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Abstract
Background: Procalcitonin is a serum biomarker used to distinguish bacterial infection from viral or
noninfectious syndromes. Primary literature shows mixed data on use of procalcitonin for de-escalation
of antimicrobials. Delays in test results of send-out procalcitonin assays may result in prolonged
antimicrobial durations. It is unknown whether availability of in-house assays may shorten time to
antibiotic de-escalation.

Aim: This retrospective, cohort study compared antibiotic durations of treatment between groups with a
rapid-result versus a delayed send-out, procalcitonin test modality.

This study was exempt from Ethics Committee Approval, as determined by the Institutional Review Board
at the study site.

Methods: Adult hospitalized patients were included if they had at least one procalcitonin test performed
during the study period.  The primary outcome compared mean duration of antimicrobial therapy
between groups receiving a rapid-result procalcitonin test and a delayed-result test. Secondary outcomes
included incidence of Clostridiodes di�cile infection, mention of procalcitonin testing in the electronic
medical record in reference to antimicrobial therapy decision making, and presence of comorbidities
which affect procalcitonin levels independent of infection.

Results: A total of 350 lab results were analyzed. The duration of antimicrobial treatment between groups
was not statistically different with the median duration of treatment in the send-out group being 2.95
days compared to 3.35 in the in-house group, p=0.856. Patient comorbidities with potential to lead to a
noninfectious elevation or falsely high level of procalcitonin were common.

Conclusion: Use of a rapid-result procalcitonin assay does not reduce hospital antimicrobial therapy
duration as compared with send-out testing.

Impact On Practice
Studies reporting on the utility of procalcitonin testing to reduce antibiotic days have yielded mixed
results.

Timely lab results are necessary to aid in decision-making regarding antibiotic use, and procalcitonin
send-out lab tests may result in delayed antibiotic de-escalation.

The results of this study demonstrate that availability of rapid procalcitonin test results did not
reduce duration of antibiotic use at a large tertiary care

Introduction
Procalcitonin (PCT) is a serum biomarker that is used to distinguish bacterial infection from other viral or
in�ammatory causes of infection. PCT levels typically increase six to twelve hours following initial
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bacterial infections. PCT can also be elevated in non-infectious in�ammatory conditions such as trauma,
burn, carcinoma, acute or chronic renal disease, cardiogenic shock [1]. The US Food and Drug
Administration approved PCT testing in 2016 to assess sepsis progression and 28-day mortality as well
as in 2017 to guide antibiotic therapy in patients with acute respiratory infections [2–3]. The 2019
American Thoracic Society and Infectious Diseases Society of America community-acquired pneumonia
guidelines recommend empiric antimicrobial therapy in all adults with suspected bacterial pneumonia
regardless of initial PCT and do not address its use as a tool to guide antibiotic-de-escalation for
pneumonia. The 2017 Surviving Sepsis campaign does support the measurement of PCT to shorten the
duration of antimicrobial therapy in septic patients and supports use of PCT to stop empiric
antimicrobials in patients with limited clinical evidence of infection [4]. There is currently a gap in
cohesive data surrounding role of PCT monitoring as a clinical indicator of appropriate antimicrobial use
in a variety of patient populations. Many clinical organizations have varying recommendations regarding
the use of PCT testing. Most recommend that its use should be limited as an adjunct to clinical judgment
when deescalating antimicrobial therapy [4–6]. Laboratory costs should also be taken into consideration
when using PCT as an adjunct to clinical judgment as it can add to unnecessary healthcare expenditure
when its use is not aligned with guideline recommendations.

Current primary literature shows varying data regarding the use of serial PCT measures to deescalate
antimicrobial therapies. Several randomized controlled trials demonstrate that PCT-guided antimicrobial
therapy helps decrease patient exposure to antibiotics. As an example, results from a study conducted by
Christ-Crain M, et al showed a 55% reduction in duration of antimicrobial therapy when using a PCT
guided algorithm compared to standard of care [7]. Some limitations of many of the studies that
addressed PCT protocol implantation are as follows; �rst in many of the trials comparing PCT protocols
with standard of care for antimicrobial therapy utilization, a large proportion of prescribers overrode the
PCT algorithm in the intervention group and prescribed based on clinical judgment. Second, many of
these studies had extensive exclusion criteria including patients who developed sepsis during their stay,
immunosuppressed individuals, and individuals who were critically ill, which represent a large population
of PCT use at our institution [8–12]. Pointing out these limitations is important because institutions that
do not outline speci�c criteria for whom to use PCT-guided therapy are at risk for resource wasting,
increasing burden of testing on institutional laboratories, and increased costs to patients and health
systems. A 2019 meta-analysis by Pepper DJ, et al found that while a PCT-guided algorithm did decrease
mortality in some patients, PCT-guided antibiotic discontinuation did not signi�cantly improve survival in
trials that included only critically ill patients with sepsis [13]. Another 2019 meta-analysis by Peng F, et al
showed that PCT-guided antimicrobial therapy did not decrease mortality in critically ill patients [14].
Because some disease states may cause elevation of PCT levels independent of infection, it is important
to consider pertinent comorbidities of the patient prior to ordering PCT labs [14–22]. The current study
institution does not currently employ institutional protocols or recommendations regarding the utilization
or interpretation of PCT, resulting in clinician-speci�c laboratory use.

While much of the current data supports PCT monitoring as a way to decrease antibiotic exposure, the
clinical signi�cance and cost e�ciency of this approach have not been well elucidated at the study
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institution. One possible explanation for this is that the study institution already has short antimicrobial
therapy durations due to a progressive antimicrobial stewardship program. As a result, many of the PCT
guided antimicrobial therapy reductions that have been demonstrated in primary literature are not shorter
than minimum guideline recommended treatment, thus utility of PCT may not provide additional bene�t
at reducing therapy durations in a healthcare system with already short antimicrobial durations [7–14]. In
November 2018, the study facility transitioned from a delayed send-out PCT test that resulted in twenty-
four to seventy-two hours, with an average time of 43.9 hours to a rapid in-house PCT testing modality
that results within an average time of 2.4 hours. By comparing duration of antimicrobial therapy between
patients who had a send-out PCT lab ordered and an in-house PCT lab ordered, we were able to assess
the utility of a quickly resulting PCT test. The aim of this study was to determine the clinical and �nancial
impact of in-house PCT testing at reducing antimicrobial usage.

Aim

This retrospective, observational review compared antibiotic durations of treatment between groups with
a rapid-result versus a delayed send-out, procalcitonin test modality.

Ethics Approval

Ethics approval was not required at the study institution prior to commencing this study, as patients
and/or professionals were not directly involved. This study was reviewed and approved by the facility
Institutional Review Board prior to commencement.

Methods
This institutional review board-approved, single-center, retrospective, pre-post cohort study was conducted
at a tertiary-care community teaching hospital. Patients were eligible for inclusion in the study if they had
an order for a PCT lab from November 2017 to May 2020. There were 5,462 PCT labs collected on 3,597
patients during this time period. One hundred seventy-�ve patients were randomly selected from the a
total of 279 patients in the send-out cohort. Patients in the send-out cohort were collected from November
28, 2017 to November 27, 2018. After this time period, the study institution switched to in-house, rapid-
result PCT testing and patients were eligible for inclusion in the rapid-result cohort if they had a PCT lab
between November 28, 2018 and May 20, 2020. There were 175 patients randomly selected for inclusion
from a total of 3,334 patients identi�ed in the rapid-result cohort. Patients were excluded if they were
under 18 years of age or were pregnant.

Data was collected utilizing RedCap database [15]. Patient characteristics such as age, sex, and markers
of illness severity such as admission to the intensive care unit (ICU) and length of stay were collected.
The primary objective was to discern the impact of rapidly resulting in-house PCT testing on antimicrobial
durations.
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A statistical analysis of the data was conducted using IBM SPSS statistical software (Version 27, New
York) to determine the signi�cance of any changes seen before and after adoption of in-house, rapid-
result PCT testing. Continuous parametric data was analyzed using the independent t-test. Nominal data
was analyzed using the chi-square test, and continuous non-parametric data was analyzed using the
Mann-Whitney U test. A p-value of less than 0.05 was considered statistically signi�cant. Median values
are reported for non-parametric data.

The primary outcome compared duration of antimicrobial therapy between rapid-result PCT testing with
delayed-result, send-out PCT testing. Secondary outcomes assessed were the incidence of Clostridiodes
di�cile infection between groups, mention of PCT testing in the patients’ electronic medical record (EMR)
as a reason to not initiate or de-escalate antimicrobial therapy, and the presence of comorbidities known
to affect PCT levels independent of infection [1, 16–23].

Results
A total of 350 patients were included in the study with 175 in each group. Baseline characteristics are
summarized in Table 1. There were no signi�cant differences between groups regarding age and gender,
however there was a higher incidence of renal disease and ICU admission in the rapid-result group and a
greater frequency of patients admitted to a trauma service in the send-out group. Longer durations of
hospital stay were observed in the rapid-result group, while the send-out group had a higher incidence of
vasopressor requirement. Other serum markers of in�ammation such as C-reactive protein (CRP) and
erythrocyte sedimentation rate (ESR) were not signi�cantly different between groups. The average
number of PCT labs drawn per patient was 2.0 in the send-out group and 2.9 in the rapid-result group.
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Table 1
Baseline Characteristics

Characteristics Send-Out (n = 175) In-House (n = 
175)

P-
value

Age, years, mean ± st dev 60 ± 17 61 ± 16 0.640

Number of PCT tests, n 352 507 0.171

Female, n (%) 81 (46.3) 87 (49.7) 0.521

Comorbidities, n (%)

Totala

Renal diseasea

Heart failure

Cardiac arrest

Traumaa

Chemotherapy

Cardiogenic shock

Chronic infection

Immunocompromised

Localized infection

Acute pancreatitis

 

61 (34.9)

27 (15.4)

11 (6.3)

6 (3.4)

7 (4)

2 (1.1)

0

2 (1.1)

4 (2.3)

1 (0.6)

1 (0.6)

 

82 (46.9)

53 (30.3)

10 (5.7)

8 (4.6)

0

3 (1.7)

1 (0.6)

0

2 (1.1)

3 (1.7)

2 (1.1)

 

0.010

ICU admit 41.7% 58.3% 0.010

Vasopressor use 12% 22.9% 0.050

Hospital mortality 1.1% 1.7% 0.651

Mean length of hospital stay days ± st dev
(IQR)

9.3 ± 7.7 (4, 11.5) 12.1 ± 16.7 (4,
13)

< 0.050

Maximum CRP, mg/dL

median ± st dev (IQR)

7.9 ± 6.1 (2.7, 12.6) 7.2 ± 10 (2.3,
14.8)

--

Maximum ESR mL/hr

median ± st dev (IQR)

50.3 ± 27 (28.3,
70.7)

40.1 ± 36.6 (8,
59)

--

adenotes statistical signi�cance

ICU – intensive care unit, CRP – C-reactive protein, ESR – erythrocyte sedimentation rate
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Primary outcome results are displayed in Table 2. The duration of antimicrobial treatment between the
send-out and rapid-result groups was not statistically different between all patients with a median
duration of treatment in the send-out group of 2.95 days compared to 3.35 in the in-house group, p = 
0.856. Durations of treatment were also not signi�cantly different when looking at subgroups of non-ICU
admitted patients and ICU-admitted patients. Non-ICU patients in the send-out group had a median
duration of treatment of 2.28 days and in the rapid-result cohort the median duration of treatment was
1.27 days (p = 0.057). ICU-admitted patients had a median duration of treatment of 4.04 days in the send-
out group and 4.48 days in the rapid-result group (p = 0.877).

Table 2
Duration of antimicrobial treatment between the send-out and in-house cohorts.

    Send-Out (n = 
175)

In-House (n = 
175)

P-
value

All Patients Duration of treatment, days, median
(IQR)

2.95 (1.00,
5.80)

3.35 (0.90,
5.98)

0.856

Non-ICU
patients

Duration of treatment, days, median
(IQR)

2.28 (0.95,
4.17)

1.37 (0.40,
3.72)

0.057

ICU patients Duration of treatment, days, median
(IQR)

4.04 (1.00,
7.13)

4.48 (1.72,
6.50)

0.877
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Table 3
Secondary clinical outcomes.

  Send-Out (n = 175) In-House (n = 
175)

PCT test mentioned in the EMR as a reason to stop therapy 7 (4%) 17 (9.7%)

Clostridioides di�cile incidence 2 (1.1%) 2 (1.1%)

Comorbidities that could interfere with the validity of PCT
test result

Total

Renal diseasea

Heart failure

Cardiac arrest

Traumaa

Chemotherapy

Cardiogenic shock

Chronic infection

Immunocompromised

Localized infection

Acute pancreatitis

 

61 (34.9%)

27 (15.4%)

11 (6.3%)

6 (3.4%)

7 (4%)

2 (1.1%)

0

2 (1.1%)

4 (2.3%)

1 (0.6%)

1 (0.6%)

 

82 (46.8%)

53 (30.3%)

10 (5.7%)

8 (4.6%)

0

3 (1.7%)

1 (0.6%)

0

2 (1.1%)

3 (1.7%)

2 (1.1%)

adenotes statistical signi�cance, p < 0.01

 
PCT was rarely mentioned in the EMR as a reason to stop antimicrobial therapy with a 4% incidence in
the send-out group and 9.7% in the rapid-result group. Incidence of diagnosis of Clostridioides di�cile
infection after antimicrobial therapy initiation was the same in both cohorts. Comorbidities that could
interfere with the validity of PCT test results were seen in 34.9% of patients in the send-out group and
46.8% of the rapid-result group, with renal disease being the most common comorbidity in both groups. It
is notable that there was a statistically signi�cant difference between groups incidence of admission for
trauma and presence of renal disease. Patients in the rapid-result group was more likely to have renal
insu�ciency. Patients in the delayed-result group were more frequently hospitalized with traumatic injury.
Incidences of additional comorbidities are displayed in Table 1. From 2017 to 2018 practitioners at the
study institution ordered 293 send-out PCT labs which resulted in $23,520 in hospital expenditures. In the
year 2020 practitioners ordered 5,974 in-house, rapid-result PCT labs, resulting in a hospital lab cost of
$89,610.
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Discussion
The �ndings of this study demonstrate that availability and use of an in-house, rapidly resulting PCT
assay did not reduce antimicrobial therapy durations. Baseline antimicrobial durations of therapy are
short at the study institution, concordant with national guideline recommendations, due to the presence
of a progressive antimicrobial stewardship program that provides recommendations on antimicrobial use
for the entirety of the hospital. In contrast, many studies which have analyzed PCT utilization and
reported reductions in antimicrobial therapy days, reported baseline treatment durations longer than
minimum recommended guideline durations. For example, a 2018 meta-analysis that analyzed PCT
guided use of antibiotics compared to clinical judgment for acute respiratory infections found a
difference in antibiotic exposure of 5.7 days vs 8.1 days (95% CI, -2.71, 2.15, p < 0.0001) in the PCT-guided
group compared to the clinical judgment group alone [24]. Results of this study are consistent with the
results of another 2018 meta-analysis that compared PCT guided use of antibiotics compared to clinical
judgment for a variety of infectious etiologies [24]. The results of the meta-analysis found no difference
in mean days of treatment with 4.3 vs 4.3 days (95% CI, -0.6 to 0.5, p = 0.87) in the PCT-guided and
clinical judgment alone guided groups, respectively. This study also found no signi�cant difference in
antibiotic days by day 30 in any pre-speci�ed subgroup analysis.

Given the lack of difference in antimicrobial therapy durations observed between groups, it is evident that
receipt of the laboratory value within a matter of hours does not result in a difference in use of this lab for
antimicrobial decision-making in a manner that improves rates of de-escalation or discontinuation. This
assessment is further validated by the scarcity with which PCT was mentioned in the patient chart as a
tool utilized in clinical decision making. This conclusion does not account for non-documented clinical
decision making, which cannot be studied via retrospective chart review.

In addition to lack of utility regarding rapid-result PCT labs at reducing antimicrobial durations, many of
the patients who had a PCT laboratory value ordered in both the send-out and rapid-result group had a
comorbidity that could lead to a noninfectious elevation of or falsely low level of PCT, 34.9% and 46.8%
respectively. Because interpretation of PCT in these patients is not standardized at this institution, the lab
value likely does not provide high utility in guiding antimicrobial de-escalation or discontinuation.

The study population also differed signi�cantly between the send-out and rapid-result groups, with more
critically ill patients present in the rapid-result cohort. This difference is attributed to increased provider
lab orders in�uenced by ease of obtaining quick results with an in-house assay. By analyzing the
differences between subgroups of critically ill and non-critically ill patients, investigators attempted to
mitigate confounding in�uence of prolonged antimicrobial durations in critically ill patients compared to
non-critically ill patients. An additional consideration that would provide useful knowledge towards the
utility of PCT would be to collect information regarding PCT values guiding duration of antibiotics on
discharge as this endpoint was not assessed in this study.

While this study is limited by its retrospective nature at a single health system, it does highlight several
points. First, we observed a lack of effect on reduction in durations of antimicrobial use where a robust
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antimicrobial stewardship program is already in place to closely monitor this. It also highlights a large
percentage of inappropriately ordered PCT assays in patients with exclusions to accurate interpretation.

Cost per test was reduced by bringing PCT testing in-house, however, a substantial increase was observed
in the volume of PCT test orders by providers. This resulted in increased hospital costs without an
associated reduction in days of antimicrobial therapy. Thus, the availability of in-house PCT testing did
not result in �nancial bene�t to the study institution or clinical bene�t in reduced days of antimicrobial
therapy. Based on the result of this study, our institution has elected to remove PCT from the adult
laboratory formulary.

Conclusion
The results of this study indicate that in-house PCT testing that provides rapid results does not shorten
antimicrobial durations when compared with send-out testing that takes multiple days to result. These
�ndings suggest that in-house PCT is not a cost effective tool for reducing antimicrobial durations at this
institution and �nancial resources may be better utilized to bolster antimicrobial stewardship efforts. In-
house PCT testing may be of bene�t to institutions who have average antimicrobial therapy durations
that exceed guideline recommendations.

Declarations
Acknowledgements

Vanessa Barva, PharmD

Funding

The authors did not receive support from any organization for the submitted work.

Con�icts of Interest

1. Elizabeth J Anderson, PharmD, the author has nothing to disclose.

2. Brittany White, PharmD, BCPS, CACP, the author has nothing to disclose.

3. Emily Goodwin, PharmD, BCPS, the author has nothing to disclose.

4. Fadi M Alkhateeb, BSPharm, MBA, Ph.D., FAACP, the author has nothing to disclose.

5. Cyle White, PharmD, BCIDP, the author has nothing to disclose.

Disclosure

1. Elizabeth J Anderson, PharmD, the author has nothing to disclose.

2. Brittany White, PharmD, BCPS, CACP, the author has nothing to disclose.

3. Emily Goodwin, PharmD, BCPS, the author has nothing to disclose.



Page 11/13

4. Fadi M Alkhateeb, BSPharm, MBA, Ph.D., FAACP, the author has nothing to disclose.

5. Cyle White, PharmD, BCIDP, the author has nothing to disclose.

Contributions

1. EJA participated in research design, data collection and analysis and writing of the initial and �nal
manuscript.

2. BW participated in research design, data analysis, manuscript development and revisions, and
approval of the �nal version of the article.

3. EG participated in research design, article revisions, and approval of the �nal version of the article.

4. FA participated in data analysis and approval of the �nal version of the article.

5. CW formulated the project idea, participated in research design, data analysis, article revisions, and
approval of the �nal version of the article.

Funding:

The authors declare that no funds, grants, or other support were received during the preparation of this
manuscript.

Competing interests:

The authors have no relevant �nancial or non-�nancial interests to disclose.

Author contributions:

All authors contributed to the study conception and design. Material preparation, data collection, and
analysis were performed by Elizabeth Anderson, PharmD, Cyle White, PharmD, and Fadi Alkhateeb BS
Pharm, MBA, PhD, FAACP. The �rst draft of the manuscript was written by Elizabeth Anderson, PharmD
and all authors commented on previous versions of the manuscript. All authors read and approved the
�nal manuscript.

Data Availability:

The datasets generate during and/or analyzed during the current study are available from the
corresponding author on reasonable request.

Ethics Approval:

This is an observational study. The University of Tennessee Health Science Center at Chattanooga
Institutional Review Board has determined that no ethical approval is required.

References



Page 12/13

1. Cleland D, Eranki A. Procalcitonin. StatPearls [Internet]. StatPearls Publishing;2021 Jan.

2. Metlay JP, et al. Diagnosis and treatment of adults with community-acquired pneumonia. An o�cial
clinical practice guideline of the American Thoracic Society and Infectious Diseases Society of
America. Am J Resp Crit Care Med. 2019;200(7):e45-e67.

3. Rhee C. Using Procalcitonin to Guide Antibiotic Therapy. Open Forum Infect Dis. 2017;4(1):249.

4. Rhodes A, et al. Surviving Sepsis Campaign: International Guidelines for Management of Septic
Shock: 2016. Crit Care Med. 2017;45(3):486-552.

5. Barlam TF, et al. Implementing an antibiotic stewardship program: Guidelines by the Infectious
Diseases Society of America and the Society for Healthcare Epidemiology of America. Clin Infect Dis.
2016;62(10):e51-e77.

�. Kali AC, et al. Management of adults with hospital acquired and ventilator associated pneumonia:
2016 clinical practice guidelines by the Infectious Diseases Society of America and the American
Thoracic Society. Clin Infect Dis. 2016;63(5);e61-e111.

7. Christ-Crain M, et al. Procalcitonin Guidance of Antibiotic Therapy I Community-acquired pneumonia.
Am J Resp Crit Care Med. 2005;173(1):84-93.

�. Huang DT, et al. Procalcitonin-guided use of antibiotics for lower respiratory tract infection. N Engl J
Med. 2018;379(3):236-249.

9. Bouadma L, et al. Use of procalcitonin to reduce patients’ exposure to antibiotics in intensive care
units (PRORATA trial): a multicenter randomized controlled trial. Lancet. 2010;375(9713):463-474.

10. Van der Does Y, et al. Procalcitonin-guided antibiotic therapy in patients with fever in a general
emergency department population: a multicenter non-inferiority randomized clinical trial (HiTEMP
study). Clin Microbiol Infect. 2018;24(12):1282-1289

11. Branche AR, et al. Serum procalcitonin measurement and viral testing to guide antibiotic use for
respiratory infections in hospitalized adults: a randomized controlled trial. J Infect Dis.
2015;212(11):1692-70.

12. Schuetz P, et al. Effect of procalcitonin-based guidelines vs standard guidelines on antibiotic use in
lower respiratory tract infections: The ProHOSP Randomized Controlled Trial. JAMA.
2009;302(10):1059-66.

13. Pepper DJ, et al. Procalcitonin-guided antibiotic discontinuation and mortality in critically ill adults.
CHEST. 2019;155(6):1109-1118.

14. Peng Fei, et al. Ineffectiveness of procalcitonin-guided antibiotic therapy in critically ill patients: a
meta-analysis. Int J Infect Dis. 2019;85:158-166.

15. Paul A. Harris, et al., Research electronic data capture (REDCap) - A metadata-driven methodology
and work�ow process for providing translational research informatics support, J Biomed Inform.
2009 Apr;42(2):377-81.

1�. Wang W, et al. Procalcitonin testing for diagnosis and short-term prognosis in bacterial infection
complicated by congestive heart failure: a multicenter analysis of 4,698 cases. Crit Care. 2014;



Page 13/13

18(1):R4.

17. Dumea R, et al. Procalcitonin: diagnostic value in systemic infections in chronic kidney disease or
renal transplant patients. Int Urol Nephrol. 2014;46(2):461-8.

1�. Wu SC, Zhang YL, Hu WP. Elevated serum procalcitonin level in patients with chronic kidney disease
without infection: a case control study. J Clin Lab Anal. 2020;34(2):e23065.

19. Durnas B, et al. Utility of blood procalcitonin concentration in the management of cancer patients
with infections. Onco Targets Ther. 2016;9:469-475.

20. Bele N, et al. Diagnositc accuracy of procalcitonin in critically ill immunocompromised patients. BMC
Infect Dis. 2011;11:224.

21. Annborn M, et al. Procalcitonin after cardiac arrest-an indicator of severity of illness, ischemia-
reperfusion injury and outcome. Resuscitation. 2013;84(6):782-2.

22. Engel H, et al. Serum procalcitonin as a marker of post-cardiac arrest syndrome and long-term
neurologic recovery, but not of early-onset infections, in comatose post-anoxic patients treated with
therapeutic hypothermia. Resuscitation. 2013;84(6):776-81.

23. Back MLK, et al. Procalcitonin, soluble interleukin-2 receptor, and soluble E-selectin in predicting the
severity of acute pancreatitis. Crit Care Med. 2001;29(1):63-9.

24. Prof Schuetz P, et al. Effect of procalcitonin-guided antibiotic treatment on mortality in acute
respiratory infections: a patient level meta-analysis. Lancet Infect Dis. 2018;18(1):95-107.


