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Abstract: Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is a novel virus responsible
for the coronavirus disease 2019 (COVID-19) pandemic. Although COVID-19 is a viral illness, many
patients admitted to hospital are prescribed antibiotics, based on concerns that COVID-19 patients
may experience secondary bacterial infections, and the assumption that they may respond well to
antibiotic therapy. This has led to an increase in antibiotic use for some hospitalised patients at a
time when accumulating antibiotic resistance is a major global threat to health. Procalcitonin (PCT)
is an inflammatory marker measured in blood samples and widely recommended to help diagnose
bacterial infections and guide antibiotic treatment. The PEACH study will compare patient outcomes
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from English and Welsh hospitals that used PCT testing during the first wave of the COVID-19
pandemic with those from hospitals not using PCT. It will help to determine whether, and how, PCT
testing should be used in the NHS in future waves of COVID-19 to protect patients from antibiotic
overuse. PEACH is a retrospective observational cohort study using patient-level clinical data from
acute hospital Trusts and Health Boards in England and Wales. The primary objective is to measure
the difference in antibiotic use between COVID-19 patients who did or did not have PCT testing at
the time of diagnosis. Secondary objectives include measuring differences in length of stay, mortality,
intensive care unit admission, and resistant bacterial infections between these groups.

Keywords: antibiotics; COVID-19; antimicrobial stewardship; procalcitonin

1. Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is a novel virus cur-
rently causing a pandemic of the illness called coronavirus disease 2019 (COVID-19).
Although the majority of patients affected by COVID-19 experience mild illness, a large
number of people have been admitted to hospital and this continues to be the case [1].
Many patients have required oxygen therapy via positive pressure ventilation and some
have required mechanical ventilation in intensive care [1]. SARS-CoV-2 is a virus and
antibacterial agents (antibiotics) therefore have no direct killing effect on it. Despite this,
many patients (45–100%) have been prescribed antibiotics [2–8]. Empirical antibiotic ther-
apy is recommended in World Health Organisation guidelines for patients with suspected
or confirmed severe COVID-19, COVID-19-related sepsis, and community and hospital-
acquired pneumonia [1]. The evidence to support this practice is limited and current
recommendations are based on concerns that patients may experience secondary bacterial
infections that may respond to antibiotic therapy.

The COVID-19 pandemic, therefore, has the potential to drive an unnecessary increase
in antibiotic use at a time when accumulating antibiotic resistance is also a global threat to
health [9]. Antibiotic prescribing in patients who do not need antibiotics may drive excess
mortality, for example through selection for resistant pathogens, Clostridioides (Clostridium)
difficile infection and adverse drug reactions. There is evidence of an increase in the rate
of antibiotic prescribing for patients hospitalised early in the COVID-19 pandemic [10].
Published data indicate that rates of secondary bacterial infection are low at 7–15% [2,6,7,11]
and many confirmed secondary bacterial infections occur late in the illness; antibiotic use
early in the course of COVID-19 may drive resistance in these later infections. Crucially,
there is a big difference between the number of patients with secondary bacterial infection
and those receiving antibiotics, particularly early in the course of infection, indicating that
more studies on potential biomarkers are needed to guide appropriate antibiotic use.

Procalcitonin (PCT) is an inflammatory marker that can be measured in blood sam-
ples and is widely recommended to help diagnose severe bacterial infections and guide
antibiotic treatment [12]. However, reviews of evidence to support its use in respiratory
infections before the COVID-19 pandemic have found conflicting results [13,14]. Local
guidelines were developed in many NHS hospitals, advising the use of PCT testing to
assist in the decision to start or stop antibiotics in patients with COVID-19, but other NHS
hospitals have not adopted this approach [15]. Local recommendations to use PCT have
been pragmatic, in the absence of high-quality evidence in this clinical context, therefore
the impact of its use requires evaluation. A recent analysis found that PCT had poor
diagnostic accuracy for detecting microbiologically confirmed bacterial infection at the time
of presentation with COVID-19 [16].

Large publicly funded randomised controlled trials (ADAPT-Sepsis, PRONTO [17]
and BATCH [18]) are currently underway in the UK to assess the impact of PCT testing
on antibiotic use but these are not specifically focused on COVID-19 patients. The first
workstream of the PEACH project established that PCT was widely adopted in England
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and Wales during the first wave of the pandemic; use increased in intensive care units
from 70 to 124/147 and in emergency departments and acute medical units from 17 to
74/147 [15]. It also established that introduction of PCT in English hospitals was initially
associated with a fall in antibiotic use of around 1 defined daily dose (DDD)/patient/week,
but as the first wave progressed, this effect was slowly eroded [19].

A number of centres have described their experience of using PCT during the pan-
demic, generally reporting that lower PCT values were associated with less antibiotic
use [20–23]. Increased procalcitonin values have also been associated with clinical deterio-
ration [24], so confounding by severity of infection is a concern in many of these studies, as
well as their small sample size. The question remains as to whether PCT testing impacts an-
tibiotic use, length of stay, intensive care unit admission, resistant infections and mortality
in COVID-19 patients. Pending the findings from clinical trials, a multi-centre assessment
of the utility of PCT testing in COVID-19, attempting to account for confounding factors, is
needed to inform care in patients admitted to hospital with COVID-19 pneumonia, and
to make interim recommendations using the best available evidence. Only observational
(retrospective) and qualitative studies are open to us during this time-critical, recovery and
learning period. We have therefore devised a mixed-methods approach to answer our re-
search questions. Additional components of the PEACH study include qualitative analyses
of interviews undertaken with health care workers (consultants, physicians, pharmacists
and nurses) and health economics evaluation of the cost-effectiveness of the various PCT
testing strategies employed by NHS Trusts and health boards during COVID-19. This
protocol paper describes the patient-level data collection and analysis component of the
PEACH study.

2. Aims and Objectives
2.1. Primary Objective

To measure the difference in early antibiotic use between COVID-19 patients who
did/did not have PCT testing at the time of diagnosis.

2.2. Secondary Objective

To measure the differences in antibiotic use (total and ‘late’), length of stay, mortality
(30 and 60-day), intensive care unit admission, and resistant bacterial infections between
COVID-19 patients who did/did not have PCT testing at baseline; to assess the relation-
ship between the number of PCT tests and total days of antibiotic therapy; to assess the
relationship between C-reactive protein (CRP) and PCT to see if a low CRP predicts a low
PCT; to describe the relationship between PCT and other commonly used inflammatory
and infection markers (neutrophil count, white cell count); and to assess the relationship
between tocilizumab and dexamethasone on inflammatory markers including PCT.

3. Methods
3.1. Study Design

This is a multicentre, retrospective observational cohort study using patient-level
clinical data. This study has been designed with consideration of STROBE criteria [25].

3.2. Setting

Eleven NHS acute hospital Trusts and Health Boards from England and Wales, some
of which did/did not use PCT routinely in COVID-19 patients during the first wave of
the pandemic (Aneurin Bevan University Health Board, Leeds Teaching Hospitals NHS
Trust, Liverpool University Hospitals NHS Foundation Trust, Mid Yorkshire Hospitals
NHS Trust, Newcastle-upon-Tyne Hospitals NHS Foundation Trust, North Bristol NHS
Trust, Nottingham University Hospitals NHS Trust, Royal Cornwall Hospitals NHS Trust,
Salford Royal NHS Foundation Trust, Sheffield Teaching Hospital NHS Foundation Trust,
University Hospital Sussex NHS Foundation Trust).
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3.3. Participants

Participants who are eligible to be included in the data analysis will be identified from
institutional databases and medical records by the clinical teams at each participating Trust
or Health Board.

3.4. Inclusion Criteria

Data from all patients ≥16 years admitted to a participating Trust or Health Board and
having a confirmed positive PCR COVID-19 test during the admission, between 1 February
2020 and 30 June 2020 are eligible to be analysed for this study.

3.5. Exclusion Criteria

Second and subsequent admissions after index admission with COVID-19 are to
be excluded.

3.6. Outcome Measures
3.6.1. Primary Outcome Measure

The primary outcome of this study is days of early antibiotics therapy (within the first
7 days after a first positive COVID-19 test sample).

3.6.2. Secondary Outcome Measures

• Total duration/length of antibiotic treatment;
• Duration (days) of late (>7 days) antibiotic treatment);
• Total DDDs of antibiotics
• DDDs of early (<7 days) antibiotic treatment;
• DDDs of late (>7 days) antibiotic treatment;
• Appropriateness of antibiotics according to local guidelines (% compliance), if practicable;
• 30-day mortality;
• 60-day mortality;
• ICU admission;
• ICU length of stay;
• Length of hospital stay;
• Antimicrobial-resistant (hospital-onset) secondary bacterial infection;
• Descriptive outcomes (e.g., types of antibiotic, route of administration and duration,

frequency of PCT testing, types of secondary bacterial infection, relationship between
different inflammatory markers and outcomes).

3.7. Data Variables

Routinely collected data from a patient’s episode of COVID-19 will be collected, in a
standardised format into a dedicated study database. Some study variables may be more
accurately recorded in primary care medical records (e.g., quality outcome framework
registered conditions (comorbidity), body mass index, penicillin allergy records, ethnicity).
We will attempt to obtain these specific variables through the linkage between secondary
and primary care records coordinated at local collaborating centres. Where this is not
possible, we will use comorbidities, body mass index, penicillin allergy records, and
ethnicity recorded in secondary care records. Variables collected are listed in Supplementary
Table S1.

3.8. Data Sources/Measurement

All data collection will be by electronic data capture using a bespoke database devel-
oped by the Centre for Trials Research (CTR) (Macro version 4.9.1, Ennov, Oxford, UK) and
hosted by Cardiff University secure servers. It is encrypted and accessed by individual
username and password. Data administrators or appropriately trained delegates will
undertake the data collection. The variables constitute objective, routinely collected data
from a patient’s episode of COVID-19 and each variable in the database will be collected in
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a standardised format. This will mean that the data for each variable from different centres
can be validly compared in the analysis. Study data will be collected from patients’ notes
with no patient interaction or consent obtained (see data management section below).

Day 1 of COVID-19 will be considered the day of the first positive sample; ‘early’ antibi-
otic use will be considered prescriptions on days 1–7, and ‘late’ after day 7. ‘Baseline’ vari-
ables will be those collected on/around the time of COVID-19 diagnosis, i.e., day 1 +/− 1

4. Data Management

The source data for PEACH will be collected from participants’ medical notes and
NHS databases. Data will be de-identified at the source and assigned a unique identifier.
The “master list” with identifiable data will be kept separately at individual centres, and
used only to identify information from NHS databases (e.g., radiology, clinical chemistry
and microbiology results). Only de-identified data will be collected and uploaded onto a
central secure database and analysed.

Training for completion of the electronic case report form (CRF) will be provided to
the appropriate study staff before study commencement. If missing or questionable data
are identified, a data query will be raised on a data clarification form; this will be sent to
the relevant site asking for clarification. The CRF pages will not be altered. All answered
data queries and corrections will be signed off and dated by a delegated member of staff at
the relevant site. The completed data clarification form will be returned to the CTR and an
electronic copy retained at the site.

Details of data management procedures such as checking for missing, illegible or
unusual values (range checks) will be specified in the PEACH Data Management Plan.
Details of monitoring procedures will be specified in the PEACH Monitoring Plan.

5. Statistical Analysis
5.1. Sample Size

Data from around 7000 COVID-19 patients from 11 NHS acute hospital Trusts and
Health Boards will be sourced, around half of which will have had PCT testing. Based on a
minimally important clinical difference in antibiotic duration of 1 day (as proposed in the
ADAPT-Sepsis trial https://warwick.ac.uk/fac/sci/med/research/ctu/trials/adaptsepsis/
3.2_adapt-sepsis_trial_protocol__v3.0_12-feb-2019_clean.pdf (accessed on 24 August 2022))
between baseline PCT and non-PCT-tested patients, and a conservative assumption for the
standard deviation (SD) of 6 days, 1500 matched patients will provide 90% power when
using a two-sample t-test with two-sided 5% type I error rate.

5.2. Statistical Analysis

Descriptive statistics will be used for rates of PCT testing, antibiotic prescribing and
secondary bacterial infection. This will be done overall and separately for those Trusts
and Health Boards using/not using PCT, and also separately for patients who did/did not
receive a baseline PCT test and a PCT test at any time. Comparative effect sizes, such as
mean differences between groups, will be presented alongside 95% confidence intervals
(CIs) wherever possible.

Multivariable regression models with random hospital effects will be used to examine
factors affecting antibiotic prescribing including age, comorbidity, lung consolidation,
secondary bacterial infection, CRP and PCT levels, and severity of illness (we will explore
the use of CURB-65, qSOFA, and NEWS2 scores). Results will be presented as effect
estimates with 95% CIs and p-values.

To assess the effect of PCT testing on patient outcomes and antibiotic use whilst
ensuring an even distribution of important known confounders between groups, propensity
score matching will be used. We will estimate a patient’s propensity for PCT testing with
logistic regression on patient characteristics including age, sex, clinical severity of illness
assessments, early secondary bacterial infection lung imaging findings, comorbidity and
ethnicity. Baseline PCT and PCT at any time will be assessed; it is hypothesised that a

https://warwick.ac.uk/fac/sci/med/research/ctu/trials/adaptsepsis/3.2_adapt-sepsis_trial_protocol__v3.0_12-feb-2019_clean.pdf
https://warwick.ac.uk/fac/sci/med/research/ctu/trials/adaptsepsis/3.2_adapt-sepsis_trial_protocol__v3.0_12-feb-2019_clean.pdf
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baseline PCT may influence the duration of early antibiotic therapy while a PCT at any
time may influence the duration of total or late antibiotic therapy. Patients who did/did not
receive PCT testing will be matched without replacement with a 1:1 or 1:2 ratio according
to their propensity. This will enable the comparison of several outcomes in between-patient
groups which are balanced on important known confounders. Potential hospital effects
will be accounted for in the model (e.g., by using random effects) or will be absorbed into
the propensity scores. We will use a nearest-neighbour matching algorithm with/without
a caliper. Alternative matching methods such as Mahalanobis distance matching and
coarsened exact matching [26] or propensity score weighting [27] will also be explored. To
check whether sufficient covariate balance has been achieved between the groups in the
matched sample, Kolmogorov–Smirnov statistics and standardised mean differences will
be assessed against thresholds of 0.1 [27]. The risk of unmeasured confounding will be
quantified using E-values [28]

The primary analysis model for the propensity score-matched data will depend on
the type of outcome: Poisson regression for counts (e.g., days on antibiotics), logistic
regression for binary outcomes (e.g., ICU admission) and linear regression for continuous
outcomes (e.g., DDDs of antibiotics). These will be adjusted for “truncation by death”,
i.e., the problem that some patients die before another outcome (e.g., days on antibiotics)
can be fully measured, thus leaving these outcome measures censored/undefined and with
a seemingly better outcome (e.g., fewer days on antibiotics) due to the early death. To take
this into account we will, in addition to a crude analysis restricted to the survivors in each
group, perform a survivor average causal effect (SACE) analysis of the “always-survivors”,
i.e., those who would have survived in either group [29].

Survival analysis will also be undertaken for outcomes that can be expressed as time-
to-event (e.g., time until antibiotics are stopped) adjusting for confounders using a Cox
regression if the proportional odds assumption holds, and after stratification otherwise.
This will give greater power than the above analyses but requires further modelling as-
sumptions. Importantly, it will allow us to perform competing risks modelling with death
being a “competing risk”.

For all analyses, sensitivity analyses, including multiple imputations, will be under-
taken to explore the impact of missing data. A detailed statistical analysis plan has been
finalized and can be viewed in the additional Form S1.

5.3. Minimisation of Bias

To reduce the risk of bias, consecutive patients fulfilling the eligibility criteria will be
included. Identification of subjects will be carried out without the knowledge of outcomes
and by separate teams from those carrying out the analysis. Potential confounding factors,
i.e., those potentially influencing both the outcomes and the decision to use PCT testing
will be discussed and agreed on in advance. Objective criteria for all study variables will
be agreed upon in advance.

6. Patient and Public Involvement Statement

The research proposal and study protocol development have benefited from multiple
interactions with Patient and Public Involvment (PPI) groups. Our PPI advisory panel,
led by the PPI co-investigator, will lead on engagement with patient groups and the
wider public through their involvement as members of the ICUsteps, Antibiotic Action
(a public awareness group of the British Society for Antimicrobial Chemotherapy), and
Antibiotic Research UK, and publicise the study through these channels. We will hold
regular PPI focus group meetings and involve our PPI panel in all aspects of study design
and dissemination.

7. Study Management

The study is sponsored by the University of Leeds and coordinated by Cardiff Univer-
sity CTR.
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7.1. Study Management Group

The Study Management Group (SMG) will meet monthly throughout the study and
will include the Co-chief Investigators, co-investigators, collaborators, study manager,
data manager, study statisticians, qualitative researchers, health economists, and study
administrator. SMG members will be required to sign up to the remit and conditions as set
out in the SMG Charter.

7.2. Study Steering Committee

An independent Study Steering Committee (SSC) consisting of an independent chair-
person, two independent members and a patient representative will provide oversight of
the PEACH study. Members will be required to sign up to the remit and conditions as set
out in the SSC Charter and will meet biannually.

Supplementary Materials: The following supporting information can be downloaded at https:
//www.mdpi.com/article/10.3390/mps5060095/s1, Table S1: Variables to be collected for analysis.
From S1: Statistical Analysis Plan for PEACH: Procalcitonin Evaluation of Antibiotic Use in COVID-19
Hospitalised Patients.

Author Contributions: J.A.T.S. and E.D.C. are co-Chief-Investigators of this study. J.A.T.S. and E.D.C.,
along with M.A., S.E.B., P.D., L.B.-H., T.H., S.H., P.H., M.J.L., I.J.M., H.P., D.P., N.P., P.P., B.S., D.S.,
T.S. and S.T. led the development of the research question, study design, obtaining the funding and
implementation of the protocol. M.O. led the PPI work. J.E. is the study manager and E.T.-J. is the
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to the published version of the manuscript.
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reasonable request following the publication of the study results.

Acknowledgments: In addition to the authors, the PEACH team comprises Georgina Davis, Marcin
Bargiel, Josie Henley and Judith Evans. The team also comprises two highly engaged and active
PPI members, Chikezie Knox-Macaulay and Graham Prestwich. The authors would like to thank
the many data administrators and medical students for their involvement in data collection during
the study. They would also like to acknowledge the contribution of the SSC members, namely Peter
Wilson, Stephen Hughes and Marta Soares.

Conflicts of Interest: E.D.C. is CI for the BATCH Trial (NIHR-HTA 15/188/42), Co-I for the PRONTO
Trial, and a former member of the NICE Diagnostic advisory committee (2014–2020), and NICE Sepsis
guideline development committee (2014-6). P.D. is CI for the ADAPT-Sepsis Trial (NIHR-HTA
15/99/02). S.T. is co-CI for the PRONTO Trial (NIHR-HTA 17/136/13). T.H. is CI for the RISC-Sepsis
Trial (NIHR128374), N.P. has received honoraria from Thermofisher and Biomerieux for talks on PCT.
All other authors declare no competing interests. The views expressed are those of the authors and
not necessarily those of the NHS, the NIHR or the Department of Health and Social Care. Neither

https://www.mdpi.com/article/10.3390/mps5060095/s1
https://www.mdpi.com/article/10.3390/mps5060095/s1


Methods Protoc. 2022, 5, 95 8 of 9

the Sponsor nor the Funder had any role in the study design; collection, management, analysis
and interpretation of data; writing of this manuscript or in the decision to submit this manuscript
for publication.

References
1. WHO. Clinical Management of SEVERE Acute Respiratory Infection (SARI) When COVID-19 Disease is Suspected Interim Guidance;

WHO: Geneva, Switzerland, 2020.
2. Zhou, F.; Yu, T.; Du, R.; Fan, G.; Liu, Y.; Liu, Z.; Xiang, J.; Wang, Y.; Song, B.; Gu, X.; et al. Clinical course and risk factors

for mortality of adult inpatients with COVID-19 in Wuhan, China: A retrospective cohort study. Lancet 2020, 395, 1054–1062.
[CrossRef] [PubMed]

3. Young, B.E.; Ong, S.W.X.; Kalimuddin, S.; Low, J.G.; Tan, S.Y.; Loh, J.; Ng, O.T.; Marimuthu, K.; Ang, L.W.; Mak, T.M.; et al.
Epidemiologic Features and Clinical Course of Patients Infected with SARS-CoV-2 in Singapore. JAMA 2020, 323, 1488–1494.
[CrossRef] [PubMed]

4. Xu, X.W.; Wu, X.X.; Jiang, X.G.; Xu, K.J.; Ying, L.J.; Ma, C.L.; Li, S.B.; Wang, H.Y.; Zhang, S.; Gao, H.N.; et al. Clinical findings in a
group of patients infected with the 2019 novel coronavirus (SARS-Cov-2) outside of Wuhan, China: Retrospective case series.
BMJ 2020, 368, m606. [CrossRef] [PubMed]

5. Wang, D.; Hu, B.; Hu, C.; Zhu, F.; Liu, X.; Zhang, J.; Wang, B.; Xiang, H.; Cheng, Z.; Xiong, Y.; et al. Clinical Characteristics
of 138 Hospitalized Patients with 2019 Novel Coronavirus-Infected Pneumonia in Wuhan, China. JAMA 2020, 323, 1061–1069.
[CrossRef]

6. Ruan, Q.; Yang, K.; Wang, W.; Jiang, L.; Song, J. Clinical predictors of mortality due to COVID-19 based on an analysis of data of
150 patients from Wuhan, China. Intensive Care Med. 2020, 46, 846–848. [CrossRef] [PubMed]

7. Huang, C.; Wang, Y.; Li, X.; Ren, L.; Zhao, J.; Hu, Y.; Zhang, L.; Fan, G.; Xu, J.; Gu, X.; et al. Clinical features of patients infected
with 2019 novel coronavirus in Wuhan, China. Lancet 2020, 395, 497–506. [CrossRef]

8. Guan, W.J.; Ni, Z.Y.; Hu, Y.; Liang, W.H.; Ou, C.Q.; He, J.X.; Liu, L.; Shan, H.; Lei, C.L.; Hui, D.S.C.; et al. Clinical Characteristics
of Coronavirus Disease 2019 in China. N. Engl. J. Med. 2020, 382, 1708–1720. [CrossRef] [PubMed]

9. WHO. The World Health Organization Global Action Plan on Antimicrobial Resistance; WHO: Geneva, Switzerland, 2015; Volume 45.
10. Andrews, A.; Budd, E.L.; Hendrick, A.; Ashiru-Oredope, D.; Beech, E.; Hopkins, S.; Gerver, S.; Muller-Pebody, B.; AMU COVID-19

Stakeholder Group. Surveillance of Antibacterial Usage during the COVID-19 Pandemic in England, 2020. Antibiotics 2021,
10, 841. [CrossRef]

11. Lansbury, L.; Lim, B.; Baskaran, V.; Lim, W.S. Co-infections in people with COVID-19: A systematic review and meta-analysis. J.
Infect. 2020, 81, 266–275. [CrossRef] [PubMed]

12. Tujula, B.; Hamalainen, S.; Kokki, H.; Pulkki, K.; Kokki, M. Review of clinical practice guidelines on the use of procalcitonin in
infections. Infect. Dis. 2020, 52, 227–234. [CrossRef] [PubMed]

13. 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]

14. Kamat, I.S.; Ramachandran, V.; Eswaran, H.; Guffey, D.; Musher, D.M. Procalcitonin to Distinguish Viral from Bacterial Pneumonia:
A Systematic Review and Meta-analysis. Clin. Infect. Dis. 2020, 70, 538–542. [CrossRef] [PubMed]

15. Powell, N.; Howard, P.; Llewelyn, M.J.; Szakmany, T.; Albur, M.; Bond, S.E.; Euden, J.; Brookes-Howell, L.; Dark, P.;
Hellyer, T.P.; et al. Use of Procalcitonin during the First Wave of COVID-19 in the Acute NHS Hospitals: A Retrospective
Observational Study. Antibiotics 2021, 10, 516. [CrossRef] [PubMed]

16. Relph, K.A.; Russell, C.D.; Fairfield, C.J.; Turtle, L.; de Silva, T.I.; Siggins, M.K.; Drake, T.M.; Thwaites, R.S.; Abrams, S.;
Moore, S.C.; et al. Procalcitonin Is Not a Reliable Biomarker of Bacterial Coinfection in People with Coronavirus Disease 2019
Undergoing Microbiological Investigation at the Time of Hospital Admission. Open Forum. Infect. Dis. 2022, 9, ofac179. [CrossRef]

17. Euden, J.; Thomas-Jones, E.; Aston, S.; Brookes-Howell, L.; Carman, J.; Carrol, E.; Gilbert, S.; Howard, P.; Hood, K.; Inada-
Kim, M.; et al. PROcalcitonin and NEWS2 evaluation for Timely identification of sepsis and Optimal use of antibiotics in
the emergency department (PRONTO): Protocol for a multicentre, open-label, randomised controlled trial. BMJ Open 2022,
12, e063424. [CrossRef] [PubMed]

18. Waldron, C.A.; Thomas-Jones, E.; Bernatoniene, J.; Brookes-Howell, L.; Faust, S.N.; Harris, D.; Hinds, L.; Hood, K.; Huang, C.;
Mateus, C.; et al. Biomarker-guided duration of Antibiotic Treatment in Children Hospitalised with confirmed or suspected
bacterial infection (BATCH): Protocol for a randomised controlled trial. BMJ Open 2022, 12, e047490. [CrossRef]

19. Llewelyn, M.J.; Grozeva, D.; Howard, P.; Euden, J.; Gerver, S.M.; Hope, R.; Heginbothom, M.; Powell, N.; Richman, C.;
Shaw, D.; et al. Impact of introducing procalcitonin testing on antibiotic usage in acute NHS hospitals during the first wave of
COVID-19 in the UK: A controlled interrupted time series analysis of organization-level data. J. Antimicrob. Chemother. 2022, 77,
1189–1196. [CrossRef]

20. Heesom, L.; Rehnberg, L.; Nasim-Mohi, M.; Jackson, A.I.R.; Celinski, M.; Dushianthan, A.; Cook, P.; Rivinberg, W.; Saeed, K.
Procalcitonin as an antibiotic stewardship tool in COVID-19 patients in the intensive care unit. J. Glob. Antimicrob. Resist. 2020, 22,
782–784. [CrossRef] [PubMed]

http://doi.org/10.1016/S0140-6736(20)30566-3
http://www.ncbi.nlm.nih.gov/pubmed/32171076
http://doi.org/10.1001/jama.2020.3204
http://www.ncbi.nlm.nih.gov/pubmed/32125362
http://doi.org/10.1136/bmj.m606
http://www.ncbi.nlm.nih.gov/pubmed/32075786
http://doi.org/10.1001/jama.2020.1585
http://doi.org/10.1007/s00134-020-05991-x
http://www.ncbi.nlm.nih.gov/pubmed/32125452
http://doi.org/10.1016/S0140-6736(20)30183-5
http://doi.org/10.1056/NEJMoa2002032
http://www.ncbi.nlm.nih.gov/pubmed/32109013
http://doi.org/10.3390/antibiotics10070841
http://doi.org/10.1016/j.jinf.2020.05.046
http://www.ncbi.nlm.nih.gov/pubmed/32473235
http://doi.org/10.1080/23744235.2019.1704860
http://www.ncbi.nlm.nih.gov/pubmed/31858869
http://doi.org/10.1016/S1473-3099(17)30592-3
http://www.ncbi.nlm.nih.gov/pubmed/29037960
http://doi.org/10.1093/cid/ciz545
http://www.ncbi.nlm.nih.gov/pubmed/31241140
http://doi.org/10.3390/antibiotics10050516
http://www.ncbi.nlm.nih.gov/pubmed/34062898
http://doi.org/10.1093/ofid/ofac179
http://doi.org/10.1136/bmjopen-2022-063424
http://www.ncbi.nlm.nih.gov/pubmed/35697438
http://doi.org/10.1136/bmjopen-2020-047490
http://doi.org/10.1093/jac/dkac017
http://doi.org/10.1016/j.jgar.2020.07.017
http://www.ncbi.nlm.nih.gov/pubmed/32717489


Methods Protoc. 2022, 5, 95 9 of 9

21. Williams, E.J.; Mair, L.; de Silva, T.I.; Green, D.J.; House, P.; Cawthron, K.; Gillies, C.; Wigfull, J.; Parsons, H.; Partridge, D.G.
Routine measurement of serum procalcitonin allows antibiotics to be safely withheld in patients admitted to hospital with
SARS-CoV-2 infection. medRxiv 2020. [CrossRef]

22. Moseley, P.; Jackson, N.; Omar, A.; Eldoadoa, M.; Samaras, C.; Birk, R.; Ahmed, F.; Chakrabarti, P. Single-centre experience of
using procalcitonin to guide antibiotic therapy in COVID-19 intensive care patients. J. Hosp. Infect. 2022, 119, 194–195. [CrossRef]

23. Peters, C.; Williams, K.; Un, E.A.; Little, L.; Saad, A.; Lendrum, K.; Thompson, N.; Weatherley, N.D.; Pegden, A. Use of
procalcitonin for antibiotic stewardship in patients with COVID-19: A quality improvement project in a district general hospital.
Clin. Med. 2021, 21, e71–e76. [CrossRef]

24. Zheng, Z.; Peng, F.; Xu, B.; Zhao, J.; Liu, H.; Peng, J.; Li, Q.; Jiang, C.; Zhou, Y.; Liu, S.; et al. Risk factors of critical & mortal
COVID-19 cases: A systematic literature review and meta-analysis. J. Infect. 2020, 81, e16–e25. [CrossRef] [PubMed]

25. von Elm, E.; Altman, D.G.; Egger, M.; Pocock, S.J.; Gotzsche, P.C.; Vandenbroucke, J.P.; Initiative, S. The Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) statement: Guidelines for reporting observational studies. Lancet
2007, 370, 1453–1457. [CrossRef] [PubMed]

26. Iacus, S.; King, G.; Porro, G. Causal Inference without Balance Checking: Coarsened Exact Matching. Political Anal. 2012, 20, 1024.
[CrossRef]

27. Markoulidakis, A.; Taiyari, K.; Holmans, P.; Pallmann, P.; Busse, M.; Godley, M.D.; Griffin, B.A. A tutorial comparing different
covariate balancing methods with an application evaluating the causal effects of substance use treatment programs for adolescents.
Health Serv. Outcomes Res. Methodol. 2022. [CrossRef]

28. VanderWeele, T.J.; Ding, P. Sensitivity Analysis in Observational Research: Introducing the E-Value. Ann. Intern. Med. 2017, 167,
268–274. [CrossRef]

29. Tchetgen Tchetgen, E.J. Identification and estimation of survivor average causal effects. Stat. Med. 2014, 33, 3601–3628. [CrossRef]
[PubMed]

http://doi.org/10.1101/2020.06.29.20136572
http://doi.org/10.1016/j.jhin.2021.10.010
http://doi.org/10.7861/clinmed.2020-0614
http://doi.org/10.1016/j.jinf.2020.04.021
http://www.ncbi.nlm.nih.gov/pubmed/32335169
http://doi.org/10.1016/S0140-6736(07)61602-X
http://www.ncbi.nlm.nih.gov/pubmed/18064739
http://doi.org/10.1093/pan/mpr013
http://doi.org/10.1007/s10742-022-00280-0
http://doi.org/10.7326/M16-2607
http://doi.org/10.1002/sim.6181
http://www.ncbi.nlm.nih.gov/pubmed/24889022

	Introduction 
	Aims and Objectives 
	Primary Objective 
	Secondary Objective 

	Methods 
	Study Design 
	Setting 
	Participants 
	Inclusion Criteria 
	Exclusion Criteria 
	Outcome Measures 
	Primary Outcome Measure 
	Secondary Outcome Measures 

	Data Variables 
	Data Sources/Measurement 

	Data Management 
	Statistical Analysis 
	Sample Size 
	Statistical Analysis 
	Minimisation of Bias 

	Patient and Public Involvement Statement 
	Study Management 
	Study Management Group 
	Study Steering Committee 

	References

