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Biomarker-guided antibiotic therapy—strengths and limitations
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Abstract: Biomarkers as C-reactive protein (CRP) and procalcitonin (PCT) emerged as tools to help
clinicians to diagnose infection and to properly initiate and define the duration of antibiotic therapy. Several
randomized controlled trials, including adult critically ill patients, showed that PCT-guided antibiotic
stewardship was repeatedly associated with a decrease in the duration of antibiotic therapy with no apparent
harm. There are however some relevant limitations in these trials namely the low rate of compliance of PCT-
guided algorithms, the high rate of exclusion (without including common clinical situations and pathogens)
and the long duration of antibiotic therapy in control groups. Such limitations weakened the real impact
of such algorithms in the clinical decision-making process and strengthened the concept that the initiation
and the duration of antibiotic therapy cannot depend solely on a biomarker. Future efforts should address

these limitations in order to better clarify the role of biomarkers on the complex and multifactorial issue of

antibiotic management and to deeply understand its potential effect on mortality.
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Introduction

The emergence and spread of antimicrobial resistance has
been identified as one of the most important problems for
human health, with major impact both on clinical outcome
and on healthcare associated costs (1). The overuse and the
misuse of antibiotics over the past decades has resulted in a
widespread and strong selective pressure on the microbiota
and is unanimously recognized as one of the major causative
factors of the widespread of antimicrobial resistance
(2-4). A proper antibiotic prescribing strategy must be part
of an integrative process-of-care, which assures a prompt
recognition of infection, not colonization, and a timely
initiation and duration of an appropriate antimicrobial

therapy. Such strategy should be based on strong and
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objective data; unfortunately, there is no gold standard
test to diagnose infection (4), clinical information lacks
accuracy particularly after the initiation of therapy (3)
and microbiological results—either positive or negative—
are often late in the course of therapy. As a consequence,
antibiotics are commonly prescribed without a definitive
diagnosis, namely in severe infections, because a delay in
treatment is associated with worse outcome (4).

What is a biomarker? What characteristics
should an ideal biomarker possess?

Biomarkers are biological characteristics that are objectively
measured and used as an indicator of a physiological or
pathological pathways or a pharmacologic response to
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therapeutic interventions (5). They emerged in recent
years as a tool to help physicians to triage, diagnose,
stratify risk, and monitor clinical course as well as response
to antibiotics. Such surrogate role implies that an ideal
biomarker for infection must possess diagnostic, prognostic
and follow-up therapy characteristics (3). Before being
used clinically, any biomarker must be evaluated regarding
the laboratory methods used to measure it (analytical
validation), the evidence supporting its association with one
pathological process (qualification) and the feasibility of its
clinical use (utilization) (6).

The most important characteristics an ideal biomarker of
infection must possess are summarized in Zable 1.

Biomarkers used in clinical practice

Although more than a hundred biomarkers have been
studied, only a limited number of them became routinely
available in clinical practice. C-reactive protein (CRP) and
procalcitonin (PCT) are the more frequently studied and
used biomarkers (7).

Serum CRP is an acute phase protein synthetized
exclusively in the liver. Its secretion is initiated 4 to 6 h after
an inflammatory insult (effect mediated by cytokines namely
interleukin-6) and its concentration doubles every 8 h with a
peak at 36-50 h (4). The sole determinant of CRP plasmatic
levels is its synthesis rate, which is proportional to the
intensity of the inflammatory insult (8). It starts falling after
the removal of the primary inflammatory stimulus following
a first-order kinetic elimination pattern with a half-life of
19 h. Its production and elimination is not influenced by
renal replacement therapy or immunosuppression (both
systemic steroids and neutropenia). It has a sensitivity of
68-92% and a specificity of 40-67% as a marker of bacterial
infection (9). The available assays for CRP measurement
are reliable, stable, reproducible, rapid, inexpensive (€4
in Europe) and present an acceptable limit of detection
(0.3-5 mg/L).

PCT is a precursor protein of calcitonin that can be
produced ubiquitously throughout the body (10). It is
released 3—4 h after an inflammatory stimulus with a
plasmatic peak within 6-24 h (8) and a half-life ranging
from 22 to 35 h. Its plasmatic levels are markedly influenced
by renal function, different techniques of renal replacement
therapy and neutropenia. It showed a sensitivity of 77% and
a specificity of 79% for early diagnosis of sepsis in critically
ill patients (9). The laboratory assay used to measure plasma
PCT must assure a high sensitivity in order to validate
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Table 1 Characteristics of an ideal biomarker of infection

Criteria Characteristic

Analytic validation  Routinely accessible

Rapid availability (short turn-around time)
Reproducible

Accurate

Cost-effectiveness

Qualification Good sensitivity and specificity
High predictive values

Good correlation to severity of presentation
and/or organ dysfunction and/or source
control and/or antibiotic therapy

Predictor of mortality
Utilization Easily interpreted
Objective
Dynamic/rapid kinetics

Kinetics independent of organ dysfunction
and other concomitant therapies (ex.
steroids)

Non or minimally invasive

Continuous variable

study results. Only the immunoassay based on a time-
resolved amplified cryptate emission (TRACE) technology
warrants an ultrasensitive analysis with a limit of detection
of 0.06 ng/mL and the appropriate quickness to be useful
to be applied at bedside but at a high cost (€25-30 in
Europe) (4). Other available assays (semi-quantitative
immunochromatographic method—PCT-Q, Brahms;
luminescence immunoassay—PCT LIA, Brahms) are less
sensitive and should not be used for antibiotic stewardship (4).

CRP-guided antibiotic therapy

CRP has been analysed in multiple clinical contexts but
only a small number of studies have focused on its use
for optimizing antibiotic therapy. Most data come from
paediatric population: a recent prospective cohort study by
Downes et al. (11) (OASIS Study) with 85 patients identified
thresholds for biomarker combinations at patient admission
(CRP plus serum amyloid A and CRP plus PCT) to identify
children with systemic inflammatory response syndrome
(SIRS) in whom antibiotics might be discontinued at
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48 h after admission. These results corroborate data from
other prospective cohort studies performed in the last two
decades pointing to the fact that CRP can be used to help
discontinuing antibiotic therapy in children (12,13).

In primary care, CRP improves the assessment of
severity of infection and extent of inflammation (14) and
performs better in predicting the diagnosis of pneumonia
than any individual or combination of clinical signs and
symptoms (15). Cals et a/. (15) tested an algorithm in which
patients with signs and symptoms of lower respiratory tract
infections (n=431) were prescribed with antibiotics based on
CRP value versus usual care. General practitioners in the
CRP test group prescribed significantly fewer antibiotics
both at first consultation (31% wvs. 53%, P=0.02) and
during the 28 days’ follow-up (45% vs. 58%, P<0.01) with
no statistically significant difference in re-consultations,
clinical recovery and patients’ satisfaction. Antibiotic
overprescribing was also reduced when CRP was tested
in patients with acute exacerbation of chronic obstructive
pulmonary disease (16). Other studies (17,18) and a
Cochrane Review (19) demonstrated reduced antibiotic
prescription with CRP testing which led to its incorporation
in the National Institute for Health and Care Excellence
(NICE) guidelines for the diagnosis of pneumonia. Besides
improving antibiotic stewardship, CRP testing proved to be
cost-effective in the management of lower respiratory tract
infections (20,21).

Several studies are underway (3) specifically testing the
value of CRP on antibiotic discontinuation in adult patients
at secondary and tertiary hospitals. So far there is evidence
that CRP was as useful as PCT in reducing antibiotic use in
critically ill septic patients (22,23).

PCT-guided antibiotic therapy

PCT is the most widely studied biomarker for antibiotic
stewardship (3). It has been tested as an aid to the initiation
and/or discontinuation of antibiotics, both in children and
adults presenting with distinct sources of infection and
in different scenarios, from primary care to emergency
departments, hospital wards and intensive care units (ICU).
Early observational studies defined PCT cut-off ranges
according to which bacterial aetiology for infection was very
unlikely (<0.1 ng/mL), unlikely (0.1-0.25 ng/mL), likely
(0.25-0.5 ng/mL) and very likely (>0.5 ng/mL); antibiotics
were discourage when PCT <0.25 ng/mL and encouraged
whenever PCT >0.25 ng/mL (24). Optimal PCT cut-offs
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have been established for different clinical settings and/
or types of infection; some showed safety and efficacy in
randomized-controlled trial (RCT) while others were
only tested in observational studies (25-27). PCT cut-off
ranges and some overruling criteria have been included in
algorithms to help decide on the initiation and duration of
antibiotic therapy and have been validated and subsequently
applied in different RCTs, with slight differences between
studies.

A meta-analysis and a Cochrane review performed by
Schuetz ez al. (28,29) analysed 14 RCTs including more than
4,000 patients with respiratory tract infections and sepsis.
The use of clinical algorithms based on PCT levels resulted
in a significant reduction of antibiotic consumption—
risk reduction of initial antibiotic therapy odds ratio (OR)
=0.24 [95% confidence interval (CI), 0.2-0.29] and overall
antibiotic exposure OR =0.1 (95% CI, 0.07-0.14)—across
different clinical settings with lower prescribing rates in
primary care and emergency departments and shorter
duration of therapy in ICU patients. There were no
significant differences in mortality rates or treatment failure
between PCT-guided antibiotic stewardship and control
patients.

Lin er al. (30) meta-analysed four trials involving 679
patients with acute exacerbations of chronic obstructive
pulmonary disease. The results suggest that PCT-guided
antibiotic therapy reduces the number of antibiotic
prescriptions (OR =0.26; 95% CI, 0.14-0.5, P<0.0001)
without compromising clinical success or increasing
mortality in comparison to standard care. Furthermore,
there was no statistically significant difference in the rate or
readmission and exacerbation up to a 6-month follow-up
period.

Andriolo et al. (31) reviewed the effectiveness of PCT
evaluation in reducing mortality and duration of antibiotic
therapy in adults with sepsis. Ten trials with 1,215 patients
were included and no significant differences in mortality
were found, both at 28 days, at longest follow-up, at ICU
discharge and at hospital discharge between PCT and non-
PCT groups. Combined study results (n=313) on time
receiving antibiotics showed a reduction of 1.28 days (95%
CI, 0.61-1.95) in the PCT group but with very low quality
of evidence. No subgroup analysis (ex. patients in shock,
ICU setting, specific infection foci, specific PCT cut-off)
was performed because there were an insufficient number of
studies with the same specific characteristics to be combined
in the same subgroup.
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Adult ICU patients

Studies on antibiotic stewardship performed in critical
care patients analyse the role of biomarker for initiation
of antibiotic therapy in non ICU-acquired infections,
initiation of antibiotic therapy in ICU-acquired infections
and duration of antibiotic therapy.

Layios et al. (32) applied a PCT algorithm where
antibiotics were discouraged if PCT <0.25 ng/mL and
encouraged if PCT >1 ng/mL in 509 patients suspected of
infection on admission or during ICU stay and found no
difference in the rate of initiation of therapy, percentage
of days on antibiotics or overall defined daily dose of
antibiotics between PCT and control groups. Bouadma
et al. (33) in the PRORATA trial (n=630) used a similar
algorithm and showed a reduction of antibiotic exposure
in the PCT group (more days without antibiotics, 14.3+9.1
vs. 11.6+8.2 days in control group, 95% CI, P<0.0001)
and a 7% absolute risk reduction for initiating antibiotics.
"Twenty-eight-day mortality was similar between groups.

Jensen er al. (34) (PASS trial) tested, in a large RCT, the
diagnostic value of PCT for ICU-acquired infections with
daily PCT measurements using a threshold of 1 ng/mL or
not decreasing >10%/day to identify patients at risk and
consequently starting protocoled empiric antibiotic therapy,
the “alert PCT” concept (35). Results showed higher large-
spectrum antibiotic consumption, more days on antibiotics,
prolonged length of mechanical ventilation and ICU stay in
the “alert PCT” arm.

PCT-guided algorithms used to stop antibiotics have
been widely studied and validated in several RCT. All
were able to decrease the duration of antibiotic therapy
in ICU patients, although some differences regarding
stopping rules, population enrolled and PCT thresholds
in PCT-guided groups as well as duration of antibiotic
therapy in control groups should be pointed out. The
ProVAP and PRORATA studies used a threshold to stop
therapy of PCT <0.5 ng/mL from the third day onwards
after starting antibiotic or an >80% drop from maximal
PCT recorded value (and PCT <1 ng/mL in the ProVAP
trial). The duration of antibiotic therapy was shorter in
the PCT-guided group with an absolute risk reduction
of 2.7 days (33).

Jong et al. (36) prospectively analysed more than 1,500
patients in the SAPS study and found consistent data
regarding shorter duration of antibiotic therapy (absolute
difference 1.22 days, 95% CI, 0.65-1.78, P<0.0001) and
decreased volume of prescribed antibiotics (absolute
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difference 2.69 daily defined doses, 95% CI, 1.26-4.12,
P<0.0001) in the PCT-guided group versus standard-of-
care group. At 28 days after randomisation a statistically
significant reduction in mortality was showed in the PCT-
guided group (absolute difference 5.4%, 95% CI, 1.2-9.5,
P=0.012) that lasted until 1 year later (absolute difference
6.1%, 1.2-10.9, P=0.0158; HR 1.26, 1.07-1.49, P=0.006).
This relevant impact on mortality was also statistically
significant when only the group of patients who completed
antibiotic therapy on ICU were analysed (n=995)—absolute
reduction on mortality 6.6% (95% CI, 1.3-11.9, P=0.015) at
28 days and 7.4% (1.3-13.8, P=0.019) at 1 year, favourable
to the PCT-group. The proposed association between the
reduced exposure to antibiotics (both in duration and dose)
and a survival benefit is thrilling but not strongly evidence-
supported. Chastre et al. (37) prospectively randomised 401
patients with ventilator-associated pneumonia (VAP) and
found similar clinical effectiveness with an 8-day versus
a 15-day antibiotic regimen; however, no difference in
mortality attributable to the higher number of antibiotic
free days was documented. Pugh er al. (38) reviewed six
RCT comparing short (7- or 8-day) versus prolonged
(10- to 15-day) antibiotic course in 1,088 patients with
hospital acquired pneumonia (including VAP). They
demonstrated that the proposed decrease of antibiotic
exposure was associated with similar clinical outcomes,
namely mortality.

A PCT algorithm with a low cut-off value of 0.1 ng/mL
for antibiotic cessation in nearly 400 ICU septic patients was
tested by Shehabi ez 4l. (39) who failed to show a significant
reduction in overall antibiotic exposure. Subgroup analysis
revealed that patients with positive microbiological results
or septic shock had higher PCT values during the study
days and that a slow PCT decline over the first 72 h was
an independent predictor of hospital and 90-day all-cause
mortality.

The principal characteristics of the RCTS assessing PCT-
guided antibiotic stewardship in adult critical care patients
are described in 7able 2.

"The recently published Surviving Sepsis Campaign (SSC)
2016 International Guidelines highlight the importance
of biomarkers (especially PCT) to support shortening the
duration of antimicrobial therapy in septic patients and the
discontinuation of empiric antibiotics in patients considered
to have sepsis at admission but who evolved with limited
clinical evidence of infection (47).

Almost every patient enrolled in studies with PCT-guided
algorithms had a clinically documented site of infection (7)
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and the majority of patients had a positive microbiological
result. If the primary source of infection is unknown, data
regarding the usefulness of PCT-guided antibiotic therapy
is scarce (7). In patients with microbiologically non-
documented infections the PCT-guided therapy arm had a
non-statistically significant decrease in antibiotic day and
similar mortality rate (33).

The PRORATA trial (33) included 98 immunocompromised
patients and subgroup analysis revealed that the PCT arm
had significant reduced duration of antibiotic therapy with
no effect on morbi-mortality and that PCT may be used
safely in immunocompromised patients. Bone marrow
transplant and febrile neutropenia patients however were
excluded from enrolment. Recent data showed that in
febrile neutropenic patients, PCT-guided protocol did
not reduce the use of antibiotics but could be a marker of
bacteraemia (PCT cut off of 0.5 ng/mL with sensitivity of
52% and specificity of 76.5%).

Data regarding rates of superinfection and relapses are
inconsistent between studies and the severity of infection
does not appear to alter substantially the impact of PCT-
guided algorithms on the reduction of antibiotic therapy
duration. Both length of ICU stay and all-cause mortality
rate were comparable between groups.

Data interpretation

Although it seems to exist a high strength of evidence for
PCT-guided discontinuation of antibiotic therapy in adult
ICU patients with sepsis and for PCT-guided initiation of
antibiotic therapy for lower respiratory tract infection it is
essential to critically analyse and interpret results.

Control group management according to the standard of
care is a substantially subjective concept. The ProVAP and
the PRORATA trials, which together enrolled more than
700 patients, defined a minimum fix duration of antibiotic
therapy for control group: the ProVAP determined 15 days
for dealing with VAP and the PRORATA set 7 to 10 days for
community-acquired pneumonia—with extended therapy
to 14 days whenever microbiological isolates of Legionella
pneumophila, Mycoplasma pneumonia or Chlamydia pneumonia
are present—and 8 to 15 days for VAP. Schuetz ez a/. (28,29)
when subanalysing nearly 600 ICU patients found a median
reduction of antibiotic therapy of 3.21 (2.10-4.32) days
from a median 12 [8-18] days in control group to a median
8 [5-15] days in PCT-group. In patients with VAP, time
on antibiotic therapy increased to a median 11 [6-17] days
in PCT-guided group versus 14 [9-19.5] days in control
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group. Such long course of antibiotics is exceedingly higher
than the known effective and safe 6 to 8 days of antibiotic
therapy in VAP (37,48). This fact raises the question if the
so-called standard of care corresponds to the best care and if
the PCT-guided approach simply validates a shorter course
of antibiotics as the best care.

Exclusion criteria were tremendously inconsistent
between studies with high rates of exclusion (>35%) in the
majority of them. When a throughout analysis of the study
methodology is performed it becomes clear that common
clinical situations were excluded, both infectious—infective
endocarditis, bone and joint infection, acute mediastinitis,
intracerebral or intra-abdominal abscesses or infections
caused by Pseudomonas aeruginosa, Acinetobacter baumannii—
that may require long-course antibiotics and non-
infectious immunosuppressed patients. The compliance
with PCT-guided algorithms is another indicator of the
clinical applicability of each study. The overruling of
PCT algorithm may occur from inclusion to the end of
the trial, when the physician decides to start or prolong
antibiotic therapy despite a low PCT level or when he/
she decides to stop antibiotic even though PCT level is
high. The PRORATA trial presented an overruling rate
of 53%, which was much higher than in all other studies.
No specific subgroup analysis was undertaken to access the
outcome of overruled patients as well as the per-protocol
treated patients. The low rate of compliance of PCT-guided
algorithms and the high rate of exclusion weakens the real
impact of such algorithms in the clinical decision making

process (4).

Cost-effectiveness

In the SAPS study (36) the direct reduction in antibiotic
cost using a PCT-guided algorithm was a mean of €34 per
patient. Taking a mean of seven PCT measurements per
patients implies that the direct reduction in antibiotic cost
will only outweigh the cost of PCT measurements if a PCT
test costs nearly €4, which is much less than the actual cost.
Though, a PCT-guidance strategy is supposed to offer
more important benefits and cost savings than only direct
reduction of antibiotic costs.

Deliberato er al. (41) tested the clinical and economic
impact of a PCT algorithm to shorten antibiotic therapy
in critical care septic patients. In the per-protocol analysis
they found a significant reduction of duration of antibiotic
therapy (median days: 9, 5-24 in PCT group versus 13,
3-45, in the control group, P=0.008) and a net saving of
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Table 3 Promising new biomarkers of infection
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Available data

Diagnostic value for pneumonia and meningitis and
prognostic value in sepsis (3)

Prognostic value in sepsis. Possible useful for antibiotic
management in sepsis (3)

Prognostic value in pneumonia (3)

Diagnostic and prognostic value in sepsis (3)

Biomarker  Biological, structural and/or pathophysiological characteristics

sTREM-1 Surface receptor of mature polymorphonuclear and monocytes up-
regulated when exposed to bacterial and fungal pathogens

suPAR/ Constitutive cellular receptor in endothelium and leucocyte up-

cb8s7 regulated during inflammatory and immune response

ProADM Adrenomedullin precursor (mediator of cell proliferation and
hormone regulation) with increased secretion during immune
response to bacterial and viral infection

Presepsin  Glycoprotein receptor of monocytes/macrophages

PTX3 Protein produced by various cells (monocytes, neutrophils and

Candidate prognostic marker in sepsis (50,51)

endothelial cells) in response to proinflammatory cytokines and
bacterial products; acts as part of the innate immune system by
activating the classical and lectin complement pathways; closely
related to CRP as both are members of the pentraxin family

sTREM-1, soluble triggering receptor expressed on myeloid cells-1; suPAR, soluble urokinase-type plasminogen receptor; ProADM,

proadrenomedullin; PTX3, pentraxin-3; CRP, C-reactive protein.

USD388.25 per patient (roughly 30%) in the PCT group.

Westwood et al. (49) assessed clinical and cost-
effectiveness of PCT testing to guide antibiotic therapy in
patients with sepsis in ICU and emergency departments.
Analysed data suggested that PCT testing was cost-saving
for adults with sepsis in an ICU setting and for adults with
suspected bacterial infection presenting to an emergency
department—cost-savings from £368 to £3,268 with a small
quality-adjusted life-year (QALY) gain. The PCT-guided
approach had a probability of more than 84% of being
cost-effective for all settings and populations considered
(at a willingness-to-pay threshold of £20.000 and £30.000
per QALY).

CRP testing in primary care patients with respiratory
tract infections proved to be cost-effective (20,21)—at a
willingness-to-pay threshold of €30.000 per QALY gained,
there was a 70% probability of CRP testing being cost-
effective (20).

Biomarkers of potential interest in the future

The search for new biomarkers useful for guiding antibiotic
therapy has produced some promising candidates. So far
none of them have demonstrated to possess the properties
described in Tuable 1 and none have been studied in a
sufficient number of patients to merit further consideration.
The most promising new biomarkers are briefly described
in Table 3.
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In a medium to long term it is credible to expect the
availability of point-of-care rapid testing at bedside for
current available biomarkers and the development of new
methods of analysis (genomics, proteomics) that could
allow identifying new biomarkers for better diagnosis,
stratification of prognosis and tailoring antibiotic therapy in
patients with infection.

Conclusions

Every antibiotic stewardship strategy recognises that
antibiotics are cornerstones in the treatment of infection
but acknowledges that its misuse and overuse in ICU
patients is associated with increased duration of mechanical
ventilation, length of stay, mortality, recurrence of
infection, direct toxicity, organ failure, emergence of
bacterial resistance and costs (52). Biomarkers cannot
be expected to become isolated “magic bullets” with the
ability of objectively distinguish patients who will benefit
from starting or maintaining antibiotics. They are useful
tools that help clinicians in different settings to optimize
antibiotic therapy. Evidence is strong regarding the
association of biomarker-guided strategies with a reduction
in antibiotic exposure without adverse clinical outcomes. In
order to empower such evidence and to deeply understand
its potential effect on mortality it is essential in future
RCTs to expand patients’ selection criteria to better
reflect reality (52): clinicians have to deal with patients of
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increasing complexity (particularly in ICU setting) with a
variety of likely infection foci—some of them not included
in the available studies (25). Moreover, the true value of
biomarkers in reducing antibiotic exposure must be tested
against the best available evidence, which clearly evolves
to shorter antibiotic courses, and not against a longer
(more than 7-8 days) standard care strategy. Although
PCT is certainly the most studied biomarker on antibiotic
stewardship, combining information collected from several
biomarkers (23) into clinical algorithms (52) may be more
useful and helpful at bedside.

Neither the initiation nor the duration of antibiotic
therapy can depend solely on a biomarker. Antibiotic
management should reflect the complexity of infection and
must be based on a composite of clinical evolution (namely
organ function), microbiological data, source of infection,
duration of antibiotic therapy and time course of biomarker
levels.
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