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Abstract
Purpose  Optimal treatment of infections in the elderly patients population is challenging because clinical symptoms and 
signs may be less specific potentially resulting in both, over- and undertreatment. Elderly patients also have a less pronounced 
immune response to infection, which may influence kinetics of biomarkers of infection.
Methods  Within a group of experts, we critically reviewed the current literature regarding biomarkers for risk stratification 
and antibiotic stewardship in elderly patients with emphasis on procalcitonin (PCT).
Results  The expert group agreed that there is strong evidence that the elderly patient population is particularly vulnerable for 
infections and due to ambiguity of clinical signs and parameters in the elderly, there is considerable risk for undertreatment. 
At the same time, however, this group of patients is particularly vulnerable for off-target effects from antibiotic treatment 
and limiting the use of antibiotics is therefore important. The use of infection markers including PCT to guide individual 
treatment decisions has thus particular appeal in geriatric patients. For the elderly, there is evidence that PCT is a valuable 
biomarker for assessing the risk of septic complications and adverse outcomes, and helpful for guiding individual decisions 
for or against antibiotic treatment. There is need for additional educational efforts regarding the concept of “biomarker-guided 
antibiotic stewardship” for health care providers caring for elderly patients.
Conclusion  Use of biomarkers, most notably PCT, has high potential to improve the antibiotic management of elderly 
patients with possible infection for improving both, undertreatment and overtreatment. Within this narrative review, we aim 
to provide evidence-based concepts for the safe and efficient use of PCT in elderly patients.
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Introduction

With the recent advances in medical care and as a result 
of demographic trends, the population of elderly and 
polymorbid patients is steadily growing. This population, 

however, is particularly vulnerable for systemic infec-
tions, which is responsible for the majority of deaths in 
this patient population [1, 2]. Early identification of infec-
tion and appropriate initial management including start 
of antibiotic treatment and fluid resuscitation is the first 
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crucial step to improve clinical outcomes [2, 3]. Addition-
ally, once treated, monitoring of patients during treatment 
may allow timely escalation of therapy in case of treatment 
failure and de-escalation in case of a favourable treatment 
response [2]. Importantly, this population of patients is 
also highly vulnerable regarding off-target effects from 
antibiotic treatments and thus early de-escalation or ces-
sation of antibiotic treatment, once the condition has sta-
bilized, is mandatory.

In clinical practice, the decision for or against antibi-
otic treatment based exclusively on clinical grounds has 
many drawbacks due to limited sensitivity and specificity 
of clinical signs and symptom [4]. This is particularly true 
in the elderly population, where the clinical presentation 
of an infection is less pronounced compared to younger 
patients. Herein, the use of specific blood biomarkers mir-
roring specific physio-pathological pathways may help to 
better estimate the likelihood and the resolution of infec-
tion, which in turn potentially improves clinical decision-
making [5–7]. Among different blood markers, serum pro-
calcitonin (PCT) has emerged as a host-derived biomarker 
that increases in bacterial infections and furthermore pro-
vides prognostic information, and thus may improve sepsis 
management [8–10]. The kinetics of PCT in an infected 
patient provide information about the recovery and risk for 
adverse outcome, which in turn may influence decisions 
about the duration of antibiotic treatment [8, 9, 11]. Mul-
tiple randomized controlled trials (RCT) have investigated 
the benefits of using serum PCT levels to guide whether 
and for how long antibiotic therapy is used—a process 
referred to as PCT-guided antibiotic stewardship. Such 
interventional studies were done in patients with different 
types of infections including those with sepsis hospitalized 
in the intensive care unit (ICU) [1, 12–22]. There are sev-
eral trials and meta-analyses from such trials suggesting 
that PCT use decreases antibiotic exposure with beneficial 
effects on clinical outcomes including lower mortality in 
patients with respiratory tract infections, sepsis and blood 
stream infection [23–27]. As a limitation, only few trials 
have specifically targeted the elderly patient population 
and it remains somewhat unclear how well results from 
trials focusing on younger patients can be transferred to 
the elderly patient population. This is particularly true in 
regard to Immunosenescence, a process of immune dys-
function that occurs with age and includes remodeling of 
lymphoid organs, leading to changes in the immune func-
tion of the elderly [28]. Older patients thus may present 
with a less pronounced immune response, specifically 
regarding cytokine and biomarker responses to infection 
compared to younger ones [28, 29]. Immunosenescence 
reflects a facet of human aging and has been associated 
with a decline in adaptive and innate immunity [28]. To 
address the specific need for biomarker-guided therapy in 

the elderly, a recent meta-analysis of individual patient 
data from 28 randomized-controlled trials (RCT) assessed 
the efficacy and safety of using PCT to guide antibiotic 
decisions in patients with different types and severities of 
sepsis stratified in four different age groups (< 75 years 
[n = 7079], 75–80 years [n = 1034], 81–85 years [n = 803] 
and > 85 years [n = 505]) [30]. This analysis found a reduc-
tion in the use of antibiotics between 22 and 26% among 
all age groups when antibiotics where guided according to 
a PCT algorithm, with no increase in mortality or adverse 
outcome risks, showing that a biomarker strategy to guide 
antibiotic treatment is feasible in the elderly population 
despite differences in the immune response with age.

Given the importance of an optimal treatment of infec-
tions in the elderly patient population, we aimed within a 
group of experts to critically review and discuss the current 
literature regarding PCT and other biomarkers for risk strati-
fication and antibiotic stewardship in elderly patients and to 
find a consensus on different aspects of biomarker use with 
in a narrative review.

The aging patient—why is the elderly 
patient different from the middle‑aged 
or younger patient?

The aging process is characterized by great heterogeneity: 
indeed, older individuals of the same chronological age may 
be completely different in functional, cognitive, biological 
status, responsiveness to stressors (such as an acute infec-
tious disease) and, in the end, health status, length and qual-
ity of life. In other terms, while some individuals appear 
active, fit, healthy and resilient towards stressful events, oth-
ers are more prone to disease and disabilities, particularly 
to frailty [31]. Recent studies suggest that a different speed 
and/or severity of the biological mechanisms of aging, both 
at cellular level (i.e., mitochondrial and DNA dysfunctions, 
increased oxidative stress, stem cell exhaustion) and at sys-
temic level (i.e., hormonal dysregulation, chronic inflamma-
tory state, immune system decline or immunosenescence, 
changes in body composition and neurodegeneration) could 
explain the phenotypic heterogeneity of elderly people [32]. 
Indeed, the presence of frailty, independently from multi-
morbidity and chronological age, may explain the atypical 
presentation, signs and symptoms of many clinical disor-
ders, including infectious diseases, in the older patients [33]. 
This is important when assessing the risk of infection in an 
elderly patient.

Frailty is a multidimensional condition, with physical, 
functional, psycho-cognitive and socio-economic factors 
playing a part in its development and evolution [31]. Thus 
a complete evaluation of frailty to support its manage-
ment requires a multidimensional approach based on the 
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Comprehensive Geriatric Assessment (CGA) [34], which 
is today considered the ‘gold standard’ in clinical practice 
[35]. Currently, very few tools to measure frailty show a 
multidimensional CGA-based construct able to identify 
those impaired domains that require a personalized manage-
ment [36]. The Multidimensional Prognostic Index (MPI) 
is a CGA-based frailty instrument, extensively validated 
and implemented among more than 56,000 older adults 
in different settings (e.g., hospital, nursing home, general 
practice, community) [37] and with different clinical condi-
tions, including infectious diseases [38, 39]. The MPI gives 
a clinimetric measure of multidimensional frailty [38] with 
excellent prognostic value [35, 40, 41]. It also provides 
useful information in clinical decision making of older 
patients, for instance in those with acute respiratory failure 
[42] and SARS-CoV-2 infection. Different versions of the 
MPI, including the self-reported-MPI [43] and the brief-MPI 
[44] support its use as screening tool, both in primary care 
and other non-geriatric settings. Interestingly, the predictive 
value of MPI can be increased by integrating information 
of specific biomarkers, such as PCT. Combination of PCT 
at hospital admission with the MPI significantly increased 
accuracy of mortality prediction in older patients with com-
munity-acquired pneumonia [45].

Why be extra careful in the elderly 
population?

Antibiotic overuse in elderly patients may lead to adverse 
events, including the risk of drug interactions, side effects, 
risk of Clostridioides difficile infections (CDI) and selection 
of multidrug-resistant (MDR) organisms. In a study focus-
ing on outpatient antibiotic prescribing among older adults 
in the United States from 2011 to 2014, it has been demon-
strated that subjects aged ≥ 75 years had a higher prescribing 
rate compared to younger persons [46]. In addition, elderly 
patients may be more prone to side-effects of antibiotics 
compared to younger patients due to several factors. First, 
data suggest that the type of antibiotic drug is important 
as some drugs are more strongly associated with increased 
risk of adverse events in the elderly compared to younger 
adults. Altered pharmacokinetics, changes in protein binding 
and reduced renal function may be the underlying reason for 
higher rates of adverse events in elderly patients [47]. Com-
pared to younger patients, elderly may be more susceptible 
to adverse events, especially when some antibiotics, repre-
senting the last resort of MDRO infections, are used. There 
are particular concerns in the use of some antibiotics, such 
as vancomycin and colistin in elderly patients. Although new 
antibiotics have been developed for the treatment of methi-
cillin-resistant Staphylococcus aureus infections and MDR 
Gram negative bacilli infections, vancomycin and colistin 

continue to represent therapeutic options in these patients 
despite their association with nephrotoxicity. In a study com-
paring vancomycin use in younger versus older patients, the 
risk of nephrotoxicity almost tripled in the elderly (7.8 vs. 
18.9%, p = 0.003) [48]. Similar findings are available for 
colistin. A recent metanalysis including 2857 elderly with 
MDRO infections showed that acute kidney injury was sig-
nificantly more common in patients who received colistin 
versus other drugs [49]. In addition, not only the type of 
antibiotics, but also the duration of antibiotic therapy plays 
an important role in the outcome of elderly patients. The 
increase in antibiotic-free days has been associated with 
a reduction in the risk of side effects [50], and for many 
types of infections there is evidence that shorter treatment 
courses are equally effective compared to longer ones. A 
Cochrane review showed that in elderly patients with urinary 
tract infections (UTI) there was no difference of clinical cure 
between short course (3–6 days) versus longer antibiotic 
courses (7–14 days) [51]. Still, in clinical practice, overtreat-
ment of elderly patients is still a major concern, which may 
again be due to difficulties in understanding clinical signs in 
this population. In this context, the use of biomarkers may 
offer a significant and particularly promising opportunity to 
improve individualized antibiotic therapy and shorten dura-
tion of treatment. Finally, when treating elderly patients with 
infection, the focus should be on patient-centered outcomes. 
Because older adults are more likely to have complex health 
care needs [52]. Important goals in this patient population 
include quality of life and time at home (vs. time spent in the 
hospital or being institutionalized). Thus, it is important to 
take a multifaceted approach for guiding antibiotic decisions 
including parameters such as improvement of clinical condi-
tions, reduction in markers of inflammation and infection, 
ability to take oral drugs, and patients’ compliance.

What is procalcitonin and how can it be 
measured?

Procalcitonin (PCT) is the precursor peptide—or prohor-
mone—of the mature hormone calcitonin [53, 54]. The 
dual function of PCT as a calcitonin precursor peptide as 
well as a cytokine mediator, which is elevated upon sys-
temic bacterial infections in line with other cytokines, has 
resulted in the term “hormokine” mediator [54]. PCT is 
released ubiquitously by parenchymal cells in response to 
microbial toxins and to certain cytokines, namely interleu-
kin (IL)-1b, tumor-necrosis factor (TNF)-a and IL-6, among 
others [54]. Conversely, PCT production is attenuated by 
certain cytokines released in response to a viral infection, 
particularly interferon-γ [55]. Although the exact down-
stream effects of PCT are not entirely clear, there is evi-
dence from preclinical studies demonstrating that PCT plays 
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a pathophysiologic role in the development of severe sepsis 
and sepsis-related mortality. Administration of PCT to sep-
tic hamsters with peritonitis doubled their death rate, while 
treatment with PCT-reactive antiserum increased survival 
of septic hamsters and pigs with mono- and polymicrobial 
sepsis [56–59]. Because PCT is upregulated in bacterial but 
not viral infections [54, 55], different studies have evalu-
ated the potential of PCT to distinguish viral from bacte-
rial infections as discussed below. Older diagnostic studies 
used the B.R.A.H.M.S. LUMI test to measure PCT levels 
[60]. This test detects only markedly elevated PCT levels 
with a luminometer with a functional assays sensitivity of 
0.3–0.5 µg/L. While this test has low sensitivity, currently 
most physicians use highly sensitive PCT assay with a lower 
detection limit of 0.06 µg/L such as the BRAHMS Kryptor 
assay, which is based on a sheep polyclonal anti-calcitonin 
antibody [61]. Recently, other high sensitive quantitative 
automated options for PCT testing have become available 
with functional detection limits in the range of 0.06 µg/L, 
including the VIDAS system (Biomerieux) [62], the Liaison 
BRAHMS PCT (DiaSorin) [63], the Elecsys BRAHMS PCT 
(Roche Diagnostics) [64], the Lumipulse(Fujirebio) [65], the 
Abbott Architect [66] and the Siemens Advia [67] among 
others.

The biomarker approach in the elderly 
patient

It is important to understand that host biomarkers of sep-
sis have significantly evolved during the last decades. Bio-
markers represent objective indicators of a patient’s clinical 
condition that can be measured accurately and reproducibly 
[68]. However, many biomarkers that are routinely used in 
sepsis may show a different performance in elderly patients 
due to several factors including the presence of chronic 
inflammation in this population. For example, patients 
with frailty are characterized by having lower lymphocyte 
counts, and higher levels of inflammatory markers including 
interleukin 6, C-reactive protein (CRP), and tumor necro-
sis factor-α [69]. In addition, there are also differences in 
pathogens in the elderly population with an increased rate of 
multi-resistant organisms due to the greater use of healthcare 
facilities and cumulative antibiotic exposure [70].

The clinical presentation of sepsis in older patients may 
be significantly different from younger ones as a result of 
several factors including differences in cytokine produc-
tion and more severe infection due to diagnostic delays and 
higher susceptibility to deterioration [71]. In fact, elderly 
patients often present with ambiguous and unspecific 
symptoms, such as altered consciousness, malaise, cogni-
tive impairment, hyporexia, muscle weakness, and inconti-
nence. Importantly, fever as a hallmark of the host response 

is absent in a significant proportion of elderly patients with 
infection. Accordingly, prospective studies have shown that 
commonly used clinical scores for assessing sepsis (e.g., 
qSOFA, SIRS) have lower sensitivity and specificity in old 
patients [72]. Elderly patients are also at increased risk for 
fast deterioration, which significantly correlates with frailty 
and high burden of comorbidity [73]. The rapid deteriora-
tion in the elderly patient adds to the importance of early 
diagnosis and treatment in this population. High degree 
of suspicion is crucial to identify patients at risk of clini-
cal worsening to septic shock, multiorgan dysfunction and 
death. In these time-critical decisions, biomarkers, such as 
PCT, may improve sepsis management by early detection 
of elderly patients with severe infections or early sepsis to 
initiate treatment measures early.

Several studies focusing on elderly patients (> 75 years) 
have found that similar cut-off values of PCT can be used 
as in younger patients, particularly when the probability 
of bacterial infection is high [74]. There are also several 
studies documenting the clinical benefits of a prompt ini-
tiation of appropriate broad-spectrum antimicrobial treat-
ment in elderly patients with sepsis, particularly when 
multi-drug resistant organisms are suspected [75]. Yet, the 
decision to stop antibiotic therapy should be based on sev-
eral parameters, especially in elderly patients with severe 
infections. Biomarkers may guide clinicians in this choice. 
However, the identification of the optimal protein biomarker 
is challenging. Increasing evidence shows that CRP is not 
only an inflammatory biomarker, but also correlates with 
ageing-related diseases including cardiovascular disease, 
hypertension, diabetes mellitus, and kidney disease [76]. 
As a consequence, many elderly, polymorbid patients have 
increased levels of inflammatory biomarkers such as IL-6, 
CRP and TNF-α [77]. Thus, CRP has low specificity in this 
population. PCT has shown to be more specific and less 
influenced by polymorbidity [78]. In one study looking at 
elderly patients, a low PCT cut-off of 0.055 ng/mL had a 
much higher specificity and sensitivity in predicting bac-
terial infections compared to CRP (i.e., 92.4% and 63.6% 
vs., 80.0% and 81.3%, respectively). There are also some 
interesting findings in elderly patients with COVID-19. In 
a large observational study, Moreno-García and colleagues 
found that patients with COVID-19 and higher PCT values 
had more risk to be affected by bacterial coinfections than 
those with lower PCT levels [79].

Treatment studies in respiratory tract 
infection

While several studies have investigated the value of PCT in 
elderly patients, today most evidence is available for respira-
tory tract infection. Herein, PCT has shown high accuracy 
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to predict bacterial versus viral infection, and detect bacte-
rial superinfection in patients with viral pneumonia when 
PCT values were > 0.10–0.25 ng/ml [80–82]. Also, PCT 
was found to be helpful in discriminating between atypi-
cal bacteria (Mycoplasma pneumoniae or Chlamydophila 
pneumoniae) and typical bacteria [80, 81]. When PCT levels 
were > 0.5 ng/ml the likelihood for Streptococcus pneumo-
niae was very high [83, 84]. High PCT also predicted poor 
outcome and risk of severe sepsis and septic shock [84–86], 
and bacteremia [87–90] in several studies. PCT has dem-
onstrated a high negative predictive values of > 94% and 
specificities > 90%, particularly when low cut-off levels of 
0.1–0.25 ng/ml were used [87, 88]. Also, PCT was helpful 
for clinical and antimicrobial treatment monitoring with a 
reduction in PCT levels suggesting resolution of illness [82].

Importantly, different studies have shown that the per-
formance of PCT in elderly patients is similar to younger 
patients in regard to its diagnostic and prognostic properties. 
The very recent PROPAGE study evaluated the interest of 
a strategy using serial measurements of PCT to reduce the 
duration of antibiotic therapy in old patients (≥ 80 years) 
with pneumonia [91]. In this tudy, antibiotic therapy expo-
sure was reduced in the PCT group as compared to the Con-
trol group from a median of 8–10 days with no significant 
difference in recovery rate. Also, several studies indicated 
that PCT was superior to other markers regarding diagno-
sis, prediction of bacteremia and prediction of mortality 
[92–95]. A meta-analysis including four studies showed 
that the area under the curve (AUC) was 0.89 (95%CI 
0.86–0.92) for identifying systemic bacterial infections in 
elderly patients [96]. Looking at bacteraemia, comparisons 
favored PCT over CRP for its NPV of 95% in older popula-
tions at a cut-off of 0.5 ng/mL [97], confirming results of an 
earlier study with sensitivity for PCT of > 90% and an NPV 
up to 95% for cut-off levels of 0.4–0.5 ng/mL [98].

Many parameters of the mortality risk scores are related to 
host inflammatory response to infection. The physiological 

changes related to ageing, comorbidity, polypharmacy and 
geriatric syndromes in older patients might inhibit adequate 
response to infection, thereby reducing the prognostic pre-
diction capacity of these scores in these patients [99–101]. 
Nevertheless, the scores currently available have not been 
specifically validated in older patients. The studies provide 
evidence regarding the limitations of the SIRS criteria, 
qSOFA, and NEWS2 score in identifying high-risk older 
patients with acute infection, showing an AUC of 0.69 (95% 
CI 0.61–0.76; p < 0.001) for the qSOFA score, 0.65 (95% 
CI 0.59–0.72; p < 0.001) for SIRS, and 0.70 (0.64–0.76) for 
NEWS2 to predict short-time death [99, 102].

Thus, PCT should be used in combination with clinical 
scoring systems for decision-making, and must be inter-
preted in the context of clinical findings. Figure 1 shows a 
proposed algorithm for PCT use in combination with clini-
cal scores for clinical decision making. Severe illness was 
defined here based on the qSOFA score of ≥ 2 or a NEWS 
score ≥ 5. We considered pneumonia as severe illness in the 
elderly patient because it represents the main cause of death 
due to infectious disease in Western countries (10–14%) [90, 
103, 104], and the reason of most episodes of sepsis and sep-
tic shock treated in EDs [105], as well as the most prevalent 
infectious cause (9%) of admission to the intensive care unit 
(ICU) [83, 105]. In this respect, elderly patients have a more 
difficult diagnosis [101], greater clinical severity and higher 
short and long-term mortality [104, 105]. Importantly, this 
proposed algorithm is based on clinical experience of the 
authors, but needs validation in prospective trials.

Treatment studies in urinary tract infections

Urinary tract infections (UTI) are one of the main infec-
tions in older populations [71]. At the same time, because 
of anatomical and functional modifications of bladder, 
urinary tract mucosa and local immunity, asymptomatic 

Fig. 1   Proposed PCT Algorithm 
for use in elderly patients mild 
or severe respiratory infection
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bacteriuria (ASB) becomes more frequent as patients get 
older. In patients > 80 years of age, 15–50% have ASB [71, 
106], defined as the presence of 1 or more species of bacteria 
growing in the urine at specified quantitative counts (≥ 105 
colony-forming units [CFU]/mL or ≥ 108 CFU/L), irrespec-
tive of the presence of pyuria, in the absence of signs or 
symptoms attributable to UTI. However, there is frequent 
overdiagnosis and overtreatment of ASB in older patients, 
because they often present with atypical symptoms, which 
could be due to infection (e.g., delirium). Studies have esti-
mated that 50% of antibiotic treatments for ASB in elderly 
patients are not required, but importantly increase the risk 
for side-effects [71, 106]. There is thus need to improve the 
diagnostic and therapeutic management of the elderly patient 
with possible UTI. Herein, several studies have investigated 
the role of PCT in the context of elderly patients presenting 
with possible UTI.

First, several observational studies investigated PCT in 
patients presenting with possible UTI. A retrospective sin-
gle center study from the United States found a negative 
predictive value of 91% of PCT at a threshold of < 0.25 ng/
ml to exclude UTI [107]. However, the negative predictive 
value was only 77% in another prospective study looking at 
229 hospitalized patients with UTI using a PCT threshold 
of < 0.18 ng/mL [108]. Similarly, in an observational study 
looking at 216 Dutch nursing home residents from 13 nurs-
ing homes, PCT at a threshold of 0.25 ng/ml had a low sen-
sitivity of 35% with a corresponding specificity of 57.8% to 
diagnose UTI [109]. However, these observational studies 
were limited by the diagnostic uncertainty around UTI with 
lack of a strong consensus “goldstandard” diagnosis [106]. 
In contrast, studies that have looked at PCT to predict bacte-
remia at thresholds of 0.25 mg/ml to 0.5 ng/ml reported high 
negative predictive values around 95% [97]. Still, bacteremia 
may also not be a reliable goldstandard for UTI.

In addition to the above-mentioned observational 
research, there was also one randomized trial looking at the 
impact of a PCT-pyuria-based algorithm to guide antibiotic 
duration in UTI in 125 elderly patients. In this study the 
PCT protocol decreased the median duration of antibiotic 
treatment from 10 to 7 days, with similar clinical outcomes 
at 90 days of follow-up [110]. This pilot study thus suggest 
that PCT-guided antibiotic treatment reduces antibiotics in 
the elderly population—but proof of clinical safety has not 
been well established.

Thus, today, reliably differentiating UTI from ASB in the 
elderly patients remains an unmet challenge and a goldstand-
ard is largely lacking. There is also only limited evidence 
demonstrating that PCT would be helpful as a diagnostic tool 
to limit overtreatment in elderly with observational studies 
showing mixed results, and one small interventional study 
providing evidence in favour of PCT use. For patients with 
more severe UTI and bacteremia, there is more conclusive 

evidence that a low PCT is helpful in ruling out bacteremia 
and for guiding duration of antibiotic treatment [97, 110, 
111]. Clearly, there is need for additional research regard-
ing PCT in the patients with possible UTI among different 
settings including older patients in the hospital or nursing 
homes to understand the clinical benefits of this approach.

Limitations

This narrative review has limitations. First, we did not do a 
systematic review for each type of infection but have selected 
studies based on a PubMed search and the authors expertise. 
Our conclusions may thus be too enthusiastic. Second, most 
of the studies did not blind patients and/or investigators and 
thus subject to possible bias. Third, we did not in more detail 
discuss other markers of infection. However, there is a lack 
of well done and large studies comparing the effect of other 
infection biomarkers when used in the context of antibiotic 
stewardship in the elderly. Also, there is lack of real world 
data specifically in the elderly population.

Importantly, PCT is far from being perfect and thus levels 
must be evaluated in the context of a careful clinical and 
microbiological patient assessment. Because the kinetics 
of PCT are of particular diagnostic and prognostic impor-
tance, repeated measurements should be performed. This 
is particularly true for persistently sick patients and in situ-
ations where antibiotics are withheld. Limitations of PCT 
include false-positive and false-negative results [112]. PCT 
levels may increase in the absence of a bacterial infections 
in patients with severe trauma or surgery [112–114]. Here, 
PCT usually shows a rapid decline in follow-up measure-
ments when the patient recovers. Also, chronic renal failure 
patients may have a slower PCT decrease [115]. PCT levels 
may also be low in the early course or localised state of an 
infection with later measurements showing an increase in 
levels. Thus again, repeated PCT measurements are advised 
in case of uncertainty. Further, there is lack of interventional 
research for patients with SARS-CoV-2 infection and this 
use of PCT in this population remains unproven. Another 
important consideration are costs of PCT. While some 
reviews found PCT to be cost efficient in respiratory infec-
tions when antibiotics can be reduced by the measurement 
of this marker [116], this may not be true for other indica-
tions. For these specific questions, there is a lack of studies 
focusing on elderly patients. Also, there is need for studies 
comparing PCT to more traditional markers such as CRP 
and ESR. Finally, today, there is no strong guideline recom-
mendation regarding use of PCT in the elderly. This would 
strengthen the use of this marker in real world practice.
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Future directions and conclusion

This narrative review found several interesting clinical set-
tings where PCT-guided therapy may help to reduce anti-
biotic exposure by either decreasing initiation or duration 
of treatment in the elderly population. Yet, PCT and other 
biomarkers have established roles for diagnosis and prog-
nostication in various diseases albeit ‘patient-centered ben-
efit’ has not been consistently shown, e.g., regarding use 
of natriuretic peptides to guide therapy of congestive heart 
failure, a disease associated with advanced age and a clas-
sical “domaine” of natriuretic peptides. However, patients 
in GUIDE-IT received similar care and had similar NT-
proBNP lowering regardless of treatment allocation [117]. In 
this trial, added value of a biomarker-guided approach over 
‘carefully managed’ patients could not be documented. Vice 
versa, the assumption that data regarding management of 
life-threatening infection can be extrapolated to the elderly 
is oversimplifying the problem. Regarding the latter, Jung 
et al. studied the response of elderly patients to corticos-
teroids for severe COVID19, i.e., a population that is more 
prone to secondary bacterial infections and other side effects 
such as hyperglycaemia [118]. They observed a shift in the 
risk–benefit balance in an elderly, potentially frail patient 
group consisting of 2115 patients receiving corticosteroids, 
and 967 patients receiving none. In contrast to the large plat-
form trials including all age groups, 30-day mortality in the 
elderly was 53% if treated with corticosteroids and 42% in 
the no-corticosteroid group (p < 0.001). This association was 
even more pronounced after 3 months (69 vs 49%; p < 0.001) 
and was still obvious after multivariable adjustment (aOR 
1.60, 95% CI 1.26–2.04; p < 0.001). Thus, identification 
of real-world settings in which elderly patients at risk will 
favourably respond to a given intervention are required to 
identify those patients where solely clinical decision making 
is not sufficient to guide therapy. Today there is an important 
lack of such real world data in the elderly regarding use of 
PCT. Still, in the light of the documented potential of PCT 
to reduce the time on antibiotics in severe infections, use of 
PCT to guide antibiotics in the elderly is a particularly prom-
ising avenue as this population has an altered host response 
due to immune senescence [30]. The likelihood to develop 
severe infection along with a blunted clinical appearance 
remains a leading problem with associated morbidity and 
mortality warranting to study the added value of biomarkers 
to support antibiotic stewardship and immunomodulatory 
interventions, such as corticosteroids.
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