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Abstract

Antibiotics can improve the prognosis in patients with exac-
erbation of chronic obstructive pulmonary disease. Howev-
er, the overuse of antibiotics can carry serious adverse effects
for patients (gastrointestinal infections) and for society (bac-
terial resistance). Likewise, systemic corticosteroids may also
help these patients, but also carries severe adverse effects
like osteoporosis, muscle loss, and diabetes, in many pa-
tients. Whenever safe methods exist to reduce these two
treatment modalities, they should be implemented. The
blood biomarkers procalcitonin and the fraction of leuko-
cytes known as eosinophil granulocytes have been proven
in randomized controlled trials (RCTs), to effectively, signifi-
cantly, and substantially assist in reducing the use of these
two potent, yet toxic medication types. In this review, the
background and main clinical results are discussed, explain-
ing the rationale for biomarker-guided clinical decisions.
Also, the main expected effects, their sizes, and importantly
the limitations to such a strategy are described. Clinical evi-
dence is prioritized with main weight on RCTs and meta-

analyses of these and regarding outcomes, and focus is set
on the safety of such a biomarker-guided strategy, as well as
the effects on medicine reduction. In an epoch of increasing
demands to physicians from patients and politicians to cure
and reduce symptoms, the Hippocratic phrase of “primum
non nocere” or “first, do no harm” seems more than ever of

contemporary importance. © 2021 The Author(s)
Published by S. Karger AG, Basel

Introduction

Biomarkers of infection and inflammation have been
used for decades in patients with lower respiratory tract
infections and flares of inflammatory conditions [1-3].
Exacerbations in chronic obstructive pulmonary disease
(COPD) are defined in several ways, although many clini-
cians and researchers use the classic Anthonisen criteria
(increased dyspnea, increased sputum volumes, discol-
ored sputum, and a therapeutic response). Such criteria
can lead to the antibiotic and corticosteroid overuse,
since they do not necessarily differentiate which patients
are in need of such treatments, and in case of doubt, treat-
ment will often be initiated, to avoid undertreating.
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For patients with COPD exacerbations, a potentially
deadly condition, often requiring hospital admission, the
usual biomarkers like the white blood cell count and C-
reactive protein seem not to be quite sufficient, when the
clinician needs to decide whether to treat with antibiotics
and systemic corticosteroids. These common biomarkers
are not very sensitive and might be elevated for various
reasons, even during stable periods due to systemic in-
flammation [4], and a low positive predictive value may
cause unnecessary use of antibiotics [5]. This is far from
satisfactory, since such treatments carry significant risks
for the patient, such as serious gastrointestinal infections
with Clostridium difficile, superinfections with resistant
bacteria, muscle wasting, diabetes mellitus, and osteopo-
rosis.

This review does not attempt to mention all candidate
biomarkers for use in COPD patients, rather, the aim is
to describe the clinical utility of two biomarkers, blood
eosinophils and procalcitonin (PCT), that have been ex-
tensively investigated to assist in reducing corticosteroids
in patients with severe COPD exacerbations and likewise
to reduce unnecessary use of antibiotics. The reader will
be able to (i) make a decision of whether there is sufficient
evidence to support use of one or both of these biomark-
ers in his/her own setting, (ii) if decision to use them is
made, then propose an evidence-based algorithm for the
most effective way to use them.

Much is known about the concrete use of these bio-
markers and what should be expected or not expected
when using these biomarkers, how to interpret them, and
how to implement them. The precise use of them has,
however, only been implemented in few hospitals world-
wide. Acute exacerbations of COPD may have distinct
causes and can be viral, bacterial, or caused by eosino-
philic inflammation, each with distinct treatment needs
[6]. Due to diagnostic difficulty in distinguishing virally
triggered acute exacerbations of COPD from those driven
by bacterial infection, there is a potential for unnecessary
use of antibiotics in this group of patients. The overuse of
antibiotics for respiratory infections is an important driv-
er of multidrug resistance. Therefore, it is imperative to
develop effective diagnostic tools to guide both cortico-
steroid and antibiotic treatment in lung patients and in
patients with respiratory infections [6].

Eosinophilic Inflammation

COPD exacerbation was initially thought to be medi-
ated primarily by neutrophil-mediated inflammation,
while eosinophilic inflammation is thought to be more
characteristic in asthma rather than COPD. However, a
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subset of 20-40% of COPD patients displays eosinophilic
airway inflammation, even when carefully excluding pa-
tients with possible asthma [7]. Eosinophils are key in-
flammatory and immune effector cells. Under normal
conditions eosinophils are dormant in the blood, but
upon exposure to pro-inflammatory cytokines (interleu-
kin [IL]-3, IL-5 IL-6, and granulocyte-macrophage colo-
ny-stimulating factor) they activate and migrate to in-
flamed tissue [8]. Monoclonal antibodies targeting IL-5,
the main cytokine involved in the activation of eosino-
phils, is known to reduce exacerbations of eosinophilic
asthma effectively [9]. However, in eosinophil COPD, the
effect of anti-IL-5 is still disputed [10], although many
researchers have commented on the lack of eosinophilia
as an inclusion criterion in these studies and claimed that
blocking an eosinophil pathway makes less sense in pa-
tients without activation of such a pathway. Corticoste-
roids are unlike anti-IL drugs, commonly used for regular
treatment of COPD, being particularly beneficial in pa-
tients with asthmatic or inflammatory features and co-
morbidities (such as asthma-COPD overlap syndrome)
[11-13]. In healthy persons, eosinophils usually are not
found in the lungs, and their presence in the lungs is in-
dicative of an abnormal inflammatory reaction [14]. Eo-
sinophils are typically quantified as a percentage of total
leukocyte amounts or as absolute numbers (cells/pL).
Both measurements have been shown to be in concor-
dance with each other [7, 15]. Blood eosinophil counts
have also been shown to be in concordance with sputum
eosinophil counts, and are therefore often used as a proxy
for eosinophilic lung inflammation [8]. Eosinophilic in-
flammation can be present both during exacerbations
and stable COPD [7]. Numerous studies have demon-
strated associations between blood eosinophil counts and
relevant clinical COPD outcomes. Most of the studies did
find an association with higher blood eosinophils (eosin-
ophilic COPD phenotype) and worse clinical outcomes in
terms of increased risk of readmissions, longer hospital
stays, and future exacerbations [16-20]. However, the as-
sociation is not fully clarified.

Inhaled Corticosteroid Use and the Blood Eosinophil

Count

According to previous guidelines, patients with mod-
erate to very severe COPD should be treated with inhaled
corticosteroids (ICS) [21]. However, the use of ICS in
COPD patients has been shown to have a variable effect,
which needs to be weighed against the side effects of the
treatment such as increased incidence of pneumonia, di-
abetes [22], osteoporosis, and cataracts [23, 24]. Until re-
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Hospital admission with
acute exacerbation of COPD

+ Methyl prednisolone 80 mg
h 4

Day 1: randomisation

159 patients assigned to eosinophil
guided group

Day 2-5:

Day 90: end of follow-up

Eosinophil-guided group

Eosinophils >300 cells/uL prednisolone 37.5 mg
Eosinophils <300 cells/uL NO prednisolone

159 patients assigned to control
group

Day 2-5: prednisolone 37.5 mg

Day 90: end of follow-up

Control group

Fig. 1. Treatment algorithm from the CORTICO-COP trial [42].

cently, no serum biomarkers had a demonstrated associa-
tion with COPD treatment response. In 2007, random-
ized controlled trials (RCTs) showed reduction in COPD
exacerbation in patients with a sputum eosinophil count
>3% treated with ICS. Subsequently, peripheral blood eo-
sinophils have been extensively studied and seem to be
able to better predict the effect of ICS [25]. Several post
hoc analyses looking at the benefits of ICS/LABA in com-
parison to LABA have shown a continuous relation be-
tween ICS response and eosinophil counts [15, 26, 27].
Other studies have grouped patients into discrete groups
based on blood eosinophils and leading to similar conclu-
sions that higher blood eosinophil levels increase the like-
lihood of ICS treatment benefit [28-30]. This is reflected
in recent GOLD recommendations, that specify that eo-
sinophil counts should be considered when deciding
whether to administer ICS. The newest GOLD guidelines
recommend ICS usage in patients with blood eosinophils
>300 cells/pL, and in patients with blood eosinophils
>100 cells/uL, and persistent exacerbations while on
bronchodilators [31]. Recently, the European Respiratory
Society published a guideline for withdrawal of ICS based
on the blood eosinophil count. This guideline recom-
mends ICS withdrawal in patients with a blood eosinophil
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count <300 cells/pL and no frequent exacerbations [32].
All these recommendations are, however, based on post
hoc studies and currently, no RCTs have tested this algo-
rithm. At this current time, there is one multicenter RCT
seeking to validate these findings (NCT04481555), with
planned readouts by 2025.

Systemic Corticosteroids and the Blood Eosinophil

Count

Unlike stable COPD, acute exacerbations are com-
monly treated with orally administered systemic cortico-
steroids such as prednisolone [21]. Systemic corticoste-
roids are used to improve recovery from symptoms, but
they do not improve long-term decline in lung function,
future exacerbations after the first month, and the length
of stay in intensive care units or mortality [33]. The crite-
ria used to define COPD exacerbations (an acute worsen-
ing of respiratory symptoms that result in additional ther-
apy) are broad, and this may lead to the overuse of corti-
costeroids [31]. The overuse of systemic corticosteroids is
associated with increased risk of osteoporotic fractures,
cataracts, infections [34], and venous thromboembolism
[35, 36]. To reduce the usage of systemic corticosteroids,
it has been proposed to use blood eosinophil counts to
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Fig. 2. Fraction of patients on systemic corticosteroid treatment and the median treatment length in the CORTI-

CO-COP trial [42].

guide corticosteroid treatment. One RCT used blood eo-
sinophils to categorize patients as having eosinophilic or
noneosinophilic exacerbations and found noninferiority
when treating noneosinophilic exacerbations with place-
bo rather than systemic corticosteroids. Notably, there
was a reduction of 49% in the total corticosteroid pre-
scription for the eosinophil-guided group (p < 0.001)
[37]. Similarly, other studies have shown better cortico-
steroid response in COPD patients with higher eosino-
phil counts compared to patients with a lower blood eo-
sinophil count [38-40]. The randomized noninferiority
CORTICO-COP trial found that daily eosinophil counts
could be used to guide treatment to reduce corticosteroid
usage in hospitalized patients with COPD exacerbation
using the algorithm shown in Figure 1. This led to a re-
duction in median corticosteroid treatment duration
from 5 days to 2 days with approximately two-thirds of
the eosinophil-guided patients being off corticosteroids
on any given day throughout the study except on day 1
(shown in Fig. 2). This treatment algorithm was shown
not to affect days alive and out of hospital within 14 days
after recruitment or a 30-day all-cause mortality rate.
There were documented fewer side effects in terms of
fewer patients with hyperglycemia and fewer patients
with worsening of diabetes in patients with preexisting
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diabetes in the eosinophil-guided corticosteroid group
[41]. These analyses indicate that the blood eosinophil
count could potentially be used as a biomarker to guide
corticosteroid therapy for exacerbations and may help to
avoid unnecessary exposure to systemic corticosteroids.
In Table 1, some of the key trials of eosinophil-guided
corticosteroid therapy are noted with the main character-
istics and results.

PCT Biology

PCTisa 114 aminoacid, 12.6 kDa polypeptide prohor-
mone of calcitonin [42]. Calcitonin is produced in the
neuroendocrine medullary C-cells of the thyroid, which
is embryologically derived from the neural crest [43].
PCT produced in the C-cells undergoes posttranslational
processing, to form the bioactive calcitonin hormone of
32 amino acids. In animal studies, PCT has been isolated
in the tissue from the adrenal gland, spleen, brain, liver,
pancreas, colon, lung, fat tissue, spinal cord, testes, and
stomach [44]. In bacterial sepsis, the mRNA of the calci-
tonin (CALC)-1 gene is upregulated more uniformly
than the mRNA of other inflammatory cytokines, such as
tumor necrosis factor-a, IL-1p, and IL-6 [45]. Mature cal-
citonin blood levels do not increase significantly during
sepsis. The explanation for this has been proposed as a
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Table 1. Reduction in corticosteroid exposure in RCT's with blood eosinophil count-controlled algorithms

Study type and author Patient N Primary outcome Reduction in antibiotic = Strengths/weaknesses ~ Conclusion
group exposure PCT arm
versus control
RCT, Bafadhel et al. [37] AECOPD 109 Noninferiority in the Reduced by 49% Treatment based on Successful reduction of
health status score and  (no apparent risk) single exacerbation corticosteroid exposure
treatment failure blood eosinophil count
RCT, Sivapalan et al. [41] AECOPD 318 DAOHI14 Reduced by 60% Open-label Successful reduction of
(admitted) (no apparent risk) corticosteroid exposure

AECOPD, acute exacerbated chronic obstructive pulmonary disease; DAOH14, days alive and out of hospital within 14 days from recruitment; PCT,

procalcitonin; RCTs, randomized controlled trials.

“shift of pathway,” from a “specific pathway” (where cal-
citonin precursors are released in secretory granules with
enzyme activity to process the precursors to mature cal-
citonin hormone) to a more “generalized pathway”
(where calcitonin precursors are “bulk released” without
secretory granules and thus without enzymatic activity to
process peptides) [45]. Other calcitonin precursors can be
upregulated during bacterial infections and other acute
diseases; of these the mid-region pro-adrenomedullin has
been claimed to be a valuable severity marker in sepsis
[46, 47].

PCT in Diagnosis of COPD Exacerbation

PCT is a biomarker of bacterial infection [48], which
is released 2-6 h after IL-1p stimulation; however, it can
be almost completely blocked by coadministration of
IFNYy [49], this suggesting a potential use in diagnosis and
eventual applicability in differentiating between viral and
bacterial acute exacerbated COPD (AECOPD). In a diag-
nostic accuracy study (n = 98) of patients with severe and
very severe COPD exacerbation, a PCT of <0.5 ng/mL
was observed to have a negative predictive value of 95%
for isolation of a human pathogenic bacterium from the
airway culture [50]. This has, however, been disputed;
and in another small study (n = 72), no difference in PCT
was found between patients with viral and bacterial origin
of COPD exacerbation. A meta-analysis in this area did
though show a clear link between PCT and bacterial in-
fections as the cause of COPD exacerbation, but states
low quality of evidence. In conclusion, PCT is not a secure
way to discriminate bacterial versus viral cause of COPD
exacerbation. Instead, investigators have moved on to
find out if PCT can predict which patients need antibiot-
ics during a COPD exacerbation. The rationale for this is
that many COPD patients can carry bacteria in the air-
ways, without these causing the current exacerbation (i.e.,

Biomarkers to Reduce Side Effects in
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“innocent bystander”), and further that some bacterial in-
fections are mild and may not need antibiotics, since
these also carry side effects. Additionally, it is well-docu-
mented that low PCT levels effectively rule out bactere-
mia [51, 52].

PCT-Guided Antibiotic Treatment of AECOPD

In 2004, Christ-Crain et al. [53] reported on a cluster-
RCT, in which an antibiotic-sparing strategy was tested.
In general, patients with lower respiratory tract infec-
tions who had daily PCT measurements, had antibiotics
discontinued, whenever the biomarker was below 0.25
ng/mL. This resulted in a noteworthy reduction in anti-
biotic use of approximately 50% without any apparent
cost on treatment effect. Looking at the subgroup of pa-
tients with COPD exacerbation, the effect seemed even
higher. The main criticism of the trial was, that it was
cluster randomized on institutional level, and thus, that
patients were not randomized on an individual patient
level. Several individual-level classic RCTs have subse-
quently confirmed the results of the initial study regard-
ing antibiotic reduction in patients with lower respira-
tory tract infections, in settings as diverse as primary
care [54], departments of respiratory medicine [55], in-
ternal medicine, emergency medicine [56], and inten-
sive care [57]. Although results have been very consis-
tent regarding COPD exacerbations (high effect, 50-
70% reduction in antibiotics use), when analyzed in
subgroups, only few RCTs exist, in which the entire pop-
ulation have been patients with COPD exacerbation. In
one RCT (n = 120) [55], the length of antibiotic admin-
istration in COPD patients with hospitalization-requir-
ing exacerbation, was reduced from 8.5 days to 3.5 days,
p < 0.001. Another trial included COPD patients with
exacerbation, but did not report antibiotic use, rather
re-exacerbation within 6 months, which did not seem
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Table 2. Reduction in antibiotics exposure in RCTs with PCT-controlled algorithms

Study type and
author

Patient group N Primary outcome

Reduction in antibiotic
exposure PCT arm
versus control

Strengths/weaknesses

Conclusion

RCT, Christ-Crain  LRTI (admitted) 243 > Reduced by 50% Cluster randomized,  Successful reduction of
etal. [53] (no apparent risk) not blinded antibiotic exposure in all
subgroups including
AECOPD
RCT, Corti et al. AECOPD (admitted) 120 > From 8.5 to 3.5 days n =120, open-label Successful reduction of
[55] (no apparent risk) antibiotics duration
Multicenter RCT,  LRTI (emergency 1,359 > From 8.7 to 5.7 days Heterogeneity in Successful reduction of
Schuetz et al. [56]  departments) (no apparent risk) population antibiotics duration
(pneumonia,
AECOPD, and
bronchitis)
Multicenter RCT,  Critically ill patients 1,575 > Median consumption Lower mortality in Successful reduction of
de Jongetal. [58]  (ICU) from 9.3 to 7.5 daily PCT arm antibiotic exposure
doses (no apparent risk)
RCT, Verduri Severe ECOPD 184 No change in 45 of 88 patients in Underpowered (very  Successful reduction of
et al. [58] (admitted) exacerbation of PCR-arm had 7 days of ~ few patients enrolled) antibiotics duration
COPD in PCR-arm  antibiotics less than
control (no apparent
risk)
RCT, Wangetal. ~AECOPD 194 Antibiotics no 100% for patients with Small #, did notlook  Successful reduction of
[59] better than placebo  PCT <0.1 ng/mL at PCT effect (but antibiotic exposure
for PCT <0.1 ng/ (no apparent risk) could report it)
mL
Meta-analysis of ~ Primary care, 6,708  All-cause mortality 2.7 days reduction, Not powered for all Lower mortality, fewer

RCTs, Schuetz et
al. [60]

emergency medicine,
respiratory medicine,
critically ill

p < 0.0001

effects in all
subgroups

antibiotic-related side
effects, and lower
consumption of
antibiotics

LRTI, lower respiratory tract infections; COPD, chronic obstructive pulmonary disease; ECOPD, exacerbated chronic obstructive pulmonary disease;
AECOPD, acute exacerbated chronic obstructive pulmonary disease; ICU, intensive care unit; PCT, procalcitonin; RCTs, randomized controlled trials.

different in the randomized arms [58]. In a Chinese
RCT, it was explored whether antibiotics improved the
prognosis in patients with low (<0.1 ng/mL) PCT; the
investigators did not observe any difference, but the use
of antibiotics was reduced from 100% (95 of 95 in the
antibiotic group) to 17.7% (17 of 96 in the control group)
based on the low PCT [59].

The results from PCT-guided antibiotic-sparing re-
gimes in patients with lower respiratory tract infections
have been summarized in a meta-analysis of 26 RCT's
with 6,708 patients who were individually randomized.
The main result was that 30-day all-cause mortality was
reduced in PCT-guided patients (286 [9%] of 3,336 PCT-
guided patients vs. 336 [10%] in 3,372 controls; adjusted
odds ratio 0.83 [95% CI 0.70-0.99], p = 0.037). Addition-
ally, PCT guidance was associated with a 2.4-day reduc-
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tion in antibiotic exposure (5.7 vs. 8.1 days [95% CI -2.71
to —2.15], p <0.0001).
In conclusion, PCT guidance of antibiotic use in

COPD patients with exacerbations is only examined di-
rectly in few and small trials. However, results from these
trials are consistent with subgroup analysis from trials re-
cruiting broader, but in which the COPD cohort could be
analyzed separately. All these results regarding COPD ex-
acerbations are also consistent with trial results from oth-
er patient groups with lower respiratory tract infections,
so summarized, they seem solid, and consistently show a
reduction in the use of unnecessary antibiotics in a mag-
nitude of 50-70% of all administered antibiotics for these
patients.

Such biomarker-guided strategies may prove key in re-
ducing the antibiotic overuse, as summarized in a meta-
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PCT

v v

v v

PCT < 0.15 ng/mL 0.15 ng/mL < PCT < 0.25 ng/mL

PCT > 0.25 ng/mL Initial PCT 5-10 ng/mL

v v

v v

Antibiotics strongly discouraged Antibiotics discouraged

Antibiotics encouraged Antibiotics encouraged

v v

v v

Clinician can overrule algorithm
on strong clinical indication
(eg., febrile > 38.5°C, infiltrate
on X-ray, etc.)

Clinician can overrule algorithm
only after conferring with
investigators

Duration of antibiotics
treatment at discharge:
- PCT > 1 ng/mL: 7 days
- PCT 0.5-1 ng/mL: 5 days
- PCT 0.25-0.5 ng/mL: 3 days

Discontinue antibiotics when
PCT < 0.2 x peak PCT

!

Discontinue antibiotics when
PCT < 0.15 ng/mL

Fig. 3. PCT algorithm from [56]. PCT, procalcitonin.

analysis by Schuetz et al. [60], which is important when
facing emerging antibiotic-resistant bacteria. See Table 2,
in which some of the most important RCT results regard-
ing PCT-guided antibiotic therapy are noted, including
the main characteristics and results. Figure 3 shows a pro-
posed algorithm for use when discontinuing antibiotics in
COPD patients with exacerbations, as used in reference 55.

Conclusion

In conclusion, there is evidence at level 1B (one RCT)
to support the use of blood eosinophils in reducing the
use of systemic corticosteroids in patients admitted to
hospital with a severe AECOPD; a strategy which is non-
inferior regarding death and hospitalization length (days
alive and out of hospital). Such a strategy seems applica-
ble to implement in settings where a leukocyte differential
count is available for daily analysis. Further, during ad-
mission of AECOPD, PCT measurements with approxi-
mately every 48 h can lead to a reduction in antibiotics of
at least 30%, without any obvious disadvantages; in fact,
such a strategy reduces mortality and antibiotic-related
side effects in patients with lower respiratory tract infec-
tions (level 1A evidence), effects that seem likely also to
apply to COPD patients.
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