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ABSTRACT
Background: COVID-19 patients are extensively treated with antibiotics despite few bacterial complications. We aimed to
study antibiotic use in hospitalized COVID-19 patients compared to influenza patients in two consecutive years.
Furthermore, we investigated changes in antibiotic use from the first to second pandemic wave.
Methods: This prospective study included both patients from two referral hospitals in Bergen, Norway, admitted with influ-
enza (n¼ 215) during the 2018/2019 epidemic and with COVID-19 (n¼ 82) during spring/summer 2020, and national data
on registered Norwegian COVID-19 hospital admissions from March 2020 to January 2021 (n¼ 2300). Patient characteristics
were compared, and logistic regression analysis was used to identify risk factors for antibiotic use.
Results: National and local COVID-19 patients received significantly less antibiotics (53% and 49%) than influenza patients
(69%, p< .001). Early antibiotics contributed to >90% of antibiotic prescriptions in the two local hospitals, and >70% of
prescriptions nationally. When adjusted for age, comorbidities, symptom duration, chest X-ray infiltrates and oxygen treat-
ment, local COVID-19 patients still had significantly lower odds of antibiotic prescription than influenza patients (aOR 0.21,
95%CI 0.09–0.50). At the national level, we observed a significant reduction in antibiotic prescription rates in the second
pandemic wave compared to the first (aOR 0.35, 95% CI 0.29–0.43).
Conclusion: Fewer COVID-19 patients received antibiotics compared to influenza patients admitted to the two local hospi-
tals one year earlier. The antibiotic prescription rate was lower during the second pandemic wave, possibly due to
increased clinical experience and published evidence refuting the efficacy of antibiotics in treating COVID-19 pneumonia.
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Introduction

The World Health Organization (WHO) has declared
increasing antibiotic resistance a major threat to global
health. Widespread use of broad-spectrum and long
antibiotic treatment courses are important driving
factors for development of resistance [1]. Community-
acquired infections, particularly acute respiratory
infections (ARI), are the main indicators for antibiotic
prescription in hospitals [2]. Viral pathogens are
detected in up to one-third of community-acquired
cases of pneumonia (CAP) [3,4], but remains challeng-
ing to distinguish from ARI with bacterial or mixed
aetiology in the clinic. Consequently, antibiotics are
often given empirically to hospitalized patients with
ARI, even after detection of a viral pathogen [4,5]. The
emergence of severe acute respiratory syndrome cor-
onavirus 2 (SARS-CoV-2), causing coronavirus disease
2019 (COVID-19), actualizes the risk of antibiotic over-
use. Initial published reports on treatment of COVID-19
included excessive antibiotic use, despite evidence of
low rates of concurrent bacteraemia (3.8%) and other
bacterial complications (6–15% of hospitalized cases)
outside of intensive care units (ICU) [6–10]. However,
the latest WHO interim guidance recommends anti-
biotic therapy only in severe COVID-19, or when signs
of bacterial infection are present, and antibiotics should
be adjusted to local microbiological epidemiology [11].
Prior to the COVID-19 pandemic, influenza accounted
for the highest respiratory virus disease burden glo-
bally, with up to 650,000 deaths annually despite avail-
able vaccines and antiviral drugs [12]. Furthermore,
influenza entails a significant risk of concurrent bacter-
ial infections (co-infections), found in 10–35% of hospi-
talized patients, and secondary bacterial pneumonia
(after onset or clearance of the initial viral infection),
associated with fatality during the 1918 and 2009 influ-
enza pandemics [13–16]. Co- and secondary bacterial
infections require appropriate treatment, but despite
awareness of antimicrobial resistance, antibiotic pre-
scription rates increase annually during influenza sea-
son [17,18]. There is concern that the COVID-19
pandemic has halted progress in antibiotic stewardship
and changed the antibiotic prescription patterns in
hospitals. To address this, we initiated a prospective
comparative cohort study and hypothesized that, after
adjusting for clinical characteristics and severity of ill-
ness, hospitalized COVID-19 patients were prescribed
more antibiotics, particularly broad-spectrum antibiot-
ics, than influenza patients.

Methods

Study design

In this study, we compared clinical data from hospitalized
patients �18 years old in Bergen, Norway, admitted with
either influenza during the 2018/2019 influenza epidemic
or with COVID-19 during March 2020–September 2020.

Patients were prospectively included from two aca-
demic referral hospitals in Bergen with emergency care
services, Haukeland University Hospital (HUH) and
Haraldsplass Deaconess Hospital (HDH). To investigate
differences between local and national antibiotic pre-
scription patterns, as well as changes in COVID-19 treat-
ment during consecutive pandemic waves, we included
national data on COVID-19 patients hospitalized
between March 2020 and January 2021 from the
Norwegian Intensive Care and Pandemic Registry (NIPaR)
as a separate, national comparison. Similar surveillance
on national influenza admissions do not exist. The NIPaR
included the vast majority of hospital admissions due to
COVID-19 since the first case on February 26, 2020.
Registration became compulsory from March 30, 2020,
and most admissions prior to this date were included
retrospectively. We defined the second pandemic wave
as the period from July 2020 to January 2021. According
to viral aetiology and geographic location, we assigned
patients to one of three cohorts; local influenza or
COVID-19 cohorts – admitted to HUH or HDH – and the
national COVID-19 cohort, the latter with data limited to
age, gender, comorbidities, antibiotic use, in-hospital
complications, length-of-stay (LOS) and 30-days mortality.

Data collection and patient consent statement

Patients recruited from HUS and HDH, or by next-of-kin
when necessary, provided written informed consent (the
KVIKKFLU study, #2018/1772; COVID-19 study #118664)
[19]. NIPaR is based on the right for reservation, as a
result active consent was waived for this group
of patients.

The study was approved by the Western Norway
Ethics committee (#118664) and conducted according to
the principles of good clinical practice (GCP) and the
Declaration of Helsinki.

Diagnostic assay

The diagnosis of influenza was confirmed by either a
commercially available nucleic acid amplification test
(AbbottTM ID NOW Influenza A and B 2 (Abbott Park, IL),
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Cepheid GeneXpertVR II (Sunnyvale, CA) with Xpert
Xpress Flu/RSV and Xpert Flu test kit, Eplex Respiratory
pathogen panel from GenMark DxVR ) or an in-house
reverse transcription-polymerase chain reaction (RT-PCR).
Both hospitals used a common in-house RT-PCR test to
confirm the diagnosis of COVID-19.

Statistical analysis

Patient characteristics were compared using chi-square
statistics and Fisher’s exact test. The significance of dif-
ferences in median and interquartile range for continu-
ous variables was assessed using the Mann–Whitney U
test. As antibiotic stewardship aims to shift prescription
practices from resistance driving broad-spectrum
towards narrow-spectrum antibiotics, the frequency of
broad- and narrow-spectrum antibiotic prescriptions in
the two diagnostic groups were compared. We classified
second- and third-generation cephalosporins, piperacil-
lin-tazobactam, macrolides, quinolones and carbape-
nems as broad-spectrum, and phenoxy methyl- and
benzyl-penicillins, aminopenicillins, and aminoglycosides
as narrow-spectrum antibiotics. Odds ratios (ORs)
between dichotomous categorical variables were calcu-
lated using binomial logistic regression. Factors with a
significance level <0.05 in bivariable analysis were
included as covariates in the multiple logistic regression
analysis of factors associated with antibiotic prescription
in local patients (age, diagnosis, symptom duration,
comorbidities, oxygen treatment and chest X-ray

infiltrates). Age was assessed as a continuous and cat-
egorical variable in the exploratory bivariable analysis,
but as a continuous variable in the multiple logistic
regression analysis. When adjusted analysis included
national COVID-19 patients, covariates were limited to
diagnosis, age, comorbidities and chest X-ray infiltrates,
due to lack of data on symptom duration and oxygen
treatment in this cohort. Microbiological data on co-
infections were assessed but found insufficient for inclu-
sion in statistical analysis.

Statistical analyses were performed in IBM SPSS statis-
tics version 26 (SPSS, Inc., Chicago, IL) and Prism version
8.1.2 (GraphPad Software Inc., La Jolla, CA).

Results

Overall, 215 patients were included in the influenza
cohort, and 82 patients in the local COVID-19 cohort.
National data on COVID-19 patients from NIPaR was
screened (n¼ 2331), and hospital admissions of adult
patients (�18 years old) were included in the subse-
quent data analysis (n¼ 2300), representing 2177 indi-
vidual patients as shown in Figure 1. The distribution of
gender, age- and comorbidities was comparable in local
and national COVID-19 patients (Table 1). Among
national COVID-19 patients, there was a significantly
higher proportion of male patients than in the local
influenza cohort (59% versus 51%, p¼ .015). Fewer
COVID-19 patients than influenza patients had comor-
bidities, temperature above 37.5� and respiratory

Figure 1. Study design. Local influenza and COVID-19 patients were included from Haukeland University Hospital and Haraldsplass
Deaconess Hospital during the 2018/2019 influenza season and spring/summer of 2020. The national cohort included COVID-19 patient
data from the Norwegian Intensive Care and Pandemic Registry. Inclusion criteria were age >¼ 18 years, and a diagnosis of either influ-
enza in 2018/2019 or COVID-19 in 2020/2021.
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symptoms upon admission (Table 1, Supplementary
Table 1). Influenza patients were older than local COVID-
19 patients (65 years versus 57 years, p¼ .048), but not
significantly older than national patients (median age
61 years, p¼ 0.083, Table 1). COVID-19 patients were sig-
nificantly more obese (body mass index >30) than influ-
enza patients (33% versus 18%, x2 n¼ 1296, p< .001).
Smoking was significantly more prevalent in influenza
patients (16%) than in local and national COVID-19
patients, 6% (p¼ .027) and 3% (p< .001), respectively.
Local patients reported symptom duration upon admis-
sion. Influenza patients were symptomatic for 3 days
before admission, compared to 7 days in local COVID-19
patients (p< .001, Table 1). Chest X-ray infiltrates were
more common in COVID-19 patients (73% locally and
67% nationally) than in influenza patients (35%, both
p< .001). COVID-19 patients had higher 30- day mortal-
ity rate than influenza patients (7% nationally and 4%
locally versus 2%, p¼ .002 and p¼ .399), and longer hos-
pital stays, with a median length-of-stay of 5 days com-
pared to 2 days, p< .001 (Table 1).

Complete data on antibiotic prescription were avail-
able for all local patients and 95% nationally. Influenza
patients received antibiotics (69%) significantly more
often than both local and national COVID-19 patients
(49% and 53% of patients respectively, p¼ .001 and
p< .001). Antibiotics initiated within 24 h accounted for
90% of the prescriptions in local COVID-19 patients and
96% in influenza patients. In the national COVID-19
cohort, 72% of the antibiotics were given within the first
24 h of admission. Overall, COVID-19 patients nationally
received broad-spectrum antibiotics more frequently
than local influenza patients (36% versus 25%, p¼ .002)
and less frequently narrow-spectrum antibiotics (28%
versus 60%, p< .001). In local COVID-19 patients, the use
of broad-spectrum antibiotics (23%) was similar to that
of influenza patients (p¼ .728) and narrow-spectrum
antibiotics (37%) similar to that of national COVID-19
patients (p¼ .446).

Among national COVID-19 patients receiving antibiot-
ics, the most commonly prescribed were penicillins and
second- and third-generation cephalosporins. Penicillins
were prescribed to 51% of national COVID-19 patients
who received antibiotics, compared to 75% of local
COVID-19 and 86% of influenza patients. Cephalosporins
were prescribed to 49% of national COVID-19 patients
receiving antibiotics, but only to 33% of local COVID-19
and 22% of influenza patients. Internationally, azithromy-
cin gained attention due to a possible effect on COVID-
19, as it was shown to possess antiviral properties

against multiple viral agents in vitro and anti-inflamma-
tory effects in vivo [20,21]. In our study, only 3% of
national patients received treatment with macrolides,
mainly in the beginning of the pandemic. To study
whether increased knowledge of the clinical picture of
COVID-19 influenced the choice of antibiotic treatment,
we divided patients into two groups, corresponding to
the first (spring 2020) and the second wave (autumn
2020) of the pandemic in Norway (Figure 2 and Table 2).
The adjusted ORs of antibiotic prescription in the two
pandemic waves compared to influenza are presented in
Figure 3(a) (crude OR in Supplementary Figure 1), dem-
onstrating higher odds of broad-spectrum antibiotic pre-
scription in the first pandemic wave than in influenza,
but higher odds of overall and narrow-spectrum anti-
biotic prescriptions in influenza patients. In the second
wave, use of broad-spectrum antibiotics was reduced by
20% (Table 2), and comparable to prescription rates in
influenza patients (aOR 0.96, 95% CI 0.64–1.43). The
adjusted ORs of antibiotic prescription in local versus
national COVID-19 patients during the first pandemic
wave are shown in Figure 3(b), demonstrating higher
odds of the use of overall and broad-spectrum antibiotics
nationally. Furthermore, national COVID-19 patients
received significantly less antibiotics during the second
pandemic wave than during the first (42% compared to
65% respectively, aOR 0.35, 95% CI 0.29–0.43, Figure 3(c)).
The reduction was due to reduced rates of early antibiotic
prescriptions (from 49% to 27%, p< .001, Table 2).
Length-of-stay was significantly shorter during the second
wave, with a median of 4.6 days versus 5.8 days in the
first wave from admission to discharge (p< .001).

Local cohorts of influenza and COVID-19 patients
were combined in the analysis of association between
diagnosis and antibiotic use in the two referral hospitals.
In the bivariable and multivariable analysis, a significant
association between influenza and antibiotic prescription
was found (Table 3). Other factors associated with anti-
biotic use in multivariable analysis of all local patients
were chest X-ray infiltrates and oxygen treatment. In
addition, the bivariable analysis showed significantly
higher odds of antibiotic prescription with increasing
age, shorter symptom duration, and underlying comor-
bidities (in particular cardiovascular disease, hyperten-
sion, and immunosuppression).

Discussion

We were surprised, that contrary to our hypothesis,
when adjusted for important differences in patient
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populations, antibiotic prescription rates in hospitalized
COVID-19 patients were lower than in influenza patients
in the same two referral hospitals.

Our study provides detailed findings and comparison
of antibiotic prescription practices during the COVID-19
pandemic and 2018/2019 influenza epidemic,

Figure 2. Monthly COVID-19 hospital admissions and antibiotic prescriptions from February 2020 to January 2021. Upper part: National
COVID-19 hospital admissions per month (green line). Admissions peaked during spring and autumn of 2020 corresponding to the first and
second pandemic wave (divided by the vertical dotted line). Lower part: Proportion of admitted patients receiving antibiotics any time dur-
ing admission (pink line) and within 24 h of admission (purple line).

Table 2. Clinical characteristics of COVID-19 patients during the first and second pandemic wave.

Demographics
First wave
n¼ 1059

Second wave
n¼ 1129

Odds ratio
(95% CI) p-value

Age (median, IQR)a 60 (49–73) 60 (47–74) .892
BMI (median, IQR)a 27 (24–30) 28 (25–32) .002�
Length-of-stay (median days, IQR)a 5.8 (2.8–11.1) 4.6 (2.1–8.0) <.001�
Gender (female) 432 (41%) 464 (41%) 0.99 (0.85–1.18) .992
Known comorbidity 654 (62%) 781 (69%) 1.39 (1.16–1.66) <.001�
Diabetes 146 (14%) 229 (20%) 1.61 (1.29–2.01) <.001�
Chronic lung disease 216 (21%) 268 (24%) 1.22 (0.99–1.49) .060
Chronic heart disease 384(36%) 491 (44%) 1.35 (1.14–1.60) .001�
Chronic renal disease 56 (5%) 64 (6%) 1.08 (0.74–1.56) .696
Chronic hepatic disease 13 (1%) 16 (1%) 1.16 (0.55–2.42) .699
Chronic neurological disease 47 (5%) 45 (4%) 0.98 (0.66–1.46) .928
Cancer 48 (5%) 50 (4%) 0.98 (0.65–1.46) .907
Immunosuppression 60 (6%) 41 (4%) 0.63 (0.42–0.94) .025�
Pregnancy 6 (1%) 7 (1%) 1.10 (0.37–3.27) .871
Smoker 30 (3%) 37 (3%) 1.16 (0.71–1.90) .547
Chest X-ray infiltrates 626 (69%) 635 (66%) 0.87 (0.72–1.06) .162
First antibiotic prescription before 24 h of admission
Any antibiotics 520 (49%) 304 (27%) 0.38 (0.32–0.46) <.001
Narrow-spectrumb 240 (23%) 154 (14%) 0.54 (0.43–0.67) <.001�
Broad-spectrumc 298 (28%) 157 (14%) 0.41 (0.33–0.51) <.001�

First antibiotic prescription after 24 h of admission
Any antibiotics 163 (15%) 164 (15%) 0.93 (0.73–1.18) .570
Narrow-spectrumb 68(6%) 80 (7%) 1.11 (0.80–1.55) .536
Broad-spectrumc 114 (11%) 106 (9%) 0.86 (0.65–1.14) .285

Total antibiotics
Any antibiotics 683 (65%) 468 (42%) 0.39 (0.33–0.46) <.001�
Narrow-spectrumb 344 (33%) 260 (23%) 0.62 (0.52–0.75) <.001�
Broad-spectrumc 490 (46%) 289 (26%) 0.86 (0.65–1.14) <.001�

The first pandemic wave was defined as the time-period from March to June 2020, and the second pandemic wave as the time-period from
July 2020 to January 2021.
aMann–Whitney U test.
bPenicillins without penicillinase-activity and aminoglycosides.
cCarbapenems, cephalosporins, macrolides, tetracyclines, quinolones, piperacillin/tazobactam and others.�p-value <.05. p-values <¼ .05 were considered significant. Chi-square statistics were used unless otherwise noted.
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contributing to the growing evidence of differences in
clinical management, and patient outcomes of the two
viral diseases [22,23].

In the spring of 2020, reports from European
countries, such as Italy, depicted a healthcare system
collapsing in the encounter with the pandemic virus
SARS-CoV-2. The fear of the novel virus affected deci-
sion-making at many levels in society and may have
impacted on antibiotic use. Since the previous influenza
epidemic, national guidelines on antibiotic prescription

remained unchanged through the first year of the pan-
demic, and did not include consideration of infection
markers [24]. In influenza, co- and secondary bacterial
infections require appropriate treatment, as they aggra-
vate disease outcome [22,23]. COVID-19 has proved to
be more lethal than seasonal influenza [22,25], possibly
encouraging high initial antibiotic use.

Since the start of the COVID-19 pandemic, knowledge
of the prevalence of bacterial coinfections, and experi-
mental treatment options have rapidly advanced
[6,26–28]. The development of co- and secondary infec-
tions appears to be rare in COVID-19 [29,30]. At time,
reports on antibiotic prescription trends over time are
scarce [31,32]. We observed a significant reduction in
antibiotic prescriptions in clinically comparable patients
from the first to second wave of the COVID-19 pan-
demic, indicating that the reduction in antibiotic pre-
scriptions was due to fundamental changes in
prescribing practices rather than changes in patient
populations.

These findings are encouraging and show that
important change in prescribing patterns is possible,
especially with rapidly evolving knowledge during
a pandemic.

We find it concerning that almost 70% of influenza
patients received antibiotics, and that early antibiotics
accounted for 96% of prescriptions, despite rapid influ-
enza testing in the Emergency Department, short
median symptom duration of 3 days and established
knowledge of influenza pathology [33,34]. Prescription
rates in our study were lower than or comparable to
several international studies [35–38]. A recent study
documented higher rates of 30-day respiratory disease
readmission in influenza patients only treated with anti-
virals as compared to both antivirals and antibiotics,
although the absolute differences in risk were low [39].
In COVID-19 patients early antibiotic prescriptions were
significantly reduced from the first to second pandemic
wave (from 49% to 27%, proportionally 76% and 65% of
all prescriptions). In comparison, a study from the US
reported a wide range (27–84%) of early empirical anti-
biotic use in COVID-19 patients in 32 hospitals [32]. High
rates of empirical antibiotic treatment indicate the pres-
ence of unnecessary prescribing, potentially both resist-
ance-driving and harmful at patient level, thus an
important target for antimicrobial stewardship. In our
experience, SARS-CoV-2 test turn-around-times has
improved since the beginning of the pandemic out-
break, possibly affecting antibiotic prescribing patterns.
Simultaneously, the superior local rapid influenza test

Figure 3. Adjusted odds ratios for antibiotic prescription. Adjusted
odds ratios (aOR) for antibiotic prescription in (a) COVID-19 patients
compared to influenza patients, (b) local COVID-19 patients com-
pared to national COVID-19 patients in the first pandemic wave and
(c) national COVID-19 patients in the second compared to first pan-
demic wave. Odds were adjusted for chest X-ray infiltrates, age and
comorbidities.
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Table 3. Factors associated with antibiotic prescription.

n
Antibiotic

prescription (%)
OR

(95%CI) p-Value
aOR

(95%CI) p-Value

Diagnosis
COVID-19 82 40 (49%) 0.43 (0.26–0.73) .002� 0.21 (0.09–0.50) <.001�
Influenza 215 148 (69%)

DEMOGRAPHICS
Agea 297 188 (63%) 1.03 (1.02–1.04) .001� 1.01 (1.00–1.03) .155�

Age groups
Older (� 65 years) 141 105 (75%) 2.57 (1.57–4.20) <.001�
Younger(<65years) 156 83 (56%)
10–19 2 1 (50%) 1.58 (0.90–27.78) .753
20–29 29 13 (45%) 1.29 (0.46–3.60) .631
30–39 (ref) 31 12 (39%) ref
40–49 28 12 (43%) 1.19 (0.42–3.36) .746
50–49 43 29 (67%) 3.28 (1.25–8.60) .016�
60–69 49 34 (69%) 3.59 (1.40–9.23) .008�
70–79 54 43 (80%) 6.19 (2.32–16.50) <.001�
80–89 46 31 (67%) 3.27 (1.27–8.46) .014�
90–99 15 13 (87%) 10.29 (1.97–53.85) .006�

Sex
Female 144 90 (62%) 0.94 (0.58–1.50) .781 –
Male 153 98 (64%)

Comorbidities
Present 228 154 (68%) 2.21 (1.27–3.83) .005� 1.16 (0.54–2.50) .705
Absent 68 33 (49%)

Cardiovascular disease
Present 88 67 (76%) 2.32 (1.32–4.07) .003� –
Absent 209 121 (58%)

Hypertension
Present 94 69 (73%) 1.95 (1.14–3.33) .015� –
Absent 203 119 (59%)

Chronic lung disease
Present 104 72 (69%) 1.49 (0.90–2.48) .120 –
Absent 193 116 (60%)

Smoking
Current 39 30 (77%) 2.11 (0.96–4.63) .063 –
Previously or never 258 158 (61%)

Obesity (BMI > 30)
Present 52 32 (62%) 0.90 (0.48–1.69) .747 –
Absent 197 126 (64%)

Diabetes Mellitus
Present 38 28 (74%) 1.73 (0.81–3.72) .159 –
Absent 259 160 (62%)

Chronic renal disease
Present 33 24 (72%) 1.62 (0.73–3.64) .237 –
Absent 264 164 (62%)

Chronic neurological disease
Present 57 40 (70%) 1.46 (0.78–2.73) .233 –
Absent 240 148 (62%)

Immunosuppression
Present 32 26 (81%) 2.76 (1.10–6.92) .031�
Absent 265 162 (61%)

Active cancer
Present 23 17 (74%) 1.70 (0.65–4.47) .276 –
Absent 274 171 (64%)

Clinical presentation
Time from symptoms to admissiona

Days 293 0.91 (0.85–0.96) .002� 0.93 (0.84–1.02) .103
Temperature> 37.5 �C
Present 249 162 (65%) 1.58 (0.84–2.94) .154 –
Absent 48 26 (54%)

Diagnostics
Chest X-ray
Infiltrate 120 94 (78%) 2.51 (1.45–4.36) .001� 4.39 (1.94–9.93) <.001�
No infiltrate 139 82 (59%)

Interventions
Oxygen treatment
Received 131 107 (82%) 4.74 (2.77–8.11) <.001� 2.88 (1.49–5.57) .002�
Not received 165 80 (49%)

NIV treatment
Received 36 36 (100%) – – –
Not received 260 151 (58%)

Respirator treatment
Received 13 13 (100%) – – –
Not received 282 174 (62%)

Antibiotic prescription was defined as the dependent variable. Independent variables entered in multiple logistic regression analysis were ‘diagnosis’, ‘age’,
‘comorbidities’, ‘duration of symptoms’, ‘chest X-ray infiltrates’ and ‘oxygen treatment’.
aContinuous variables. Approximate percentage of variance accounted for in multivariable analysis was 25% (Cox & Snell R2¼0.213 and Nagelkerke R2¼0.299).

86 E. B. FJELLTVEIT ET AL.



turn-around-times is not reflected in lower empiric anti-
biotic prescriptions.

We found a higher prevalence of respiratory symp-
toms in local influenza patients than in local COVID-19
patients, in line with results of a recent meta-analysis
[40]. The presence of respiratory symptoms and clinical
findings has previously been associated with antibiotic
prescribing in respiratory tract infections [41]. However,
our study was not designed to examine such an
association.

Broad-spectrum antibiotics was used more prevalently
in COVID-19 patients than in influenza patients. The
most common co-infecting pathogens in influenza are
Streptococcus pneumonia, Staphylococcus aureus, and
Haemophilus influenzae [34,42], most often treatable
with narrow-spectrum antibiotics in Norway.
Accumulated data demonstrates low prevalence of com-
munity-onset bacterial co-infection in COVID-19 patients,
however, numerous different co-pathogens have been
detected internationally [32,43]. These findings might
encourage the use of broad-spectrum antibiotics in
COVID-19 patients with suspected bacterial co-infection.

Currently, Norway has no national registry of anti-
biotic treatment of hospitalized influenza patients, and,
to our knowledge, our current cohorts are the most
comprehensive in the country, including both regional
influenza patients and all COVID-19 hospitalizations in
Norway until January 2021. In a national survey of anti-
biotic stewardship, one of the two participating hospi-
tals, -HDH-, ranked top in the country in adhering to
narrow-spectrum antibiotic use when appropriate, while
HUS was among those using most broad-spectrum anti-
biotics. Both hospitals are more restrictive than the
country as a whole concerning antibiotic treatment of
COVID-19. In Norway, there is low prevalence of multi-
resistant bacteria compared to most other countries.
Hence, some of our findings on selection and prescrip-
tion of antibiotics may only be generalizable to coun-
tries with similar microbial resistance patterns. Another
limitation is that we lacked data on microbiological find-
ings in most patients and therefore could not evaluate
the appropriateness of the antibiotic prescription in
each case. Furthermore, our study focussed solely on
the proportionate use of antibiotics, and not on treat-
ment duration. The core elements of antibiotic steward-
ship, particularly in patients with COVID-19, such as
reassessment, de-escalation and early termination,
should be investigated in future studies.

The 30-day mortality reported in our study was
exceptionally low compared to other studies [30,44,45].

This could be influenced by a tendency to treat elderly
and frail nursing home residents with COVID-19 outside
hospital, where the majority of deaths during the early
phase of the pandemic occurred [46].

We believe it is important to analyze present anti-
biotic prescribing patterns in the context of previous
practices. Our study forms a valuable backdrop for
reflection on decisive factors for antibiotic prescription
in viral lung infections. A preprinted study of hospital-
ized influenza patients in Norway between 2014-2018
reported of unchanged antibiotic use in the study
period [47], whereas in hospitalized COVID-19 patients,
we observed rapid changes in antibiotic prescription
rates during 2020. Improved rapid diagnostic tools, and
targeted stewardship measures to reduce discrepancies
between the true prevalence of bacterial co-infection
and antibiotic use in viral respiratory infections is
urgently needed, as antibiotic resistance may well be
our next pandemic threat.
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