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s u m m a r y 

Objectives: To characterise microbiology testing and results associated with emergency admissions for 

acute exacerbation of COPD (AECOPD), and determine the accuracy of ICD-10 codes in retrospectively 

identifying laboratory-confirmed respiratory pathogens in this setting. 

Methods: Using person-level data from the Secure Anonymised Information Linkage Databank in Wales, 

we extracted emergency admissions for COPD from 1/12/2016 to 30/11/2018 and undertook linkage of 

admissions data to microbiology data to identify laboratory-confirmed infection. We further used these 

data to assess the accuracy of pathogen-specific ICD-10 codes. 

Results: We analysed data from 15,950 people who had 25,715 emergency admissions for COPD over the 

two-year period. 99.5% of admissions could be linked to a laboratory test within 7 days of admission date. 

Sputum was collected in 5,013 (19.5%) of admissions, and respiratory virus testing in 1,219 (4.7%). Where 

respiratory virus testing was undertaken, 46.7% returned any positive result. Influenza was the virus most 

frequently detected, in 21.5% of admissions where testing was conducted. ICD-10 codes exhibited low 

sensitivity in detecting laboratory-confirmed respiratory pathogens. 

Conclusions: In people admitted to hospital with AECOPD, increased testing for respiratory viruses 

could enable more effective antibiotic stewardship and isolation of cases. Linkage with microbiology data 

achieves more accurate and reliable case definitions. 

© 2023 The Authors. Published by Elsevier Ltd on behalf of The British Infection Association. 

This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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Chronic obstructive pulmonary disease (COPD) is characterised 

y reduced lung function, resulting in progressive dyspnoea and 

cute exacerbations which necessitate hospital admission if severe. 

he majority of acute exacerbations of COPD (AECOPDs) are con- 

idered to have an infective aetiology, 1 and antibiotic use for this 

ndication is frequent, even though a significant proportion are 

ikely to have a viral trigger. 

To develop, implement and evaluate interventions to reduce the 

urden of respiratory tract infections, pathogen-specific data es- 

ablishing the frequency and consequences of infection in differ- 

nt populations is imperative. Thus far, the focus of many studies 

xamining the burden of specific respiratory pathogens has been 

n children. 2–4 Impact on other risk groups, such as those with 
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OPD, requires further study, especially since acute exacerbations 

f COPD are one of the commonest reasons for emergency hospital 

dmission in the UK, 5 resulting in substantial morbidity, mortality 

nd healthcare cost each year. 

International Statistical Classification of Diseases and Related 

ealth Problems (ICD) codes relating to respiratory pathogens 

re readily available in databases of routinely collected electronic 

ealth data and have therefore often been used for research pur- 

oses. 6–11 However, the accuracy of diagnostic coding is likely to 

ary depending on local practices, and not all pathogens map to a 

pecific ICD code. 

Large-scale linkage of microbiology data to other routinely col- 

ected health data, where possible, is likely to be the more accurate 

ata source in establishing the burden of particular pathogens. Re- 

earchers who have had access to microbiology data report that 

hey would have grossly underestimated respiratory pathogen- 

elated hospital admissions had they relied on diagnosis codes 

lone. 12–15 However, such linkage is currently not possible in many 

egions, rendering person-level analyses using microbiology data 
n Association. This is an open access article under the CC BY license 
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Fig. 1. Mean count of monthly emergency admissions for COPD in Wales, by age 

group. 
nattainable. Further, even in regions where such linkage is pos- 

ible, the likelihood of successful linkage may vary depending on 

ge, duration of hospitalisation, ethnic group and rurality. 16 

In this national study, we utilise linkable, routinely collected 

icrobiology and healthcare utilisation data covering all admis- 

ions to National Health Service (NHS) hospitals in Wales over a 

 year period. 

Our aims were: (i) to illustrate the utility of a national microbi- 

logy dataset that can be linked to other routinely collected elec- 

ronic health data; (ii) to quantify the proportion of emergency 

dmissions for COPD undergoing testing for respiratory pathogens, 

nd the proportion tested where viral or bacterial pathogens were 

dentified; and (iii) to determine the accuracy of using ICD-10 diag- 

osis codes to identify laboratory-confirmed respiratory pathogens 

ssociated with COPD exacerbations. 

ethods 

We accessed complete coverage, person-level, anonymised 

atasets from the Secure Anonymised Information Linkage (SAIL) 

atabank, 17 which receives routinely collected data from all NHS 

ospitals in Wales, to examine all emergency hospital admissions 

ue to COPD over a two-year period (1/12/2016 to 30/11/2018). 

his report of our findings was prepared according to the REport- 

ng of studies Conducted using Observational Routinely-collected 

ata (RECORD) statement. 18 The study was approved by the SAIL 

nformation Governance Review Panel (project number 0996). 

ata sources, population, and case definitions 

Hospital admissions data were extracted from the Patient 

pisodes Database for Wales (PEDW), a dataset which includes di- 

gnosis codes for all NHS hospital admissions in Wales. Emergency 

dmissions for COPD were defined as those with an ICD-10 COPD 

ode (J43, J44) recorded in the first or second position in any Fin- 

shed Consultant Episode (FCE) in the population aged ≥35 at date 

f admission. 

We defined two methods of classifying emergency COPD ad- 

issions as being associated with specific respiratory pathogens: 

1) using pathogen-specific ICD-10 diagnosis codes (the full code 

et used is available in supplementary material S1 ), and (2) using 

icrobiology test results. Microbiology data were extracted from 

he Welsh Results Reporting Service (WRRS), which receives results 

rom all NHS hospital laboratories in Wales. Person-level linkage 

ith hospital admissions data was possible using the Anonymised 

inkage Field, which has been described previously. 19 We included 

ndividuals with high quality linkage (where there was either ex- 

ct matching of NHS number or matching probability ≥ 90% (using 

ame, sex, date of birth, postcode)). Laboratory diagnosis of respi- 

atory viruses was all based on reverse transcription polymerase 

hain reaction (RT-PCR) and PCR testing, but it could not be estab- 

ished whether nasal or throat swabs were collected. Bacteria were 

etected by culture of sputum samples. 

Pathogens of interest were influenza (A and B), respiratory 

yncytial virus (RSV), parainfluenza, rhinovirus, human metapneu- 

ovirus (hMPV), adenovirus, enterovirus, Haemophilus influenzae, 

treptococcus pneumoniae, Moraxella catarrhalis and Pseudomonas 

eruginosa . The choice of respiratory viruses was dictated by those 

ncluded on multiplex panels over the time period studied. 

We used laboratory data to determine the proportion of COPD 

dmissions where testing for bacterial and/or viral respiratory 

athogens was conducted and estimated the proportion of COPD 

dmissions with laboratory-confirmed infection (with the total 

umber tested as our denominator). We defined admissions as- 

ociated with laboratory-confirmed infection as those where the 

ollection date of the specimen with a positive result was within 
234 
 + /-) 7 days of hospital admission date. We assessed the season- 

lity of virus-associated admissions using methods adapted from 

i et al, 20 where seasonality exists if at least 75% of the an- 

ual total of positive cases occur in ≤ 5 consecutive months in a 

ear. 

ccuracy of ICD-10 coding 

Using COPD admissions associated with laboratory-confirmed 

nfection as our reference standard, we assessed the accuracy of 

CD-10 diagnosis codes in identifying respiratory pathogens asso- 

iated with COPD admissions. Measures of accuracy were posi- 

ive predictive value (PPV), negative predictive value (NPV), sen- 

itivity, and specificity, each with a 95% confidence interval. The 

ampling frame for these analyses was all COPD admissions where 

esting for the pathogen in question was conducted within ( + /-) 

 days of admission. PPV was calculated as the proportion 

f COPD admissions with a pathogen-specific ICD-10 code that 

ad a laboratory-confirmed respiratory pathogen on testing. NPV 

as calculated as the proportion of COPD admissions without a 

athogen-specific ICD-10 code when there was a negative res- 

iratory pathogen test. Sensitivity was calculated as the propor- 

ion of COPD admissions with a laboratory-confirmed respiratory 

athogen that had a pathogen-specific ICD-10 code. Specificity was 

alculated as the proportion of COPD admissions with a negative 

espiratory pathogen test and without a pathogen-specific ICD-10 

ode. 

esults 

We analysed data from 15,950 people who had 25,715 emer- 

ency admissions for COPD over the two year period 1/12/2016 to 

0/11/2018. Median age at admission was 73 (interquartile range 

6–80). Emergency admissions for COPD were fewer over the sum- 

er months ( Fig. 1 ), and peaked at a mean of 1,480 admissions in

he month of January. 

99.5% (25,596/25,715) of emergency COPD admissions could 

e linked to a laboratory record with a specimen collection date 

ithin ( + /-) 7 days of the admission date. The proportion of ad- 

issions successfully linked to laboratory data was > 99% in the 

ajority of NHS Providers in Wales ( supplementary material S2 ). 

espiratory pathogens associated with emergency COPD admissions: 

aboratory data 

A specimen for sputum culture was collected in 5,013 (19.5%) 

ut of 25,715 COPD admissions. Of those admissions where a spu- 

um sample was collected, 1,232 (24.6%) were associated with 
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Table 1 

Respiratory pathogen testing and results for specimens associated with emer- 

gency admission for COPD. 

Respiratory pathogen 

Count of COPD 

admissions tested 

Count of COPD 

admissions positive 

(percent positive ∗) 

H.Influenzae 5,013 837 (16.7%) 

S.Pneumoniae 5,013 154 (3.1%) 

M.Catarrhalis 5,013 131 (2.6%) 

P.Aeruginosa 5,013 200 (4.0%) 

Influenza 1,219 262 (21.5%) 

Rhinovirus 1,208 150 (12.4%) 

RSV 1,214 83 (6.8%) 

Parainfluenza 1,208 56 (4.6%) 

hMPV 1,208 63 (5.2%) 

Adenovirus 1,007 10 (1.0%) 

Enterovirus 1,007 10 (1.0%) 

∗ Percent positive = detected on laboratory test within 7 days of admission 

as a percentage of the total tested. 
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rowth of one of the aforementioned bacteria. The most frequently 

bserved bacteria was H.influenzae, which was cultured in 16.7% of 

dmissions where a sputum sample was collected. The other bacte- 

ia under investigation all occurred at an overall percent positivity 

f < 5% ( Table 1 ) . 

A specimen for respiratory virus testing was collected in 1,219 

4.7%) of COPD admissions, and of those admissions associated 

ith any respiratory virus testing, 569 (46.7%) returned any posi- 

ive result. The most frequently detected virus was influenza, iden- 

ified in 21.5% of admissions where testing was carried out, fol- 

owed by rhinovirus (12.4%), RSV (6.8%) and hMPV (5.2%). 

Of the 491 admissions where both sputum collection and viral 

esting was carried out, 41 (8%) admissions were associated with 

oth bacterial growth in sputum and a positive respiratory virus 

est. 

Testing frequency and percent positive rate varied by pathogen 

 Table 1 ), with sputum collection more frequent than viral test- 

ng, and the highest percent positive levels seen for influenza, rhi- 

ovirus and H.influenzae. There was also marked variation in test- 

ng frequency and percent positivity by month of admission for 

he viral pathogens, with influenza percent positivity ranging from 

% in the UK summer months, to > 30% in January and Febru- 

ry ( Table 2 ). Over 75% of the total influenza-associated COPD ad- 

issions occurred over the UK winter months (December, January, 

ebruary). RSV and hMPV-associated COPD admissions also showed 

easonality ( > 75% of total admissions occurring over November to 

anuary for RSV, and December to March for hMPV), in contrast 

o admissions associated with rhinovirus, parainfluenza, and the 

acterial pathogens. Counts of positive adenovirus and enterovirus 

ests were small, and thus not analysed by month. 

ccuracy of ICD-10 diagnosis codes in detecting respiratory pathogens 

ssociated with emergency COPD admissions 

The ICD-10 diagnosis codes used to identify influenza- 

ssociated COPD admissions performed best in our data, compared 

o those used for other pathogens, with a sensitivity of 59.2% (95% 

onfidence interval 52.9–65.1%), PPV of 86.1% (80.6–90.2%), NPV of 

9.7% (88.3–91.0%) and specificity of 97.4% (96.2–98.3%) ( Table 3 ). 

Sensitivities of the ICD-10 codes related to the other respiratory 

athogens were substantially lower, although those of the bacte- 

ia were generally higher than the non-influenza viruses ( supple- 

entary material S3 ). P.aeruginosa ICD-10 codes had the highest 

ensitivity of all the non-influenza pathogens (42.5% (95% CI 35.6–

9.7%), but also had a lower PPV (48.0% (41.6–54.5%)), compared 

o a PPV > 80% for all other pathogens where PPV can be reported;
235
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Table 3 

Contingency table showing accuracy of influenza ICD-10 codes associated with 

emergency admission for COPD, as compared to laboratory test result. 

Laboratory test 

Diagnosis Positive Negative Total 

ICD-10 code present 155 25 180 

ICD-10 code absent 107 932 1039 

Total 262 957 1,219 

Sensitivity = 59.2% (52.9–65.1%); Specificity = 97.4% (96.2–98.3%); PPV = 86.1% 

(80.6–90.2%); NPV = 89.7% (88.3–91.0%). 

Table 4 

Contingency table showing accuracy of P.aeruginosa ICD-10 codes associated 

with emergency admission for COPD, as compared to laboratory test result. 

Laboratory test 

Diagnosis Positive Negative Total 

ICD-10 code present 85 92 177 

ICD-10 code absent 115 4,721 4836 

Total 200 4,813 5,013 

Sensitivity = 42.5% (35.6–49.7%); Specificity = 98.1% (97.7–98.5%); PPV = 48.0% 

(41.6–54.5%); NPV = 97.6% (97.3–97.9%). 
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able 4 ). Specificities were high ( > 95%) for all pathogens where 

his can be reported. 

Due to low counts in the contingency tables for parainfluenza 

nd hMPV, all accuracy measures cannot be reported for these 

athogens, but sensitivities were < 8.9% (parainfluenza) and < 7.9% 

hMPV). M.catarrhalis is not associated with any pathogen-specific 

CD-10 codes, and so could not be included in these analyses. 

iscussion 

Our national level analyses of microbiology testing related to 

mergency COPD admissions in Wales reveals widespread under- 

tilisation of diagnostic microbiology for severe AECOPD, and a 

igh percent positivity for respiratory viruses, with 46.7% of admis- 

ions in which testing was carried out returning a positive result. 

iven the frequency with which AECOPD admissions occur, the 

revalent use of antibiotics for this presentation, and the growing 

roblem of antimicrobial resistance, our data suggests that more 

idespread use of viral testing could be beneficial in advancing 

ntibiotic stewardship. In addition, increased viral testing would 

nable timely isolation of cases in healthcare settings in order to 

educe transmission to other, often vulnerable, hospital inpatients. 

We demonstrate how using ICD-10 diagnosis codes to detect 

espiratory pathogens associated with COPD admissions in our 

tudy would have considerably underestimated the burden of these 

nfections. Researchers using ICD-10 codes as substitutes for raw 

icrobiology data should be aware that coding deficiencies may 

ead to a substantial loss in accuracy. 

Furthermore, our study illustrates the feasibility and utility of 

inking national microbiology data with other routinely collected 

lectronic health data, which has innumerable potential applica- 

ions in future research. 

The strengths of our study include the complete population 

overage, with a base dataset covering all admissions to hospitals 

n Wales, and the high level (99.5%) of successful linkage between 

ospital admissions and microbiology data. This was possible due 

o the recent development of a national system in Wales, the 

ales Results Reporting System, which has brought together the 

esults of all laboratory investigations from all providers, whether 

nstituted in community or hospital settings. Whilst there are link- 

ges in individual hospital based systems in the UK, there is no 

ther system that links laboratory results to other routinely col- 

ected health data at a national population level. This system has 
236
llowed us to gain insight into real-world patterns of microbiology 

esting in emergency admissions with COPD, estimate the contri- 

ution of bacterial and viral pathogens to severe AECOPD, and re- 

ort the accuracy of pathogen-specific ICD-10 diagnosis codes. 

Our study has some limitations. People undergoing microbiol- 

gy tests may be those whom clinicians consider most likely to 

ave an infective aetiology of their AECOPD, therefore extrapolat- 

ng the proportion of positive tests to the total number of AECOPD 

ospitalisations would likely be an overestimate. Nevertheless, the 

ajority of AECOPD are thought to be infective in nature, 1 the pro- 

ortion of our admissions associated with respiratory viruses was 

onsistent with previous studies, 21 , 22 and the high percent posi- 

ivity rate suggests a large number who were not tested would 

lso test positive. Patterns of respiratory virus transmission change 

ear to year, and the winter of 2017/2018 saw a high level of in- 

uenza in the UK. We were confined to analysing a 2 year pe- 

iod due to data availability, so how representative our data is of 

ther years is uncertain, though general patterns are likely to re- 

ain consistent. Co-infection between respiratory viruses and bac- 

eria may be underestimated in our data, since some pathogens 

ere not tested for or not included in our study, such as the sea- 

onal coronaviruses. We have not reported subtypes of the respi- 

atory viruses such as influenza or parainfluenza due to paucity of 

ata in this regard. Lastly, the role of microorganisms in the aetiol- 

gy of AECOPD has previously been unclear due to potential con- 

amination of sputum samples by the upper airway, chronic bacte- 

ial colonisation that can occur in the lower airways of those with 

OPD, a lack of definitive improvement in AECOPDs treated with 

ntibiotics in randomised controlled trials, 23 and studies reporting 

symptomatic detection of rhinovirus. 24 However, studies demon- 

trating the development of specific immune responses to bacteria 

fter exacerbations support the causative role of bacteria in the ex- 

cerbation, 25 , 26 trials may have been weakened due to inclusion of 

ECOPD with non-bacterial aetiology, and respiratory viruses aside 

rom rhinovirus are not commonly identified in stable disease. 24 

evertheless, we are unable to infer from our data that any mi- 

roorganisms detected directly contributed to development of the 

OPD exacerbation. 

In the context of other research, prospective studies 27–33 have 

rovided useful estimates of pathogen distribution in AECOPD due 

o avoidance of selective testing strategies. However, due to the ex- 

ense involved with such study designs, they are mostly limited 

o small, selected populations or regions. Our results broadly re- 

ect those previously published. For example, in Brendish et al’s 

rospective study, 34 42% of patients presenting to hospital with an 

xacerbation of their airways disease tested positive for respiratory 

iruses, compared to 46.7% in our data. Others have also demon- 

trated increased percent positivity of respiratory viruses in COPD 

dmissions during winter months. 28 

Data from a randomised controlled trial has shown that point- 

f-care testing (POCT) for influenza can allow timely treatment 

ith antivirals and swift isolation in healthcare settings, min- 

mising nosocomial spread to frail populations. 35 Another study 

emonstrates increased early discontinuation of antibiotics in 

hose with underlying airways disease testing positive for a res- 

iratory virus on POCT. 34 

Evidence of the importance of the non-influenza respiratory 

iruses on the adult population has grown in recent years. RSV 

as been shown to be associated with 11% of COPD hospitalisa- 

ions in a prospective US-based study, 36 and > 90 0,0 0 0 inappropri- 

te antibiotic prescriptions each season in a UK-based modelling 

tudy. 37 With progress in the development of vaccination against 

SV, 38 further data regarding the burden of RSV-associated disease 

y age, geography, and comorbidity is key to guide future vacci- 

ation strategy, 39 and our data contributes to this. With regard to 

revious research examining routinely collected microbiology data, 
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ther studies have also identified underutilisation of diagnostic mi- 

robiology testing 40 and low sensitivity of ICD codes to identify 

aboratory-confirmed non-influenza respiratory infection. 41 , 42 

To summarise, our findings of a high percent positivity of respi- 

atory viruses amongst those hospitalised with AECOPD, low utili- 

ation of microbiology testing, and limitations of ICD-10 codes in 

dentifying the burden of respiratory infections generate several 

ey targets for further work. These include increasing the use of 

iagnostic testing in AECOPD, along with translation of this into re- 

uced antimicrobial prescribing and timely infection control mea- 

ures, and increasing the ability to perform linkage of existing elec- 

ronic health databases to routinely collected microbiology data, 

hich would have almost countless future applications. 
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