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Background: COPD exacerbations (AE-COPD) add up to over 200,000 hospitalization days annually in the Netherlands. Viral
respiratory infections play a role in about half of COPD exacerbations. Although the prevalence of bacterial superinfection is estimated
10–40% in admitted AE-COPD patients with an influenza infection, the majority is treated with antibiotics. Current national and
international guidelines provide limited guidance regarding antibiotic use in hospitalized patients with an AE-COPD with proven viral
respiratory pathogens.
Study Goal: We aimed to investigate antibiotic prescription in hospitalized patients with a COPD exacerbation and an influenza- or
RS virus infection.
Patients and methods: We performed a retrospective cohort study in patients admitted with an AE-COPD and influenza- or RS
virus infection. We compared clinical characteristics of patients with and without antibiotic treatment on admission and estimated
adequacy of antibiotic prescriptions.
Results: We included 134 patients. Seventy-nine (59%) received antibiotics on admission. Chest X-ray infiltrates and plasma CRP
level (≥50 mg/L) were correlated with the prescription of antibiotics. Outcomes, such as number of hospitalized days and mortality,
were not significantly different between the groups with and without antibiotic treatment. Antibiotic treatment was considered
“probably adequate” in 52/79 (65.8%) patients; “not necessary” in 12/79 patients (15.2%) and “probably not necessary” in another
15/79 patients (19.0%).
Conclusion: Prescription of antibiotics in hospitalized COPD patients is common practice despite a proven viral infection on
admission. A significant antibiotic reduction of 34.2% in these patients seems feasible. Future guidelines should include recommenda-
tions regarding antibiotic stewardship in hospitalized patients with AE-COPD with a proven viral respiratory infection.
Keywords: COPD, exacerbation, influenza virus, antibiotic treatment, RS virus

Introduction
Annual epidemics of influenza and RS virus lead to considerable morbidity and mortality among COPD patients, despite
an embedded influenza vaccination strategy.1 During each winter season in the pre COVID19 era COPD exacerbations
(AE-COPD) add up to over 200.000 hospitalization days in the Netherlands.2

Data about the prevalence of bacterial superinfections in influenza patients are scarce and very heterogeneous. They
are estimated to be present in 10–40% of all admitted influenza patients.3,4 No data are available for an estimation of
the prevalence of bacterial superinfection in hospitalized COPD patients with a proven viral respiratory infection
specifically. Furthermore, a golden standard for defining bacterial superinfection in an emergency room setting is
lacking.
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In the current Dutch guideline for hospitalized patients with an AE-COPD, antibiotics are recommended in case of
clinical or radiological signs of bacterial infection and for consideration in patients with severely reduced FEV1, the
elderly and in patients with severe comorbidity (all not specified). However, there are no specific recommendations on
antibiotic treatment in AE-COPD patients with a proven viral respiratory infection, present in about 50% of these
patients.5 Furthermore, the supposed possible beneficial effect of antibiotic treatment for the whole group of hospitalized
AE-COPD patients is based only on two studies with a limited number of patients.6,7 The most recent international ATS/
ERS guideline advises antibiotic prescription in ambulatory patients with an AE-COPD, but do not formulate any
recommendation of antibiotic prescription in hospitalized patients, let alone in case of proven viral infection.8

Unnecessary antibiotic treatment contributes to antibiotic resistance, prolonged hospitalization, and unwanted side
effects. Therefore, antibiotic prescriptions should be critically assessed in COPD patients, especially in those with proven
viral infections. Hence, we aimed to investigate antibiotic prescriptions in hospitalized AE-COPD patients with a proven
viral infection and to evaluate the necessity of those prescriptions.

Methods
Study Design
The local Research Ethics Committee (Medical research Ethics Committees United (MEC-U), Saint Antonius hospital
Nieuwegein, W18.110) provided a waiver for formal ethical approval and informed consent for this retrospective study.
The study was conducted in accordance with the principles of the Declaration of Helsinki and General Data Protection
Regulation (GDPR).

Patients
We selected patients with assistance from our Business Intelligence department. We included COPD patients of all ages
hospitalized for an AE-COPD with a confirmed influenza A or B- or RS virus infection using a point of care PCR test
(Xpress Flu/RSV kit: GeneXpert Cepheid®). They were admitted in a large teaching hospital with two locations in the
Netherlands during two consecutive winter seasons (2017/2018 and 2018/2019). Patients fulfilled the diagnosis of COPD
according to the Global Initiative for Chronic Obstructive Lung Disease or had a doctor′s diagnosis from their general
practitioner. In the first season, only influenza PCR was performed; in the second season RS virus PCR was added to the
influenza PCR.

Exclusion criteria included the presence of a concomitant diagnosis of bronchiectasis, hypogammaglobulinaemia or
other immune deficiency, lung cancer, thoracic cage deformity or a history of pneumonectomy.

Data
Data were collected from the electronic health patient files. All patient records were screened for eligibility and checked
for meeting inclusion and exclusion criteria. Following data were anonymously entered in an electronic data capture
system (CASTOR EDC): baseline demographics, medical history, COPD severity, co-morbidity, medication use, sputum
cultures three months before admission, pre-treatment in primary care (antibiotics and prednisolone), symptoms,
laboratory results (leucocyte count and CRP level), proven viral infection, antibiotic treatment, hospitalized days, ICU
admission and death.

Possible determinants were defined for the prescription of antibiotics at presentation at the emergency department
(ED). These were COPD severity, fever, increased sputum quantity or purulence, primary care antibiotic prescription,
chest X-ray infiltrates and level of CRP on admission (cut-off 50 mg/L).

Following the Dutch national guideline, we defined antibiotic treatment to be “probably adequate” in case of an
infiltrate on the chest X-ray and/or the presence of COPD Gold stage 4. Antibiotic treatment was considered “not
necessary” in case of absence of an infiltrate on the chest X-ray, no COPD Gold 4 and a plasma CRP level < 50 mg/L.
Daniels et al, the main study referred to in the Dutch national guideline, showed no beneficial effect of doxycycline in
hospitalized AE-COPD patients with a plasma CRP level < 50 mg/L.7 In all other cases antibiotic treatment was
considered “probably not necessary”, comprising a group of COPD patients with no COPD Gold 4, no infiltrate and
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a CRP level ≥ 50 mg/L. The choice of antibiotic was based on our local protocol and was mostly amoxicillin/ clavulanic
acid or cefuroxime.

Analysis
Analysis was performed using SPSS version 26. We used Chi square tests for categorical data, unpaired t-tests or Mann–
Whitney U-tests on numerical data depending on the data normality to analyze differences between the group with
antibiotic treatment and without antibiotic treatment on admission. A binary logistic regression analysis was performed
on the predefined possible determinants for starting antibiotics (severity of COPD, fever, sputum quantity and/ or
purulence, chest X-ray infiltrates and CRP level).

Results
Baseline Characteristics and Demographic Data
We screened 146 eligible patients. Twelve patients were excluded due to wrong ICD coding (no COPD) or duplicate
registration because of readmission (Figure 1). We selected 134 patients for analysis, from which 79 patients (59%)
started or continued antibiotics.

Demographic data are shown in Table 1. There were no differences between the groups with or without antibiotics in
duration of symptoms before admission, ICS use, coughing, sputum quantity, sputum purulence, fever, headache, muscle
ache, prescribed antibiotics or prednisolone in primary care and blood eosinophil level on admission.

There were no statistically significant differences in the group without versus with antibiotic treatment in terms of
mean duration of hospitalization (8.4 vs 8.7 days, p= 0.267), ICU admissions (n=2 vs n=5) and mortality (n=3 vs n=5).

146 patients with AE-COPD and influenza or RS 
screened

12 patients excluded

10 patients with a wrong coding (no COPD)

2 patients duplicate registration due to readmission

134 patients with AE-COPD and influenza or RS 
included

55 patients 
without
antibiotic 
treatment

79 patients    
with antibiotic 
treatment

Figure 1 Selection of hospitalized COPD patients with an influenza or RS virus infection, divided in two groups with and without antibiotic treatment.
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Table 1 Demographic Data and Clinical Characteristics

Variable Total (%) No ABa AB p-value

Total number of patients 134 55 79 -

Age (mean) 71.1 69.2 72.3 0.092

Gender

Male 56 (41,8%) 19 37 0.156
Female 78 (58,2%) 36 42 0.156

Smoking status 114
Never smoker 5 2 3 -

Ex smoker 63 25 38 -

Smoker 46 20 26 -

BMIb (mean) 25.5 26.7 24.7 0.740

Pre treatment AB 50 (37.3%) 18 32 0.360

Pre treatment predc 48 (35,8%) 17 31 0.322

ICSd use 70 (52.2%) 29 41 0.925

COPD severity 0.374

Unknown 25 8 17 -

Gold 1 7 3 4 -
Gold 2 36 17 19 -

Gold 3 32 16 16 -

Gold 4 34 11 23 -

Influenza A/B or RSVe 131

A 71 32 39 -
B 44 13 31 -

RSV 16 8 8 -

Hospital admissions previous 0.148

Year

0 85 (63.4%) 39 46 -
1 24 (17.9%) 10 14 -

2 or more 25 (18.7%) 6 19 -

Duration of symptoms (mean, days) 1.95 1.89 2.00 0.388

Symptoms
Cough, more than normal 108 42 66 -

Sputum, more than normal 61 20 41 -

Sputum purulence 40 17 23 -
Fever 49 20 29 -

Headache 21 11 10 -

Muscle pain 32 15 17 -
More dyspnea 134 55 79

Chest X-ray 133

No infiltrate 91 (68.4%) 51 40 -

Possible infiltrate 30 (22.6%) 3 27 -
Definite infiltrate 12 (9.0%) 0 12 -

CRPf (median, mg/L) 65.14 49.08 77.86 <0.01

(Continued)
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Predictive Factors for Antibiotic Prescription
In the group with antibiotic treatment there were more patients with a COPD Gold 4 or a COPD with unknown severity
compared to the group without antibiotic treatment (67.6% vs 32.2%). The plasma CRP level was higher in the group
with antibiotics compared to the group without antibiotics (median 77.86 mg/L vs 49.08 mg/L, p<0.01). Also there was
a higher leucocyte count in the group with antibiotics (mean 11.10·109/L vs 8.35·109/L).

The presence of a chest X-ray infiltrate and a CRP level ≥ 50 mg/L were correlated with the prescription of antibiotics
on admission (r=0.262 (p=0.01) and r=0.359 (p=0.01) respectively).

Justification of Antibiotic Prescription
We considered the feasibility of future reduction of antibiotic treatment in hospitalized AE-COPD patients with a proven
viral infection. Antibiotics were prescribed in 27/79 (34.2%) patients without chest X-ray infiltrate and without COPD
Gold 4. CRP levels were < 50 mg/L in about half of these cases (12/79 (15.2%)) (Table 2).

Table 2 Presumed Necessity of Antibiotics Based on COPD Severity, Presence of an Infiltrate and CRPa Level

Antibiotics No Antibiotics All

Necessary
(possible) infiltrate on chest X-ray and/or COPD Gold 4)

52 (65.8%) 14 66

Not necessary
(No COPD Gold 4 and no infiltrate and CRP < 50 mg/L)

12 (15.2%) 30 42

Probably not necessary
(miscellaneous ie

No COPD Gold 4 and no infiltrate and CRP≥50 mg/L)

15 (19.0%) 11 26

All 79 (100%) 55 134

Note: aC-reactive protein.

Table 1 (Continued).

Variable Total (%) No ABa AB p-value

Blood leucocytes (mean, x 109/L) 9.98 8.35 11.10 0.004

Eosinophiliag 0 (n=71) 0 (n=27) 0 (n=44)

Sputum culture 134

Not performed 69 26 43 -

Normal Flora 45 19 26 -
S. pneumoniaeh 3 1 2 -

Moraxella catarrharalis 1 1 0 -

Haemophilus influenzae 4 2 2 -
Pseudomonas Spp. 1 0 1 -

Klebsiella Spp. 2 2 0 -

Aspergillus fumigatus 9 3 6 -
Staphylococcus aureus 0 0 0 -

Positive Blood cultures 2 1 1 -
Contaminants 2 1 1 -

Pathogens 0 0 0 -

ICUi admission (n) 7 (5.2%) 2 (3.6%) 5 (6.3%) -

Death during admission (n) 8 (6.0%) 3 (5.4%) 5 (6.3%) -

Length of hospital stay (mean, days) 8.0 8.4 7.8 0.267

Notes: aAntibiotics, bBody Mass Index, cPrednisolone, dInhalation Corticosteroid, eRespiratory Syncytial virus, fC-reactive protein, gBlood eosinophilia defined
as > 0.3·109 or > 5%, hStreptococcus pneumoniae, iIntensive care unit.
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In the three months before hospitalization there were positive sputum cultures in nine patients. This were all patients
with a COPD Gold 3 or 4 or with a COPD of unknown severity. Three of these patients had a CRP level above 50 mg/L.
Three patients were pre-treated with antibiotics, which were all continued on admission. In total, antibiotics were
prescribed on admission in seven of these nine patients (including pre-treated patients).

Fifty patients (34.2%) were treated with antibiotics prior to hospitalization prescribed by their general practitioner. In
18 cases antibiotics were discontinued and in 32 cases antibiotics were continued. In most cases where antibiotics were
discontinued there was absence of chest X-ray infiltrate (17/18), a low CRP level (14/18) or no COPD Gold 4 (17/18). In
the group who continued prior antibiotics (N=32), 19 patients had a possible or definite infiltrate on the chest X-ray, 14
patients showed high CRP level on admission and 18 patients had a COPD Gold 4 or a COPD of unknown severity.

In our study, very few positive sputum culture results were found on and during admission, so this was not affecting
antibiotic prescriptions (Table 1).

Summarizing, our results suggest unnecessary antibiotic prescriptions in 12/79 patients and another 15/79 probably
unnecessary antibiotic prescriptions. Thus, we deem a reduction of 34.2% in antibiotic prescriptions possible in
hospitalized patients with AE-COPD and a proven viral infection.

Discussion
We found a high antibiotic prescription rate in AE-COPD patients (59%) with a PCR confirmed influenza A/B or RS
virus infection. The observed percentage of antibiotic treatment is much higher than the expected percentage of 10–40%
bacterial superinfection in influenza patients based on available literature.3,4 Our study results therefore dispute the
necessity of antibiotics in many hospitalized AE-COPD patients with a proven respiratory viral infection.

The Dutch national guideline on hospitalized AE-COPD patients recommends antibiotic treatment in patients with
clinical or radiological evidence of a bacterial infection and to consider antibiotic treatment in COPD patients with a very
severe COPD (FEV1< 30%), in the very elderly and in COPD with severe comorbidity. There are some smaller studies
that suggest that antibiotic treatment leads to lower mortality and shorter admission time in hospitalized COPD patients
with low FEV1 values <30%.5 The respiratory reserves in these patients are critical: “better be safe than sorry” is the
adage. Outcomes in terms of hospitalized days, ICU admission and mortality did not differ between patients who did
receive antibiotics and those who did not. Whether this is post aut propter antibiotic treatment remains unclear.

Unfortunately, there is no golden standard for diagnosing bacterial superinfection in the ER setting. The presence of
chest X-ray infiltrate raises the suspicion of a secondary bacterial pneumonia, although infiltrates can also be seen in
a primary viral pneumonia.

In a prospective trial of Prins et al, CRP is used as a biomarker to identify patients that can withheld antibiotic
treatment. In patients with CRP level< 50 mg/L no antibiotics were given in the group with biomarker-guided treatment.
Fewer patients in the CRP group were treated with antibiotics compared to the “GOLD” group in which antibiotic
prescription was based on COPD Gold classification (31.7% versus 46.2%).9

Other studies showed a potential role for procalcitonin as well as CRP, but cut-off points should be carefully
predetermined to optimize sensitivity and specificity of these tests.3,9–15 When we would have applied CRP guided
treatment, as in the trial of Prins et al, this would have resulted in 47% antibiotic treatment in our study cohort instead
of the present 59%. If we would have withheld antibiotic treatment in patients without chest X-ray infiltrate and
COPD gold 4 and a CRP < 50 mg/L this would lead to withholding antibiotic treatment in twelve patients (15.2%
reduction).

There are some limitations in this study, among other a limited sample size and its retrospective nature. Furthermore,
in the first influenza season there were no RS virus results recorded so the percentage of RS virus infection is under-
represented in the overall study population and might have caused some bias. In our judgement this bias was limited, and
we attributed greater importance to a larger sample size than we would have had without the patients with RS virus
infection.

In conclusion, we assume that a significant antibiotic reduction is safe in hospitalized COPD patients with
a confirmed viral respiratory infection such as influenza of RS virus and contributes to the limitation of antibiotic
resistance worldwide. In our opinion the recommendations on antibiotic treatment in hospitalized patients with AE-
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COPD in the current national and international guidelines should be overhauled for patients with a PCR proven viral
respiratory infection.
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