% of 39,342; 2002-2003, 

5.1% of 41,382; p=0.437).  However, there was a difference between the autumn 

seasons of each year (2001, 5.8% of 38,695; 2002, 6.8% of 41,632; 2003, 5.4% of 

42,094, p<0.001) and the spring seasons (2001, 8.6% of 43,017; 2002, 8.9% of 40,744; 

2003, 7.6% of 43,074; p<0.001).   

 

Within each year of the study there were troughs for respiratory infections during the 

summer months and peaks during winter and early spring (Fig.5.4), [Appendix IV - 

Table 9.9].  The specific diagnosis of bronchiolitis displayed very distinct peaks in July 

of each year with a high during July of 2000 (all ages 395, crude rate 29.5 diagnoses per 

1000 presentations, age specific rate 333 diagnoses per 1000 infant presentations) 

(Fig.5.5), [Appendix IV – Table 9.10].  In comparison, there were few presentations 

coded specifically as acute bronchitis (Fig.5.5), [Appendix IV – Table 9.10].  It was not 

known what proportion of presentations coded as unspecified acute LRI was acute 

bronchitis.  

 

Collectively, acute URI followed the pattern of all respiratory infections and the 

number of presentations was highest in July 2002 (all ages 861, crude rate 54.7 

diagnoses per 1000 presentations).  Croup displayed distinct drops in January and was 

highest in June 2002 (all ages 272, crude rate 18.1 diagnoses per 1000 presentations, 

age specific rate 87 diagnoses per 1000 presentations in patients 1-4 years of age) 

(Fig.5.6), [Appendix IV – Table 9.10].  Acute pharyngitis and acute tonsillitis however, 

did not display a great deal of variation from month to month compared to other 

respiratory infections (Fig.5.7), [Appendix IV – Table 9.10]. 
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Figure 5.4 Number of respiratory infection diagnoses per 1000 presentations 

according to study month and year, 2000-2003 
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Figure 5.5 Number of diagnoses of acute bronchitis, acute bronchiolitis and 

unspecified acute LRI per 1000 presentations according to month 

and year of study, 2000-2003 
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Figure 5.6 Number of diagnoses of croup and acute URI of multiple and 

unspecified sites per 1000 presentations according to month and year 

of study, 2000-2003 
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Figure 5.7 Number diagnoses of acute pharyngitis and acute tonsillitis per 1000 

presentations according to month and year of study, 2000-2003 
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5.4.1 Week day presentation 

Patients diagnosed with a respiratory infection tended to present more frequently on 

Saturday, Sunday and Monday with a peak on Sunday (17.1% of all weekly respiratory 

infections, range 13.7% Tuesday to 13.0% Friday).  A similar trend was seen with 

patients without a respiratory infection.  

 

As a proportion of the total weekly admissions for respiratory infections, admissions 

were fairly consistent from day to day and ranged from 13.7% (Saturday) to 15.0% 

(Monday).  However, a smaller proportion of Sunday presentations was admitted 

(34.0%) compared with presentations on other days of the week (range 37.5% Saturday 

to 44.4% Friday) (Appendix IV – Table 9.11).  These patterns were similar to non 

respiratory infection presentations (proportion of weekly admissions range 14.1% 

(Saturday) to 14.9% (Monday); proportion of presentations admitted on Sunday 31.4%).   

 

5.4.2 Night presentation 

A higher proportion of those with a respiratory infection presented at night (6pm to 6 

am) compared with those without a respiratory infection (48.4% of 37,347 vs 43.8% of 

462,821, p<0.001).  This result was influenced by the higher proportion of those with 

acute URI presenting during the night rather than the day (56.8% vs 43.2%).  This 

pattern was not seen with the other respiratory infection groups.  Specifically, a 

significantly greater proportion of those with croup or acute URI of multiple or 

unspecified sites presented during the night rather than the day (76.0% of 4164 vs 

24.0% of 4164, p<0.001; 52.6% of 8476 vs 47.4% of 8476, p<0.001, respectively).   

 

Consequently, the proportion of patients with respiratory infections presenting at night 

tended to decrease with increasing age from 15 years onwards.  Patients older than 15 

tended to present during the day rather than the night (Fig.5.8) [Appendix IV – Table 

9.12]. 
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Figure 5.8 Respiratory infection ED presentations during night and day 

according to age, 2000-2003 

 

5.4.3 Summary 

Generally, respiratory infections were more frequently diagnosed in the winter and 

spring months, with bronchiolitis in particular showing distinct peaks in July.  However, 

this seasonal trend was not seen with tonsillitis.   

 

Acute respiratory infections such as croup, were more frequently diagnosed during night 

than day. 

 

5.5 Admission 

5.5.1 Prediction of admission 

The variables age, ED triage score, type of respiratory infection as diagnosed in ED, 

SEIFA group, co-morbidity measure (based on the Charlson Index), and time since last 

presentation for any reason were statistically significantly associated with admission.   

 

Interaction terms were added to the model.  Type of respiratory infection and age, 

respiratory infection and triage, respiratory infection and time since last presentation 
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and, age and triage were significant interactions (all p<0.001) when added individually 

and together in the logistic model.  The interaction term age and time since last 

presentation for any reason was not significant (p=0.604).   

 

In view of the number of significant interactions between the type of respiratory 

infection and other variables the logistic regression was repeated for each respiratory 

infection group. 

 

Acute URI, pneumonia and acute LRI 

For those with acute URI, pneumonia or acute LRI the odds of being admitted was at 

least 46% more for those most disadvantaged compared with those most advantaged, 

and increased by at least 17% with every 1 unit increase in the co-morbidity measure 

(Table 5.4).  For those with acute URI, there was an 84% increase in the odds of 

admission for those who had presented with acute URI within 7 days previously, 

whereas for those with pneumonia there was a 39% decrease in the odds if the 

presentation was a representation.  The interaction term age by triage was significant 

with acute URI, pneumonia and acute LRI.  For triage score 4 the predicted 

probability of admission increased with age.  However, with triage score 2, suggesting a 

greater urgency, the predicted probability of admission decreased as age increased for 

those with acute URI and acute LRI.  However with pneumonia, the probability of 

admission was high for all ages (around 0.9) and remained at a similar level as age 

increased (Figs. 5.9, 5.10, 5.11). 

 

The Hosmer-Lemeshow statistics indicated the models provided good fit for acute URI 

and pneumonia data but not for acute LRI.  The final logistic models for admission 

were:  

Log[odds]admission acute URI=constant + βAge+ βTriage + βCo-morbidity + βTime since last 

presentation + βRepresentation + βSEIFA grp + βAge*triage (Hosmer-Lemeshow goodness-of-

fit statistic p=0.434). 

 

Log[odds]admission pneumonia=constant+βAge + βTriage + βSEIFA grp + βCo-morbidity + 

βRepresentation + βAge*triage (Hosmer-Lemeshow goodness-of-fit statistic p=0.902). 

 



  Chapter 5 

103 

Log[odds]admission acute LRI=constant + βAge + βTriage + βCo-morbidity + βSEIFA grp + 

βTime since last presentation + βAge*triage (Hosmer-Lemeshow goodness-of-fit statistic 

p<0.001). 
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Table 5.4 Independent predictors for admission for ED presentations diagnosed with acute URI, pneumonia or acute LRI, 2000-2003 

 Acute URI (n=17,452)  Pneumonia (n=6777)  Acute LRI (n=8611) 

Variable   
Odds ratio 95% CI P value 

 
Odds ratio 95% CI P value 

 
Odds ratio 95% CI 

P 

value 

            
Co-morbidity 1.17 1.04, 1.31 0.010  1.33 1.19, 1.49 <0.001  1.34 1.24, 1.45 <0.001 

SEIFA_grp (ref most advantaged)            

SEIFA_grp2 1.22 1.05, 1.42 0.012  1.22 1.02, 1.46 0.034  1.14 0.99, 1.32 0.076 

SEIFA_grp3 1.05 0.91, 1.22 0.489  1.27 1.06, 1.52 0.010  1.04 0.90, 1.20 0.633 

SEIFA_grp4 1.50 1.28, 1.76 <0.001  1.69 1.39, 2.06 <0.001  1.33 1.13, 1.55 <0.001 

SEIFA_grp5 least advantaged 1.62 1.35, 1.94 <0.001  1.94 1.54, 2.45 <0.001  1.46 1.23, 1.74 <0.001 

Last presentation (ref 0 presentations or >28 days)            

Last presentation2 (≤ 3 days) 1.62 1.29, 2.04 <0.001      1.46 1.23, 1.73 <0.001 

Last presentation3 (4-7 days) 1.34 0.94, 1.92 0.110      1.67 1.28, 2.17 <0.001 

Last presentation4 (8-14 days)  1.19 0.85, 1.68 0.311      1.36 1.03, 1.80 0.029 

Last presentation5 (15-28 days) 1.08 0.81, 1.45 0.583      1.62 1.29, 2.04 <0.001 

7 day representation (ref not) 1.84 1.36, 2.50 <0.001  0.61 0.45, 0.83 0.002     

Age 0.96 0.95, 0.97 <0.001  0.98 0.98, 1.00 0.056  0.97 0.96, 0.97 <0.001 

Triage 0.26 0.24, 0.29 <0.001  0.44 0.39, 0.50 <0.001  0.32 0.29, 0.35 <0.001 

Interaction age by triage   <0.001    <0.001    <0.001 
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Figure 5.9 Predicted probability of admission for acute URI according to age 

and triage score 
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Figure 5.10 Predicted probability of admission for acute LRI according to age 

and triage score 
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Figure 5.11 Predicted probability of admission for pneumonia according to age 

and triage score 

 

 

Flu/viral pneumonia  

As there were only 4 representations within 7 days for this group, and a lack of variation 

in co-morbidity measure and time since last presentation, these variables were not tested 

as potential predictors of admission.  Triage score was the only remaining variable 

significantly associated with admission at univariate analysis.  The odds of being 

admitted decreased by 49% for every 1 unit increase in triage score (decrease in 

urgency) (OR 0.51, 95% CI 0.39, 0.67, p<0.001.  The model provided good fit for the 

data (Hosmer-Lemeshow goodness-of-fit statistic p=0.574).   

 

COPD+ 

Only age and triage were significantly associated with admission after controlling for 

the other variables.  The interaction term age by triage was not significant (p=0.349).  

The odds of being admitted decreased by 41% for every unit increase in triage score 

(decrease in urgency) (OR 0.59, 95% CI 0.51, 0.69, p<0.001) and increased by 20% for 

every 10 years increase in age (OR 1.02, 95% CI 1.02, 1.03, p<0.001).  However, the 
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model did not provide good fit for the data (Hosmer-Lemeshow goodness-of-fit statistic 

p=0.016). 

 

Other upper respiratory infections 

There was lack of variation in co-morbidity, triage score and time since last presentation 

for presentations with other URIs.  Therefore these variables were not tested.  None of 

the remaining variables was associated with admission at the 5% level of significance.  

 

5.5.2 Length of stay 

Objective: To determine the factors associated with poor outcomes (including; 

admission, representation, admission on representation and death) for patients 

diagnosed with particular types of respiratory infections. 

 

The mean length of hospital stay (LOS) for the 14,819 admissions was 5.7 days (s = 

9.2), and the median LOS was 3.0 days (IQR 2.0 to 7.0).  There were 11,281/14,819 

(76.1%) admissions that had a LOS greater than 1 day.  The median LOS was greatest 

for those with COPD+ (6.0 days) and shortest for acute URI (1.0 day) (Table 5.5).  For 

specific ED diagnoses, the mean LOS for bronchiolitis was 3.9 days (median 3.0 days), 

croup 1.5 days (median 1.0 day), acute tonsillitis 1.9 days (median 1.0 day) and 

infective aspiration pneumonia 7.5 days (median 5.0 days). 

 

As a group, pneumonia accounted for the greatest number (35,660) of hospital days 

during the period 2000-2003. 
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Table 5.5 Length of stay according to ED diagnosis, 2000-2003 

ED diagnosis 

Mean 

LOS 

(days) 

s 

(days) 

Median 

LOS 

(days) 

 
IQR 

(days) 
LOS > 1 day 

Total LOS 

(days) 

Acute URI (n=2215) 2.1 3.3 1.0  1.0 to 2.0    874 (39.5%)    4687 

Pneumonia (n=5293) 6.7 10.8 4.0  2.0 to 8.0 4442 (83.9%) 35,660 

Flu/viral pneumonia 

(n=144) 
3.2 6.4 2.0 

 
1.0 to 3.0      87 (60.4%)    455 

Acute LRI (n=4455) 5.4 9.1 3.0  2.0 to 6.0 3575 (80.2%) 24,095 

COPD+ (n=2292) 8.2 9.0 6.0  3.0 to 10.0 2043 (89.1%) 18,827 

Other URI (n=420) 2.0 1.2 2.0  1.0 to 3.0   260 (61.9%)      856 

 

There was a general trend of an increase in the mean length of stay as age increased.  

There was a similar trend with the median length of stay, although in this case it was not 

as obvious.  A notable exception to these trends was for those younger than 1 year of 

age.  This group had a mean and median length of stay greater than that of other age 

groups younger than 25 years (Table 5.6). 

 

Table 5.6 Length of stay according to age for ED presentations diagnosed with 

a respiratory infection, 2000-2003  

Age (yrs) 
Mean LOS 

(days) 
s (days) 

Median LOS 

(days) 
IQR (days) 

<1 (n=2221) 3.8   6.0 3.0 1.0 to 4.0 

1-4 (n=2220) 2.7 11.2 2.0 1.0 to 3.0 

5-14 (n=866) 3.1   4.9 2.0 1.0 to 3.0 

15-24 (n=659) 2.9   4.5 2.0 1.0 to 3.0 

25-34 (n=682) 4.0   5.2 2.0 1.0 to 4.0 

35-44 (n=611) 6.1   8.4 4.0 2.0 to 7.0 

45-54 (n=684) 7.3 12.4 4.0 2.0 to 8.0 

55-64 (n=960) 7.7   9.6 5.0 3.0 to 9.0 

65-74 (n=1957) 8.4   9.2 6.0   3.0 to 10.0 

75-84 (n=2446) 7.6   8.2 5.0   3.0 to 10.0 

≥  85 (n=1513) 7.9 11.7 5.0 2.0 to 9.0 
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5.5.3 Co-morbidities 

There was only a small number (144) of patients with influenza or viral pneumonia 

admitted so the presence of co-morbidities for this group was not examined.   

For other respiratory infections, the most common co-morbidities recorded were related 

to other respiratory disorders, diabetes and heart failure (Table 5.7).  This was for cases 

where a respiratory infection of the same group as the ED diagnosis was coded in either 

the principal discharge diagnosis or another diagnosis field of the morbidity record.   

 

5.5.4 Summary 

Co-morbidity and living in a disadvantaged area increased the odds of being admitted 

for those diagnosed with acute URI, pneumonia or acute LRI.  The median LOS was 

greatest for those with COPD+, but pneumonia accounted for the greatest number of 

hospital days.  Common co-morbidities related to other respiratory disorders, diabetes 

and heart failure. 
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Table 5.7 Frequent co-morbidities of admissions for each ED respiratory infection category, 2000-2003 

    
ED respiratory 

infection 

category 

Coded in any diagnosis 

field of morbidity record 

No other diagnoses recorded 

in morbidity record except for 

infectious agents 

 

Frequent co-morbidities recorded in the morbidity record (number and %) 

      
Acute 

URI+other URI 

(n=2635) 

 

2136 (81.1%) 1258 (58.9% of 2136) E86 volume depletion 

(65 of 878, 7.4%) 

J45 asthma (49 of 878, 5.6%) 

 

B27 Infectious mononucleosis 

(42, of 878, 4.8%) 

 

Pneumonia 

(n=5293) 

3580 (67.6%) 628 (17.5% of 3580) E11 non insulin 

dependent diabetes 

mellitus (490 of 2952, 

16.6%) 

 

J44 Other chronic obstructive 

pulmonary disease (457 of 2952, 

15.5%) 

I50 Heart failure (364 of 2952, 

12.3%)  

Other acute 

LRI (n=4455) 

2073 (46.5%) 917 (44.2% of 2073) J45 asthma (97 of 1156, 

8.4%) 

 

E11 non insulin dependent 

diabetes mellitus (81 of 1156, 

7.0%) 

 

J98 Other respiratory disorders 

(65 of 1156, 5.6%) 

COPD+ 

(n=2292) 

1440 (62.8%) 44 (3.1%) F17 Mental and 

behavioural disorders 

due to use of tobacco 

(273 of 1396, 19.6%) 

 

J18 Pneumonia, organism 

unspecified (191 of 1396, 13.7%) 

I50 Heart failure (189 of 1396, 

13.5%) 
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5.6 Representations 

Objective: To determine the factors associated with poor outcomes (including; 

admission, representation, admission on representation and death) for patients 

diagnosed with particular types of respiratory infections. 

 

Using the criterion of a 28 day ‘wash out’ period 35,478 index respiratory infections 

were identified with 34,789 (98.1%) of these alive at hospital separation.  These related 

to particular types of respiratory infections.  For each respiratory infection category the 

mean number of index infections was less than 2 and the median number was 1 (Table 

5.8).  

 

Table 5.8 Number of index respiratory infections diagnosed in the ED, 2000-

2003 

 Total Acute URI Pneumonia 
Flu/viral 

pneumonia 
Acute LRI COPD+ Other URI 

        
No infections 37,347 17,969 6908 483 8783 2747 457 

No index infections   17,157 6632 479 8228 2532 450 

No patients 28,782  14,939*  6197*  478*   7471*   1853*   439* 

Max Index   12 6 2 15 16 3 

Mean Index. (s)  1.1 (0.50) 1.1 (0.32) 1.0 (0.05) 1.1 (0.43) 1.4 (1.0) 1.0 (0.17) 

Median Index   1 1 1 1 1 1 

75 percentile Index  1 1 1 1 2 1 

90 percentile Index  2 1 1 1 3 1 

*totals greater than 28782 as a patient may have more than one type of index respiratory infection 

 

The most common ED diagnosis (excluding the relevant respiratory infection group) 

within 7 days prior to the index presentations of the acute URI, pneumonia and 

flu/viral pneumonia groups was viral infection of unspecified site (ICD code B34) 

(178/728, 24.5%; 54/524,10.3%; 12/51, 23.5%; prior presentations, respectively).  

Acute URI of multiple and unspecified sites (ICD code J06) was the most common prior 

diagnosis for acute LRI (97/600, 16.2%), COPD (no infection specified) the most 

common for COPD+ (44/157, 28.0%) and acute tonsillitis (ICD code J03) for other 

URI (8/20, 40%). 
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There were only 4 representations for those diagnosed with flu/viral pneumonia or 

other URI.  With the other groups, 327/8081, 4.0% (95% CI: 3.6 to 4.4) of index 

presentations diagnosed with acute LRI and alive at hospital separation represented 

compared to 566/17,153, 3.3% (95% CI: 3.0 to 3.6) with acute URI, 176/6209, 2.8% 

(95% CI: 2.4 to 3.2) with pneumonia and 75/2419, 3.1% (95% CI: 2.4 to 3.8) with 

COPD+ (p=0.001).  For all types of respiratory infections the proportion admitted at 

representation tended to be higher than at index presentation and the proportion of 

admissions with a LOS longer than 1 day tended to be greater at the representation.  The 

concordance of the ED diagnosis at the representation to that at the index presentation 

(to the 3-character code level) ranged from 60.8% with the pneumonia group to 94.7% 

for those with COPD+ (Table 5.9). 

 

Representations of specific diagnoses 

Representations for the first occurrence of specific ED diagnoses of bronchiolitis, croup 

and acute tonsillitis for each patient were determined.  The proportions representing 

within 7 days and given the same specific diagnoses were: bronchiolitis 127/1994, 6.4% 

(95% CI: 5.3 to 7.5), admission on representation 62/127, 48.8% (95% CI: 40.1 to 

57.5); croup 105/3238, 3.2% (95% CI: 2.6 to 3.8), admission on representation 38/105, 

36.2% (95% CI: 27.0 to 45.4); acute tonsillitis 135/3730, 3.6% (95% CI: 3.0 to 4.2), 

admission on representation 42/135, 31.1% (95% CI: 23.3 to 38.9). 
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Table 5.9 Characteristics of those diagnosed with respiratory infection in the ED and representing within 7 days  

Characteristics of those who represented Acute UR I (n=566) 

 

Pneumonia (n=176) 

 

 

Acute LRI (n=327) 

 

COPD+  (n=75) 

Gender male 342 (60.4%) 104 (59.1%) 204 (62.4%) 45 (60.0%) 

Age < 15 yrs 

 

488 (86.2%) 94 (53.4%) 279 (85.3%) 0 

Representation referred to ED by 

    Self/relative 

    Other hosp 

    GP 

 

 

490 (86.6%) 

17 (3.0%) 

21 (3.7%) 

 

 

120 (68.2%) 

19 (10.8%) 

18 (10.2%) 

 

259 (79.2%) 

26 (8.0%) 

17 (5.2%) 

 

 

63 (84.0%) 

4 (5.3%) 

4 (5.3%) 

Transferred from first hospital 9 (1.6%)* 14 (8.0%)* 5 (1.5%)* 5 (6.7%)* 

Represented to same hospital 

 

535 (94.5%) 152 (86.9%) 301 (92.0%) 59 (78.7%) 

Admission on first presentation 63 (11.1%) 64 (36.4%) 68 (20.8%) 54 (72.0%) 

Admission on representation 

 

123 (21.7%) 103 (58.5%) 169 (51.7%) 67 (89.3%) 

LOS index presentation 19.0%  of 63 > 1day 70% of 64 > 1day 69.1% of 68 > 1day 88.9% of 54 > 1day 

LOS representation 

 

48.0% of 123 > 1day 84.5% of 103 > 1day 78.7% of 169 > 1day 95.5% of 67 > 1 day 

Median LOS index presentation 1.0 day  (IQR 1.0-1.0) 4.0 days (IQR 1.0-7.0) 2.0 days (IQR 1.0-4.8) 7.0 days (IQR 4.0-11.3) 

Median LOS representation 

 

1.0 day (IQR 1.0-2.0) 5.0 days (IQR 2.0-11.0) 3.0 days (IQR 2.0-5.5) 7.0 days (IQR 4.0-11.0) 

Most common ED diagnosis on first presentation J06 (33.2%) J18 (58.0%) J21 (71.3%) J44 (88.0%) 

Most common ED diagnosis on representation 

 

J06 (35.5 %) J18 (61.4%) J21 (70.6%) J44 (85.3%) 

Match respiratory infection (3 character code)  446 (78.8%) 107 (60.8%) 303 (92.7%) 71 (94.7%) 

Most common if match 

 

J03 (149 of 446, 33.4%) J18 (76 of 107, 71.0%) J21 (223 of 303, 73.6%) J44 (63 of 71, 88.7%) 

Within 1 day representation 255 85 147 21 
     

 

*of total number of representations although disposition  not recorded in all records. J03 Acute tonisillitis  J06 Acute upper respiratory infections of multiple and unspecified sites  J18 Pneumonia, organism unspecified            
J21 Acute bronchiolitis  J44 Other chronic obstructive pulmonary disease 
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Reattendance for any reason 

If the definition of representation is relaxed and reattendance to the ED within 7 days 

for any reason is examined, the proportions of index presentations reattending increase 

to: acute URI 1488/17153, 8.7% (95% CI: 8.3 to 9.1); pneumonia 500/6209, 8.1% 

(95% CI: 7.4 to 8.8); acute LRI 860/8081, 10.6% (95% CI: 9.9 to 11.3); COPD+ 

230/2419, 9.5% (95% CI: 8.3 to 10.7); flu/viral pneumonia 47/477, 9.9% (95% CI: 7.2 

to 12.6) and other URI 12/450, 2.7% (95% CI: 1.2 to 4.2). 

 

Common diagnoses at reattendance other than the index diagnoses included; viral 

infection of unspecified site for those with acute URI or flu/viral pneumonia at index 

presentation, unspecified acute LRI for those with pneumonia, pneumonia for those 

with acute LRI, and other COPD (infection not specified) for those with COPD+. 

 

5.6.1 Prediction of representation 

Few patients diagnosed with either flu/viral pneumonia or other URI represented and 

therefore were not analysed by logistic regression.  Further, as there was little variation 

in the co-morbidity measure for those who represented within each of the other 

respiratory groups, this variable was not tested. 

 

The odds of representing within 7 days for those with acute URI or acute LRI 

decreased by 20% for each 10 year increase in age.  For those with COPD+, there was a 

20% increase for every 10 year increase in age.  Admission at the index presentation 

decreased the odds of representing by more than 50% for the acute LRI and COPD+ 

groups (Table 5.10).   

 

For the pneumonia group, the interaction term age and admission at index presentation 

was significant (p=0.009).  The predicted probability of representation for this group 

was small for all ages.  However, for those who had not been admitted at the index 

presentation, the probability of representation was higher for the young but decreased as 

age increased.  For those who had been admitted at the index presentation, the 

probability increased slightly with age (Fig. 5.12). 
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Table 5.10 Independent predictors of representation within 7 days for 

respiratory infections diagnosed in the ED, 2000-2003 

    
 Age  Admission at index presentation 

 

Respiratory infection OR 95%CI P value  OR 95%CI P value 

        
Acute URI (n=17153) 0.98 0.97, 0.99 <0.001     

Pneumonia* (n=6209) 0.99 0.99, 1.00 0.010  0.19 0.14, 0.26 <0.001 

Acute LRI (n=8081) 0.98 0.97, 0.98 <0.001  0.30 0.22, 0.40 <0.001 

COPD+ (n=2419) 1.02 1.00, 1.03 0.023  0.49 0.29, 0.82 0.006 

        
*ORs before interaction term added 
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Figure 5.12 Predicted probability of representation for those diagnosed in the ED 

with pneumonia, according to age and admission status at index 

presentation 

 

The Hosmer-Lemeshow statistics indicated the models provided good fit for pneumonia 

and COPD+ data. 

The final logistic models for representation were: 

log[odds]representation (acute URI) =constant + βAge (Hosmer-Lemeshow goodness-of-fit 

statistic p=0.052). 
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log[odds]representation (pneumonia) =constant + βAge + βAdmission + βAdmission*Age 

(Hosmer-Lemeshow goodness-of-fit statistic p=0.234). 

 

log[odds]representation (acute LRI) =constant + βAge + βAdmission (Hosmer-Lemeshow 

goodness-of-fit statistic p<0.001). 

 

Log[odds]representation COPD+=constant + βAdmission + βAge (Hosmer-Lemeshow 

goodness-of-fit statistic p=0.155). 

 

Admission at representation 

For the acute URI, pneumonia and acute LRI groups, the odds of admission at 

representation was more than twice for those admitted at the index presentation 

compared with those not previously admitted (Table 5.11).   

 

Table 5.11 Independent predictors of admission at representation for 

respiratory infections diagnosed in the ED, 2000-2003 

 
Admission at index 

presentation 

 
Triage at representation 

 
Age 

Respiratory 

infection 
OR 95%CI P value  OR 95%CI P value  OR 95%CI P value 

Acute URI 

(n=566) 
2.25 1.23, 4.09 0.008 

 
0.29 0.21, 0.40 <0.001 

 
   

Pneumonia

* (n=176) 
2.54 1.06, 6.13 0.038 

 
0.46 0.25, 0.86 0.014 

 
1.02 

1.00, 

1.02 
0.023 

Acute LRI 

(n=327) 
5.56 2.66, 11.61 <0.001 

 
0.18 0.11, 0.30 <0.001 

 
   

*ORs before interaction term added.  For pneumonia the interaction term age and triage at representation 

was significant (p=0.012) (admission OR became 2.71, 95% CI 1.08, 6.76). 

 

The Hosmer-Lemeshow statistics indicated the models provided good fit for acute URI, 

pneumonia and acute LRI data. 

 

The final logistic models for admission at representation were: 

log[odds]admission at representation (acute URI) =constant + βAdmission at index 

presentation + βTriage (Hosmer-Lemeshow goodness-of-fit statistic p=0.984). 
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log[odds]admission at representation (pneumonia) =constant + βAdmission at index 

presentation + βAge + βTriage + βtriage*age (Hosmer-Lemeshow goodness-of-fit statistic 

p=0.369). 

 

log[odds]admission at representation (acute LRI) =constant + βAdmission at index presentation 

+ βTriage (Hosmer-Lemeshow goodness-of-fit statistic p=0.195). 

 

There were 75 presentations with COPD+ who represented within 7 days and 

diagnosed again with COPD+.  Of these, 68 (90.7%) were admitted.  Admission status 

at the index presentation was not significantly associated with admission at 

representation (p=0.843). 

 

5.6.1.1 Prediction of representation including culture results 

Upper respiratory infections. 

There were 2492 index URI (acute and other) presentations from whom a specimen was 

taken for bacterial culture during contact with the hospital and who were alive at 

hospital separation.  Of these, 129 presentations (5.2%) had Strep. pyogenes isolated.  

Of the latter, 51 had been admitted during the index presentation and 9 represented 

within 7 days.  Chi square indicated an association of Strep. pyogenes being isolated at 

the index infection and representation (Fisher’s exact test p=0.012, 7.0% of 129 with 

Strep. pyogenes representing vs 2.7% of 2363 without Strep. pyogenes isolated 

representing).  However, as the number was small, multivariate logistic regression was 

not performed.   

 

S. aureus was isolated in 63 presentations with only 1 of these representing and H. 

influenzae was isolated in 62 presentations with only 1 representing.   

 

Pneumonia and other acute lower respiratory infections  

Pneumonia and acute LRI together accounted for 8612 presentations from whom a 

specimen was taken during the index contact with hospital and who were alive at 

hospital separation.  Of these, 175 (2.0%) represented within 7 days.  P. aeruginosa was 

isolated at the index presentation from 5 (2.9%) of those who represented, H. influenzae 
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from 11 (6.3%), S. aureus from 11 (6.3%), Strep. pneumoniae from 5 (2.9%), E. coli 

from 6 (3.4%), and Moraxella sp. from 2 (1.1%).  At univariate analysis there was no 

significant association between representation and the isolation of these organisms at 

the index contact with hospital (p=0.993, p=0.395, 0.086, 0.559, 0.902 (Pearson’s chi 

square), 0.738 (Fisher’s exact test), respectively).   

 

COPD+ 

There were 1787 presentations with COPD+ from whom a specimen was taken at the 

index presentation and who were alive at hospital separation.  Fifty-six (3.1%) of these 

were given the same diagnosis at representation within 7 days.  Of these patients, P. 

aeruginosa was isolated from 11(19.6%) at the index presentation, H. influenzae from 4 

(7.1%), S. aureus from 3 (5.4%), Strep. pneumoniae from 1 (1.8%), E. coli from 4 

(7.1%), and Moraxella sp. from 1 (1.8%).  At univariate analysis there was no 

significant association between representation and the isolation of these organisms at 

the index contact with hospital (p=0.128, p=0.346, (Pearson’s chi square) 0.735, 0.721, 

0.095, 0.724 (Fisher’s exact test), respectively).   

 

5.6.2 Summary 

Representation rates were generally low.  As age increased, the odds of representing 

decreased for those with acute URI or acute LRI but the reverse was seen with 

COPD+.  Admission at the index presentation decreased the odds of representing for 

those with acute LRI and COPD+.  Univariate analysis showed an association of 

isolating Strep. pyogenes and representation for those diagnosed with acute URI. 

 

5.7 Death 

Objective: To determine the factors associated with poor outcomes (including; 

admission, representation, admission on representation and death) for patients 

diagnosed with particular types of respiratory infections. 
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Of the 37,347 patients given an ED diagnosis of a respiratory infection 715 (1.9%, 95% 

CI: 1.8 to 2.0) died either in the ED or after admission to hospital (acute URI 4/17,969, 

0.02%; pneumonia 436/6908, 6.3%; flu/viral pneumonia 2/483, 0.4%; acute LRI 

152/8783, 1.7%; COPD+ 121/2747, 4.4%).  Of those who died, 413 (57.8%) were 

males, 599 (83.8%) were 65 years or older and 548 (76.6%) were presenting with their 

first respiratory infection at the study hospitals within the study period.  A further 83 

(11.6%) were presenting a second time with an ED diagnosis of respiratory infection.  

For 272 (38.0%) of those who died, it was their first presentation for any reason (and 

hence their first presentation for a respiratory infection) and for a further 171 (23.9%) it 

was their second presentation.  One hundred and seven (15.0%) of the 715 deaths did 

not have an ICD death code.  Of the remaining 608 deaths, there was a diverse range of 

recorded underlying cause of death.  However, the most common recorded cause of 

death codes were J44 (Other COPD - infection not specified) (91/608, 15.0%) followed 

by J18 (pneumonia) (59/608, 9.7%).   

 

5.7.1 Prediction of death 

Patients who were given an ED diagnosis of pneumonia, acute LRI or COPD+ 

accounted for 709 (99.2%) of the 715 deaths.  Therefore, only patients in these 

respiratory groups were analysed by logistic regression. 

 

The variables age, co-morbidity measure, triage score, SEIFA group, respiratory group 

and time since last presentation were significant at univariate analysis.  However, 

multivariate analysis eliminated time since last presentation and SEIFA group.  The 

interaction terms respiratory group and age, and, age and triage were not significant 

(p=0.220, 0.052; respectively) when added individually to the significant main effects.  

The Hosmer-Lemeshow statistic indicated the model provided good fit for the data. 

 

The final logistic regression model was: 

Log[odds]death=constant +  βAge + βCo-morbidity + βTriage + βrespiratory grp(ED) (Hosmer-

Lemeshow goodness-of-fit statistic p=0.104). 
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Compared with those with a diagnosis of pneumonia there was over a 50% decrease in 

the odds of dying for those dignosed with acute LRI or COPD+.  There was a decrease 

in the odds of dying of 45% for every unit increase in the triage score (decrease in 

urgency) but an 18% increase for every unit increase in the co-morbidity measure 

(Table 5.12). 

 

Table 5.12 Independent predictors for death, for those diagnosed with a 

respiratory infection in the ED, 2000-2003  

Variable (n=18,438) 
Odds 

ratio 
95% CI P value 

Respiratory grp (ref pneumonia)    

Respiratory grp ( acute LRI) 0.49 0.40, 0.59 <0.001 

Respiratory grp ( COPD+) 0.42 0.34, 0.52 <0.001 

Age 1.04 1.04, 1.05 <0.001 

Triage 0.55 0.49, 0.61 <0.001 

Co-morbidity 1.18 1.12, 1.25 <0.001 

 

5.7.1.1 Prediction of death including culture results 

The analysis was repeated for pneumonia, acute LRI and COPD+ combined as one 

group to test the association of isolation of particular bacteria with death.  Six hundred 

and five of those who died had at least 1 specimen taken during contact with the 

hospital.  Univariate analysis indicated having P. aeruginosa, S. aureus, E. coli or H. 

influenzae was associated with the variable death along with type of respiratory 

infection, age, gender, triage, co-morbidity and SEIFA group.  There was no association 

of having Strep. pneumoniae or Moraxella sp. isolated or time since last presentation 

with death (p=0.223, p=0.139, p=0.124; respectively). 

 

Multivariate analysis eliminated SEIFA group (p=0.225) and isolation of H. influenzae 

(p=0.119).  Isolation of P. aeruginosa, S. aureus or E.coli was independently associated 

with death and each resulted in an increase of at least 48% in the odds of dying (Table 

5.13).  However, the Hosmer-Lemeshow statistic indicated the model did not provide 

good fit for the data.   
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The final logistic regression model was: 

Log[odds]death=constant +  βAge + βGender + βCo-morbidity + βTriage + βrespiratory 

grp(ED) +  βP.aeruginosa + βS.aureus +  βE.coli (Hosmer-Lemeshow goodness-of-fit statistic 

p=0.022). 

 

Table 5.13 Independent predictors (including bacteria) for death, for those 

diagnosed with a respiratory infection in the ED, 2000-2003 

    
Variable (n=11,585) Odds ratio 95% CI P value 

Respiratory grp (ref pneumonia)    

Respiratory grp (acute LRI) 0.60 0.48, 0.74 <0.001 

Respiratory grp (COPD+) 0.40 0.32, 0.51 <0.001 

Age 1.04 1.03, 1.04 <0.001 

Triage 0.58 0.51, 0.65 <0.001 

Co-morbidity 1.13 1.06, 1.19 <0.001 

Gender (ref male) 0.84 0.70, 1.00 0.047 

P. aeruginosa 1.89 1.39, 2.56 <0.001 

S. aureus 1.77 1.28, 2.45 0.001 

E. coli 1.48 1.05, 2.09 0.025 

 

 

In addition, S. aureus, P. aeruginosa and E.coli isolated from blood, and separately 

from sputum, taken within 2 days of ED arrival, were tested and found to be 

significantly associated with in-hospital death (Table 5.14).  However, due to the small 

number of deaths with organisms isolated from particular specimen types, only 

univariate analyses were performed.   
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Table 5.14 Association of bacteria cultured from blood or sputum with death, 

for those diagnosed with a respiratory infection diagnosed in the ED, 

2000-2003 

Organism* Specimen 
 Deaths (%) with organism vs without 

organism isolated 
P value 

S. aureus Blood  18.0% (11/61) vs 6.3% (397/6296) 0.002† 

S. aureus Sputum  11.0% (13/118) vs 4.8% (191/3998) 0.002 

P. aeruginosa Blood  71.4% (5/7) vs 6.3% (403/6350) <0.001† 

P. aeruginosa Sputum  7.8% (26/332) vs 4.7% (178/3784) 0.012 

E. coli Blood  16.1% (10/62) vs 6.3% (398/6295) 0.006† 

E. coli Sputum  15.0% (6/40) vs 4.9% (198/4076) 0.013† 

* Of those who died, 4 patients had the same organism isolated from both blood and sputum specimens 

(1x S. aureus, 1x E. coli, 2x P. aeruginosa). 

† Fisher’s exact test statistic. 

 

5.7.2 Summary 

A higher proportion of those diagnosed with pneumonia died in hospital compared to 

the other groups of respiratory infections.  The odds of dying increased as co-morbidity 

and age increased but decreased as the triage score increased (decrease in urgency).  

Including culture results showed an association of isolation of E. coli, S. aureus and P. 

aeruginosa with death in hospital. 

 

5.8 Bacteriological investigations of blood 

Objective: To describe the pattern of the bacteria isolated, and their antibiograms, from 

patients diagnosed with particular types of respiratory infections. 

o To determine the proportion of presentations diagnosed with a respiratory 

infection that had proven bacteraemia. 

 

Overall 7279/37,347 (19.5%, 95% CI: 19.1 to 19.9) respiratory infection presentations 

had blood cultured either in the ED or, if admitted, within 2 days from ED arrival 

(750/22,494, 3.3% non admissions; 6517/14,819, 44.0% admissions; 12/34, 35.3% who 

died in the ED).  However, the proportion varied according to type of infection and 
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ranged from 4.1% (95% CI: 3.8 to 4.4) of those diagnosed with an acute URI to 52.9% 

(95% CI: 51.7 to 54.1) for those diagnosed with pneumonia (Fig. 5.13) [Appendix IV – 

Table 9.13].  Overall, 620/7279 (8.5%, 95% CI: 7.9 to 9.1) of the presentations with 

blood sampled produced a positive culture (38/750, 5.1% non admissions, 577/6517, 

8.9% admissions, p<0.001; 5/12, 41.7% patients who died in the ED).  Excluding those 

who died in the ED, the proportion of non admissions with a positive culture versus 

admissions with a positive culture were: acute URI 3.7% vs 5.4%, p=0.305; 

pneumonia 7.2% vs 10.0%, p=0.202; flu/viral pneum 6.1%vs 2.9%, p=0.591 (Fisher’s 

exact test); acute LRI 4.4% vs 8.4%, p=0.035; COPD+ 6.1% vs 7.9%, p=1.000 

(Fisher’s exact test); other URI 0% vs 2.7%, p=1.000 (Fisher’s exact test)). 
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Figure 5.13 Proportion of ED presentations with blood cultured and positive 

blood cultures according to respiratory infection category, 2000-2003 

 

S. epidermidis, non speciated coagulase negative staphylococci and other skin or 

environmental probable contaminants were commonly isolated.  Respiratory groups 

flu/viral pneumonia and other URI had fewer than 5 presentations with positive blood 

cultures.  For the other respiratory groups, only probable contaminants accounted for 

between 34.9% and 62.1% (pneumonia, COPD+; respectively) of presentations which 

yielded positive blood cultures (Fig. 5.13) [Appendix IV - Table 9.13]. 

 

If the probable contaminants are excluded, the proportion of positive cultures with 

potential pathogens becomes 5.0% (95% CI: 4.5 to 5.5) overall (3.2% non admissions, 
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5.1% admissions, p=0.023): acute URI 2.3% (95% CI: 1.2 to 3.4); pneumonia 6.5% 

(95% CI: 5.7 to 7.3); flu/viral pneumonia 1.9% (95% CI: 0 to 4.5); acute LRI 4.3% 

(95% CI: 3.4 to 5.2); COPD+ 3.0% (95% CI: 1.8 to 4.2) and other URI 0% (Fig. 5.13) 

[Appendix IV – Table 9.13]. 

 

Tables 9.14 and 9.15 in Appendix IV lists the bacteria cultured from blood according to 

admission status and type of respiratory infection.  Only a small number of potential 

pathogens were isolated from the blood of those diagnosed with URI, flu/viral or 

COPD+.  The number from those with acute LRI was higher and the isolates were 

dominated by E. coli, S. aureus and Strep. pneumoniae.  However, each of these species 

was isolated from fewer than 1% of patients with this group of respiratory infections.  A 

higher number of blood cultures were performed and a higher number of organisms 

were isolated from those diagnosed with pneumonia and this is considered in the next 

section. 

 

Pneumonia 

Overall, 3656/6908 (52.9%, 95% CI: 51.7 to 54.1) presentations diagnosed with 

pneumonia (194/1586, 12.2% non admissions, 3451/5293, 65.2% admissions, and 

11/29, 37.9% deaths in ED) had blood taken either in the ED or, if admitted, within 2 

days of ED arrival.  Blood was cultured from more than 50% of those less than 1 year of 

age and for age groups of 25 years or more (Fig. 5.14)[Appendix IV – Table 9.16] and 

generally increased according to age (linear trend in proportions p<0.001).   
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Figure 5.14 Blood cultured and positive blood cultures according to age group 

for patients diagnosed with pneumonia in the ED, 2000-2003 

 

Bacteria were isolated from the blood of 364 (10.0%, 95% CI: 9.0 to 11.0) presentations 

(14/194, 7.2% non admissions, 346/3451, 10.0% admissions p=0.202; 4/11, 36.4% 

deaths in ED) with 16/3656 (0.4%) presentations yielding a polymicrobial culture.  S. 

epidermidis, non-speciated coagulase negative staphylococci and other skin or 

environmental probable contaminants were commonly isolated with 127/364 (34.9%) 

presentations with positive cultures growing only these organisms.  If these are 

excluded, the proportion of presentations with at least one significant blood culture 

becomes 6.5% (95% CI: 5.7 to 7.3) (12/194, 6.2% non admissions, 221/3451, 6.4% 

admissions, p=0.904; 4/11, 36.4% deaths in ED) with a low of 1.9% for those 5-14 

years and a high of 9.7% for those 35-44 years (Fig. 5.14).  The proportion of blood 

cultures with potential pathogens isolated generally increased according to age (linear 

trend in proportions p<0.001). 

 

The most common potential pathogen, Strep. pneumoniae, was isolated from less than 

6.0% of those in each age group and, overall, in 98/3656 (2.7%, 95% CI: 2.2 to 3.2) 

presentations who had blood cultured.  This organism accounted for 41.4% of the 237 

presentations with at least one type of potential pathogen isolated (5/12, 41.7% non 
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admissions, 92/221, 41.6% admissions, Fisher’s exact p=1.000, 1/4, 25.0% deaths in 

ED).  E. coli and S. aureus were the two next most common organisms isolated (40/237, 

16.9%, and 38/237, 16.0% of probable significant blood cultures, respectively).  Other 

species of potential pathogens were isolated from fewer than 10 patients.  Strep. 

pneumoniae accounted for 92.6% of potential pathogens isolated from those younger 

than 15 years, decreasing thereafter with increasing age.  Exceptions to this trend were 

for the 45-54 year age group (61.1%) and for those 85 years or older (28.2%).  The 

variety of potential pathogens isolated was greater for the elderly with 

Enterobacteriaceae accounting for 25% or more of isolates, excluding possible 

contaminants, for those age groups 65 years and older (Table 5.15).  Other potential 

pathogens cultured from the blood of those 65 years or older and not depicted in Table 

5.15 were varied but included Strep. agalactiae (6), H. influenzae (6), and P. 

aeruginosa (5). 

 

Presentations who had Enterobacteriaceae isolated were compared to those of a similar 

age group (25+ years) who had Strep. pneumoniae isolated.  A higher proportion of 

patients with Enterobacteriaceae were triaged at category 2, suggesting a high urgency, 

(25/56, 44.6% vs 16/66, 24.2%, difference in proportions p=0.017).  However, over 

95% of both groups were admitted and there was no significant difference in the median 

LOS (Enterobacteriaceae 6.0 days compared to 5.5 days for those with Strep. 

pneumoniae, p=0.783). 

 

When bacteria isolated from those diagnosed with an acute LRI were included, the 

proportion of Strep. pneumonia positive cultures from children was reduced due to a 

small number of S. aureus and other pathogens isolated.  However, Enterobacteriaceae 

continued to account for an increasing proportion of positive cultures as age increased 

[Appendix IV – Table 9.17].  
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Table 5.15 Potential pathogens isolated from blood according to age, for 

patients diagnosed in the ED with pneumonia, 2000-2003 

Age 

group 

(yrs) 

Blood 

cultured 

(n) 

Pathogens 

(n) 

Strep. 

pneumoniae 

(%) 

E.coli 

(%) 

Other 

Enterobacteriaceae 

(%) 

S.aureus 

(%) 

Other potential 

pathogens (%) 

        
<1 146 6 6 (100.0)    0 

1-4 561 16 15 (93.8)    1 (6.3)† 

5-14 259 5 4 (80.0)    1 (20.0)†† 

15-24 117 7 6 (85.7)   1 (14.3) 0.0 

25-34 219 19 13 (68.4) 1 (5.3)  3 (15.8) 2 (10.5) 

35-44 217 21 10 (47.6) 2 (9.5)  7 (33.3) 2 (9.5) 

45-54* 221 18 10 (55.6) 3 (16.7)  2 (11.1) 2 (11.1) 

55-64 279 17 6 (35.3) 2 (11.8) 1 (5.9) 4 (23.5) 4 (23.5) 

65-74 541 35 7 (20.0) 7 (20.0) 3 (8.6) 6 (17.1) 12 (34.3) 

75-84 669 54 9 (16.7) 18 (33.3) 7 (13.0) 9 (16.7) 11 (20.4) 

≥  85 427 39 11 (28.2) 6 (15.4) 6 (15.4) 6 (15.4) 10 (25.6) 

        

* in addition, one co-infection with Strep. pneumoniae and E.coli 

† M. catarrhalis †† Strep. mitis    

 

Of the 40 patients diagnosed with pneumonia who had E. coli cultured from blood, 26 

(65.0%) also had urine cultured.  In cases where both blood and urine were taken on the 

same day, 9 patients had E. coli isolated from both blood and urine and 7 patients had E. 

coli isolated from only blood but no organisms were grown from the urine sample.   

 

Specific diagnoses 

For specific acute URI diagnoses listed in Table 5.16, blood was cultured in less than 

5% of non admissions and more than 25% of admissions except for croup (4.1%).  For 

the specific diagnosis of acute bronchitis, the number admitted was small (27) and 7 had 

blood cultured with none positive.  Few non admissions with bronchiolitis had blood 

cultured compared with 250/1705 (14.7%) admissions, 7/250 (2.8%) of which had 

positive cultures.  The organisms isolated from the latter included; S. aureus (2), Strep. 

pneumoniae (2), H. influenzae (1), Strep. mitis (1) and Strep. parasanguis (1).  
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Table 5.16 Blood cultured and proportion positive, according to specific ED diagnoses, 2000-2003  

 ED diagnosis 

Admission status and blood 

cultures 

J01 Acute 

sinusitis 

J02 Acute 

pharyngitis 

J03 Acute 

tonsillitis 

J04 Acute laryngitis  

/tracheitis 

J05 Croup 

/epiglottitis 

J06 Acute URI multiple 

or unspecified sites 

J20 Acute 

bronchitis 

J21 Acute 

bronchiolitis 

         
Non admissions (n) 105 799 3358 59 3411 7972 158 1689 

Blood cultured 5 (4.8%) 14 (1.8%) 92 (2.7%) 1 (1.7%) 4 (0.12%) 127 (1.6%) 4 (2.5%) 5 (0.30%) 

Positive cultures 0 0 4 0 1 4 0 0 

Significant positive cultures 0 0 1 0 1 2 0 0 

% of blood cultured significant 

positive  

 

0 0 1.1 0 25 1.6 0 0 

Admissions (n) 23 106 776 32 774 503 27 1705 

Blood cultured 6 (26.0%) 30 (28.3%) 288 (37.1%) 15 (46.9%) 32 (4.1%) 126 (25.4%) 7 (25.9%) 250 (14.7%) 

Positive cultures  2 11 1 2 11 0 23 

Significant positive cultures  2 4 0 2 4 0 7 

% of blood cultured significant 

positive  

 

0 6.7 1.4 0 6.3 3.2 0 2.8 

Total (n) 128 905 4134 91 4185 8475 185 3394 

Blood cultured 0 44 (4.9%) 380 (9.2%) 16 (17.6%) 36 (0.9%) 253 (3.0%) 11 (5.9%) 255 (7.5%) 

Positive cultures 0 2 15 1 3 15 0 23 

Significant positive cultures 0 2 5 0 3 6 0 7 

% of blood cultured significant 

positive  

 

0 4.5 1.3 0 8.3 2.4 0 2.7 
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5.9 Bacteriological investigations of sputum 

Objective: To describe the pattern of the bacteria isolated, and their antibiograms, from 

patients diagnosed with particular types of respiratory infections. 

o To determine the proportion of presentations diagnosed with a respiratory 

infection that had positive bacterial cultures from specimens other than 

blood. 

 

Overall 4230/37,347 (11.3%, 95%CI: 11.0 to 11.6) respiratory infection presentations 

had sputum taken (360/22,494, 1.6% non admissions; 3867/14,819, 26.1% admissions; 

3/34, 8.8% deaths in the ED) either in the ED or, if admitted, within 2 days of ED 

arrival.  Few patients with URI or flu/viral pneumonia had sputum cultured compared 

with close to 50% of those with COPD+ and 25% with pneumonia (Table 5.17).  

 

Table 5.17 Sputum cultured and bacteria isolated for patients diagnosed with a 

respiratory infection in the ED, 2000-2003 

Respiratory infection 

Number 

presentations 

Sputum 

cultured n (%) 

Number 

positive 

% positive of sputum 

cultured 

     
     
acute URI 17,969 102 (0.6) 32 31.4 

pneumonia 6908 1742 (25.2) 528 30.3 

flu/viral pneumonia 483 10 (2.1) 1 10.0 

acute LRI 8783 1034 (11.8) 300 29.0 

COPD+ 2747 1340 (48.8) 613 45.7 

other URI 457 2 (0.4) 1 50.0 

Total 37,347 4230 (11.3%) 1475 34.9 

 

Around 30% or more of patients within each respiratory infection group had a positive 

culture except for those with flu/viral pneumonia.  Further, similar proportions of non 

admissions as admissions produced positive cultures (131/360, 36.4% vs 1341/3867, 

34.7%; p=0.515).  P. aeruginosa, K. pneumoniae and H. influenzae were isolated from 

3 (8.8%) patients who died in ED. 
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The most common organism isolated from those with pneumonia, acute LRI or 

COPD+ was H. influenzae.  P. aeruginosa was also frequently isolated from the sputum 

of those with COPD+ and Strep. pneumoniae from those diagnosed with pneumonia 

(Table 5.18). 

 

Table 5.18 Bacteria most frequently isolated from sputum of patients diagnosed 

with pneumonia, acute LRI or COPD+ in the ED, 2000-2003 

Organism isolated Pneumonia 

(n=1742) 

Acute LRI 

(n=1034) 

COPD+ 

(n=1340) 

H. influenzae (n) 

% of those with sputum cultured 

% of positive cultures 

187 

10.7% 

35.4% 

141 

13.6% 

47.0% 

207 

15.4% 

33.8% 

P. aeruginosa (n) 

% of those with sputum cultured 

% of positive cultures 

79 

4.5% 

15.9% 

49 

4.7% 

16.3% 

202 

15.1% 

33.0% 

Strep. pneumoniae (n) 

% of those with sputum cultured 

% of positive cultures 

137 

7.9% 

25.9% 

47 

4.5% 

15.7% 

70 

5.2 

11.4% 

S. aureus (n) 

% of those with sputum cultured 

% of positive cultures 

54 

3.1% 

10.9% 

30 

2.9% 

10.0% 

33 

2.5% 

5.4% 

M. catarrhalis (n) 

% of those with sputum cultured 

% of positive cultures 

31 

1.8% 

6.2% 

32 

3.1% 

10.7% 

70 

5.2% 

11.4% 

 

Tables 9.18 and 9.19 in Appendix IV lists bacteria isolated from the sputum of admitted 

and non admitted patients.  Of the 131 non admitted presentations with a positive 

sputum culture, 11 (8.4%) yielded at least one polymicrobial culture with 10 of these 

growing both H. influenzae and another organism.  Of the 1341 admissions which had a 

positive sputum culture, 146 (10.9%) yielded a polymicrobial culture.  The most 

common polymicrobial cultures included, Strep. pneumoniae and H. influenzae (31), 

Strep. pneumoniae and M. catarrhalis (15), P. aeruginosa and S. aureus (15), P. 

aeruginosa and Strep. pneumonia (14) and, P. aeruginosa and H. influenzae (12).    
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Pneumonia and age 

There were 1742 (25.3%) presentations diagnosed with pneumonia (83/1586, 5.2% non 

admissions, 1656/5293, 31.3% admissions, and 3/29, 10.3% deaths in ED) who had 

sputum taken either in the ED or if admitted, within 2 days of ED arrival.  Sputum was 

cultured for over 30% of all age groups 25 years and over up to the 85 year age group 

(Fig. 5.15) and generally increased according to age (linear trend in proportions 

p<0.001). 

 

Organisms were isolated from the sputum of 528 (30.3%, 95% CI: 28.1 to 32.5) 

presentations (28/83, 33.7% non admissions, 497/1656, 30.0% admissions p=0.471; 3/3, 

100% deaths in ED).  Whereas the number of sputum specimens cultured for children 

was lower than for the elderly, the proportion of positive cultures was highest for age 

groups 5-14 years (18/39, 46.2%) and 15-24 years (30/75, 40.0%) (Fig. 5.15) [Appendix 

IV – Table 9.20].  However, there was no significant trend in the proportion of positive 

sputum cultures according to age (p=0.648). 
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Figure 5.15 Sputum cultured and positive cultures for patients diagnosed with 

pneumonia 
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The most common organisms isolated from both admissions and non admissions were 

H. influenzae and Strep. pneumoniae.  These 2 species accounted for 21/28 (75.0%) non 

admissions yielding an organism.  Two (7.1% of positive cultures) non admissions and 

48 (9.7% of positive cultures) admissions produced polymicrobial cultures.  H. 

influenzae was isolated from the same culture as Strep. pneumoniae (14), S. aureus (4), 

M. catarrhalis (3), P. aeruginosa (2), Neisseria meningitidis (1) and Strep. pneumoniae 

plus M. catarrhalis (1).  In addition to H. influenzae, Strep. pneumoniae was isolated 

from the same culture as P. aeruginosa (5), M. catarrhalis (4), S. aureus (1) and 

Lancefield’s Group C streptococcus (1).  Unlike blood, there was no obvious microbial 

pattern found in sputum according to age (Table 5.19).  However, H. influenzae was 

found noticeably more frequently in those 85 years and older (51.7%) compared with 

those younger (range 28.9%-36.7%).  Although 6 paediatric presentations yielded P. 

aeruginosa, these related to 4 patients, 3 of whom had cerebral palsy recorded as a     

co-morbidity in the morbidity record. 

 

Adding organisms from those diagnosed with acute LRI did not produce any obvious 

pattern according to age [Appendix IV – Table 9.21]. 
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Table 5.19 Common bacteria isolated from sputum according to age, for patients diagnosed in the ED with pneumonia, 2000-2003  

        
Age group 

(yrs) 

No. positive 

presentations* 

M. catarrhalis 

(%) 

Strep. pneumoniae 

(%) 

H. influenzae 

(%) 

P. aeruginosa 

(%) 

Enterobacteriaceae 

(%) 

S. aureus 

(%) 

5-14 18 0 5 (27.8) 6 (33.3) 6 (33.3) 0 2 (11.1) 

15-24 30 2 (6.7) 12 (40.0) 11 (36.7) 4 (13.3) 2 (6.7) 3 (10.0) 

25-34 37 1 (2.7) 19 (51.4) 12 (32.4) 2 (5.4) 1 (2.7) 1 (2.7) 

35-44 38 3 (7.9) 13 (34.2) 11 (28.9) 4 (10.5) 0 10 (26.3) 

45-54 34 2 (5.9) 7 (20.6) 10 (29.4) 3 (8.8) 7 (20.6) 6 (17.6) 

55-64 41 1 (2.4) 15 (36.6) 12 (29.3) 5 (12.2) 1 (2.4) 1 (2.4) 

65-74 132 12 (9.1) 31 (23.5) 45 (34.1) 25 (18.9) 9 (6.8) 14 (10.6) 

75-84 137 11 (8.0) 24 (17.5) 49 (35.8) 21 (15.3) 18 (13.1) 13 (9.5) 

≥  85 60 2 (3.3) 10 (16.7) 31 (51.7) 11 (18.3) 4 (6.7) 5 (8.3) 

 

 *Some patients produced more than one organism hence % may total more than 100. 



  Chapter 5 

134 

5.10 Bacteriological investigations of throat swabs 

Objective: To describe the pattern of the bacteria isolated, and their antibiograms, from 

patients diagnosed with particular types of respiratory infections. 

o To determine the proportion of presentations diagnosed with a respiratory 

infection that had positive bacterial cultures from specimens other than 

blood. 

 

Throat swabs were taken from 427/22,494 (1.9%, 95%CI: 1.7 to 2.1) non admissions 

and 421/14,819 (2.8%, 95%CI: 2.5 to 3.1) admissions.  Over 98% of throat swabs taken 

from non admissions were from those diagnosed with acute URI.  For admissions, this 

dropped to 62.9% but 16.0% were taken from those with other URI.  Positive cultures 

resulted from 94/427 (22.0%, 95% CI: 18.1 to 25.9) throat swabs taken from non 

admissions compared with 65/421 (15.4%, 95% CI: 12.0 to 18.8) from admissions 

(p=0.014).  Overall, the most frequent organism isolated was Streptococcus pyogenes 

(118/159, 74.2%) followed by Streptococcus Group G (17, 10.7%) and Streptococcus 

Group C (12, 7.5%) (Table 5.20). 

 

Table 5.20 Bacteria isolated from throat swabs from patients diagnosed in the 

ED with a respiratory infection, 2000-2003 

 

 

 
Non 

admissions 
 Admissions 

Organism  
Acute URI 

(n=422) 
 

Acute 

URI 

(n=265) 

Pneumonia 

(n=34) 

Flu/viral 

pneumonia 

(n=8) 

Acute LRI 

(n=41) 

Other 

URI 

(n=68) 

        
Arcanobacterium 

haemolyticum 
1 

 
1 - - - 1 

S. aureus 3  1 - - - 1 

Strep. milleri group -  2 - - 1 1 

Strep. pyogenes 76  37 1 - - 4 

Strep. agalactiae  -  - - - - 1 

Streptococcus (GroupC) 7  1 - 1 - 3 

Streptococcus (Group G) 8  6 1 - 1 1 

Strep. pneumoniae 1  - - - - - 

        

 

For the specific diagnosis of acute tonsillitis (ICD code J03), throat swabs were taken 

from 547/4134 (13.2%) presentations and 125 (22.9%) of these produced positive 
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cultures.  Again, Strep. pyogenes was the most common organism isolated (99/547, 

18.1%).  For the specific diagnosis of peritonsillar abscess (ICD code J36), throat swabs 

were taken from 69/441 (15.6%) presentations and positive cultures were found in 12 

(17.6%) specimens.  Streptococcus spp. were isolated from 9 specimens including 4 

with Strep. pyogenes.    

  

5.11 Bacteriological investigations of nasal aspirates 

Objective: To describe the pattern of the bacteria isolated, and their antibiograms, from 

patients diagnosed with particular types of respiratory infections. 

o To determine the proportion of presentations diagnosed with a respiratory 

infection that had positive bacterial cultures from specimens other than 

blood. 

 

Nasal aspirates were cultured from 393 (1.7%, 95%CI: 1.5 to 1.9) non admissions and 

2889 (19.5%, 95%CI: 18.9 to 20.1) admissions, predominantly from children.  Those 

younger than 1 year accounted for 1960/3282 (59.7%, 95% CI: 58.0 to 61.4) of nasal 

aspirates cultured.  Overall, 172/3282 (5.2%, 95% CI: 3.0 to 7.4) presentations produced 

a positive culture (3.6% non admissions vs 5.8%, admissions; p=0.112).  However, the 

most common organisms isolated were possible normal flora, S. aureus and H. 

influenzae (Table 5.21). 
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Table 5.21 Bacteria cultured from nasal aspirates taken from patients 

diagnosed with a respiratory infection in the ED, 2000-2003  

Organism 
Acute URI 

(n=476) 

Pneumonia 

(n=747) 

Acute LRI 

(n=1950) 

COPD+ 

(n=10) 

     
Acinetobacter sp.   1  

Klebsiella sp. - 1 1  

Strep. agalactiae    1  

Streptococcus (Group C) - - 1  

Streptococcus (Group G) - - 1  

Non speciated coagulase negative 

staphylococci 
- 1 1  

Strep. pyogenes 1 1 -  

P. aeruginosa 4 3 7  

S. aureus 22 10 47  

Strep. pneumoniae 7 5 20  

E. coli - 5 10  

H. influenzae 11 3 22 1 

Proteus mirabilis - - 1  

Morganella morganii 1 - -  

Serratia marcescens - 1 -  

M. catarrhalis - - 3  

     

 

5.12 Bacteriological investigations - 2 different types of specimens 

taken at the same presentation 

Objective: To describe the pattern of the bacteria isolated, and their antibiograms, from 

patients diagnosed with particular types of respiratory infections. 

o Where both blood and another type of specimen were cultured, to determine 

the proportion of positive cultures from only one specimen type and from 

both specimens. 

 

Blood and sputum 

There were 71 non admissions and 2129 admissions who had both blood and sputum 

cultured.  In addition, 2 patients who died in the ED had both these specimens cultured 

with 1 of the latter patients producing H. influenzae and the other P. aeruginosa from 

sputum. 
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Overall, 1364/2200 (44 non admissions, 1320 admissions) (62.0%) presentations with 

both specimens cultured did not yield organisms from either blood or sputum.  For non 

admissions, H. influenzae was most commonly isolated, and potential pathogens 

including, P. aeruginosa, Klebsiella pneumoniae and Neisseria meningitides, were 

isolated from sputum but were not isolated from the corresponding blood sample (Table 

5.22). 

 

Table 5.22 Blood and sputum both cultured but isolate found in only 1 specimen 

type for non admitted patients diagnosed with a respiratory infection 

in the ED, 2000-2003 

Organism in sputum Number  Organism in blood Number 

P. aeruginosa 2  Neisseria sp. 1 

Strep. pneumoniae 5  Strep. pneumoniae 1 

H. influenzae†          10  S. epidermidis 1 

H. parainfluenzae 1 
 Non specified coagulase negative 

staphylococci 
  2* 

K. pneumoniae 1    

Ser. marcescens 1    

M.. catarrhalis 3    

N. meningitidis 1    

S. aureus 1    

 
† 1 isolated with Strep. pneumonia and 1 isolated with M.catarrhalis 

* 1 isolated with Neisseria sp.    

 

 

For admissions, organisms were grown from only sputum of 622/2129 (29.2%) cases, 

only blood of 108/2129 (5.1%) and from both specimens, although not necessarily the 

same organism, of 79/2129 (3.7%) presentations.   

 

Table 5.23 lists the common organisms isolated from those admitted patients who had 

both blood and sputum cultured.  Bacteria were more commonly found in sputum than 

blood and in the majority of cases, the same bacterium was not cultured from both 

specimens. 

 

 

 

 

 



  Chapter 5 

138 

 

Table 5.23 Bacteria cultured from blood or sputum only and both specimens, 

for admitted patients diagnosed in the ED with a respiratory 

infection, 2000-2003 

Organism isolated Blood only (%) Sputum only (%) Both specimens (%) 

    
Strep. pneumoniae (n=180) 26 (14.4) 135 (75) 19 (10.6) 

E. coli (n=38) 12 (31.6) 25 (65.8) 1 (2.6) 

S. aureus (n=87) 11 (12.6) 72 (82.8) 4 (4.6) 

H. influenzae (n=269) 3 (1.1) 263 (97.8) 3 (1.1) 

P. aeruginosa (n=142) 0 140 (98.6) 2 (1.4) 

K. pneumoniae (n=18) 2 (11.1) 16 (89.9) 0 

M. catarrhalis (n=59) 0 59 (100) 0 

 

Strep. pneumoniae was isolated from the blood of 45 admitted patients.  Of these, 19 

(42.2%) presentations also yielded this isolate in sputum.  In these cases, where the 

collection times were recorded (14/19 cases), the median difference in collection time 

between specimen types was 1.1 hours (range 0 to 7.5 hours) and blood was taken either 

before or at the same time as the sputum specimen in 13/14 cases.  A further 23 

presentations with Strep. pneumoniae isolated in blood did not produce any isolates 

from sputum, and the remaining 3 presentations grew Aeromonas hydrophila, H. 

influenzae, and an unidentified organism.  Where Strep. pneumoniae was not isolated 

from sputum, the median difference in collection time between specimen types was 2.0 

hours (range 0.05 to 19.3 hours) for the 14/26 cases which had collection times 

recorded.  Blood was recorded as being collected prior to the sputum sample in 12 of 

these 14 cases.  Information regarding whether antibiotics were administered in the ED 

prior to admission was not present in the data sets analysed. 

 

Blood and throat specimen 

Of the 29 non admissions who had both blood and a throat specimen cultured, 3 

(10.3%) produced Strep. pyogenes and 1 yielded a Streptococcus Group G organism 

from a throat swab but no organisms were grown from blood.  
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Of the 237 admissions having both blood and throat swabs cultured, 194 (81.9%) did 

not produce bacteria from either specimen.  Nine (3.8%) patients yielded bacteria in 

blood only, including; S. epidermidis or non speciated coagulase negative staphylococci 

(5), Candida parapsilosis (1), Micrococcus sp. (1), Fusobacterium necrophorum (1) 

and Strep. anginosus (1); and 32/237 (13.5%) yielded organisms from throat swabs only 

(including 24 with Strep. pyogenes).  Only 2/237 (0.8%) patients had positive cultures 

from both specimens and in both cases, the throat swab yielded Strep. pyogenes but the 

blood grew either S. epidermidis or non speciated coagulase negative staphylococci. 

 

Blood and nasal aspirates 

No organisms were grown from the blood or nasal aspirates taken from 12 non 

admissions who had both specimens cultured. 

 

Of the 1033 admissions having both blood and nasal aspirates cultured, 923 (89.4%) did 

not produce bacteria from either specimen.  Forty-three (4.2%) grew bacteria from nasal 

aspirates only including; S. aureus (14), H. influenzae (11), P. aeruginosa (5), E. coli 

(7), Strep. pneumonia (4), and 62/1033 (6.0%) grew organisms from blood only, 

including; S. epidermidis or non speciated coagulase negative staphylococci (40), and 

Strep. pneumoniae (14).  Five (0.5%) patients had positive cultures from both blood and 

nasal aspirate cultures.  Of these 5, Strep. pneumoniae was isolated in the blood of 2 

presentations but only in the nasal aspirate of 1, and 1 presentation yielded S. aureus in 

both specimens.  

 

5.13 Summary of bacteriological investigations 

Around 20% of those diagnosed with a respiratory infection in the ED had blood 

cultured.  However, this varied according to infection type and ranged from around 4% 

for those diagnosed with an acute URI to around 50% for those with pneumonia.  

Overall, the proportion of blood cultures growing potential pathogens was 5.0%.  For 

those diagnosed with pneumonia, the proportion was 6.4% and generally increased with 

age.  Strep. pneumoniae was the most common bacteria isolated from those with 
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pneumonia but Enterobacteriaceae accounted for at least 25% of pathogens in the blood 

of the elderly.   

 

Bacteria were isolated from around 30% of sputum samples taken and the most 

common organism isolated was H. influenzae.  Around 10% of positive sputum cultures 

were polymicrobial.  For those with both blood and sputum cultured, recovery of the 

same bacteria in both specimens was not common. 

 

Around 19% of throat swabs cultured were positive, with Strep. pyogenes commonly 

isolated. 

 

5.14 Bacteriology of representations 

Seven day representation – blood specimen 

There were 1156 representations within 7 days (first representation within 7 days).  Of 

these, 924 (79.9%) did not have a blood specimen taken at either the index presentation 

or the representation.  Forty-three (3.7%) cases had blood taken either in the ED or 

within 2 days of ED arrival if admitted, at both the index presentation and the 

representation. 

 

Of the 43 cases, there were 7 (16.3%) cases where at least 1 bacterium was isolated 

from either the index or representation.  These included; E. coli, S. aureus and Strep. 

pneumoniae from 3 index presentations but no bacteria isolated from the representations 

and, in 3 cases, S. epidermidis or non speciated coagulase negative staphylococci from 

the representations but no organisms from the index presentations. There was 1/43 

(2.3%) case which yielded an organism from both the index and representation.  The 

organism isolated was E. faecalis which was isolated from a patient diagnosed with 

acute LRI. 

 

Seven day representation –sputum specimen 

Of the 1156 representations, 1037 (89.7%) cases did not have a sputum specimen taken 

at either the index presentation or the representation.  Thirty-eight (3.3%) cases had 
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sputum taken either in the ED or within 2 days of ED arrival if admitted, at both the 

index presentation and the representation.   

 

Of the 38 cases, 13 (34.2%) did not produce any positive sputum cultures and 10 

(26.3%) grew organisms from both the index presentation and the representation.  Seven 

(18.4%) cases grew the same species of bacteria at both presentations including E. coli 

(2), S. aureus (1), P. aeruginosa (3), and H. influenzae (1). 

 

Strep. pneumoniae was isolated from 3 cases at index presentation but was not 

reisolated at representation.  P. aeruginosa was grown from 2 representations and 

Stenotrophomonas maltophilia from 3 representations but not at the corresponding 

index presentations.   

 

5.15 Antimicrobial susceptibilities of bacteria isolated 

Objective: To describe the pattern of the bacteria isolated, and their antibiograms, from 

patients diagnosed with particular types of respiratory infections. 

 

Upper respiratory infections 

The most common bacterium isolated from patients with URIs was Strep. pyogenes.  

The organism accounted for 139/488 (28.5%, 95%CI: 24.5 to 32.5) isolates and came 

from 135 presentations.  The bacteria were isolated from the throat (119), blood (2), 

sputum (3), nose (5) and other sites (10).  The first choice of antibiotic in those with 

proven infection with Strep. pyogenes is phenoxymethylpenicillin 
105

.  All 139 (100%) 

organisms tested were sensitive to penicillin. 

 

Pneumonia, acute lower respiratory infection, COPD+ 

Strep. pneumoniae 

Of those presentations with Strep. pneumoniae isolated and tested for penicillin 

susceptibility, 12/115 (10.4%, 95% CI: 4.8 to 16.0) produced resistant organisms from 

blood and 18/240 (7.5%, 95% CI: 4.2 to 10.8) produced resistant organisms from 

sputum, but the proportions were not significantly different (p=0.358) (Table 5.24).   
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Table 5.24 Commonly isolated potential pathogens from blood or sputum and susceptibilities to the antibiotics recommended as first line 

therapy, 2000-2003   

  Blood  Sputum 

Organism Antibiotic tested  No. tested 
No. presentations yielding resistant 

organism 

 
No. tested 

No. presentations yielding 

resistant organism 

       

Strep. pneumoniae Penicillin 115 12* (10.4%)  240 18* (7.5%) 

       

H. influenzae Amoxycillin 7 1 (14.3%)  367 80 (21.8%) 

 Amoxycillin + clavulanate only† 5 0  213 0 

       

S. aureus  Di or flu cloxacillin 61 10 (16.4%)  118 41 (34.7%) 

       

P. aeruginosa Gentamicin 7 1 (14.3%)  332 69 (20.8%) 

 Ticarcillin+clavulanate 7 0  330 59 (17.9%) 

       

M. catarrhalis Amoxycillin 0   90 81 (90.0%) 

 Amoxycillin + clavulanate only† 1 0  91 0 

       

E. coli Gentamicin 62 4 (6.5%)  40 0 

 Ticarcillin + clavulanate 61 6 (9.8%)  40 8 (20.0%) 

 Ceftriaxone 61 0  39 0 

       

K. pneumoniae Gentamicin 10 0  30 1 (3.3%) 

 Ticarcillin+ clavulanate 10 1 (10.0%)  30 1 (3.3%) 

 Ceftriaxone 9 0  29 1 (3.4%) 

       
*in addition 2 intermediate (blood), 1 intermediate (sputum)    

†not reported as being tested against amoxycillin only 

 



  Chapter 5 

143 

Two of the 40 (5.0%) presentations who had both blood and sputum cultured had 

penicillin resistant organisms isolated from both specimens.  All but 1 presentation 

producing resistant isolates were admitted, and 2 subsequently died in hospital, 1 from 

multiorgan failure and the other from multiple myeloma and septicaemia.  No particular 

age group dominated those with resistant Strep. pneumoniae and 13/28 (46.4%) 

presentations were younger than 55 years.  Twenty (71.4%) were diagnosed with 

pneumonia in the ED, 1 with bronchiolitis, 1 with unspecified acute LRI and 4 with 

infective exacerbation of chronic airway limitation. 

 

Although there was a higher proportion of penicillin resistant Strep. pneumoniae 

organisms (blood and sputum combined) in the 2002-2003 study year compared with 

the previous 2 years, this difference was not statistically significant (6.4%, 6.7%, 

12.8%; Pearson chi square p=0.178).   

 

H. influenzae 

Just over 20% of the H. influenzae sputum isolates from 367 presentations were 

resistant to amoxycillin but all of those tested against amoxycillin+clavulanate were 

susceptible to this combination (Table 5.24).   

 

Of the 81 presentations with organisms resistant to amoxycillin, 70 (86.4%) were 55 

years or older, 75 (92.6%) were admitted and 2 (2.5%) subsequently died in hospital.  

Thirty-two (39.5%) were diagnosed with pneumonia, 29 (35.8%) with infective 

exacerbation of chronic airway limitation, 16 (19.8%) with non specified acute LRI, 1 

(1.2%) with bronchiolitis and 3 (3.7 %) with infective bronchiectasis.   

 

S. aureus 

Forty-one of 118 (34.7%, 95% CI: 26.1 to 43.3) presentations yielded MRSA from 

sputum and 10/61 (16.4%, 95% CI: 7.1 to 25.7) from blood, and the proportions were 

significantly different (p=0.01) (Table 5.24).  However, the organisms were all 

susceptible to vancomycin.  All patients with MRSA were admitted and subsequently 8 

died in hospital.  Overall, 39/51 (76.5%) patients were at least 65 years old, 21 (41.0%) 

were diagnosed with pneumonia, 14 (27.5%) with unspecified acute LRI, 12 (23.5%) 
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with infective exacerbation of chronic airway limitation, 2 (3.9%) with infective 

bronchiectasis and 2 (3.9%) with infective bronchitis.   

 

The 51 presentations produced MRSA from 52 specimens (blood or sputum).  All 

isolates from the 52 specimens were susceptible to gentamicin and rifampicin.  

Susceptibilities to other antibiotics tested included; fusidic acid 50/52 (96.2%), 

trimethoprim 34/37 (91.9%), tetracycline 50/52 (96.2%), ciprofloxacin 33/52 (63.5%) 

and erythromycin 12/52 (23.1%). 

 

The proportion of presentations yielding MRSA was greater in 2002-2003 compared 

with the earlier study years but the difference was not statistically significant (23.3%, 

26.2%, 38.9%%, Pearson chi square p=0.156). 

 

P. aeruginosa 

Around 20% of presentations yielding P. aeruginosa from sputum produced organisms 

resistant to gentamicin and 17.9% to the ticarcillin+clavulanate combination (Table 

5.24).  There were no significant difference in the proportion of presentations yielding 

resistant organisms across the study years (gentamicin 22.3%, 21.9%, 17.9%, p=0.681; 

ticarcillin+clavulanate 24.3%, 14.1%, 15.4%, p=0.099).   

 

Twenty-five of 335 (7.5%) presentations with P. aeruginosa isolated from either blood 

or sputum produced organisms which were resistant to both recommended therapies.  

Nine (36.0%) of these were given a diagnosis of infective bronchiectasis, 7 (14.3%) 

unspecified acute LRI, 6 (24.0%) COPD with infection and 3 (12.0%) pneumonia.  

Twenty-three of the 25 (92.0%) patients were admitted and 1 of these patients 

subsequently died in hospital.   

 

Other bacteria 

Whereas E. coli isolates were susceptible to ceftriaxone, a small proportion (4/62, 6.5%) 

cultured from blood were resistant to gentamicin.  A high proportion (81/90, 90.0%) of 

M. catarrhalis from sputum showed resistance to amoxycillin but all of those tested 
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against the amoxycillin + clavulanate combination were susceptible.  Few presentations 

produced K. pneumoniae isolates resistant to the recommended antibiotics (Table 5.24).    

 

5.15.1 Summary 

Around 10% of Strep. pneumoniae isolated from blood and 7.5% isolated from sputum 

were resistant to penicillin but the difference was not significant.  However, there was a 

significantly higher proportion of MRSA in sputum (34.7%) compared to blood 

(16.4%).   

 

5.16 Serology/PCR results 

Objective: To describe the pattern of serological evidence suggesting infection with the 

‘atypical’ respiratory infection agents for those given an ED diagnosis of respiratory 

infection.  

 

PCR was not commonly performed and few adult patients tested showed DNA/RNA 

evidence of infection (Table 5.25).  Less than 20% of presentations with CFT results 

showed evidence suggesting recent or current exposure to viral agents or M. 

pneumoniae.  However, around 30% of those tested for exposure to C. pneumoniae by 

EIA were positive.  For most tests, the median age of those with positive results was 

similar to the median age of those tested.  Noticeable exceptions were for C. 

pneumoniae where the median age of those positive by EIA was 70.2 years compared 

with 59.8 years for those tested, and for M. pneumoniae the median age of those 

positive by CFT was 46.1 years compared with 69.2 years those tested (Table 5.25). 

 

Some presentations showed serological evidence of recent or current infection with 

more than 1 agent.  Around 34% of those positive to influenza A were also positive for 

influenza B, 27.7% were positive to parainfluenza type 3 but only 9% to M. 

pneumoniae.  Of those positive to RSV, around 35% were positive to parainfluenza type 

3 but only 2.6% to M. pneumoniae (Table 5.26). 
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Table 5.25 Median age and number positive over number tested for antibodies against respiratory micro-organisms or presence of 

DNA/RNA according to respiratory infection in adult patients, 2000-2003 

Organism (test)* 
Acute URI 

(n=3474) 

Pneumonia 

(n=4784) 

Flu/viral pneumonia 

(n=205) 

Acute LRI  

(n=3796) 

COPD+  

(n=2704) 

Total positive/no. 

tested 

Median age 

tested (yrs) 

Median age 

positive (yrs) 

         
Influenza A each (CFT) 7/52 119/1035 1/4 54/445 75/418 256/1954 (13.1%) 69.3 71.2 

Influenza A each (PCR) 0/8 0/29 0/0 1/14 1/10 2/61 (3.3%)   

Influenza B each (CFT) 10/52 127/1035 2/4 53/445 60/418 252/1954 (12.9%) 69.3 68.5 

Influenza B each (PCR) 1/8 0/29 0/0 1/14 0/10 2/61 (3.3%)   

         

Para influenza type 1 (CFT) 0/6 2/38 0/0 0/18 1/13 3/75 (4.0%)   

Para influenza type 1 (PCR) 0/9 0/22 0/0 0/11 0/7 0/49 (0%)   

Para influenza type 2 (CFT) 0/6 0/38 0/0 0/18 2/13 2/75 (2.7%)   

Para influenza type 2 (PCR) 0/9 0/22 0/0 0/11 0/7 0/49 (0%)   

Para influenza type 3 (CFT) 8/52 167/1035 2/4 79/445 118/417 374/1953 (19.2%) 69.3 72.2 

Para influenza type 3 (PCR) 0/9 0/22 0/0 1/11 0/7 1/49 (2.0%)   

         

RSV (CFT) 3/25 88/662 1/1 36/305 65/346 193/1339 (14.4%) 74.2 76.4 

RSV (PCR) 0/6 0/23 0/0 0/11 0/10 0/50 (0%)   

         

C. pneumoniae (IgG EIA) 0/1 10/37 0/0 3/10 8/19 21/67 (31.3%) 59.8 70.2 

C. pneumoniae (PCR) 0/4 0/30 0/0 0/11 0/8 0/53 (0%)   

         

M. pneumoniae (CFT) 3/53 62/1039 1/4 26/448 23/416 115/1960 (5.9%) 69.2 46.1 

M. pneumoniae (DNA) 0/5 2/35 0/0 0/12 1/11 3/63 (4.8%)   

         

L. longbeachae (IFA) 1/39 23/736 0/2 6/290 2/287 32/1354 (2.4%) 69.3 74.9 

L.. longbeachae (DNA) 0/1 1/44 0/0 0/15 0/11 1/71 (1.4%)   

L. pneumophila (grp 1 IFA) 0/39 0/736 0/2 0/290 0/287 0/1354 (0%) 69.3  

L. pneumophila (grp 2 IFA) 0/39 0/736 0/2 0/290 0/287 0/1354 (0%) 69.3  

L. pneumophila (grp 4 IFA) 0/39 2/736 0/2 0/290 0/287 2/1354 (0.15%) 69.3  

L. pneumophila (DNA) 0/1 3/44 0/0 0/15 0/11 3/71 (4.2%)   

L. pneumophila grp 1 AG 0/0 0/17 0/0 0/4 0/1 0/22 (0%)   
         

* Patients were commonly tested for influenza A, B, parainfluenza 3 and M. pneumoniae with the same serum specimen.  RSV testing was usually added for those over 50 years.   
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Table 5.26 Cross tabulation of positive serology results for respiratory infection agents, for adult patients diagnosed in the ED with 

respiratory infection, 2000-2003 

 Respiratory infection agent positive result/number tested 

Agent (number positive)* Influenza A  Influenza B  

Para influenza 

type 3 

 

RSV  C. pneumoniae  M. pneumoniae  L. longbeachae  

        
Influenza A (256)  87/256 (34.0%) 71/256 (27.7%) 43/175 (24.6%) 1/7 (14.3%) 23/256 (9.0%) 7/169 (4.1%) 

Influenza B (252) 87/252 (34.5%)  68/252 (27.0%) 33/165 (20.0%) 3/7 (42.9%) 27/251 (10.8%) 3/182 (1.6%) 

Para influenza type 3 (374) 71/374 (19.0%) 68/374 (18.2%)  68/276 (24.6%) 2/10 (20.0%) 33/370 (8.9%) 11/303 (3.6%) 

RSV (193) 43/192 (22.4%) 33/192 (17.2%) 68/192 (35.4%)  3/8 (37.5%) 5/191 (2.6%) 5/140 (3.6%) 

C. pneumoniae (21) 1/21 (4.8%) 3/21 (14.3%) 2/21 (9.5%) 3/18 (16.7%)  0/21 (0%) 2/2 (100%) 

M. pneumoniae (115)* 23/111 (20.7%) 27/111 (24.3%) 33/111 (29.7%) 5/43 (11.6%) 0/3 (0%)  1/71 (1.4%) 

L. longbeachae (32)* 7/32 (21.9%) 3/32 (9.4%) 11/32 (34.4%) 5/24 (20.8%) 2/2 (100%) 1/32 (3.1%)  

        

 

* based on CFT and IFA (L. longbeachae). 
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The proportion of those with a positive serology result who also had a positive bacterial 

blood culture was low, less than 7%, but of the same magnitude as the cohort as a 

whole.  For those with positive serology to M. pneumoniae, parainfluenza type 3, RSV 

or influenza, the proportion of positive sputum bacterial cultures ranged from close to 

30% to 40%.  Again, these proportions were similar to that of the whole cohort.  H. 

influenzae, Strep. pneumoniae and P. aeruginosa tended to be the most common 

isolates found in these sputum cultures (Table 5.27). 
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Table 5.27 Bacteria isolated from adult patients with positive serology for respiratory infection agents, 2000-2003 

Specimen and organism isolated 
Influenza A 

(n=256) 

Influenza B 

(n=252) 

Para influenza 

type 3 (n=374) 
RSV (n=193) 

C. pneumoniae 

(n=21) 

M. pneumoniae 

(n=115) 

L. longbeachae 

(n=32) 

Blood (positive/tested) 6/159 (3.8%) 7/162 (4.3%) 12/219 (5.5%) 4/121 (3.3%) 0/12 (0%) 5/82 (6.1%) 1/24 (4.2%) 

Acinetobacter sp. 1 1      

E. coli   2     

Enterobacter agglomerans   1     

Enterococcus faecalis 1 2 2    1 

Gemella sp. 1       

H. influenzae type b   1     

K. pneumoniae 1 1  2    

Lactobacillus sp.   1   1  

Pseudomonas sp.   1     

S. aureus      1  

Ser. marcescens      1  

Strep. mitis 1  2     

Strep. pneumoniae 1 3 2 1  2  

Strep. milleri group    1    

Sputum (positive/tested) 64/160 (40.0%) 37/134 (27.6%) 71/200 (35.5%) 36/94 (38.3%) 2/10 (20.0%) 22/76 (28.9%) 4/18 (22.2%) 

Candida albicans + Cryptococcus 

neoformans 

1       

E. coli 2 1 3 1    

H.influenzae 23 12 27 12 1 9 1 

H. parainfluenzae 1  1     

K. pneumoniae 3 2 2 1 1  1 

M. catarrhalis 6 5 6 5  3  

P. aeruginosa 14 6 14 10  6 1 

Proteus mirabilis   1     

Pseudomonas sp.    1    

Strep. agalactiae   1   1  

S. aureus 5 3 4 1  1  

Ser. liquifaciens   1     

Ser. marcescens 1 1 1     

Strep. pneumoniae 17 11 16 8  3 1 

Stenotrophomonas maltophilia  1 2     

Polymicrobial cultures 10 5 9 3  2  
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5.17 Chapter I Respiratory Infections 

There were 12 presentations diagnosed with respiratory tuberculosis bacteriologically 

and histologically confirmed (ICD code A15), 12 presentations of respiratory 

tuberculosis, not confirmed (ICD code A16) and 84 presentations of pertussis.  No 

presentations were given an ED diagnosis of Legionnaire’s disease.  Table 5.28 shows 

the characteristics of presentations diagnosed with tuberculosis or pertussis. 

 

Table 5.28 Characteristics of presentations diagnosed with tuberculosis or 

pertussis in the ED, 2000-2003 

 Tuberculosis confirmed /not confirmed Pertussis 

   
No. presentations 

 

24 (23 patients) 84(80 patients) 

Gender 

 Males 

 Females 

 

 

17 (70.8%) 

7 (29.2%) 

 

42 (50.0%) 

42 (50%) 

Mean age (yrs) 

 Range 

 

41.4 (median 40.8) 

2.4 - 78.4 

4.0 (median 0.36) 

0.1 - 49.5 

WA postcodes 

 

22 (91.7%) 83 (98.2%) 

Seifa 

 1 

 2 

 3 

 4 

 5 

 

 

3 (12.5%) 

6 (25.0%) 

7 (29.2%) 

4 (16.7%) 

2 (8.3%) 

 

18 (21.4%) 

16 (19.0%) 

17 (20.2%) 

14 (16.7%) 

18 (21.4%) 

Triage 

 2 

 3 

 4 

 5 

 

 

3 (12.5%) 

5 (20.8%) 

14 (58.3%) 

2 (8.3%) 

 

 

16 (19.0%) 

51 (60.7%) 

17 (20.2%) 

Referred to ED  

 Self/relative 

 General practitioner 

 Clinic 

 Other hospital 

 Missing 

 

 

12 (50.0%) 

8 (33.3%) 

1 (4.2%) 

3 (12.5) 

 

68 (81.0%) 

11 (13.1%) 

1 (1.2%) 

3 (3.6%) 

1 (1.2%) 

Admission 20 (83.3%) 45 (53.6%) 
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5.17.1 Tuberculosis 

Of the 20 admissions given an ED diagnosis of respiratory tuberculosis, 8 (40.0%) were 

assigned this diagnosis as a principal discharge diagnosis on hospital separation and 1 

patient was given it as a co-diagnosis.  Other principal discharge diagnoses included; 

tuberculosis peripheral lymphadenopathy (1), other diseases of the respiratory system 

(7), haemoptysis (1), abnormal findings on diagnostic imaging of lung (1), soft tissue 

disorder (1) and volume depletion (1).  The median LOS was 5 days (range 1-24 days). 

 

Nine of the 24 presentations (37.5%) (23 patients) had attended the ED before with 3 

presenting within 1 day.  Of these, 1 was a child (child x) who had been given an ED 

diagnosis of tuberculosis then returned the following day for review by a respiratory 

specialist, and the other 2 patients were diagnosed with ‘haemorrhage from respiratory 

passage’ (ICD code R04) with 1 then transferred to another study hospital.  The other 6 

patients presented more than 18 days previously.   

 

Only 1 of the 23 patients other than child x presented to the ED again within 10 days.  

The patient presented after 1 day and was given an ED diagnosis of, ‘cough’ (ICD code 

R05), admitted for 2 days and left with a discharge diagnosis of haemoptysis. 

 

Nineteen (79.2%) presentations had at least 1 specimen taken for culture either in the 

ED or within 2 days of ED arrival if admitted.  Specimens from 6 (31.6%) patients grew 

an isolate including; M. tuberculosis from sputum (2), P .aeruginosa from sputum (1), 

bronchial washings (1), and urine (1), and K. oxytoca from an unspecified specimen.  

All patients were admissions. 

 

Overall, there were 35 principal discharge diagnoses of respiratory tuberculosis and 

only 8 (22.9%) of these were given the same diagnosis in the ED with a further 9 

(25.7%) diagnosed in the ED with either pneumonia or chest infection. 
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5.17.2 Pertussis 

Of the 45 admissions given an ED diagnosis of pertussis, 23 (51.1%) were assigned this 

diagnosis as a principal discharge diagnosis on hospital separation and 1 patient was 

given it as a co-diagnosis.  Other principal discharge diagnoses included; acute URI (6), 

influenza (1), acute LRI (7), viral infection of unspecified site (4), cough (3) and 

breathing abnormalities (1).  The median LOS was 2 days (range 1-26 days). 

 

Thirty-eight (45.2%) of the 84 presentations had attended the ED previously with 11 

(13.1%) presenting within the past 7 days.  These 11 presentations included 1 patient 

(patient y) with a prior ED diagnosis of pertussis and another (patient z) who had 

initially presented and was diagnosed with acute URI, presented 5 days later, was 

diagnosed with pertussis and again presented 3 days later and given the same diagnosis.  

Four other patients were diagnosed initially with acute URI, 1 with acute LRI, 1 with 

asthma, 1 with cough and 1 with nausea and vomiting.   

 

Four patients other than patients y and z presented again within 7 days to the ED after 

their diagnosis of pertussis.  Two were subsequently given an ED diagnosis of 

suppurative otitis media, 1 with acute LRI and 1 returned for a follow up examination.  

 

Specimens were taken for bacteria culture from 49 patients either in the ED or within 2 

days of ED arrival if admitted.  Of these, 47 had postnasal aspirate specimens cultured 

with only 1 producing a bacterial isolate – S. aureus.  One patient had an eye swab also 

taken which cultured H. influenzae and 1 patient yielded K. oxytoca from a nasal swab.   

 

Overall, there were 42 principal discharge diagnoses of pertussis of which 23 (54.8%) 

were given the same diagnosis in the ED.  Other ED diagnoses for the remaining 19 

presentations were; acute URI (6), acute LRI (4), bacterial pneumonia (1), asthma (2), 

viral infection of unspecified site (2) and specified signs and symptoms (4). 
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5.17.3 Legionnaire’s disease 

The specific diagnosis Legionnaire’s disease was not given in the ED.  However, this 

diagnosis was assigned as a principal discharge diagnosis to 16 presentations.  Eleven 

(68.8%) of these had received an ED diagnosis of pneumonia (1 specified as ‘atypical’ 

pneumonia).  Other ED diagnoses included chest infection, nephritis, fever and 

shortness of breath.   
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5.18 Medical record review – antibiotic prescription 

Objective: To determine the proportion of ED presentations diagnosed with a 

respiratory infection that was prescribed antibiotics in the ED.  

 

Comparison of those reviewed and those not reviewed 

Of the 400 medical records which were plannd to be reviewed, 370 (92.5%) were 

retrieved and studied.  Table 5.29 shows a comparison of the characteristics of the 

patients reviewed and those adult patients not reviewed from the study hospitals.  The 

group of patients reviewed had a significantly greater proportion of pneumonia 

diagnoses and a smaller proportion of COPD+ diagnoses compared with the group not 

reviewed.  Other characteristics examined were not significantly different. 

 

Table 5.29 Medical record review: comparison of characteristics of 

presentations reviewed and not reviewed 

Characteristic 
Not reviewed % 

n=15,009* 

Reviewed % 

n=370 
P value† 

Male 50.8 52.4 0.552 

Age group (yrs)   0.559 

15-24 14.3 12.7 0.385 

25-34 11.5   9.7 0.283 

35-44   9.1   9.7 0.692 

45-54   8.4   7.6 0.583 

55-64   9.6 10.8 0.440 

65-74 16.0 15.1 0.641 

75-84 19.3 23.2 0.061 

85+ 11.9 11.1 0.638 

ED respiratory group   0.002 

Acute URI 23.0 22.0 0.651 

Pneumonia 30.9 39.7 <0.001 

Flu/viral pneumonia   1.3   1.6 0.616 

Acute LRI 24.8 21.9 0.202 

COPD+ 17.7 11.6 0.002 

Other URI   2.7   2.2 0.557 

Deaths   0.334 

Not died in hospital 95.7 95.4 0.210 

Died after admission   3.8   4.4 <0.001 

Died in ED   0.5   0.2 0.785 

Admission  62.0 (n=14978) 61.1 (n=368) 0.736 

    

 

*patients 15 years or older from study hospitals 

† p value for difference in broad characteristic e.g. age group and for difference in proportions within 

characteristic e.g. 15-24 year age group 
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Recent/current antibiotic use 

Of the 370 presentations reviewed, 117 (31.7%, 95%CI: 27.0 to 36.4) recorded that 

antibiotics had been recently prescribed to the patients.  Sixty-seven of the 117 (57.3%) 

patients were either currently taking antibiotics or had been taking them at some stage 

during the previous 7 days.  It was unclear in the records how recently the remaining 50 

patients had been taking antibiotics.  Amoxycillin and amoxycillin/clavulanate were the 

most common antibiotics taken recently (Table 5.30). 

 

Table 5.30 Medical record review: antibiotics recently taken by patients prior to 

ED presentation  

Antibiotic recorded in file Number patients* % of 117 patients 

Amoxycillin 25 21.4 

Amoxycillin/clavulanate 25 21.4 

Roxithromycin 14 12.0 

Penicillin    9 7.7 

Ciprofloxacin    7 6.0 

Cephalexin    5 4.2 

Erythromycin    5 4.2 

Cefaclor    5 4.2 

Gentamicin    4 3.4 

Doxycycline    4 3.4 

Other† 12  

Unknown 16  

   
  
*patients may be prescribed more than one type of antibiotic 

†Other included ceftriaxone x2, clarithromycin x2, metronidazole x2, dicloxacillin, flucloxacillin, 

norfloxacin, rifampicin, trimethoprim, ticarcillin/clavulanate.   

 

Analysis of records reviewed 

For 3 non admitted patients it was not clear whether antibiotics were prescribed and part 

of one patient’s medical file was missing.  These 4 presentations were not included in 

the subsequent analysis.   

 

Figure 5.16 shows the admission status and prescription of antibiotics for 366 patients 

diagnosed with a respiratory infection.  Overall, 208 (56.8%, 95%CI: 51.7 to 61.9) 

patients diagnosed with a respiratory infection were prescribed an antibiotic in the ED.  

This included 74/140 (52.9%) non admissions and 133/224 (59.4%) admissions. 
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Figure 5.16 Flowchart showing admission status and prescription of antibiotics 

for 366 patients diagnosed with a respiratory infection. 

 

Characteristics of patients not prescribed antibiotics 

Overall 88/366 (24.0%, 95%CI: 19.6 to 28.4) presentations were not prescribed 

antibiotics.  The median age of these patients was 42.5 years (mean age 45.7 years), 42 

(47.7%) were males, 51 (58.0%) patients were diagnosed with acute URI, 6 (6.8%) 

with flu/viral pneumonia, 5 (5.7%) with pneumonia, 17 (19.3%) with acute LRI and 

9 (10.2%) with COPD+.  Three patients were transferred and 1 died in the ED.  

Twenty-five of the 88 (28.4%) patients had taken antibiotics recently, with 16 either 

currently on antibiotics or had been within the previous 7 days.  In particular, of the 5 

patients with pneumonia, 4 had a recent history of antibiotics and 1 patient’s file 

recorded chicken pox with pneumonia. 

 

Characteristics of patients prescribed antibiotics prescribed or given in the ED  

The median age of the 208 patients prescribed antibiotics in the ED was 69.5 years 

(mean age 62.6 years), 113 (54.3%) were males, 26 (12.5%) patients were diagnosed 

with acute URI, 110 (52.9%) with pneumonia, 44 (21.2%) with acute LRI, 20 (9.6%) 

with COPD+ and 8 (3.8%) with other URI.  One patient with pneumonia died in the 

ED and 133 (63.9%) patients were admitted.   

 

366 patients ≥ 15 

years* 

Non admissions 

140 (38.5%) 

Admissions 

224 (61.5%) 

No antibiotics 

prescribed 

21 (9.4%) 

Antibiotics prescribed 

203 (90.6%) 

First antibiotics given 

in the ED 

133 (65.5%) 

First antibiotics given 

in ward  

70 (34.5%) 

No antibiotics 

prescribed 

66 (47.1%)† 

Antibiotic prescribed 

in ED 

74 (52.9%)†† 

* 2 patients died in the ED and 1 of these was given antibiotics 

† 3 patients transferred to private hospitals 

†† 10 patients transferred to private hospitals 

For %, denominators are numbers from preceeding level 
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Alternatively, of the 225 presentations diagnosed with pneumonia or acute LRI and 

reviewed, over 50% were prescribed antibiotics in the ED.  Of those diagnosed with 

acute URI or COPD+, less than 50% were prescribed antibiotics in the ED (Table 

5.31). 

 

Table 5.31 Medical record review: respiratory infections prescribed antibiotics 

ED respiratory group 

(n=366) 

Antibiotics not 

prescribed 

First antibiotics 

prescribed in the ED 

First antibiotics 

prescribed on ward 

Acute URI (n=84) 51 (60.7%) 26 (31.0%) 7 (8.3%) 

Flu/viral pneumonia (n=6) 6 (100%) 0 0 

Pneumonia (n=144) 5 (3.5%) 110 (76.4%) 29 (20.1%) 

Acute LRI (n=81) 17 (21%) 44 (54.3%) 20 (24.7%) 

COPD+ (n=43) 9 (20.9%) 20 (46.5%) 14 (32.6%) 

Other URI (n=8) 0 8 (100%) 0 

    

 

Overall, and specifically for pneumonia, acute LRI and COPD+, amoxycillin and 

azithromycin were the most common antibiotics prescribed in the ED (Table 5.32).  

Penicillin was the most common prescribed for those with URI.   
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Table 5.32 Antibiotics prescribed to 208 patients in the ED diagnosed with 

respiratory infection 

 Type of respiratory infection n=number of patients  

Antibiotic 

Acute 

URI 

n=26 

Pneumonia 

n=110 

Acute 

LRI 

n=44 

COPD + 

n=20 

Other 

URI 

n=8 

Number 

patients 

% of 

208 

patients 

Amoxycillin  2 82 15 10 1    110 52.9 

Azithromycin  0 57 16 12 0 85 40.9 

Amoxycillin/clavulanate  2 11 12   3 0 28 13.5 

Gentamicin  0 24   1   1 0 26 12.5 

Roxithromycin  4 11   8   3 0 26 12.5 

Penicillin   14   2   0   1 6 23 11.1 

Metronidazole 3   6   0   0 3 12   5.8 

Cephalothin  0   4   2   3 1 10   4.8 

Erythromycin  1   9   0   0 0 10   4.8 

Cefepime  0   4   0   1 0   5   2.4 

Ticarcillin/clavulanate  1   3   0   0 0   4   1.9 

Ceftriaxone 0   3   0   0 0   3   1.4 

Ciprofloxacin  0   0   2   1 0   3   1.4 

Doxycycline 1   0   1   0 0   2   1.0 

Chloramphenicol (for 

eyes) 
0   1   0   0 0   1   0.5 

Cefaclor 1   0   0   0 0   1   0.5 

Cephalexin  0   0   1   0 0   1   0.5 

Flucloxacillin 1   0   0   0 0   1   0.5 

Ceftazidime 0   1   0   0 0   1   0.5 

Tobramycin 0   0   1   0 0   1   0.5 

Vancomycin 0   1   0   0 0   1   0.5 

Unknown 1   0   5   1 0   7   3.4 

Total number of courses   31      219 64 36    11    361  

        

 

Concordance with antibiotic guidelines  

Acute URI  

Twelve (46.2%) of the 26 presentations with acute URI were diagnosed with acute 

tonsillitis, 10 (83.3%) of those were prescribed penicillin in the ED and were 

concordant with the Antibiotic guidelines 
105

 for severe tonsillitis.  A further 2 patients 

were prescribed penicillin and metronidazole which is recommended for quinsy.  

 

Pneumonia 

Non admissions: 

There were 21 patients with pneumonia excluding aspiration pneumonia who were 

prescribed antibiotics in the ED but were not admitted.  Six of these patients were 
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transferred to other hospitals.  Assuming that the other 15 non admissions had mild to 

moderate CAP then 4 (26.7%) patients were concordant with Antibiotic guidelines 

versions 11
173

 or 12 
105

 in relation to type of drug recommended [see Appendix III].  

Two of these were also concordant with the guidelines used specifically at the relevant 

hospital [see Appendix III].  Reasons for discordance such as current co-morbidities or 

allergies were not determined in this study. 

 

Admissions: 

There were 80 patients with pneumonia excluding aspiration pneumonia who were 

admitted.  For these patients, prescriptions were concordant with Antibiotic guidelines 

versions 10 
105

, 11
173

 or 12 
105

 in 15 (18.8%) cases, based on no assumptions of severity 

[see Appendix III].  A further 42 (52.5%) were concordant with the hospital specific 

management guidelines [see Appendix III].  Reasons for discordance such as current  

co-morbidities or allergies were not determined in this study. 

 

5.18.1 Summary 

Around a third of the medical records reviewed indicated that antibiotics had recently 

been prescribed prior to presenting at the ED, most commonly amoxycillin or 

amoxycillin/clavulanate.   

 

Around 57% of patients diagnosed with a respiratory infection were prescribed an 

antibiotic in the ED, commonly with amoxycillin or azithromycin for those diagnosed 

with pneumonia, acute LRI or COPD+, and penicillin for those with acute URI.   

 

For those diagnosed with tonsillitis, concordance with the Antibiotic guidelines was 

high.  For those with pneumonia, concordance was lower.   
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6 Discussion 

6.1 Introduction 

In Australia, epidemiological information on respiratory infections comes from a 

number of sources, with frequency and demographic characteristics of those affected 

extracted predominantly from hospital separation statistics.  However, the decision to 

hospitalise a patient in many cases is made in the ED and, in Australia, only around 

30% of patients (all diagnoses) presenting at EDs of large hospitals are admitted 
6
.  A 

breakdown of all presentations according to diagnosis is not routinely published and 

overall, little information on non admitted patients is collated and analysed.  However, 

this information is required from a planning perspective to provide appropriate health 

related services based on need.  Further, baseline ED data are needed to evaluate the 

impact of public health interventions on the hospital system and to assess changes in 

clinical practice and patient management.  This is very relevant to respiratory infections 

where immunisation and antimicrobial agents are frequently used to prevent or treat 

these conditions.   

 

While many respiratory infections such as the common cold may be mild, others, 

including pneumonia and influenza, may be life threatening.  Globally, respiratory 

infections were estimated to account for at least 3,959,000 deaths in 2002 with a burden 

of illness of 93,169,000 disability adjusted life years 
174

.  Further, as with many 

infections, there is concern that resistance to the currently available antimicrobial agents 

is increasing.  Continued monitoring at a local level is an important step in the 

management and control of these infections.   

 

From a clinical practice perspective, there are patient management issues relating to 

respiratory infections.  There is some debate about the usefulness of routine culturing of 

blood and other specimens.  As described in Chapter 2, there is little consensus amongst 

professional societies and researchers on this issue.  Further, while there is some 

surveillance in Australia on antimicrobial resistance, more data are needed to help guide 

empiric therapy. 
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The present study sought to describe epidemiological aspects of respiratory infections 

requiring ED care.  It thus provided epidemiological information, as well as information 

on the utilisation of EDs and ED patient management practices in Western Australia.  

This was achieved by using data linkage as a tool to provide near population data and to 

track patient outcomes of a defined cohort.   

 

Data linkage pulls together data from different times and often disparate sources.  It is a 

complex process which often requires processing of a very large number of records and 

requires considerable computing power.  The disparate nature of these data files dictates 

additional data cleaning, including standardising coding of data fields, prior to record 

linking and analysis.  Sorting linked data into episodes of care is not always straight 

forward due to frequent use of health services by some patients, representations and 

readmissions. 

 

In some countries, such as Iceland and Denmark, a unique personal identification 

number is given at birth and used as an identifier throughout life.  Using this identifier, 

health records belonging to the same individual can be linked and used in longitudinal 

studies 
175-177

.  Similarly, the Rochester Epidemiology Project 
152

 in the United States, 

which aims to provide population based data on disease incidence and outcomes, also 

makes use of a unique identifier, in this case a Mayo Clinic identification number which 

is assigned to all patients attending health services in the Rochester area.    

 

In other countries, including Australia, there is no unique identification number given at 

birth or present in all of the core health data sets.  Linking data in these situations 

usually relies on the presence of a number of potentially matching variables relating to 

the individual.   

 

In deterministic linkage, one or more identifiers are compared to determine a link, 

whereas with probabilistic linkage, the identifiers are weighted according to their 

uniqueness.  Therefore, in probabilistic linkage, agreement on a more highly weighted 

identifier provides stronger evidence for a link between records than agreement on one 
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of a lesser weight.  While this is an advantage, determining the weights to use and the 

substantial computer power required increases the complexity of this type of linkage.   

 

Western Australia is one of the few places in the world which maintains comprehensive 

sets of health data which are routinely linked using probabilistic matching.  Some of the 

studies performed using these linked core data sets include studies by: Holman and co-

workers 
178

, who examined trends and outcomes over a 17 year period in 28,246 in-

hospital vasectomies and 1902 vasovasostomies using linked hospital morbidity records 

and birth registrations; Brameld and co-workers 
179

, who calculated the prevalence of 

patients with cancer and their use of hospital services, using data from the cancer 

registry linked to hospital morbidity and mortality datasets; and Finn and co-workers 

180
, who determined the epidemiology and survival from out-of-hospital cardiac arrest 

using an ambulance database linked to hospital morbidity and mortality data.  

 

Similar to these linked data studies, the present study incorporated data from more than 

a single hospital site and across a relatively long time period.  However, it was unique 

as the data linkage incorporated microbiology, EDIS, morbidity and mortality data.  No 

other study has been found in the literature which has incorporated all of these types of 

data sets.  The EDIS, morbidity and mortality data were patient linked using 

probabilistic linking as part of routine practice by the WA Data Linkage Unit.  Use of 

hospital morbidity data is relatively common in linked data studies but use of data 

related to non admitted patients is not.  The EDIS component provided information on 

admitted and non admitted patients.  In addition, the microbiology data were linked to 

EDIS by the PhD candidate specifically for the present study. A deterministic matching 

technique was used because of the availability of the unique medical record identifier at 

the study hospitals and patient names were accessible for validation purposes.   

 

The study incorporated patients of all ages and considered variations according to time 

of presentation, including night versus day, week day and seasons.  It is unique as it is 

the first to describe the epidemiology of respiratory infections in the Australian hospital 

ED context.   
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The following discussion will highlight the main findings of the study and, where 

appropriate, compare these to findings elsewhere, examine the implications of the 

results, limitations of the study, and make recommendations as to further work needed.   

 

6.2 Data linkages 

 Overall, the proportion of EDIS records which linked to a morbidity record and 

thus indicated hospital admission was 36.5%.  Validation of the matching was 

over 90% for most variables examined.   

 The linking of the bacteriology and the serology/PCR data to EDIS was 

confirmed in at least 99% of cases by comparing the surnames in the datasets.  

 

Implications 

The high validity of the linkages demonstrates that routinely collected administrative 

data can be successfully linked and hence are useful to further understand and monitor 

outcomes of respiratory infections presenting to the ED. 

 

Further study / recommendations 

Accurate recording of times and dates in EDIS helps to validate the episode linkage.  

Therefore, further investigation of the accuracy of the admission field and associated 

dates and times recorded is warranted.  Clinical staff should be encouraged to accurately 

record details relating to specimen collection.  This would facilitate investigations of the 

effect of time between specimen collection and culture results, and the administration of 

antibiotics or other therapy and recovery of potential causative organisms.  

 

6.3 Concordance of ED diagnosis and hospital discharge diagnosis 

 The concordance of the ED diagnosis and principal discharge diagnosis varied 

across the types of respiratory infections.   

 The specificities and negative predictive values of ED diagnosis were high 

(around 99%) but the sensitivity and positive predictive values of the ED 

diagnosis were variable and lower (sensitivities 5%-67%, positive predictive 
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values 22%-72%) for each of the respiratory groups when using the principal 

discharge diagnosis as the reference. 

 

Currently, only a single diagnosis is recorded in EDIS but up to 21 may be recorded in 

the hospital morbidity record.  Technically, it is easier to compare the ED diagnosis 

with the principal discharge diagnosis recorded in the morbidity record and this was the 

method used in the present study to assess the sensitivity and specificity of the ED 

diagnosis.   

 

The high specificities and negative predictive values of the ED diagnosis mean that 

most admitted patients who were not given a principal discharge diagnosis of a 

respiratory infection were also not diagnosed with that in the ED and there is no reason 

to believe that this could not also be applied to non admitted patients.   

 

However, the sensitivities and positive predictive values were relatively low.  There 

may be a temptation to conclude that the ED diagnosis was inaccurate.  It is reasonably 

assumed that the ED diagnosis is provisional and the hospital discharge diagnosis is 

more definitive given the further time of observation and possibly diagnostic testing of 

the patient.  However, there is no guarantee that the hospital discharge diagnosis is more 

accurate than the earlier ED diagnosis.  For example, studies show that while 

interpretation of X rays and subsequent diagnoses of pneumonia by ED physicians may 

not always agree with radiologists’ reports 
181

, there may also be inter and intra observer 

variability in the interpretation by radiologists 
182

.   

 

Other reasons for the discordance between ED diagnosis and hospital discharge 

diagnosis include; the recording of the ED diagnosis as a co-diagnosis in the morbidity 

record rather than the principal discharge diagnosis, or the ED diagnosis being less 

specific than the principal discharge diagnosis, e.g. recording acute LRI in the ED but 

leaving hospital with a principal discharge diagnosis of pneumonia or diagnosing ‘viral 

infection of unspecified site’ in the ED rather than acute LRI.   
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From another perspective, the study showed that overall around 85% of presentations 

diagnosed with a respiratory infection in the ED had some sort of respiratory infection 

also recorded in one of the diagnosis fields of the morbidity record.  A further number 

of admissions had respiratory conditions recorded in the principal discharge diagnosis 

field.  Some of those conditions may have been infections but were not specifically 

coded as such, but rather as unspecified respiratory conditions.  The difference 

therefore, may be related to coding. 

 

Medical coders have the task of abstracting diagnosis information from the medical 

record, selecting the appropriate ICD codes and sequencing the diagnoses to identify the 

principal discharge diagnosis.  Although the accuracy of coding specifically for 

respiratory infections in Australia is unknown, studies show that the accuracy of 

diagnosis coding generally is variable, particularly relating to coding of co-diagnoses 

183, 184
.  It has been suggested that some co-diagnoses may not be recorded if they have 

little impact on the calculation of diagnosis-related group codes and hence on hospital 

casemix funding which is based on the latter 
183

.  This may not be the situation with 

serious respiratory infections such as pneumonia, but acute URI may be weighted less 

than others 
185

 and hence be ‘worth’ less.  

 

Further study 

Assessing discordance between ED diagnosis and hospital discharge diagnosis may not 

be straightforward.  This area needs further investigation including; continued auditing 

of clinical coding, assessing concordance of diagnosis for a range of specific conditions 

including a closer examination of the common differential diagnoses, and reassessing 

some of the ‘gold standards’ used for clinical diagnosis.   
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6.4 Demographics and other characteristics 

Age and diagnosis 

Some types of respiratory infections were found more frequently in certain age groups 

and hence, characteristics of those with particular respiratory diagnoses often reflected 

age specific characteristics.  

 Respiratory infections accounted for around 22% of all presentations by those 

younger than 5 years.  Specifically, bronchiolitis accounted for 12.5% of all 

presentations for infants and croup for 4.8% of those 1-4 years of age. 

 Children (<15 years) contributed to around 60% of all respiratory infections 

diagnosed in the ED.  

 Acute URI accounted for close to 50% of all respiratory infections (the most 

common was coded as acute URI of multiple and unspecified sites) and most of 

these, around 80%, were diagnosed in children. 

 

Implications  

The results demonstrate the burden of respiratory infections on children.  However, 

while some infections such as bronchiolitis may potentially be serious, others may be 

less severe.  Acute URI was commonly diagnosed amongst children and admission for 

this diagnostic group across all ages was relatively low at 12.3%.  If the role of the ED 

is to provide care to patients with acute and serious illness or trauma, then it may be 

tempting to suggest that many URIs should have been self managed or treated in a GP 

setting.  However, information is needed on initial symptoms and why the patients 

presented to the ED in preference to other medical services.  For paediatric patients, it is 

likely that parents cannot assess the seriousness of their child’s illness and hence present 

to the ED regardless of the diagnosis, but other factors such as unavailability or 

unaffordability of GPs may also contribute.  The present study showed for example, that 

patients with croup commonly presented during the night which is a time when most GP 

clinics are closed.   

 

Invariably, some illnesses may require medical attention to prevent hospital admission.  

For example, although croup is generally self limiting, a review by the Cochrane 
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Collaboration concluded that administering glucocorticoids was effective in relieving 

symptoms, reducing admissions and representations 
186

.  With this particular condition, 

medication could be administered at general practice clinics but facilities would be 

needed to subsequently observe and monitor the patient.   

 

Alternatives to EDs for the less severe conditions therefore, may not be appropriate or 

acceptable.  Nevertheless, there have been attempts to reduce unnecessary use of EDs.  

With this aim for example, a medical telephone triage centre has been operating in 

Western Australia since 1999 
187

.  However, there have been suggestions that this and 

other call centres elsewhere have not been effective in reducing ED use 
188, 189

.  In 

contrast to this, an evaluation of a paediatric telephone triage service operating in New 

South Wales, suggested this type of service may be of value 
190

.  More than 80% of calls 

related to children younger than 5 years, and fever and respiratory infections were 

common conditions discussed.  Around 56% of callers reported that if the triage line 

was not available they would take their child to hospital.  Unfortunately, the evaluation 

did not include health outcomes of the advice given and, without these, it would be 

premature to recommend such a service.    

 

 As a proportion of each age group diagnosed with a respiratory infection, 

pneumonia increased with age except for a small drop for those 15-24 years.   

 

With the diagnosis of pneumonia, in many cases there were difficulties in assigning 

causation to a particular organism.  Nevertheless, Strep. pneumoniae was commonly 

isolated from all age groups.  With pneumonia increasing with age, this suggests that 

continued effort should be made to encourage the elderly to be vaccinated against 

pneumococcal disease.  Further, evidence from overseas 
191

 suggests that vaccination of 

the young may protect adults due to reduced transmission and hence demonstrates the 

importance of fully implementing the childhood pneumococcal vaccination program in 

Australia to protect people of all ages.   
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Implications 

Evaluating the effectiveness of the Australian national childhood pneumococcal 

vaccination program should include monitoring of pneumonia diagnoses across all age 

groups and include those not confirmed by culture.   

 

The number of presentations diagnosed specifically with influenza was relatively low.  

However, pneumonia may be a complication of this infection and therefore, immunising 

people of all ages against influenza could potentially decrease the number of pneumonia 

cases.   

 

 COPD+ was diagnosed primarily in patients over 55 years. 

 

COPD+ was diagnosed more commonly in older patients and this was expected given 

the likely smoking history of the aged.  This may suggest that with smoking rates in 

Australia decreasing 
192

 a decrease in the number of COPD diagnoses (with and without 

infection) is likely in the future.  Nevertheless, during the 3-year study period the 

number of presentations with COPD+ was greater over the 2002 calendar year 

compared with that of 2001.  However, 2002 had a higher number of respiratory 

infections overall compared with the previous year. 

 

Implications 

As smoking is believed to be the predominant cause of COPD 
106

, continued effort is 

needed to further reduce smoking rates in the Australian population, along with 

investigation and control of potential occupational causes.  These measures may 

potentially lead to a reduction in COPD and hence a reduction in the lower respiratory 

infections which commonly affect these patients. 

 

Gender 

 Males dominated certain childhood respiratory infections including croup and 

bronchiolitis.   
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The gender differences in some types of paediatric presentations were still evident after 

taking into account the relative male to female population in Perth.  This suggests that 

the gender differences seen in Australian national hospital separation data 
7
 are not 

necessarily due to selective admission of males over females for these conditions 

because in the present study all presentations to the ED were analysed.   

 

Reasons for the gender differences in susceptibility to respiratory infections are 

unknown.  However, there are gender differences in the diagnosis of asthma, where 

males dominate in childhood but the ratio is reversed after puberty 
193

.  One line of 

thought on these differences in asthma relates to sex differences in lung development 

and function, and differences in immune response 
193

.  Perhaps similar explanations may 

apply to some of the respiratory infections in the present study. 

 

In contrast, females dominated the ED diagnosis of infective bronchiectasis which was 

diagnosed predominantly in adults.  Again, Australia wide hospital separation data also 

show this trend 
7
.  There is little prevalence data on bronchiectasis.  Over the 3-year 

study period there was only a small number of presentations with this diagnosis.  

However, the gender difference was very evident with more than twice the number of 

females as males diagnosed with the disease.  It has been suggested that the dominance 

of females may be due to diagnosis bias where males may be more likely to be given a 

diagnosis of COPD instead of bronchiectasis as both may exhibit similar symptoms 
194

.  

However, this may only explain the differences seen in older patients.   

 

6.5 Temporal patterns 

 Overall, a higher number of respiratory infections presented in the winter and 

early spring months and there was a higher number of respiratory infections 

during the winter months of 2002 (5099 respiratory infections) compared with 

2001 (4357 respiratory infections).   

 

The yearly trends for respiratory infections are congruent with notifications of some of 

the potential agents of respiratory infections, such as M. pneumoniae and the 
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ortho/paramyxoviruses, to the labVISE surveillance scheme (see section 2.4).  In 

particular, more than double the number of the influenza viruses was reported to 

labVISE in 2002 compared with 2001, but there were also increased numbers of 

parainfluenza type 1 and 2 and RSV 
195

.   

 

 Similar to other presentations, respiratory infections presented more frequently 

on Sundays (17.1%) than the other week days (range 13.0% to 13.7%) but the 

proportion of Sunday presentations admitted (34.0%) was lower than for other 

days (range 37.5% to 44.4%). 

 

It is possible that patients are not able to access GPs on Sundays and hence presented to 

hospital EDs.  Since the proportion of Sunday presentations admitted was lower than for 

other days, this suggests a number of these presentations were of lesser severity and 

could have been managed by family physicians if accessible, or possibly self managed. 

 

 A higher proportion of those diagnosed with croup (76.0%) or acute URI 

respiratory infections of multiple or unspecified sites (52.6%) presented during 

the night compared with day.   

 

Since a high proportion of those diagnosed with acute URI were children or young 

adults, this result may explain why the proportion of patients presenting at night tended 

to decrease with increasing age.  The result demonstrates the typical pattern where 

croup symptoms tend to become worse at night and hence parents are likely to seek 

medical assistance at this time.   

 

Further study 

The analysis of seasonal variations in presentations included effectively 2 full winter 

seasons.  Continued collection and linking of EDIS data will enable analysis of trends 

over longer time periods.  
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6.6 Admission 

 39.7% of respiratory infections were admitted. 

 12.3% of patients diagnosed with acute URI and over 75% with pneumonia or 

COPD+ were admitted. 

 The median length of hospital stay was 3 days, and was greatest for COPD+ (6 

days) and shortest for acute URI (1 day).   

 There was a general trend of increased LOS as age increased. 

 Over 2000-2003, the total number of hospital days was greatest for pneumonia 

(35,660 days) compared with the other respiratory groups.  

 For those with acute URI, pneumonia or acute LRI, the odds of admission 

increased as the co-morbidity measure increased (at least 17% for every 1 unit of 

the co-morbidity measure) and increased for those residing in relatively 

disadvantaged areas (at least 46% compared to those most advantaged) . 

 Common co-morbidities related to other respiratory disorders, diabetes and heart 

failure. 

 

The admission and LOS results suggest pneumonia and COPD+ are more severe 

illnesses compared with acute URI as a group.  The increase in LOS with age can 

probably be explained by the distribution of disease according to age.  For example, 

COPD+ was seen to mainly affect older patients and those with this diagnosis had the 

longest median LOS.  However, pneumonia resulted in the greatest total number of 

hospital days for the cohort, demonstrating considerable burden on the hospital system. 

 

There was interaction between age and triage in predicting admission for some types of 

respiratory infection.  The predicted probability of admission for those with acute URI 

tended to decrease as age increased.  These results are difficult to interpret but may have 

been influenced by the relatively small number of these patients or the different specific 

types of infections affecting particular age groups.  For pneumonia, elderly triaged at 

category 4 were more likely to be admitted than children triaged at 4. This was seen 

similarly with acute LRI, and to a lesser extent with acute URI.  Perhaps this was due 
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to perceived less favourable clinical outcomes of the elderly, regardless of their 

presenting urgency, or for social reasons, because of less support at home.    

 

Similar to previous work 
196

, the study showed that those less advantaged were more 

likely to be admitted to hospital.  The reasons for this are unknown, but may be due to 

the perception of the patient having less social support or resources to access alternative 

medical care if subsequently needed after leaving the ED.  

 

Common co-morbidities identified with pneumomia, acute LRI and COPD+ were 

those expected with elderly patients and included ischaemic heart disease and diabetes.  

These conditions are listed by the Australian Institute of Health and Welfare as in the 

top 10 causes of burden of disease for the elderly (65 + years) 
110

.  Further, the 

Australian Institute of Health and Welfare 
110

 lists asthma as the top cause for those 

aged 0-14 years, which featured in the present study as one of the more common co-

morbidities for those with URI.  It is interesting to note that URI is believed to be a 

trigger for exacerbations of asthma 
197

. 

 

Implications 

Since the likelihood of admission for LRI is higher than URI, signalling a more severe 

group of diseases, this again confirms the importance of continued effort in prevention 

of pneumonia by immunisation and prevention of COPD+ by reducing smoking rates.  

 

6.7 Representation 

 The proportion of each respiratory group which represented within 7 days was 

4% or less but the proportion increased to 8-10% if reattendance within 7 days 

for any reason was considered.   

 For acute URI, pneumonia, acute LRI and COPD+, age was associated with 

the outcome representation but the odds ratios were close to 1. 

 Admission at the index presentation decreased the odds of representing by more 

than 50% for the acute LRI and COPD+ groups.   
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 For those with URI, univariate analysis indicated an association of Strep. 

pyogenes isolated at the index infection and representation within 7 days 

(p=0.012). 

 

Previous studies on representation have originated overseas.  Both Canadian 
198

 and 

American studies 
199

 found that medical and social factors predicted return of elderly 

patients to the ED.  Rates of return were 19.3% and 16%, respectively.  However, the 

outcome measured in these studies related to representation for any reason within 30 

days after the index visit for any reason.  In another American study 
200

 return visits 

within 3 days were 2.7% in a mixed adult and paediatric patient group, and a study of a 

paediatric ED by Alessandrini and co-workers 
201

 also reported a rate of 2.7% for 

unscheduled return visits within 48 hours.  These were all North American studies 

involving cohorts not restricted to respiratory infections so comparisons with the present 

study are difficult.  However, similar to the present study, Alessandrini and co-workers 

201
 found that patients were more likely to be admitted to hospital at their return visit.  

The authors suggested that the possible reasons for this could be either an increase in 

illness severity or concerns of medical error by the treating physician.  These 

explanations could also apply in Australia.  In the present study, not only were more 

patients admitted on representation compared with the index visit, but the length of stay 

tended to be greater for those admitted at representation compared with those admitted 

at the index visit.   

 

The present study found age was associated with representation.  Although the odds 

ratio was close to 1, this nevertheless indicates that for acute URI and acute LRI there 

was a 20% decrease in the odds of representation for every 10 year increase in age.  For 

example, a 12 year old patient would be less likely to represent compared with a 2 year 

old.  The study by Alessandrini 
201

 also found representation more likely in those 

younger than 2 years compared with older children.   

 

Implications 

If 8% of the 33,862 index infections (excluding flu/viral pneumonia and other URI) 

represented for any reason within 7 days, this would equate to 2709 patients over 3 
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years, or 902 per year.  On average this equates to 225 per hospital per year or 4 to 5 per 

week.  Overall, this may not have a substantial impact on the provision of ED services 

and on a population basis the number is not high.   

 

Admission at the index visit decreased the likelihood of representation with some types 

of respiratory infection but with pneumonia, age modified this effect.  In this case, 

young children not admitted initially had a higher probability of representing compared 

with those older.  Perhaps this reflects the greater severity of pneumonia compared with 

other childhood respiratory infections and the natural concern of parents should the 

symptoms not abate early on.  However, the odds of admission at representation was 

more than twice for those admitted at the index presentation compared with those not 

previously admitted.  This suggests that disposition of those initially discharged directly 

from the ED was probably appropriate but for the representations who were initially 

admitted, the timing of discharge for some was not appropriate. 

 

Further study 

It is possible that patients subsequently presented at other hospitals not included in the 

present study or to family physicians.  Therefore, the rate of representation may be 

higher than reported.  Patient survey to elicit information relating to subsequent 

presentation to GPs would be useful but would be difficult to conduct on a population 

basis.  However, additional study incorporating data from all Perth hospitals would be 

useful for investigating representation. 

 

Isolation of Strep. pyogenes was associated with representation for those diagnosed with 

acute URI in univariate analysis.  Comment cannot be made on whether this was due to 

treatment failure or recall by the ED.  Although it is not believed that patients are often 

requested to return to the ED, this was not measured in the present study.  Further 

investigation into the frequency of recall to Australian EDs is suggested.   
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6.8 Death 

 A higher proportion of those with pneumonia than those with acute LRI or 

COPD+ died in hospital (6.3% vs, 1.7% and 4.4%).  

 The odds of dying in hospital increased as age and co-morbidity increased (OR 

1.04, 1.18) but decreased as triage score increased (decreasing urgency, OR 

0.55) and the logistic model showed good fit.   

 

The predictors of death found in the study were not surprising as they reflected the 

relative severity of pneumonia and the clinical vulnerability of the elderly or those with 

other illnesses (measured by co-morbidity measure) known to be associated with death.  

The results demonstrate that the triage scores assigned on presentation to the ED were 

generally appropriate as the higher the triage score (less urgency), the lower the odds of 

dying in hospital.  Further, they show the importance of managing co-morbidities to 

maximise the chances of a positive patient outcome.   

 

 Including culture results suggested isolation of P. aeruginosa, S. aureus and E. 

coli were independent predictors of death, although this logistic model did not 

provide good fit for the data (OR 1.89, 1.77, 1.48; respectively). 

 

A previous Spanish study 
202

 found infection with Gram negative bacteria, which 

included E. coli and P. aeruginosa isolated from blood, sputum and other respiratory 

tract specimens, was independently associated with in-hospital death in patients 

hospitalised with CAP.  A sub analysis for P. aeruginosa only, showed a higher 

proportion of deaths in the P. aeruginosa group but this was not an independent 

predictor of death in a multivariate analysis.  However, the authors thought this may 

have been due to a small number (39) of cases.  In contrast, in the present study, there 

were over 300 presentations from whom P. aeruginosa was isolated during contact with 

the hospital.  However, a high proportion was contributed by those diagnosed in the ED 

with COPD+.  P. aeruginosa is believed to be associated with exacerbations of 

COPD
109

. 
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The association of both methicillin resistant and methicillin susceptible S. aureus 

bacteraemia with mortality has previously been reported 
203

.  However, the present 

study included all S. aureus isolates regardless of the specimen source and still 

demonstrated an association with inpatient death.  Although the number was small, 

univariate analysis demonstrated a significant association between S. aureus cultured 

from blood and separately from sputum, and in-hospital death.  The association was also 

with E. coli and P.aeruginosa regardless of whether the source was sputum or blood.   

 

Implications / further study 

Multivariate analysis of data to further assess the association of death and isolation of 

bacteria from sputum is needed.  This may be particularly important in determining the 

clinical significance of organisms in sputum which in some cases may be regarded as 

colonisers of the respiratory tract.  If the presence of S. aureus, P. aeruginosa or E. coli 

in sputum independently predicts mortality, then there may be an argument for culturing 

sputum from some patients without demonstrated bacteraemia. 

 

6.9 Bacteriology of blood 

 Overall 19.5% of presentations with a respiratory infection diagnosis had blood 

cultured within 2 days of ED arrival but this varied according to type of 

infection.  Around 50% of patients diagnosed with pneumonia had blood 

cultured. 

 The probable significant positive cultures was around 5% but this varied 

according to respiratory infection group from 0% of those diagnosed with other 

URI to 6.5% for those with pneumonia.   

 For those diagnosed with pneumonia, the proportion of blood cultures with 

potential pathogens generally increased according to age (p<0.001). 

 For those diagnosed with pneumonia, the most common potential pathogen 

isolated from blood was Strep. pneumoniae (2.7% of those having blood 

cultured), and accounted for over 90% of potential pathogens isolated from 

children.   



  Chapter 6 

177 

 For those diagnosed with pneumonia, isolation of Enterobacteriaceae tended to 

increase with increasing age and accounted for 25% or more of isolates for those 

age groups 65 years and older. 

 

The culturing of blood was relatively common for pneumonia.  It was not possible to 

pinpoint if the culture was initiated in the ED but it was likely in many cases, given the 

reasonable belief that taking blood before arrival on the ward or administration of 

antibiotics would be appropriate.  However, only 6.5% of those cultures grew 

pathogens.  This proportion is of the same magnitude as reported in other studies 
116, 122

.   

 

As with previous studies 
86, 90

, Strep. pneumoniae was overall the most frequent likely 

bacterial cause of pneumonia with bacteraemia.  However, it was not clear whether this 

applied to all ages.  The variety of bacteria cultured from blood tended to increase with 

age along with the proportion of pathogens contributed by the Enterobacteriaceae.  It is 

unknown whether E. coli and other Enterobacteriaceae were responsible for the 

pneumonia or whether their presence was due to co-morbidity.  Some other studies have 

attempted to describe the distribution of causative agents of pneumonia according to age 

but have generally not included all ages and were incomparable to the present study in 

other ways.  Jokinen and co-workers in Finland 
88

 used mainly serological methods to 

detect pathogens, while Ruiz and co-workers 
91

 restricted their cohort to those 50 years 

or older.    

 

Implications 

For those with a diagnosis of pneumonia, there were positive cultures in less than 5% 

of children who had blood cultured and only 2 of 27 paediatric presentations had 

potential pathogens other than Strep. pneumoniae.  This equates to around 0.2% of 

children with pneumonia who had blood cultured.  The low overall proportion of 

positive blood cultures for children, and the present pneumococcal vaccination program 

directed towards the most common pathogen isolated, suggest that much of the current 

blood culturing of children with pneumonia and other respiratory infections is not 

useful.  Further, although blood was cultured from only a small proportion of non 

admissions there are potential problems associated with patient follow up, indicating 
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that for these patients in particular, cultures have limited value.  It must be 

acknowledged however, that the clinical circumstances of the individual patient needs to 

be considered when deciding which diagnostic tests to initiate. 

 

Why blood was cultured from patients with certain diagnoses was unclear.  For 

example, 7.5% of all diagnosed bronchiolitis cases had blood cultured (around 15% for 

admissions) but this disease is believed to be viral in origin.  However, most culturing 

from this group was performed in admitted patients and may have been initiated on the 

ward after further observation and possible revision of the provisional ED diagnosis.  

Nevertheless, only 2.7% of blood cultures from patients with bronchiolitis were 

positive, suggesting blood culturing of patients with this diagnosis is not useful.   

 

Although the proportion of positive blood cultures for adults with pneumonia tended to 

be higher than children, it was less than 10% for all age groups.  Strep. pneumoniae was 

still commonly isolated in adults but accounted for smaller proportions of potential 

pathogens isolated in those 65 years and older.  As isolation of Enterobacteriaceae from 

blood tended to increase with age for those with pneumonia or acute LRI, this may 

have implications for empiric therapy for the elderly.  It may be appropriate to consider 

therapy which includes antibiotics directed towards Enterobacteriaceae which may not 

be part of current treatment guidelines for mild CAP.  However, a higher proportion of 

patients with Enterobacteriaceae were given a triage score of 2 (high urgency) 

compared to those with Strep. pneumoniae, suggesting they were sicker at presentation 

and may have been managed as such.  It is of note, that of those patients who had E. coli 

isolated from their blood, and who also had urine cultured on the same day, only around 

half had E. coli grown from their urine.  Although the sample size was very small, the 

data suggest that the E. coli in the blood was not there necessarily as a result of a 

urinary tract infection.   

 

Further study 

Ruiz and co-workers 
91

 suggested that co-morbidity rather than age may predispose to 

the presence of Gram negative bacteria.  The present study did not assess the 

relationship of disease severity or co-morbidity and the pattern of pathogen isolation.  
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Therefore, a study of this nature would be useful, but perhaps difficult because of the 

small number of pathogens commonly isolated from blood, particularly if age specific 

patterns were also sought. 

 

6.10 Bacteriology of sputum 

 Overall, 1.6% of non admissions had sputum cultured, with 36.4% positive, and 

26.1% of admissions had sputum cultured, with 34.7% positive. 

 Of those diagnosed with pneumonia, sputum was cultured from at least 30% of 

age groups over 15 years except for those 85 years and older (24.9%) and, 

overall, around 30% of cultures were positive. 

 Around 50% of those diagnosed with COPD+ had sputum cultured with around 

45% of cultures positive. 

 The most common organisms isolated from sputum were; H. influenzae, Strep. 

pneumoniae, and P. aeruginosa. 

 

Although organisms were cultured from more than a third of sputum specimens, it is 

difficult to determine their significance.  Sputum may originate from a sterile site but 

contamination from the oropharynx is difficult to avoid as the sputum is expectorated.  

Further, the respiratory tract of those with COPD or other chronic lung diseases may be 

colonised with bacteria such as H. influenzae and P. aeruginosa 
109, 204, 205

 .  These 

colonisers may increase in numbers and play a role in exacerbations in COPD 
109, 204

.  

However, there may be some uncertainty in assigning definite causation to the 

colonisers in these types of patients who are subsequently diagnosed with pneumonia.  

In the present study, although there was no obvious microbial pattern found in sputum 

according to age for those with pneumonia, H. influenzae was found noticeably more 

frequently in those 85 years and older.  This may reflect illness caused by this organism, 

or recovery of a coloniser and the true causative agent being undetected.   

 

The issue is further complicated by polymicrobial cultures.  In the present study, around 

9% of sputum cultures grew 2 organisms, the most common H. influenzae and Strep. 

pneumoniae.  The causative organism may have been either, neither or both.  However, 
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this issue becomes clinically important only if different aetiology affects patient 

management.  First line specific antibiotic therapy for Strep. pneumoniae and H. 

influenzae causing pneumonia are the same (benzylpenicillin or amoxycillin) although 

beta-lactamase production occurs in up to 25% of H. influenzae isolates 
105

.  Hence in 

these cases, a second line therapy such as amoxycillin plus clavulanate is theoretically 

necessary.   

 

Implications 

There may be some benefit in culturing sputum from particular patients if an association 

between death and isolation of certain Gram negative bacteria or S. aureus is further 

demonstrated.  However, the value of routinely culturing sputum is limited given that 

around 70% of sputum cultures were negative and there are complexities of interpreting 

positive sputum culture results.   

 

6.11 Bacteriology of other specimens 

 Throat swabs were taken from 13.2% of those diagnosed with acute tonsillitis 

and 22.9% of these were positive. 

 Overall, 72.4% of organisms isolated from throat swabs were Strep. pyogenes. 

 

As expected, throat swabs were taken predominantly from those diagnosed with acute 

tonsillitis.  Details relating to the severity of the symptoms experienced by those who 

had throat swabs were not available in the data sets.   

 

Implications  

The number of throat swabs cultured for diagnostic purposes was on average around 6 

per week during the study period.  Therefore, issues relating to patient benefit versus 

use of laboratory resources or patient discomfort may not be as relevant as for blood or 

sputum culturing.  However, throat swabs have limited value because of the relatively 

low proportion of positives and because the most common organism isolated is Strep. 

pyogenes.  Further, with tonsillitis, antibiotics are currently recommended only in severe 
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cases 
105

 and therefore, results of a throat swab are unlikely to change patient 

management.   

 

 Nasal aspirates were cultured for bacteria from 1.7% non admissions and 19.5% 

admissions. 

 60% of nasal aspirates cultured were from children younger than one year. 

 5.2% produced a positive culture, predominantly normal flora such as H. 

influenzae, Strep. pneumoniae and S. aureus. 

 

Nasal aspirates are usually cultured for viral respiratory agents or for B. pertussis.  The 

latter is not done routinely and a special transport medium and special laboratory 

request are needed.  Alternatively, B. pertussis may be identified by PCR.  No cases of 

B. pertussis were identified in the bacteriology data set.  It is possible that inexperienced 

physicians may have ordered routine bacterial cultures instead of viral cultures or PCR 

tests.   

 

6.12 Bacteriological investigations - 2 different types of specimens 

taken at the same presentation 

 Concordance between organisms isolated in different specimens was low. 

 Of the 45 presentations having both blood and sputum cultured and producing 

Strep. pneumoniae from blood, 42.2% also produced this bacterium from 

sputum. 

 Of the 29 presentations having both blood and throat swabs cultured and 

growing Strep. pyogenes from the latter, none grew this bacterium from blood. 

 

The concordance between the organisms isolated in different specimens was low and 

indicates some bacteria are more invasive than others.  Further, the results demonstrate 

the difficulties in establishing aetiology of respiratory infections.  However, different 

specimens were not always collected at the same time.  Further, the time an antibiotic 

was administered, if any, was not known but could have influenced recovery of 

particular organisms from one or both specimens.  Published data on the time required 
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for particular antibiotics to clear blood and other body fluids of infecting organisms are 

lacking but is probably determined by a number of factors including; bacterial load, host 

response and pharmacokinetic properties of the antibiotic. 

 

Further study 

Comparison of isolates from blood and other relevant specimens collected at the same 

time may help further clarify the usefulness of culturing certain types of specimens for 

particular respiratory infections. 

 

6.13 Bacteriology of representations 

It is difficult to make conclusions on the success of the management given to patients 

who represented or the natural history of the infection, as the number with specimens 

cultured at both ED attendances was low.  A negative culture at the representation even 

if positive at the index presentation did not necessarily demonstrate an absence of 

infection, given that the majority of blood and other cultures were negative. 

 

6.14 Antimicrobial susceptibility 

 Around 10% of presentations with Strep. pneumoniae cultured from blood and 

7.5% from sputum grew penicillin resistant organisms. 

 

The result for blood was similar to Australian surveillance data for 2001 which revealed 

reduced susceptibility to penicillin in 12% of 1245 Strep. pneumoniae isolates tested 

that year 
206

.  However, the isolates tested were cultured from either blood, 

cerebrospinal fluid or other sterile sites.  Australian data for 2004 
207

 showed an overall 

increase to 13.5% of tested isolates from invasive pneumococcal disease and 16% for 

Western Australia.  Further, there was no statistical difference in penicillin resistance 

between children less than 5 years and adults 65 years or older.  This is in contrast to 

surveillance results for the previous year which suggested 11% resistance for children 

and 17% for the elderly 
208

.  There was however, a slightly different pattern of serotypes 

isolated in children and the elderly between years which may have accounted for this 
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difference.  An overseas surveillance study reported penicillin resistance in Strep. 

pneumoniae over 2000-2002 as 24.7% of blood isolates in the United States, 19% in 

France, but only 5.8% in Canada 
209

. 

 

The introduction of the 7-valent pneumococcal conjugate vaccine for children in the 

United States has lead to a reduction in the incidence of pneumococcal disease in this 

age group and also in adults indirectly through decreased transmission of the organism 

involved 
191

.  A similar trend is expected in Australia given the introduction of the 

childhood vaccination program.  As the majority of the resistant serotypes causing 

invasive pneumococcal disease in Australia are covered by the 2 pneumococcal 

vaccines currently available 
207

, it is assumed that the prevalence of antimicrobial 

resistance in invasive pneumococcal disease will also decrease.  Surveillance in the 

United States showed an increase in pneumococcal disease with serotypes not currently 

included in the 7-valent pneumococcal conjugate vaccine, so-called serotype 

replacement, but this increase was more than offset by the reduction due to indirect 

effects of vaccination 
191

.  Continued surveillance in Australia is required to monitor the 

trend of antimicrobial resistance in Strep. pneumoniae according to serotype.  

 

Few studies have assessed the penicillin susceptibility of Strep. pneumoniae isolated 

from sputum.  One Australian study 
210

 examining data between 1994 and 1995 reported 

3.7% of invasive isolates and 7.5% of isolates from respiratory specimens showed 

reduced susceptibility to penicillin.  A small American study 
211

 undertaken around the 

same time reported a similar pattern although the rates were higher, 21% of respiratory 

isolates and 6.4% of blood isolates were not susceptible to penicillin.  In contrast, the 

present study showed the reverse trend, a higher resistance rate in isolates from blood 

than sputum although this difference failed to reach statistical significance.  However, 

as well as temporal differences, there were differences in specimen types, disease 

manifestations and possibly methods of antimicrobial susceptibility testing which limits 

comparability between the present study and other published work.   

 

The clinical significance of penicillin resistant Strep. pneumoniae is not clear.  A review 

by Bishai 
212

 highlights the stability of mortality rates from invasive pneumococcal 
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pneumonia over several decades but an increase in drug resistance of Strep. 

pneumoniae.  The review also identified studies with conflicting results on differences 

in mortality and morbidity measures, such as length of hospital stay, between patients 

with penicillin susceptible and reduced susceptibility Strep. pneumoniae.  The reviewer 

suggested a possible correlation between clinical failure and level of resistance of the 

isolates.  Most studies do not analyse separately intermediate from highly resistant 

organisms, possibly due to the small numbers involved.  For example, a large 

international study of hospitalised adult patients with pneumococcal bacteraemia found 

that in vitro penicillin nonsusceptibility was not associated with mortality on 

multivariate analysis 
213

.  However, 57% of those classified as having reduced 

susceptibility had intermediate susceptibility and 43% were resistant or highly resistant 

to penicillin.   

 

This issue is difficult to clarify as even with the latter large study the number of resistant 

Strep. pneumoniae was low.  Of the 793 pneumococcal isolates analysed, 119 had 

intermediate susceptibility and only 89 were fully resistant. 

 

 Around 16% of presentations with S. aureus cultured from blood and 34.7% 

from sputum grew methicillin resistant organisms. 

 

A previous Western Australian study found MRSA in 11% of adult patients hospitalised 

with S. aureus bacteraemia during 1997 – 1999 
214

, although the cohort was not 

restricted to respiratory infections.  Australian surveillance data from 2003, including 

both hospital inpatients and outpatients, reported Australia wide oxacillin resistant S. 

aureus as 24.5% and 17% in Perth, Western Australia 
215

.  For community only patients 

for 2004, the surveillance program reported 15.3% Australia wide and 13% in Western 

Australia 
216

.  However, the reports do not specify specimen type or patient diagnosis.  

In the present study, most organisms classified as methicillin resistant were susceptible 

to fusidic acid, trimethoprim and tetracycline but a relatively high proportion showed in 

vitro resistance to ciprofloxacin (36.5%) and erythromycin (77%).  The latter result 

varies according to a previous surveillance study for Perth which reported resistance to 

erythromycin as 48% but is similar to the Victorian/Tasmanian result (81%) 
216

.   
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Resistance of S. aureus in relation to specimen type is not commonly reported.  

However, a large Austrian study of inpatients and outpatients spanning the years 1996 

to 2002 did not find any significant difference in resistance of blood culture isolates 

compared to respiratory tract isolates including those from sputum and specimens 

collected by bronchoscopy 
217

.  In the present study, MRSA was found in twice the 

proportion of sputum cultures as blood and the difference reached statistical 

significance.  Differences in antimicrobial resistance between invasive and non invasive 

strains of other bacteria, such as H. influenzae and Strep. pneumoniae, have been 

previously reported, but the statistical testing of these differences was not stated 
112

.   

Implications / further study 

Studies suggest death is a more likely outcome in patients with MRSA than methicillin 

susceptible S. aureus 
214, 218

, hence the importance of monitoring and controlling MRSA 

infections and resistance.  Surveillance studies may use isolates from a diverse range of 

specimen types and the contribution of the source may change from one surveillance 

period to the next.  Therefore, it is necessary to monitor antimicrobial susceptibilities of 

organisms isolated from a variety of specimen types to clarify if true differences exist 

and hence whether comparisons between years are valid.  While large numbers of 

isolates are required if monitoring according to specimen type, increasing use of large 

electronic data sets may make this process more feasible.   

 

The rates of MRSA found in the present study were relatively high.  Identifying explicit 

risk factors for MRSA may influence choice of empiric therapy.  While some work has 

already been undertaken to identify those groups of patients at high risk 
214

 further 

research is needed.   

 

6.15 Serology 

 Less than 20% of presentations with CFT results showed evidence suggesting 

recent or current exposure to the viral or Mycoplasma agents. 

 Around 30% of those tested for C. pneumoniae by EIA were positive. 
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These results suggest probable past or recent exposure to the pathogens but are not 

definitive indicators of current infection.  Testing paired sera (acute and convalescent 

phase) is preferred but timing of serological testing might influence results.  If the 

convalescent specimen is taken too soon, for example, no seroconversion may be 

detected.  Taking a second serum sample may have limited value diagnostically because 

of the time interval from the first specimen but may aid epidemiological study of a 

pathogen and the natural history of the infection.   

 

 Some presentations showed serological evidence of exposure or, recent or 

current infection with more than a single agent.  For example, of those testing 

positive for influenza A, 34% tested positive for influenza B and 24.6% tested 

positive for RSV. 

 

The serological results may be demonstrating prior exposure to particular respiratory 

agents although co-infection is possible.  In a cohort of preschool children, Foy and co-

workers 
34

 found evidence of co-infection of viral and other respiratory agents, 

including in 34% of patients with titre rises for RSV and 54% of patients with rises for 

M. pneumoniae.  Identification of the other agents was by isolation or serology.  This 

further complicates determining the aetiology of the infection.  However, clinically it is 

only important if this affects patient management.  Antibiotics for treating M. 

pneumoniae, for example, may not be necessary if the causative organism is influenza. 

 

 The proportions of those with positive serology results which also had positive 

bacterial blood cultures or positive sputum cultures were of similar magnitudes 

as the cohort as a whole (less than 7% positive blood cultures, 30-40% positive 

sputum cultures). 

 

This result suggests that either the bacterial agent was the pathogen and the serology 

result reflected prior exposure, or that the serology result demonstrated current viral, M. 

pneumoniae or C. pneumoniae infection, and the bacterial culture reflected a carrier 

state for organisms such as H. influenzae, Strep. pneumoniae and perhaps P.aeruginosa.  

It is also possible that in some cases the initial infection was viral which then 
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predisposed the patient to a bacterial infection.  The aetiology of the illness therefore 

may be difficult to determine. 

 

 The median age of those tested for C. pneumoniae was 59.8 years but the 

median age of those positive was 70.2 years. 

 The median age for those tested for M. pneumoniae was 69.2 years but the 

median age of those positive was 46.1 years. 

 

These results suggest that if testing is performed then testing for C. pneumoniae should 

generally be reserved for elderly patients.  In contrast, testing elderly patients by CFT 

for M. pneumoniae may not be useful.  Using paired sera and the CFT, Jokinen and co-

workers 
88

 found Mycoplasma infection significantly more frequently in patients 15-44 

years with CAP compared with older patients.  The present study suggests a similar age 

pattern.   

 

Implications 

Due to the difficulties in interpreting CFT results of single serum specimens this test has 

limited diagnostic value. 

 

Further study 

It is anticipated that in the future more molecular testing of specimens will be performed 

which will aid diagnosis and shed further light on the prevalence and pattern of the viral 

and ‘atypical’ respiratory agents.  Surveillance of these agents in the paediatric ED 

population would greatly add to our knowledge of the epidemiology of respiratory 

infections in this setting.  

 

6.16 Pertussis and tuberculosis  

Only a small number of patients were diagnosed with respiratory infections coded to 

ICD Chapter I, namely, tuberculosis and pertussis.  The numbers for both these 

diagnoses were small.  However, the proportion of patients admitted with pertussis was 

around 50% indicating the potential seriousness of the illness.  In turn, only around 50% 
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of these had pertussis recorded as a diagnosis in the morbidity record.  Other diagnoses 

recorded in the morbidity record suggested illnesses of a viral or unknown aetiology.  

Although the numbers overall are small, the results suggest that a proportion of patients 

may have been unnecessarily prescribed antibiotics in the ED.  The decision to 

administer antibiotics to those provisionally diagnosed with pertussis may depend on 

the patient’s clinical situation.  The discordance between the ED and hospital discharge 

diagnosis again highlights either the potential difficulties in assigning diagnosis or 

potential problems in medical coding.    

 

6.17 Medical record review - antibiotic prescription 

 At least 30% of presentations were either currently or had been recently taking 

antibiotics – most commonly amoxycillin. 

 

Whether this result represents true treatment failure or perceived treatment failure by the 

patient is unknown.  However, it suggests that possibly around a third of adult patients 

presenting to the ED with a respiratory infection may have recently consulted a GP, 

possibly for their current illness.   

 

 56.8% of 366 patients diagnosed with a respiratory infection were prescribed an 

antibiotic in ED (52.9% non admissions, 59.4% admissions) including around 

76% of those diagnosed with pneumonia. 

 Amoxycillin was the most frequently prescribed antibiotic in the ED (52.9%) 

 For those with pneumonia, concordance with recommended antibiotic guidelines 

was low. 

 

There have been few published studies examining antibiotic prescribing in the ED.  A 

study of hospitals in the Australian eastern states examined the concordance of 

antibiotic prescribing in the ED to antibiotic guidelines for those with lower respiratory 

tract infections but did not report prescribing frequency 
144

.  That study found that 

around a third of those prescribed antibiotics in the ED had been prescribed antibiotics 

within 7 days prior to presentation, the most frequently prescribed antibiotics in the ED 
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were roxithromycin and ceftriaxone, and concordance with the antibiotic guidelines 
173

 

was low, primarily due to the prescription of the latter cephalosporin.  The use of 

ceftriaxone is not routinely permitted in the ED of the study hospital and amoxycillin 

was used more frequently than roxythromycin, both of which are recommended in the 

antibiotic guidelines to treat mild to moderate CAP 
173

.   

 

In contrast, North American studies in ED and community primary care settings suggest 

a preference for levofloxacin, which is not available in Australia, and clarithromycin to 

treat patients with CAP 
219, 220

.  Azithromycin was also frequently prescribed in the 

Canadian study 
220

 as it was for pneumonia and acute LRI in the present study.  The 

use of azithromycin is discordant with the well regarded antibiotic prescribing 

guidelines 
105

.  The guidelines recommend roxythromycin rather than azithromycin for 

mild to moderate CAP.  Manufacturer’s product information notes roxithromycin and 

azithromycin to be similar in coverage and recommended duration of treatment, and 

both can be taken as single or divided dosages  
221

.  In the protocol used at the study 

hospital, amoxycillin plus roxythromycin is recommended for outpatient treatment 

whereas amoxicillin plus azithromycin is advised for admitted patients.  Why 

azithromycin is included in the treatment protocol could not be established, but 

improved absorption and prolonged half life of the agent 
221,105

 compared to 

roxithromycin may contribute to the reason.   

 

Around 76% of those diagnosed with pneumonia were first prescribed antibiotics in the 

ED.  The time interval between ED arrival and discharge to ward for those not 

prescribed antibiotics in the ED was not examined in this part of the study and, if short, 

may explain why 20% were not prescribed antibiotics until reaching the ward.  It is also 

possible that patients seen in the ED were currently taking antibiotics and no further 

changes were made to that already prescribed.  This along with patients transferred may 

account for the small number with pneumonia not prescribed antibiotics either in the ED 

or on the ward.     
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Implications  

The present study determined that antibiotic prescribing in an ED setting, as with 

another Australian study, 
144

 showed low concordance with guidelines.  However, this 

perhaps reflects the necessity of considering the clinical circumstances of individual 

patients when evaluating antibiotic prescribing against guidelines, and confirms the 

need for continual assessment and evolution of those guidelines.   
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6.18 Limitations 

The present study demonstrated that administrative data sets are useful for describing 

ED presentations and monitoring outcomes.  However, as these data sets were not 

designed for research, the analysis was limited by the variables present.  

 

Specific limitations to the study included: 

Data linkage 

 During data linkage, correctly matching the ED record to the correct morbidity 

record primarily relied on date and times.  Theoretically, the admission time 

occurs before the ED discharge time.  However, examining the data revealed 

that a number of ED and morbidity records appeared to link to the same episode 

even though the admission time occurred some time after ED discharge.  These 

records were included but if not true linkages would have resulted in inflating 

the over all number of admissions.  However, these accounted for only around 

2.5% of linkages relating to all types of ED presentations and thus would have 

minimal effects on the analysis of the present study’s cohort.   

 

Co-morbidity 

 In multivariate analysis some co-morbidity was controlled for but there are 

limitations to the measure used.  Co-morbid conditions used in the Charlson 

Index are ones more likely to be encountered by elderly patients and were those 

assessed in previous studies with death as the outcome, not admission.  Many of 

the conditions were not relevant to paediatric patients but a suitable alternative 

could not be found.  Perhaps recording particular adult and paediatric chronic 

illnesses on the ED record, e.g. asthma, would allow assessing the effect of these 

on admission and representation, regardless of the reason for presentation and 

previous admission status.   

 

Transfers 

 Transfers were not usually considered, as disposition was not always recorded in 

EDIS.  It is possible that some cases were classified as non admissions but were 
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in fact transfers.  This would have over estimated non admissions and under 

estimated admissions relating to an episode of illness.   

 

Hospital acquired infections 

 Blood and other cultures taken 2 days after ED arrival were not included in the 

analysis to reduce the possibility of including hospital acquired infections.  

However, patients with recent previous hospital admissions were not excluded 

as not all of these occurrences could be identified in the data sets.  Therefore, it 

is possible that a small number of isolates identified were acquired during a 

previous admission, although it is not believed that this would affect the overall 

pattern of pathogens described.   

 

Serology 

 For epidemiological purposes paired sera might have clarified the interpretation 

of the serology results but frequently only a single specimen was collected.  This 

situation reflects common practice and highlights the limitations of using 

serology results for diagnostic purposes. 

 

Nevertheless, the strengths of the study previously elucidated - near population data, 

high validity of linkage, relatively long time coverage - outweighed these potential 

limitations.  The present study provided useful epidemiological information and it is 

anticipated that as more clinical data are recorded electronically, the utility of linked 

data in epidemiological studies will increase further.    

 

6.19 Generalisability 

The degree of generalisability of the study results is determined by the degree of 

representativeness of the patients, hospitals and the treating physicians’ behaviour to 

those of the reference population, Western Australia.  Taking these facts into account it 

is believed that the present study had good external validity. 
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The present study included all patients diagnosed with a respiratory infection who 

presented at any of the 4 major teaching hospitals in Perth and included patients of all 

ages.  There is no reason to suspect that this cohort is any different to patients 

presenting to other Western Australian EDs or even to EDs in other Australian states. 

 

Specialist emergency physicians in Australia are trained and examined by The 

Australasian College for Emergency Medicine 
222

.  This organisation is also involved in 

ED accreditation, policies and standards.  It is reasonable to assume therefore, that the 

clinical behaviour of the physicians would reflect this common training and would not 

differ between hospitals within or between the states of Australia.  However, an 

exception to this may be antibiotic prescribing which may be influenced by individual 

hospital policies reflecting the local bacterial resistance patterns.  The bacterial 

antimicrobial susceptibility patterns seen in the present study may differ to those in 

other Australian states given the relative geographical isolation of Western Australia.   

 

National hospital separation data from the Australian Institute of Health and Welfare 
7
 

show similar results to the present study in admission characteristics of patients with 

particular respiratory infections including, breakdown of age according to particular 

respiratory infection types, and length of hospital stay.  Although not extensive, these 

data support the premise that the study was representative of the general situation in 

Australia during 2000-2003.   

 

Thus, the present study provided an Australian perspective on the epidemiology of 

respiratory infections, and on the management practices in the ED for patients with 

these conditions.   
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7 Conclusion 

 

Using ED data linked to hospital morbidity, mortality and microbiology data the study: 

 

 Demonstrated that linked administrative data sets can be used to monitor 

outcomes for patients with respiratory infections presenting to the ED.  

 

 Described the epidemiology of respiratory infections diagnosed in Western 

Australian hospital emergency departments from 2000 to 2003.   

 

This has not been undertaken previously.  Therefore, the results contribute to our 

knowledge of respiratory infections in the Australian context.  Further, the results  

provide baseline data for monitoring: the impact of public health interventions e.g. 

the pneumococcal immunisation program, on the use of Western Australian EDs; 

trends in the likely aetiology of respiratory infections and antimicrobial 

susceptibilities in the Western Australian context and; change in clinical practice 

including admission and culturing practices.  

 

Main study findings  

 Overall, 39.7% of those diagnosed with a respiratory infection in the ED were 

admitted to hospital.  However, over 75% of those diagnosed specifically with 

pneumonia, COPD+ and other URI were admitted. 

 

 Reattendance within 7 days for any reason was around 8-10%.  

 

 A higher proportion of those with pneumonia died in hospital compared with 

other respiratory infections. 

 

 Isolation of P. aeruginosa, S. aureus and E. coli predicted death. 
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 The potential usefulness of blood, sputum and throat cultures is limited due to 

either the low proportion of positive cultures or the difficulty in determining the 

clinical significance of the organisms isolated.  This along with serology results 

demonstrated the complexities in assigning aetiology of some respiratory 

infections.    

 

 For elderly patients diagnosed in the ED with pneumonia, Enterobacteriaceae 

accounted for 25% or more of potential pathogens.   

 

 There was a relatively high proportion of MRSA in blood and particularly, in 

sputum.   

 

 There was a low concordance between antibiotic prescribing guidelines and 

practice in the management of pneumonia.   

 

General recommendations 

o Apply a similar approach to the present study to investigate other conditions. 

 

o For research purposes, increase the amount of clinical data recorded in the 

ED data set.  This would allow investigation of clinical signs, symptoms and 

co-morbidities at a population level and may help to identify groups more at 

risk of adverse outcomes. 

 

o Identify risk factors for the presence of Enterobacteriaceae in those 

diagnosed with pneumonia and other lower respiratory infections.  This may 

help to direct empiric therapy for this group. 

 

o Replace routine blood, sputum and throat swab culturing with an 

appropriately designed surveillance program to monitor potential respiratory 

pathogens, including viral agents, isolated from a variety of specimen types 

and from different age groups.  This would allow a more accurate 
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determination of potential causative agents by age and assist in monitoring 

the appropriateness of current empiric antimicrobial therapy. 

 

o Continue research into identifying those with respiratory infections at high 

risk of MRSA.  This may have implications for the management of these 

patients. 

 

o Investigate why antibiotic guidelines are not followed.  While there may be 

reasonable explanations for discordance of guidelines and practice, further 

research is needed to identify factors which influence acceptance and 

implementation of such guidelines. 
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9.1 Appendix 1 Co-morbidity codes 

 

Table 9.1 ICD 10 codes used to identify co-morbidities used in calculation of 

co-morbidity measure in logistic regression analysis 

ICD 10 code 
Disease description based on ICD 10 

Manual categories 
159

 

B20 to B24 Human immunodeficiency virus disease 

C00 to C97  Malignant neoplasms 

E10.0 to E10.6, E10.9, E11.0 to E11.9, E12.0 to E12.9, E13.0 to 

E13.9, E14.0 to E14.9,   
Diabetes mellitus 

F00.0 to F00.2, F00.9, F01.0 to F01.3, F01.8, F01.9, F02.0 to 

F02.4, F02.8, F03 

Mental, behavioural disorders – Organic, 

including symptomatic, mental disorders 

G30.0, G30.1, G30.8, G30.9,  
Other degenerative diseases of the nervous 

system 

G45.0 to G45.2, G45.8, G45.9 Episodic and paroxysmal disorders 

G81.0, G81.1, G81.9, G82.0 to G82.5, G83.0 to G83.4, G83.8 

G83.9 
Cerebral palsy and other paralytic syndromes 

H34.0 Disorders of choroid and retina 

I11.0, I13.0, I13.2  Hypertensive diseases 

I21.0 to I21.4, I21.9, I25.2, Ischaemic heart diseases 

I26.0, I27.0, I27.8, I27.9 
Pulmonary heart disease and diseases of 

pulmonary circulation 

I42.0 to I42.9, I43.0 to I43.2, I43.8, I50.0 , I50.1, I50.7, I50.9 Other forms of heart disease 

I85.0, I85.9 
Diseases of veins, lymphatic vessels and lymph 

nodes, not elsewhere classified 

I96.0 to I96.3, I96.5, I96.6, I96.8, I96.9, I97.0 to I97.8, I98.0 to 

I98.8, I99.0, I99.1,  

Other and unspecified disorders of the 

circulatory system 

J41.0, J41.1, I41.8, J42, J43.0 to J43.2, J43.8, J43.9, J44.8, 

J44.9, J45.0, J45.1, J45.8, J45.9, J46, J47 
Chronic lower respiratory diseases 

I60.0 to I60.9, I61.0 to I61.6, I61.8, I61.9, I62.0, I62.1, I62.9, 

I63.0 to I63..6, I63.8, I63.9, I64.0, I65.0 to I65.3, I65.8, I65.9, 

I66.0 to I66.4, I66.8, I66.9 

Cerebrovascular diseases 

I70.0 to I70.2, I70.8,I70.9,  I71.0 to I71.6, I71.8, I71.9, I72.0 to 

I72.4, I72.8, I72.9, I73.1, I73.8, I73.9, I77.1 
Diseases of arteries, arterioles and capillaries 

K25.0 to K25.7, K25.9, K26.0 to K26.7, K26.9, K27.0 to 

K27.7, K27.9, K28.0 to K28.7, K28.9 

Diseases of oesophagus, stomach and 

duodenum 

K70.1, K70.2, K70.3, K72.0, K72.1, K73.0, K73.1, K73.8, 

K73.9, K74.0 to K74.6, K74, K75.0, K75.1, K76.0, K76.6, 

K76.7,  

Diseases of liver 

M05.0 to M05.3, M05.8, M05.9 , M06.0 to M06.4, M06.8, 

M06.9, M08.0, M08.2 to M08.4, M12.0 
Arthropathies 

M32.0, M32.1, M32.8, M32.9,M33.0, M33.1, M33.9, M34.0 to 

M34.2, M34.8, M34.9, M35.0 to M35.9 
Systemic connective tissue disorders 

N18.0, N18.8, N18.9, N19 Renal failure 

R47.0 Speech disturbances, not elsewhere classified 

S14.7 Injuries to the neck 

Z49.1, Z49.2, Z94.0, Z99.2 

Care involving dialysis/Dependence on 

enabling machines and devices, not elsewhere 

classified/transplanted organ and tissue status 
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9.2 Appendix II Blood culture contaminants 

 

Table 9.2 Blood culture isolates considered contaminants 

Organism 

Bacillus cereus 

Bacillus sp. 

Coagulase negative staphylococci (unspeciated) 

Corynebacterium Group G 

Corynebacterium jeikeium 

Corynebacterium sp. 

Corynebacterium striatum 

Diphtheroid bacillus 

Micrococcus sp. 

Mixed skin flora (unspeciated) 

Peptostreptococcus prevotti 

Peptostreptococcus sp. 

Staphylococcus capitis 

Staphylococcus caprae 

Staphylococcus epidermidis 

Staphylococcus haemolyticus 

Staphylococcus hominis 

Staphylococcus saprophyticus 

Staphylococcus warneri 
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9.3 Appendix III Antibiotic guidelines 

Table 9.3 Comparison of different versions of antibiotic guidelines for treating community acquired pneumonia 

CAP 
Version 10 released March 

1998
172

 
Version 11 released October 2000

173
 

Version 12 released April 2003 (guidelines according to Pneumonia Severity 

Index groupings)
105

 

Mild to 

moderate 

Roxithromycin or amoxycillin or 

doxycycline. 

Amoxycillin or doxycycline or 

roxithromycin. 

Outpatient management: Class 1 and II: Amoxycillin and possibly doxycycline or 

clarithromycin or roxithromycin. 

 

   

Hospital admission: Non tropical and tropical no risk factors: Class III and IV: 

Benzylpenicillin or amoxycillin or ampicillin PLUS EITHER doxycycline or 

clarithromycin or roxithromycin.  If Gram –ve identified add gentamicin. 

Tropical and risk factors present eg diabetes, alcoholism Ceftriaxone PLUS gentamicin. 

 

Severe (non 

tropical) 

Erythromycin PLUS EITHER 

cefotaxime or ceftriaxone  

OR benzylpenicillin. 

 

Erythromycin PLUS benzylpenicillin PLUS 

gentamicin. 

Hospital admission: Class V: non tropical Azithromycin or erythromycin PLUS EITHER 

ceftriaxone or cefotaxime OR benzylpenicillin plus gentamicin. 

Tropical Meropenem or imipenem PLUS EITHER azithromycin or erythromycin. 

 

Severe 

(tropical) 

Gentamicin PLUS EITHER 

ticarcillin/clavulanate or 

ceftriaxone. 

 

Gentamicin PLUS EITHER 

ticarcillin/clavulanate or ceftriaxone. 
 

Severe 

aspiration 

Benzylpenicillin PLUS 

metronidazole, if Gram –ve 

suspected add gentamicin or 

ticarcillin/clavulanate. 

 

Benzylpenicillin PLUS metronidazole, if 

Gram –ve suspected add gentamicin or 

ticarcillin/clavulanate. 

Benzylpenicillin PLUS metronidazole, if Gram –ve suspected metronidazole PLUS 

EITHER ceftriaxone or cefotaxime OR pipercillin+tazobactam or ticarcillin/clavualanate. 
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Table 9.4 Management of community acquired pneumonia using the CURB-65 Index and antibiotic guidelines used at study hospital 

CURB-65 score 0-1 outpatient 

management 
CURB-65 score 2 hospital admission CURB-65 score 3-5 hospital admission 

Amoxycillin plus roxithromycin. 

Commence IV antibiotics. 

Amoxycillin plus azithromycin, if Gram –ve 

suspected add gentamicin. 

Tropical regions with risk factors gentamicin 

plus meropenem. 

Commence IV antibiotics. 

Amoxycillin and gentamicin PLUS azithromycin.  If renal impairment replace 

amoxycillin and gentamicin with ceftriaxone. 

Then amoxycillin/clavualanate PLUS azithromycin. 

Tropical regions gentamicin PLUS meropenem. 
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9.4 Appendix IV Additional results tables 

 

Table 9.5 Number of presentations and subsequent admissions and deaths in 

ED according to type of respiratory infection as diagnosed in the ED, 

2000-2003 

Respiratory ICD10 code 
Number not 

admitted  

Number 

admitted  

Number 

died in ED  

% respiratory infections 

(n=37347) 

Acute URI (n=17,969)    48.1 

J00 49 1  0.1 

J01 105 23  0.3 

J02 799 106  2.4 

J03 3358 776  11.1 

J04 59 32  0.2 

J05 3411 774  11.2 

J06 7972 503 1 22.7 

Pneumonia (n=6908)    18.5 

J13 132 366  1.3 

J15 252 560 3 2.2 

J18 1144 3928 19 13.6 

J69* 58 439 7 1.3 

Flu/viral pneum 

(n=483) 
   1.3 

J10 237 28  0.7 

J12 102 116  0.6 

Acute LRI (n=8783)    23.5 

J20 158 27  0.5 

J21 1689 1705  9.1 

J22 1591 2132 2 10.0 

J98* 888 591  4.0 

COPD+ (n=2747)    7.4 

J40* 63 20  0.2 

J44* 347 2033 2 6.4 

J47* 38 173  0.6 

J85 3 46  0.1 

J86 2 20  0.1 

Other URI (n=457)    1.2 

J34 4 12  <0.1 

J36 33 408  1.2 

Total 22,494 14,819 34  

*text description in EDIS identified these presentations as respiratory infections 
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Table 9.6 Number of respiratory infections and other ED presentations 

according to age, 2000-2003 

 

Age 

(yrs) 

Respiratory 

infections (n) 

Respiratory infections 

as % of presentations 

for age group 

Other 

presentation (n) 

Total 

presentations (n) 

<1 6569 27.9 16,998 23,567 

1-4       10,914 19.2 46,049 56,963 

5-14 4485   8.0 51,266 55,751 

15-24 2193   3.2 66,275 68,468 

25-34 1755   2.8 61,451 63,206 

35-44 1406   2.8 48,406 49,812 

45-54 1287   2.9 42,810 44,097 

55-64 1474   4.2 33,355 34,829 

65-74 2456   6.6 34,646 37,102 

75-84 2985   7.2 38,310 41,295 

≥ 85 1823   7.3 23,243 25,066 
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Table 9.7 ED presentations according to respiratory group and age, 2000-2003 

Age 

(yrs) 

Acute 

URI 

% of age 

group 
Pneumonia 

% of age 

group 

Flu/ viral 

pneumonia 

% of age 

group 

Acute 

LRI 

% of age 

group 
COPD + 

% of age 

group 

Other 

URI 

% of 

age 

grp 

Total number in 

age group with a 

respiratory 

infection 

<1 3050 46.4 252 3.8 24 0.4 3232 49.2 11 0.2 0 0.0 6569 

1-4 8148 74.7 1236 11.3 187 1.7 1318 12.1 18 0.2 7 0.1 10,914 

5-14 3297 73.5 636 14.2 67 1.5 437 9.7 14 0.3 34 0.8 4485 

15-24 1378 62.8 238 10.9 72 3.3 309 14.1 31 1.4 165 7.5 2193 

25-34 831 47.4 376 21.4 41 2.3 322 18.3 42 2.4 143 8.1 1755 

35-44 457 32.5 370 26.3 39 2.8 390 27.7 87 6.2 63 4.5 1406 

45-54 321 24.9 399 31.0 15 1.2 376 29.2 151 11.7 25 1.9 1287 

55-64 194 13.2 487 33.0 14 0.9 412 28.0 357 24.2 10 0.7 1474 

65-74 138 5.6 876 35.7 5 0.2 589 24.0 843 34.3 5 0.2 2456 

75-84 107 3.6 1204 40.3 14 0.5 786 26.3 869 29.1 5 0.2 2985 

≥  85 48 2.6 834 45.7 5 0.3 612 33.6 324 17.8 0 0.0 1823 

Total  17,969  6908  483  8783  2747  457  37,347 
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Table 9.8 Admission according to age, for ED presentations diagnosed with a 

respiratory infection, 2000-2003* 

Age (yrs) 
Number 

admitted 

% of age 

group 

Number not 

admitted 

% of age 

group 

<1 2221 33.8 4348 66.2 

1-4 2220 20.3 8694 79.7 

5-14 866 19.3 3618 80.7 

15-24 659 30.1 1533 69.9 

25-34 682 38.9 1073 61.1 

35-44 611 43.5 795 56.5 

45-54 684 53.1 603 46.9 

55-64 960 65.3 511 34.7 

65-74 1957 80.0 488 20.0 

75-84 2446 82.3 527 17.7 

≥  85 1513 83.3 304 16.7 

*Excludes patients who died in the ED. 
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Table 9.9 ED presentations according to respiratory group and month and 

year of study, 2000-2003 

 Respiratory infection group 
 

 

Month 

and year 

Acute 

URI 
Pneumonia 

Flu/viral 

pneum 

Acute 

LRI 
COPD+ 

Other 

URI 

Total 

respiratory 

All 

presentations 

Jul_00 622 204 18 553 5 13 1415 13,396 

Aug_00 574 191 30 377 9 11 1192 13,755 

Sep_00 682 262 48 360 62 10 1424 14,078 

Oct_00 582 258 32 320 88 9 1289 14,986 

Nov_00 449 188 15 251 79 11 993 13,953 

Dec_00 406 153 4 203 58 10 834 14,586 

Jan_01 309 131 4 148 55 7 654 13,552 

Feb_01 276 113 4 124 45 7 569 11,930 

Mar_01 388 119 2 141 60 15 725 13,618 

Apr_01 418 124 8 147 48 12 757 12,587 

May_01 381 139 8 176 55 14 773 12,490 

Jun_01 602 213 17 310 76 18 1236 13,954 

Jul_01 660 269 13 528 108 12 1590 15,135 

Aug_01 662 263 23 475 95 13 1531 14,429 

Sep_01 710 226 31 399 96 17 1479 14,130 

Oct_01 568 229 10 331 87 11 1236 13,784 

Nov_01 392 199 6 213 77 10 897 12,830 

Dec_01 389 184 3 180 58 15 829 13,815 

Jan_02 300 128 2 152 56 8 646 13,241 

Feb_02 331 101 6 113 37 9 597 12,286 

Mar_02 477 125 7 166 62 14 851 14,034 

Apr_02 513 108 6 160 77 11 875 13,371 

May_02 624 171 16 221 77 14 1123 14,227 

Jun_02 844 275 22 414 110 10 1675 15,049 

Jul_02 861 348 32 496 125 14 1876 15,737 

Aug_02 711 294 30 370 135 8 1548 15,132 

Sep_02 575 239 25 328 119 10 1296 14,369 

Oct_02 470 233 11 236 93 11 1054 14,251 

Nov_02 420 194 1 199 80 11 905 14,454 

Dec_02 418 199 5 189 89 15 915 15,061 

Jan_03 284 119 7 126 73 21 630 13,824 

Feb_03 287 145 3 53 56 9 553 12,497 

Mar_03 357 171 7 48 86 26 695 14,313 

Apr_03 444 165 8 57 88 20 782 13,949 

May_03 411 189 7 72 114 16 809 13,832 

Jun_03 572 239 12 147 109 15 1094 13,533 

Total 17,969 6908 483 8783 2747 457 37,347 500,168 
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Table 9.10 ED presentations of specific respiratory infections according to 

month and year of study, 2000-2003 

Month 

and year 

Acute 

bronchitis 

Acute 

bronchiolitis 

Unspecified 

acute LRI 
Croup 

Acute URI 

of multiple 

and 

unspecified 

sites 

Acute 

pharyngitis 

Acute 

tonsillitis 

Jul_00 7 395 51 162 301 17 133 

Aug_00 13 211 33 146 283 28 111 

Sep_00 17 137 137 147 370 22 132 

Oct_00 11 85 224 127 297 24 124 

Nov_00 5 57 152 94 220 28 98 

Dec_00 6 38 120 66 175 27 130 

Jan_01 1 31 83 31 133 28 112 

Feb_01 3 22 72 73 108 13 76 

Mar_01 5 25 95 93 160 23 107 

Apr_01 6 31 84 84 202 15 112 

May_01 4 52 79 70 185 23 97 

Jun_01 8 131 131 149 309 19 119 

Jul_01 13 258 161 147 389 21 94 

Aug_01 8 245 164 130 389 20 117 

Sep_01 6 152 176 127 414 27 137 

Oct_01 6 99 161 99 315 16 132 

Nov_01 1 57 111 61 179 31 114 

Dec_01 3 39 103 59 169 39 116 

Jan_02 5 30 83 35 99 19 142 

Feb_02 0 23 69 93 124 19 86 

Mar_02 1 42 90 138 200 27 104 

Apr_02 3 40 90 192 186 23 106 

May_02 5 73 106 258 239 22 93 

Jun_02 7 166 164 272 378 27 155 

Jul_02 6 250 163 201 466 42 137 

Aug_02 8 155 173 128 397 34 139 

Sep_02 9 109 182 119 304 20 125 

Oct_02 5 63 136 92 219 27 125 

Nov_02 6 63 85 77 192 30 118 

Dec_02 3 54 89 72 129 27 175 

Jan_03 1 28 79 34 97 37 111 

Feb_03 0 13 18 76 91 31 80 

Mar_03 0 21 20 90 135 23 105 

Apr_03 1 34 5 108 193 36 97 

May_03 0 53 15 133 172 23 70 

Jun_03 2 112 21 181 257 17 105 
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Table 9.11 Admissions via the ED according to week day (excluding deaths in 

ED), 2000-2003 

Day 
Number 

admitted 

% respiratory 

infections for the day 

% weekly admissions 

(n=14819) 

Sat (n=5404) 2025 37.5 13.7 

Sun (n=6392) 2172 34.0 14.7 

Mon (n=5625) 2225 39.6 15.0 

Tues (n=5107) 2099 41.1 14.2 

Wed (n=5049) 2074 41.1 14.0 

Thurs (n=4861) 2047 42.1 13.8 

Fri (n=4909) 2177 44.4 14.7 

 

 

Table 9.12 Time of ED presentation according to age, 2000-2003 

 Day  Night 

Age 

(yrs) 
Number 

% age group with 

respiratory infection 

 
Number 

% age group with 

respiratory infection 

<1 3408 51.9  3161 48.1 

1-4 4834 44.3  6080 55.7 

5-14 2021 45.1  2464 54.9 

15-24 1136 51.8  1057 48.2 

25-34 940 53.6  815 46.4 

35-44 798 56.8  608 43.2 

45-54 749 58.2  538 41.8 

55-64 865 58.7  609 41.3 

65-74 1520 61.9  936 38.1 

75-84 1842 61.7  1143 38.3 

≥ 85 1151 63.1  672 36.9 
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Table 9.13 Blood cultured and bacteria isolated according to respiratory infection diagnosed in the ED, 2000-2003 

Respiratory 

group 

Number 

in group 

Number blood 

cultured 

% blood 

cultured 

Number with bacteria, 

excluding contaminants 

Bacteria excluding 

contaminants, % group with 

blood cultured 

Number with 

only probable 

contaminants 

Only probable 

contaminants % group 

with blood cultured 

Acute URI 17,969   741   4.1   17 2.3   20 2.7 

Pneumonia 6908 3656 52.9 237 6.5 127 3.5 

Flu/vir pneum 483   103 21.3     2 1.9     2 1.9 

Acute LRI 8783 1859 21.2   80 4.3   67 3.6 

COPD + 2747   842 30.7   25 3.0   41 4.9 

Other URI 457    78 17.1     0 0.0     2 2.6 

Total 37,347 7279 19.5     
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Table 9.14 Bacteria cultured from blood of non admitted ED presentations 

according to respiratory infection type, 2000-2003   

Organism 

Acute 

URI 

(n=243) 

Pneumonia 

(n=194) 

Flu/viral 

pneumonia 

(n=33) 

Acute 

LRI 

(n=228) 

COPD+ 

(n=49) 

Potential pathogens      

Achromobacter xylosoxidans - 1 - - - 

Enterococcus faecalis - - - 1 - 

Escherichia coli - 1 - - - 

Haemophilus influenzae type b 1 - - - - 

Moraxella catarrhalis - 1 - - - 

Neisseria sp. - 1 - - - 

Sphingomonas paucimobilis - - - 1 - 

Staphylococcus aureus - 1 1 1 - 

Stretococcus.agalactiae - 1 - - - 

Streptococcus pneumoniae 1 5 - 3 - 

Other specified streptococci 2 1 - 1 - 

      

Possible contaminants      

Bacillus sp. 1 - - - - 

Non speciated coagulase negative 

staphylococci or Staphylococcus epidermidis 
4 3  3 2 

Micrococcus sp. - - 1 - - 

Peptostreptococcus sp. - 1 - - - 

Staphylococcus hominis - - - - 1 
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Table 9.15 Bacteria cultured from the blood of admitted ED presentations 

according to respiratory infection type, 2000-2003.   

Organism 
Acute URI 

(n=497) 

Pneumonia 

(n=3451) 

Flu/ viral 

pneumonia 

(n=70) 

Acute 

LRI 

(n=1631) 

COPD + 

(n=793) 

Other 

URI 

(n=75) 

Potential pathogens       

Abiotrophia defectiva 1 - - - - - 

Acinetobacter sp. 1 3 - - - - 

Actinomyces sp. - 1 - 1 - - 

Bacteroides fragilis - - - 1 - - 

Candida parapsilosis 1 - - - - - 

Citrobacter koseri - 1 - - - - 

Enterobacter agglomerans  1 - 1 - - 

Enterococcus sp. 1 3  4   

Escherichia coli - 39 - 18 4 - 

Fusobacterium necrophorum 1 - - - - - 

Gemella sp. - 1 - - - - 

Haemophilus influenzae - 9† - 2 1 - 

Klebsiella oxytoca - - - 3 - - 

Klebsiella pneumoniae - 7 - 2 - - 

Lactobacillus sp. - 1 - 1 - - 

Morganella morganii - 2 - - - - 

Neisseria meningitidis - - - 1 - - 

Proteus mirabilis - 2 - 2 - - 

Pseudomonas aeruginosa - 4 - 1 1 - 

Pseudomonas sp. - - - 1 1 - 

Rhodococcus sp. - 1 - - - - 

Serratia marcescens - 3 - - - - 

Staphylococcus aureus - 36 - 14 8 - 

Stenotrophomonas maltophilia - - - 1 0 - 

Stomatococcus mucilaginosus 1 - - - - - 

Streptococcus pneumoniae 2 92 1 14 4 - 

Streptococcus pyogenes  1 2 - 1 1 - 

Streptococcus agalactiae (Group B) - 5 - - - - 

Streptococcus (Group G) - 1 - - - - 

Streptococcus acidominimus - - - - 1 - 

Streptococcus milleri group 2 2 - 1 - - 

Streptococcus mitis 1 6 - 4 1 - 

Streptococcus oralis - 3 - - - - 

Streptococcus parasanguis - - - 1 1 - 

Streptococcus salivarius 1 - - - 1 - 

Streptococcus viridans group  - - - - 1 - 

Yersinia enterocolitica - - - - 1 - 

       

Possible contaminants       

Bacillus sp. - 4 - 1 - - 

Non speciated coagulase negative 

staphylococci or S. epidermidis 
14 118 1 63 36 2 

Corynebacterium sp. - 2 - 1 2 - 

Micrococcus sp. 2 3 - 2 2 - 

mixed skin flora - - - 1 - - 

Other specified staphylococci - 9 - 4 1 - 
 

†includes one case with H. influenzae type b specifically identified
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Table 9.16 Blood cultured and proportion with potential pathogens according to 

age, for patients diagnosed in the ED with pneumonia, 2000-2003 

Age group 

(yrs) 

Number in age 

group 

Blood cultured 

% of age 

group 

Blood cultured 

% of all blood 

cultured 

Potential pathogens % 

of age group with 

blood cultured 

<1   252 57.9   4.0 4.1 

1-4 1236 45.4 15.3 2.9 

5-14   636 40.7   7.1 1.9 

15-24   238 49.2   3.2 6.0 

25-34   376 58.2   6.0 8.7 

35-44   370 58.6   5.9 9.7 

45-54   399 55.4   6.0 8.1 

55-64   487 57.3   7.6 6.1 

65-74   876 61.8 14.8 6.5 

75-84 1204 55.6 18.3 8.1 

≥ 85   834 51.2 11.7 9.1 

 

 

 

Table 9.17 Potential pathogens isolated from blood according to age, for 

patients diagnosed in the ED with pneumonia or acute LRI, 2000-

2003 

Age 

group 

(years) 

Number 

pathogens 

Strep. 

pneumoniae 

(%) 

E.coli 

(%) 

Other 

Enterobacteriaceae 

(%) 

S.aureus 

(%) 

Other 

potential 

pathogens 

(%) 

<1 12  7 (58.3) 0.0 0.0   2 (16.7)  3 (25.0) 

1-4 20 18 (90.0) 0.0 0.0 0.0  2 (10.0) 

5-14  6  4 (66.7) 0.0 1 (16.7)   1 (16.7)  1 (16.7) 

15-24  7  6 (85.7) 0.0 0.0   1 (14.3) 0 (0.0) 

25-34 22 15 (68.2)   2 (9.1) 0.0   3 (13.6) 2 (9.1) 

35-44 25 12 (48.0)   2 (8.0) 0.0   8 (32.0)  4 (16.0) 

45-54* 26 12 (46.2) 5 (19.2)              1 (3.8)   5 (19.2)  4 (15.4) 

55-64 22  6 (27.3)   2 (9.1)              2 (9.1)   5 (22.7)  7 (31.8) 

65-74 49 13 (26.5)   8 (16.3)              4 (8.2)   9 (18.4) 15 (30.6) 

75-84 71 11 (15.5) 24 (33.8) 8 (11.3) 12 (16.9) 16 (22.5) 

≥  85 57 11 (19.3) 15 (26.3) 9 (15.8)   7 (12.3) 15 (26.3) 

* Strep. pneumoniae and E. coli isolated from the same blood culture 
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Table 9.18 Bacteria cultured from sputum of non admitted ED presentations 

according to respiratory infection, 2000-2003   

Organism 
Acute URI 

(n=47) 

Pneumonia 

(n=83) 

Acute LRI 

(n=161) 

COPD + 

(n=68) 
Total 

Acinetobacter calco-baumannii 

complex 
- - - 1 1 

Non speciated coagulase negative 

staphylococci 
- - 1 - 1 

Corynebacterium sp. - 1 - - 1 

Enterobacter cloacae - 0 - 1 1 

Escherichia coli - 0 - 1* 1 

Haemophilus influenzae 6 13 31 19 69 

Haemophilus sp. - 2 1 - 3 

Klebsiella oxytoca - 1 1 - 2 

Klebsiella pneumoniae - - - 1 1 

Moraxella catarrhalis 3 3 7 1 14 

Neisseria meningitidis - - - 2 2 

Proteus mirabilis/penneri - - 1 1 2 

Pseudomonas aeruginosa - 1 2 10 13 

Serratia marcescens - - 2 - 2 

Staphylococcus aureus - 1 3 - 4 

Stenotrophomonas maltophilia - - - 1 1 

Streptococcus pneumoniae 2 8 9 3 22 

Streptococcus pyogenes 1 1 2 - 4 

      
 

*isolated from the same patient as H.influenzae but different specimen. 
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Table 9.19 Bacteria cultured from sputum of admitted ED presentations 

according to respiratory infection type, 2000-2003   

Organism 

Acute 

URI 

(n=55) 

Pneumonia 

(n=1656) 

Flu/ viral 

pneumonia 

(n=9) 

Acute 

LRI 

(n=873) 

COPD+ 

(n=1272) 

Other 

URI 

(n=2) 

Total 

Acinetobacter sp. - 3 - 1 1 - 4 

Aeromonas hydrophila - 1 - - - - 1 

Alcaligenes sp. - 1 - - 4 - 5 

Bordetella bronchiseptica - - - - 2 - 2 

Candida sp. - 1 - 1 - - 2 

Citrobacter koseri - 1 - 0 1 - 2 

Non speciated coagulase 

negative staphylococci. 
- - - 1 1 - 2 

Corynebacterium sp. - 3 - 3 2 - 8 

Cryptococcus neoformans - 1 - - - - 1 

Enterobacter sp. - 7 - 3 - - 10 

Enterococcus sp. - 1 - - 4 - 6 

Escherichia coli - 18 - 7 14 1 40 

Haemophilus influenzae 8 173 1 110 188 - 480 

Haemophilus sp. - 7 - 3 6 - 16 

Klebsiella oxytoca - 3 - - 3 - 6 

Klebsiella pneumoniae 1 11 - 6 11 - 29 

Moraxella catarrhalis 3 31 - 25 69 - 128 

Morganella morganii - - - 1 - - 1 

Mycobacterium tuberculosis - 1 - 1 - - 2 

Neisseria meningitidis - 1 - - 2 - 3 

Neisseria subflava - 1 - - - - 1 

Nocardia sp. - - - 1 - - 1 

Pasteurella multocida - - - - 1 - 1 

Proteus mirabilis 1 5 - 3 7 - 16 

Pseudomonas aeruginosa 1 79 - 47 192 - 319 

Pseudomonas sp. - 4 - 1 6 - 11 

Serratia sp. - 3 - 2 9 - 14 

Shewanella putrefaciens - - - 1 - - 1 

Staphylococcus aureus 3 54 - 27 33 - 117 

Staphylococcus epidermidis - 1 - - - - 1 

Stenotrophomonas maltophilia - 4 - 3 19 - 26 

Streptococcus (Group C) - 2 - - - - 2 

Streptococcus (Group G) - - - 1 - - 1 

Streptococcus agalactiae 

(Group B) 
- 1 - - 1 - 2 

Streptococcus pneumoniae 4 129 - 38 67 - 238 

Streptococcus pyogenes 2 1 - 0 1 - 4 

Streptococcus sp. - - - - 1 - 1 

ID not confirmed - 3 - 1 4 - 8 
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Table 9.20 Positive sputum cultures according to age, for patients diagnosed in 

the ED with pneumonia, 2000-2003 

Age 

(yrs) 

Number 

sputum 

cultured 

Sputum 

cultured % age 

group 

Sputum cultured 

% of all sputum 

cultured 

 
Number 

positive 

Positive culture % 

age group with 

sputum cultured 

<1      0 0.0   0.0   -   0.0 

1-4     4 0.3   0.2     1 25.0 

5-14    39 6.1   2.2   18 46.2 

15-24    75 31.5   4.3   30 40.0 

25-34  144 38.3   8.3   37 25.7 

35-44  139 37.6   8.0   38 27.3 

45-54  169 42.4   9.7   34 20.1 

55-64  183 37.6 10.5   41 22.4 

65-74  359 41.0 20.6  132 36.8 

75-84  422 35.1 24.2  137 32.5 

≥ 85  208 24.9 11.9   60 28.9 

Total 1742    528  
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Table 9.21 Common bacteria cultured from sputum according to age, for patients diagnosed in the ED with pneumonia or acute LRI, 2000-

2003 

Age group 

(years) 

No. positive 

presentations 
M. catarrhalis (%) Strep. pneumoniae (%) H. influenzae (%) P. aeruginosa (%) Enterobacteriaceae (%) S. aureus (%) 

5-14 37  1 (2.7)   6 (16.2)   8 (21.6)  18 (48.6)*  2 (5.4)    6 (16.2) 

15-24 41  2 (4.9) 13 (31.7) 17 (41.5)   6 (14.6)  2 (4.9)         5 (12.2) † 

25-34 50  2 (4.0) 21 (42.0) 22 (44.0) 3 (6.0)  1 (2.0)  2 (4.0) 

35-44 71  7 (9.9) 24 (33.8) 27 (38.0) 7 (9.9)  2 (2.8)  15 (21.1) 

45-54 58  4 (6.9) 11 (19.0) 18 (31.0)   6 (10.3)    9 (15.5)  10 (17.2) 

55-64 71  6 (8.5) 19 (26.8) 27 (38.0) 7 (9.9)  4 (5.6)  4 (5.6) 

65-74 203 18 (8.9) 42 (20.7) 81 (39.9) 36 (17.7) 14 (6.9) 17 (8.4) 

75-84 198 16 (8.1) 31 (15.7) 79 (39.9) 33 (16.7)   25 (12.6) 17 (8.6) 

≥  85 96  9 (9.4) 16 (16.7) 49 (51.0) 14 (14.6)  7 (7.3)  7 (7.3) 

 

*related to 10 patients- 9 patients had cerebral palsy recorded as a co-diagnosis                †1 with Mycobacterium tuberculosis    
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