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Abstract: Background: Up to 60% of the antibiotics prescribed to patients hospitalized with seasonal
influenza are unnecessary. Procalcitonin (PCT) has the potential as an antimicrobial stewardship
program (ASP) tool because it can differentiate between viral and bacterial etiology. We aimed to
explore the role of PCT as an ASP tool in hospitalized seasonal influenza patients. Methods: We
prospectively included 116 adults with seasonal influenza from two influenza seasons, 2018–2020. All
data was obtained from a single clinical setting and analyzed by descriptive statistics and regression
models. Results: In regression analyses, we found a positive association of PCT with 30 days mortality
and the amount of antibiotics used. Influenza diagnosis was associated with less antibiotic use if the
PCT value was low. Patients with a low initial PCT (<0.25 µg/L) had fewer hospital and intensive
care unit (ICU) days and fewer positive chest X-rays. PCT had a negative predictive value of 94% for
ICU care stay, 98% for 30 days mortality, and 88% for bacterial coinfection. Conclusion: PCT can be a
safe rule-out test for bacterial coinfection. Routine PCT use in seasonal influenza patients with an
uncertain clinical picture, and rapid influenza PCR testing, may be efficient as ASP tools.

Keywords: antimicrobial stewardship; antimicrobial resistance; seasonal influenza; procalcitonin;
hospital; diagnostic tool

1. Introduction

Respiratory tract infections (RTI) are the leading cause of hospital antibiotic prescrip-
tions and a significant issue in the medical field, leading to increased antibiotic resistance
and higher healthcare costs. One reason for excessive antibiotic use is the difficulty dif-
ferentiating between a severe viral infection and bacterial pneumonia [1,2]. Since the
etiology is often viral, antibiotics will, to a large extent, not benefit these patients. A large
meta-analysis found bacterial coinfection in only one-fourth of patients with influenza [3].
Recent rapid bedside diagnostics of influenza and other viral respiratory agents have
improved the opportunity to reduce antibiotic misuse. Nevertheless, 60–80% of patients
with influenza-like illnesses are still prescribed antibiotics [4,5]. Thus, there is a need for
improved antimicrobial stewardship (ASP) efforts for RTI and a potential regarding ASP
by more efficiently using diagnostic markers.

The serum inflammatory marker procalcitonin (PCT) is downregulated in viral and
upregulated in bacterial infections. It increases and decreases faster in the course of
infection than the more routinely used inflammatory marker C-reactive protein (CRP) [6].
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The test can consequently help to differentiate between viral and bacterial infections
and monitor infection progress. Several studies have shown the usefulness of PCT in
reducing antibiotic use, predominantly in sepsis and lower respiratory tract infections, and
international consensus guidelines have recommended PCT as a decision aid in ASPs [7–9].
Yet, controversy exists about PCTs’ ASP attributes because high-quality studies have
reported neutral or negative results for the usefulness of PCT [10–12]. This controversy
partly explains why PCT is not systematically used in ASPs, even in high-income countries,
as exemplified by a hospital survey recently published in Norway [13].

A recent search of Medline and Embase revealed 34 studies on the clinical utility
of PCT in hospitalized patients with influenza. However, in the two systematic reviews
retrieved, only H1N1 influenza patients from the 2009 pandemic were included [14,15]
(Search string found in Supplementary Material S1). In addition, seasonal influenza differs
from pandemic influenza in the immunity response [16]. Therefore, the role of PCT as an
ASP tool in patients with seasonal influenza remains unclear.

We aimed to explore the role of PCT as an ASP tool in patients hospitalized with
seasonal influenza by investigating any association between PCT levels and the use of
antibiotics, the need for intensive care, and mortality at 30 days.

2. Results
2.1. Patients

We included 116 (20%) out of 589 patients hospitalized with influenza at Østfold
Hospital Trust during the 2018–20 influenza season. No patient declined participation, but
we excluded two patients due to a PCT measurement exceeding 48 h from inclusion. The
remaining 473 influenza patients were not available for inclusion because the microbiol-
ogists who reported positive results (patients) to us could only prioritize this extra work
when they had time and not at the expense of their regular duties.

Eighteen (16%) of 116 patients had influenza as the tentative diagnosis at admission,
while 34 (29%) had a bacterial infection as the tentative diagnosis. For a complete overview
of admission diagnoses, see Supplementary Material S2. Few patients had their PCT
measurements on day three (N = 27) and day five (N = 32). The reason was either because
no blood samples were taken or the patient had been discharged. Therefore, analyses are
based on the admission PCT value (N = 116) because of the small samples for days three
and five and because initial PCT measurements were deemed more realistic in easy-to-
implement future ASPs.

Patient characteristics and main findings are given in Table 1. The CRB-65 score esti-
mates the severity of community-acquired pneumonia based on the four criteria: confusion
(yes/no), respiratory rate ≥ 30 (yes/no), blood pressure (systolic < 90 mmHg or diastolic
≤ 60 mmHg), and age ≥ 65, Based on the score, the patients are ranked into strata of low,
moderate, or high risk of mortality [17].

The highest proportion of patients stayed in the infection and pulmonary wards, while
a low proportion of the included patients stayed in the intensive care unit (ICU).

The median value of the inflammatory markers leucocytes and PCT were within the
reference ranges, while CRP was above but in the lower part of the CRP scale. The high
proportion of Influenza A compared to Influenza B was representative of previous influenza
seasons in hospital surveillance.
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Table 1. Patient characteristics in hospital.

Proportion (Number of Patients)

Median age 71 years (range 22–96) 100% (116)
Female/male 41%/59% (47/69)

CRB-65 score 0–1 62.9% (73)
CRB-65 score 2 22.4% (26)

CRB-65 score 3–4 13.8% (16)
Prehospital antibiotics 8.6% (10)

Influenza type A/B 96.5%/3.5% (112/4)
Respiratory syncytial virus/human

metapneumovirus N = 1/1

Wards (longest stay)
Infection 33% (38)

Pulmonary 22.4% (26)
Geriatric 11.2% (13)
Oncology 7.7% (9)

Other (cardiology, surgery, nephrology,
observation, neurology, hematology) 19.8% (23)

Intensive care unit 6% (7)
Intensive care unit during hospital stay 16.4% (19)

Inflammatory laboratory tests Median value (min–max; IQR)
CRP day 1 (mg/L) 65 (1–323; 29–112)
PCT day 1 (µg/L) 0.16 (0.02–28.5; 0.07–0.71)

Leucocytes day 1 (109/L) 5.5 (0.6–16.8; 4.6–7.5)
Days in hospital 4 (1, 34; 2–6.5)

CRB-65 score: a pneumonia severity score based on Confusion (yes/no), Respiratory rate ≥ 30 (yes/no), blood
pressure (systolic < 90 mmHg or diastolic ≤ 60 mmHg), and age ≥ 65, CRP = C-reactive protein, PCT = Procalci-
tonin, IQR = interquartile range.

2.2. Primary Outcome
Antibiotic Use

In the linear regression analyses, after adjusting for age, sex, and other confounders
(Supplementary Material S3), we found that a higher level of PCT at admission was
significantly associated with increased use of antibiotics, measured in DDD (defined daily
doses) and DOT (days of therapy) (Table 2).

Table 2. The association of procalcitonin with the outcomes: antibiotic use, mortality, and a stay in
the ICU.

Outcome Variable: Days of Antibiotic Therapy 1 β-Coefficient (95%CI) p-Value

Procalcitonin 0.12 (0.01–0.23) 0.026
Outcome variable: Antibiotic therapy in DDD/100
patient days 1 β-coefficient (95%CI)

Procalcitonin 0.17 (0.04–0.3) 0.007
Outcome variable: 30 days mortality 2 OR (95% CI)
Procalcitonin 1.2 (1–1.4) 0.023
Outcome variable: Intensive care unit stay 2 OR (95% CI)
Procalcitonin 1.1 (1–1.2) 0.14

1 Linear regression model. The variables that were not normally distributed are logarithmic transformed. 2 Logistic
regression model; DDD = Defined daily doses, OR = Odds ratio, CI = Confidence interval.

At the time of inclusion, 86 (98%) patients were prescribed antibiotics (i.e., after being
diagnosed with influenza). Patients receiving antibiotic treatment at any time during
the hospital stay were 88 (76%). Within three days after the diagnosis, 20 patients (23%)
had their antibiotics de-escalated (stopped or changed to a narrower spectrum), and
their median admission PCT level was 0.1 µg/L (IQR 0.05–0.65). Sixty-six patients (77%)
continued the antibiotic regime, and their median admission PCT value was 0.32 µg/L
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(IQR 0.12–1.6). Thus, we found a significant difference in the admission PCT levels between
the patients who had their antibiotics de-escalated and those who did not (p-value 0.04).

2.3. Secondary Outcomes
Mortality and Intensive Care Stay

In the logistic regression analyses (Supplement S3), we found that the odds ratio
for PCT as the predictor of 30 days mortality (outcome) was 1.2 (95% CI 1–1.4), which
means that for a one µg/L increase in PCT, the odds of 30 days mortality increased by 20%
and thus had a significant association with PCT (p-value 0.023). There was, however, no
significant association between PCT and the need for intensive care during the hospital
stay (Table 2).

Six (5.2%) patients died in the hospital. Causes of death, registered in the patients’
journal, were pneumonia (three patients), respiratory failure (one patient), pulmonary
edema (one patient), and organ failure (one patient). Nine patients (7.7%) died within
30 days post-discharge. Causes of 30 days mortality were not registered.

2.4. In-Between Group Differences

From the in-between group differences, we could infer that those patients with low
PCT values (<0.25 µg/L) stayed significantly fewer days in the hospital and in the intensive
care unit, had lower CRP, less positive chest X-rays, were prescribed lesser amounts of
antibiotics, which, in a larger proportion, were narrow-spectrum. Moreover, we found a
significantly higher 30 days mortality in the patients with high PCT values (≥0.25 µg/L).
(Table 3).

Table 3. Comparison of low and high PCT patients.

Procalcitonin Level Day 1

<0.25 µg/L (N = 64)
(Low)

≥0.25 µg/L (N = 52)
(High)

Patients’ characteristics p-value *

Age (range; IQR) 68.2 (22–95; 53.7–78.8) 74.3 (26–96; 64.3–81) 0.08

Median (IQR)

Days in hospital 3 (2–5) 5 (3–9) <0.001

Days with symptoms before the result
of virus PCR was obtained 3 (2–7) 4 (2–7) 0.39

Leucocytes on admission 5.2 (4–7.2) 6.1 (4.3–7.7) 0.43

CRP on admission 40 (15.5–75) 116 (64, 173) <0.001

N (% of total patients) p-value

Bacterial coinfection ** 7 (6%) 10 (8%) 0.43

CRB-65 score < 2 on admission 45 (39%) 28 (24%) 0.06

30 days mortality 1 (0.9%) 8 (6.9%) 0.01

Intensive care stay 4 (3.4%) 15 (13%) <0.01

Positive chest X-ray 14 (12%) 29 (25%) <0.01

Antibiotic use Median (interquartile range) p-value

Days of antibiotic therapy (DOT) 2 (0–4.5) 4 (2–7.5) <0.01

Antibiotic therapy in DDD/100 PD 5 (2.7–8.2) 8.4 (4–17.7) <0.01

N (% of the 86 patients receiving antibiotics at admission) p-value

Narrow-spectrum antibiotics (only) 26 (30%) 18 (20%) 0.03

Broad-spectrum antibiotics used 15 (17%) 27 (31%) 0.03

* Wilcoxon rank sum for continuous variables and Fisher’s exact test for categorical variables; ** Positive blood
culture, sputum or urinary antigen test (UAT), alone or in combination; IQR = interquartile range, CRP = C-reactive
protein, PCT = procalcitonin, DDD = Defined daily doses, PD = patient days.
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2.5. Bacterial Coinfection and Microbiology

Seventeen (15%) of 116 patients had a bacterial coinfection confirmed by clinically
significant positive sputum samples, blood culture results, and/or urinary antigen tests
(UAT). One of the 105 patients tested had a positive blood culture isolate (Staphylococcus
aureus). Eleven patients of 67 tested (16%) had positive sputum culture (three Moraxella
catarrhalis, four Haemophilus influenzae, three Streptococcus pneumoniae, and one isolate with
both H.influenzae and S.pneumoniae). Seven patients of 46 tested (15%) had positive UAT
for Streptococcus pneumoniae. Two patients had more than one positive culture and were
counted only once. The patients with bacterial coinfection had a median PCT of 0.5 µg/L
(IQR 0.05–1.64) versus those without confirmed bacterial coinfection with a median PCT of
0.17 µg/L (IQR 0.07–0.7; p-value 0.6).

Table 4 presents the test performance, using 0.25 µg/L as the cut-off, based on previous
literature [9]. PCT has a high sensitivity and a high negative predictive value (NPV) for an
ICU stay and 30 days mortality. With an area under the receiver operator curve (AUROC)
of 0.73 for ICU stay and 0.8 for 30 days mortality; thus, the overall test performance is good.
ROC curves of PCT on bacterial coinfection, ICU stay and 30 days mortality are provided
in Figure 1. However, PCT has a low specificity and positive predictive value (PPV) for
the same outcomes (ICU stay and 30 days mortality), thus, the test performance is better
for predicting a true negative outcome than for predicting true positive outcomes. For
predicting bacterial co-infection, PCT has a sufficient NPV of 88% but a low sensitivity and
poor overall test performance with an AUROC of 0.51.

Table 4. Performance of the procalcitonin test in hospitalized patients with seasonal influenza.

Sensitivity Specificity PPV * NPV * AUROC
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3. Discussion

Our main findings were that higher PCT levels in hospitalized influenza patients were
significantly associated with increased antibiotic use and 30 days mortality. Furthermore,
PCT had a high negative predictive value (NPV) for a stay in the ICU and mortality. This
is not to say that PCT can be used to predict (or negatively predict) either mortality or an
ICU stay. However, the findings suggest that using a low PCT cut-off (<0.25 µg/L) as a
rule-out tool for antibiotic treatment in hospitalized influenza patients can be safe in terms
of clinical deterioration. While interpreting these findings, it is worth noting that as an ASP
tool, PCT may only supplement the clinical presentation, which is the main determinant
for any antibiotic decision [18].
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Furthermore, in our study, all the patients had influenza (as an inclusion criterion).
There were significantly lower admission PCT levels in patients who had their antibiotics
stopped or de-escalated than in those who continued their antibiotics unchanged. A
previous study found that early influenza diagnoses decreased antibiotic prescribing and,
thus, had an essential role in ASP [1]. Therefore, adding PCT in this setting may strengthen
the ASP aspect.

We also found that the PCT value did not differ significantly between patients with
or without bacterial coinfection, and the positive predictive value (PPV) for bacterial
coinfection was only 20%. Thus, the diagnostic ability (rule-in value) of PCT was insufficient.
However, the NPV of PCT for bacterial coinfection was 88%. Therefore, PCT has more
potential as a bacterial coinfection rule-out test in our study, a finding in line with updated
PCT guidelines [9,19]. A systematic review and an observational study of 972 patients
concluded that PCT was a suitable rule-out test but not for detecting (ruling in) bacterial
coinfection [15,20]. Another systematic review, however, found PCT to be an accurate
marker for detecting bacterial pneumonia [14]. However, caution must be taken comparing
these previous studies with the research presented here since they either included a much
higher proportion of ICU patients [15] or exclusively used ICU patients [14,20]. Moreover,
the studies reported mainly on 2009 pandemic influenza patients, which might not be
transferable to seasonal influenza due to differences in the pathogenesis [16].

Significantly more patients with a high PCT value had a chest X-ray infiltrate than
those with a low PCT. This indicates that a positive chest X-ray may add crucial clues for
suspecting a bacterial coinfection, although from only a radiological view, the differentiation
is difficult [21]. Nevertheless, the value of chest X-ray is readily available, considering it is
a routine procedure in most Norwegian hospitals for most admitted somatic patients.

Most of our influenza patients had a low CRB-65 score, and only 15% had a bacterial
coinfection; still, 76% were prescribed antibiotics. Previous studies on pandemic influenza
patients showed a higher proportion of bacterial coinfection of 21–50%, which may indicate
an underreporting of bacterial infections in our population [14,15,22]. However, natural
fluctuations in small samples of patients may partly explain this difference. Moreover, most
studies were investigating ICU patients, while in our study, the participants were from all
departments, i.e., our population was principally less sick. Nonetheless, our finding of the
overuse of antibiotics supports the call for antibiotic stewardship in influenza patients.

We observed that few prescribing physicians ordered PCT routinely. Consequently,
the PCT results were, in most cases, unavailable on admission for the physician. Instead,
the first author (IC) ordered PCT after inclusion, i.e., when influenza was confirmed. At
this point, the physician had already given a (tentative) diagnosis and initiated treatment.
As our study observations are from a “real-world” scenario, we find the relatively low
compliance of physicians with established PCT algorithms to be a valuable observation.
Previous literature shows that PCT algorithm adherence is inconsistent between 44%
and 100% [11,23]. One often used explanation for low to moderate PCT adherence is
differences in study designs and lack of real-world insights [11,23,24]. A recent qualitative
study from our institution found that physicians were uncertain of PCT’s correct use and
trustworthiness [18]. Given our observation of low PCT algorithm adherence and PCT’s
still unleashed potential in an ASP setting, we propose that further efforts should focus on
the education of prescribing physicians to achieve an earlier and more consistent use of
PCT during the influenza season.

Our study has some limitations. First, one should be careful to generalize our findings
based on results from a single center and a relatively small number of patients. We included
only 20% of the total number of influenza patients hospitalized over two winter seasons,
and our results may, therefore, not be representative of the total influenza population.
However, a selection bias is less likely since the inclusion of patients was dependent solely
on the capacity of the microbiologists who reported the PCR-positive influenza tests to the
study group, i.e., the microbiologists did not see the patients, only their positive PCR test.
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Second, the low antimicrobial resistance (AMR) in Norway might reduce the external
validity of this study [25]. Finally, one might postulate a lesser risk perception of antibiotic
treatment failure in Norwegian physicians as a reason for not using PCT routinely. However,
non-compliance with PCT algorithms in the hospital care setting with high pressure on
caregivers has been discussed in several studies from countries with considerably higher
AMR [26].

Our study also has strengths. To our knowledge, the study is the first to report
procalcitonin’s role in antibiotic use in exclusively seasonal influenza patients. By describing
real-life data, the study adds implications for future ASPs. Our conclusions of the need for
reinforced use of PCT and focus on early influenza diagnosis are also reasonably easy to
implement, with potentially large rewards in ASP given the up to 60% excess antibiotic use
in influenza patients [3]. Based on the study findings and the body of evidence, although
subtle regarding seasonal influenza, we suggest physicians can safely supplement their
clinical evaluation with a PCT test in seasonal influenza patients. Furthermore, we advocate
for further exploration of PCTs’ potential as an AMS tool, preferably intervention studies.

4. Materials and Methods
4.1. Setting

This prospective, single-center observational study was performed at Østfold Hospital
Trust (a secondary, acute care, 380-bed hospital in southeastern Norway) with a catchment
area of 320,000 inhabitants. In the study hospital, an ASP was established in 2017. We did
no systematic interventions as part of this study. Only regular activities by the antibiotic
stewardship team took place during the study period, such as attendance at clinical visits
with information on the utility of PCT and distribution of posters with PCT algorithms.

4.2. Data Collection

We included patients 18 years and older from February to April 2019 and October
2019 to March 2020. The inclusion criteria were a positive polymerase chain reaction (PCR)
for influenza and a PCT assay obtained less than two days after the influenza diagnosis.
When the microbiologist had the capacity, they called the first author (IC) or the last author
(JBH) and reported the positive PCR results for seasonal influenza. IC or a research fellow
contacted the patient (the same day or the day after) to inform them about the research and
allowed them to opt-out. For included patients, the attending physicians or IC ordered
serial measurements of PCT on days 1, 3, and 5 (±two days). However, PCT was only
measured if routine test panel was drawn so that no extra procedure was needed for
the patients.

In addition to PCT, the following variables were registered: patient age and gender,
total days in the hospital, influenza type and other respiratory viruses (respiratory syncytial
virus, human metapneumovirus, parainfluenza- and adenovirus), results of positive blood
cultures, sputum, and urinary antigen test (UAT) for Streptococcus pneumoniae, admission
diagnosis, total leukocyte count, and CRP on days 1, 3 and 5 (±two days), in hospital and
30 days case fatality, the department where the patient had the most protracted stay, admit-
tance in the intensive care unit, days of symptoms before PCR result, presence of chest X-ray
infiltrates, CRB-65 score [17] (scored based on information in the patient journal). Further-
more, antibiotic treatment before hospital admission, as well as antibiotics administered on
hospital days 1, 3, and 5, were registered and categorized as narrow- or broad-spectrum an-
tibiotic regimes. All penicillins without inhibitory enzymes, gentamicin, and co-trimoxazole
were denounced as narrow-spectrum antibiotics. Cephalosporins (except first Generation),
quinolones, penicillins with inhibitory enzymes, carbapenems, erythromycin, doxycycline,
metronidazole, and vancomycin were categorized as being broad-spectrum [27]. Finally,
we measured the administered amount of antibiotics in defined daily doses (DDD) and the
number of days of antibiotic therapy (DOT) for each patient.
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4.3. Statistical Analysis

We divided the patients into one low (<0.25 µg/L) and one high PCT (≥0.25 µg/L)
group to compare in-between differences and used the Wilcoxon rank sum test for continu-
ous and Fisher exact test for categorical variables to test significance. P-values less than
0.05 were considered statistically significant. We used the Shapiro–Wilk test for normality
testing; none of the variables were normally distributed. Categorical variables are presented
in absolute values, and percentages and continuous variables are presented as medians
and interquartile range (IQR).

We used multivariate logistic regression models to investigate procalcitonin levels
associated with the following outcome variables: need for a stay in the ICU and 30 days
mortality. We used multivariate linear regression to analyze hospital antibiotic use as the
outcome, measured in defined daily doses (DDD) per 100 patient days and days of therapy
(DOT). In the linear regression model, we did a logarithmic transformation in the variables
that did not have a normal distribution or a linear relationship. In all regression models,
we adjusted for confounders and omitted colliders [28] (Supplementary Material S3).

We chose the 30 days over the in-hospital mortality rate in the analyses, as it is a
commonly used quality indicator [29]. To calculate PCT’s sensitivity and specificity values,
we used 0.25 µg/L as the cut-off [9].

STATA version 15.1 (StataCorp LP, College Station, TX, USA) was used for all statis-
tical analyses. Supplement S3 contains all statistical analyses, including the variables we
adjusted for.

5. Conclusions

We have demonstrated that a procalcitonin measurement in the context of influenza
diagnosis has the potential as a safe rule-out test for bacterial coinfection and that the
diagnosis of influenza itself probably has a role in reducing antibiotic use. Implementing
routine PCT use in patients admitted to hospitals with seasonal influenza with an uncertain
clinical picture has potential rewards regarding ASP, particularly when combined with
rapid influenza tests. We suggest that physicians may use PCT as a clinical adjunct in
seasonal influenza patients, ideally by implementing unambiguous PCT algorithms. Fur-
thermore, we call for intervention studies to further quantify PCTs’ impact as an ASP tool
in this patient group.
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mdpi.com/article/10.3390/antibiotics12030573/s1, S1: full search string; S2: tentative diagnosis cate-
gories; S3: statistical analyses.

Author Contributions: Conceptualization, J.B.H., D.B., L.-P.J.-J., J.V.B. and I.C.; methodology, J.B.H.,
S.M.D. and I.C.; data curation, I.C.; validation, J.B.H. and I.C.; formal analysis, I.C., and J.B.H.;
investigation, I.C.; writing—original draft preparation, I.C.; writing—review and editing, all authors;
visualization, I.C.; supervision, J.B.H.; project administration, I.C. All authors have read and agreed
to the published version of the manuscript.

Funding: This research received no external funding, but was funded internally from the Østfold
Hospital Thrust.

Institutional Review Board Statement: The local data protection officer and the regional committee
for medical and health research ethics (2018/1935/REK South-East) approved the study.

Informed Consent Statement: The patients were notified orally and received written information
about the project and the ability to decline participation. All data were de-identified prior to analyses.
Written informed consent was waived because this study only used information from the electronic
patient journal and involved no patient experiments.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available because the patients were not informed
about this.

https://www.mdpi.com/article/10.3390/antibiotics12030573/s1
https://www.mdpi.com/article/10.3390/antibiotics12030573/s1


Antibiotics 2023, 12, 573 9 of 10

Acknowledgments: We are thankful for the microbiologists who took the time in a busy work day to
report positive PCR influenza tests to the study group. We are also thankful to Anne-Lise Dahlbo,
our research fellow, for helping to collect clinical characteristics from the patients’ journals.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

References

1. Taymaz, T.; Ergönül, Ö.; Kebapcı, A.; Okyay, R. Significance of the detection of influenza and other respiratory viruses for
antibiotic stewardship: Lessons from the post-pandemic period. Int. J. Infect. Dis. 2018, 77, 53–56. [CrossRef]

2. Thelen, J.M.; Buenen, A.G.N.; van Apeldoorn, M.; Wertheim, H.F.; Hermans, M.H.A.; Wever, P.C. Community-acquired
bacteraemia in COVID-19 in comparison to influenza A and influenza B: A retrospective cohort study. BMC Infect. Dis. 2021, 21,
199. [CrossRef]

3. Klein, E.Y.; Monteforte, B.; Gupta, A.; Jiang, W.; May, L.; Hsieh, Y.H.; Dugas, A. The frequency of influenza and bacterial
coinfection: A systematic review and meta-analysis. Influenza Other Respir. Viruses 2016, 10, 394–403. [CrossRef]

4. Bhavnani, D.; Phatinawin, L.; Chantra, S.; Olsen, S.J.; Simmerman, J.M. The influence of rapid influenza diagnostic testing on
antibiotic prescribing patterns in rural Thailand. Int. J. Infect. Dis. 2007, 11, 355–359. [CrossRef]

5. Donnelly, J.P.; Baddley, J.W.; Wang, H.E. Antibiotic utilization for acute respiratory tract infections in U.S. emergency departments.
Antimicrob. Agents Chemother. 2014, 58, 1451–1457. [CrossRef]

6. Gilbert, D.N. Procalcitonin as a biomarker in respiratory tract infection. Clin. Infect. Dis. 2011, 52 (Suppl. 4), S346–S350. [CrossRef]
7. Iankova, I.; Thompson-Leduc, P.; Kirson, N.Y.; Rice, B.; Hey, J.; Krause, A.; Schonfeld, S.A.; DeBrase, C.R.; Bozzette, S.; Schuetz,

P. Efficacy and Safety of Procalcitonin Guidance in Patients With Suspected or Confirmed Sepsis: A Systematic Review and
Meta-Analysis. Crit. Care Med. 2018, 46, 691–698. [CrossRef] [PubMed]

8. De Jong, E.; Van Oers, J.A.; Beishuizen, A.; Girbes, A.R.J.; Nijsten, M.W.N.; De Lange, D.W. Procalcitonin guided antibiotic therapy
in severe community-acquired pneumonia. Randomized controlled trial. Intensive Care Medicine Experimental. In Proceedings
of the 29th Annual Congress of the European Society of Intensive Care Medicine, ESICM 2016, Milan, Italy, 3 October 2016.
[CrossRef]

9. Schuetz, P.; Beishuizen, A.; Broyles, M.; Ferrer, R.; Gavazzi, G.; Gluck, E.H.; González Del Castillo, J.; Jensen, J.U.; Kanizsai, P.L.;
Kwa, A.L.H.; et al. Procalcitonin (PCT)-guided antibiotic stewardship: An international experts consensus on optimized clinical
use. Clin. Chem. Lab. Med. 2019, 57, 1308–1318. [CrossRef] [PubMed]

10. Daubin, C.; Valette, X.; Thiolliere, F.; Mira, J.P.; Hazera, P.; Annane, D.; Labbe, V.; Floccard, B.; Fournel, F.; Terzi, N.; et al.
Procalcitonin algorithm to guide initial antibiotic therapy in acute exacerbations of COPD admitted to the ICU: A randomized
multicenter study. Intensive Care Med. 2018, 44, 428–437. [CrossRef] [PubMed]

11. Huang, D.T.; Yealy, D.M.; Filbin, M.R.; Brown, A.M.; Chang, C.H.; Doi, Y.; Donnino, M.W.; Fine, J.; Fine, M.J.; Fischer, M.A.; et al.
Procalcitonin-Guided Use of Antibiotics for Lower Respiratory Tract Infection. N. Engl. J. Med. 2018, 379, 236–249. [CrossRef]
[PubMed]

12. Peng, F.; Chang, W.; Xie, J.F.; Sun, Q.; Qiu, H.B.; Yang, Y. Ineffectiveness of procalcitonin-guided antibiotic therapy in severely
critically ill patients: A meta-analysis. Int. J. Infect. Dis. 2019, 85, 158–166. [CrossRef]

13. Haug, J.B.C. Ingrid. Procalcitonin as a Decision Aid in Antibiotic Stewardship in Norwegian Hospitals. In Usage of Antimicrobial
Agents and Occurrence of Antimicrobial Resistance in Norway; NORM-VET; Veterinærinstituttet og Folkehelseinstituttet: Oslo,
Norway, 2022; pp. 42–43.

14. Pfister, R.; Kochanek, M.; Leygeber, T.; Brun-Buisson, C.; Cuquemelle, E.; Machado, M.B.; Piacentini, E.; Hammond, N.E.; Ingram,
P.R.; Michels, G. Procalcitonin for diagnosis of bacterial pneumonia in critically ill patients during 2009 H1N1 influenza pandemic:
A prospective cohort study, systematic review and individual patient data meta-analysis. Crit. Care 2014, 18, R44. [CrossRef]

15. Wu, M.H.; Lin, C.C.; Huang, S.L.; Shih, H.M.; Wang, C.C.; Lee, C.C.; Wu, J.Y. Can procalcitonin tests aid in identifying bacterial
infections associated with influenza pneumonia? A systematic review and meta-analysis. Influenza Other Respir. Viruses 2013, 7,
349–355. [CrossRef]

16. Lee, N.; Wong, C.K.; Chan, P.K.; Chan, M.C.; Wong, R.Y.; Lun, S.W.; Ngai, K.L.; Lui, G.C.; Wong, B.C.; Lee, S.K.; et al. Cytokine
response patterns in severe pandemic 2009 H1N1 and seasonal influenza among hospitalized adults. PLoS ONE 2011, 6, e26050.
[CrossRef]

17. Bauer, T.T.; Ewig, S.; Marre, R.; Suttorp, N.; Welte, T.; Group, C.S. CRB-65 predicts death from community-acquired pneumonia. J.
Intern. Med. 2006, 260, 93–101. [CrossRef]

18. Christensen, I.; Haug, J.B.; Berild, D.; Bjørnholt, J.V.; Jelsness-Jørgensen, L.P. Hospital physicians’ experiences with procalcitonin—
Implications for antimicrobial stewardship; a qualitative study. BMC Infect. Dis. 2020, 20, 515. [CrossRef] [PubMed]

19. Rhee, C.; Mansour, M.K.; Ramirez, J.A.; Bond, S. Procalcitonin Use in Lower Respiratory Tract Infections; UpToDate: Waltham, MA,
USA, 2021.

http://doi.org/10.1016/j.ijid.2018.10.003
http://doi.org/10.1186/s12879-021-05902-5
http://doi.org/10.1111/irv.12398
http://doi.org/10.1016/j.ijid.2006.09.009
http://doi.org/10.1128/AAC.02039-13
http://doi.org/10.1093/cid/cir050
http://doi.org/10.1097/CCM.0000000000002928
http://www.ncbi.nlm.nih.gov/pubmed/29271844
http://doi.org/10.1186/s40635-016-0099-9
http://doi.org/10.1515/cclm-2018-1181
http://www.ncbi.nlm.nih.gov/pubmed/30721141
http://doi.org/10.1007/s00134-018-5141-9
http://www.ncbi.nlm.nih.gov/pubmed/29663044
http://doi.org/10.1056/NEJMoa1802670
http://www.ncbi.nlm.nih.gov/pubmed/29781385
http://doi.org/10.1016/j.ijid.2019.05.034
http://doi.org/10.1186/cc13760
http://doi.org/10.1111/j.1750-2659.2012.00386.x
http://doi.org/10.1371/journal.pone.0026050
http://doi.org/10.1111/j.1365-2796.2006.01657.x
http://doi.org/10.1186/s12879-020-05246-6
http://www.ncbi.nlm.nih.gov/pubmed/32677903


Antibiotics 2023, 12, 573 10 of 10

20. Rodriguez, A.H.; Aviles-Jurado, F.X.; Diaz, E.; Schuetz, P.; Trefler, S.I.; Sole-Violan, J.; Cordero, L.; Vidaur, L.; Estella, A.; Pozo
Laderas, J.C.; et al. Procalcitonin (PCT) levels for ruling-out bacterial coinfection in ICU patients with influenza: A CHAID
decision-tree analysis. J. Infect. 2016, 72, 143–151. [CrossRef] [PubMed]

21. Vilar, J.; Domingo, M.L.; Soto, C.; Cogollos, J. Radiology of bacterial pneumonia. Eur. J. Radiol. 2004, 51, 102–113. [CrossRef]
[PubMed]

22. Cuquemelle, E.; Soulis, F.; Villers, D.; Roche-Campo, F.; Ara Somohano, C.; Fartoukh, M.; Kouatchet, A.; Mourvillier, B.;
Dellamonica, J.; Picard, W.; et al. Can procalcitonin help identify associated bacterial infection in patients with severe influenza
pneumonia? A multicentre study. Intensive Care Med. 2011, 37, 796–800. [CrossRef] [PubMed]

23. Schuetz, P.; Wirz, Y.; Sager, R.; Christ-Crain, M.; Stolz, D.; Tamm, M.; Bouadma, L.; Luyt, C.E.; Wolff, M.; Chastre, J.; et al. Effect of
procalcitonin-guided antibiotic treatment on mortality in acute respiratory infections: A patient level meta-analysis. Lancet Infect.
Dis. 2018, 18, 95–107. [CrossRef] [PubMed]

24. Rhee, C. Using Procalcitonin to Guide Antibiotic Therapy. Open Forum Infect. Dis. 2017, 4, ofw249. [CrossRef] [PubMed]
25. ECDC. European Antimicrobial Resistance Surveillance Network (EARS-Net). European Antimicrobial Resistance Surveillance Network

(EARS-Net) (europa.eu); ECDC: Solna, Sweden, 2020.
26. Pepper, D.J.; Sun, J.; Rhee, C.; Welsh, J.; Powers, J.H.; Danner, R.L.; Kadri, S.S. Procalcitonin-Guided Antibiotic Discontinuation

and Mortality in Critically Ill Adults: A Systematic Review and Meta-analysis. Chest 2019, 155, 1109–1118. [CrossRef]
27. Simonsen, G.S.; Blix, H.S.; Grave, K.; Urdahl, A.M.; Akselsen, P.E.; Andersen, C.T.; Caugant, D.A.; Dansie, L.; Elstrøm, P.

NORM/NORM-VET, 2021 Usage of Antimicrobial Agents and Occurrence of Antimicrobial Resistance in Norway; Veterinærinstituttet og
Folkehelseinstituttet: Oslo, Norway, 2021.

28. Holmberg, M.J.; Andersen, L.W. Collider Bias. JAMA 2022, 327, 1282–1283. [CrossRef] [PubMed]
29. Kristoffersen, D.T.; Helgeland, J.; Clench-Aas, J.; Laake, P.; Veierød, M.B. Observed to expected or logistic regression to identify

hospitals with high or low 30-day mortality? PLoS ONE 2018, 13, e0195248. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1016/j.jinf.2015.11.007
http://www.ncbi.nlm.nih.gov/pubmed/26702737
http://doi.org/10.1016/j.ejrad.2004.03.010
http://www.ncbi.nlm.nih.gov/pubmed/15246516
http://doi.org/10.1007/s00134-011-2189-1
http://www.ncbi.nlm.nih.gov/pubmed/21369807
http://doi.org/10.1016/S1473-3099(17)30592-3
http://www.ncbi.nlm.nih.gov/pubmed/29037960
http://doi.org/10.1093/ofid/ofw249
http://www.ncbi.nlm.nih.gov/pubmed/28480245
http://doi.org/10.1016/j.chest.2018.12.029
http://doi.org/10.1001/jama.2022.1820
http://www.ncbi.nlm.nih.gov/pubmed/35285854
http://doi.org/10.1371/journal.pone.0195248
http://www.ncbi.nlm.nih.gov/pubmed/29652941

	Introduction 
	Results 
	Patients 
	Primary Outcome 
	Secondary Outcomes 
	In-Between Group Differences 
	Bacterial Coinfection and Microbiology 

	Discussion 
	Materials and Methods 
	Setting 
	Data Collection 
	Statistical Analysis 

	Conclusions 
	References

