
Contributes to early diagnosis • indicates infection severity •  reflects
 efficacy of initiated therapy • comforts decision to stop antibiotic 
therapy • allows reduction of antibiotic exposure and related side-effects 
•  optimizes patient management and resource allocation

bacterial infections and sepsis 

procalcitonin testing
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Improving infection management



PCT – fast and highly
 specific increase in  bacterial
 infection and sepsis
One major advantage of PCT compared to other parameters
is i ts early and highly specific increase in response to
bacterial infections and sepsis. 17 , 28 , 31 Thus, in sept ic
 condit ions in creased PCT levels can be observed 3 -6 hours
after  infectious  chal lenge.

Low PCT values (<0.25 µg/L) in patients with cl inical signs
of  infect ion (CAP, UTI) indicate a low probabi l i ty for blood
cul ture proof of bacter ia l  infect ion, whereas elevated PCT
values (>0.25 µg/L) seem to correlate with the bacterial load
and  posit ive blood culture result.32 ,47

PCT levels in sepsis are generally greater than 1-2 µg/L and
often reach values be tween 10 and 100 µg/L, or consider -
ably  higher in  individual cases, thus  enabl ing the diagnostic
d i f ferent ia t ion  between var ious  c l in ica l  condi t ions and a
severe bacterial infection (sepsis).

Figure 1: Kinetics of PCT compared to other inflammatory markers upon infection 6,13,17,28

Clinical need for earlier  
detection of sepsis
Early detection and specific clinical intervention has been
shown to be crucial for the improved outcome of patients
with sepsis. Sepsis can be diff icult to distinguish from other,
non- infectious  condit ions in crit ical ly i l l  patients with cl in ical
signs of acute inf lammation. Therefore, in the early phase of
the d isease process i t  may be d i f f icu l t  to dec ide on the
appro priate ther apeutic  measures for the individual patient. 

Additional specific information would be helpful to increase
the  accuracy of sepsis diagnosis at an early stage. A para-
meter which fu l f i l l s  these demands to a h igh  degree is
Procalcitonin (PCT).

Diagnosis and monitoring of sepsis
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Figure 2a: PCT versus CRP 46

PCT: Better differentiation of bacterial  infection from
non-infectious causes of  inflammation

Global odds ratios for diagnosis of infection compli-
cated by systemic inflammation were 15.7 for the 
25 studies (2966 patients) using PCT (95% confi-
dence interval, 9.1-27.1) (PCT; •) and 5.4 for the
15 studies (1322 patients) using C-reactive protein
(95% confidence interval, 3.2-9.2) (CRP; •) 

Figure 2b: PCT versus IL-6 and IL-8 17

PCT: More accurate diagnosis of sepsis than IL-6 
and IL-8

Receiver operating characteristics (ROC)  curves
 comparing serum procalcitonin (PCT), interleukin 6
(IL-6) and interleukin 8 (IL-8) for detection of sepsis
on day of  admission to ICU.

Only PCT significantly
 improves  accuracy of
 clinical sepsis diagnosis 
PCT is the only laboratory parameter that made a signif icant
contr ibution to the cl inical diagnosis of sepsis (Figure 3).17

In contrast to PCT, for IL-6, IL-8 and CRP such effect could
not be demonstrated. 

Figure 3: Accuracy of sepsis diagnosis based on a clinical model with and without PCT 17

Figure 2: Comparison of diagnostic performances of various markers for diagnosis 
of bacterial infection/sepsis
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PCT – best parameter for
early sepsis diagnosis
PCT has been shown to be the best marker for differentiating
 patients with sepsis from those with systemic inf lammatory
 reaction not related to infectious cause (Figure 2a, b).17,31,46,48
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Increased PCT values – best  indicator for the severity
of infection and organ dysfunction
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Figure 5a, b: Differentiation  between SIRS (Systemic Inflam ma tory Response Syndrome),  sepsis, severe sepsis and septic shock by PCT and IL-6 17

Figure 5c, d: Assessment of severity of disease  (increasing organ dysfunction) by PCT and CRP 29

PCT development accurately reflects 
the progression of the disease  during infection 

and is more  reliable than other parameters.
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Figure 4: PCT increase reflects the continuous
 development from a healthy condition to the most
severe states of disease (severe sepsis and septic
shock)
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PCT kinetics can be used
to assess the  effectiveness
of treatment
Effect ive ant ibiot ic (AB) treatment is ref lected by decl ining
PCT  va lues,7 cons is tent  wi th i ts  ha l f- l i fe t ime of about  
20-24 hours.28 Consequently, serial determinations of PCT
can be used to  monitor the course and prognosis of life-
threatening  systemic bacterial infec tions and to tai lor the
therapeutic interventions more eff iciently (Figure 6).39 ,44 

Th is has been demonstrated for a var ie ty of  c l in ica l  con -
d i t ions, e.g. for  the case management of  pat ients wi th
venti lator- associated pneumonia (VAP),24,43 with community-
acquired pneumonia (CAP),11,27 and for patients with sepsis
or septic shock.3,19,33 Appropriate empiric antibiotic treat-
ment was found to be reflected by a significant decline of
PCT from D2 to D3.7

Figure 6: Typical course of PCT serum level according to patient’s response to antibiotic 
treatment (n=109) 44
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PCT impact on diagnostic
and  therapeutic decisions
and resource  allocation
Init ial studies on the implication of uti l iz ing PCT showed that
 systematic use of PCT has an impact both on the  decision
on additional diagnostic measures, such as microbiological
tests, invasive procedures or imag ing, 2 ,23 ,36 as well as on
duration of antibiotic therapy and length of stay in ICU
(Figure 7).3 ,11 ,18 ,19 ,26 ,33 ,38

This allows 
• a more individualized approach for each patient
• a more judicious, shorter use of antibiotics
• shorter stay in ICU
• cost savings 49

Immediate effectiveness of AB
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Figure 7: Length of ICU stay for patients treated according to PCT-based algorithm compared to control
group treated according to routine practice 19,33
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Figure 8: PCT algorithm for stopping antibiotics in patients with sepsis in the ICU 39

PCT impact on antibiotic therapy
The duration of antibiotic therapy in crit ically i l l patients with
sepsis is st i l l  based on empir ica l  ru les, which may lead to
anti biot ic overuse and selection pressure.

I t  has been demonstrated now in more than 1000 ICU
 patients that the application of a decision algorithm based
on the re lat ive decrease of p lasma PCT leve ls over t ime
(Figure 8) al lows a  significant reduction in the duration of
antibiotic therapy and potentially also on ICU stay, with out
 apparent harm to  pat ients wi th severe seps is and sept ic
shock (Figure 9-10).21,39

PCT-guided algorithm al lows significant reduction of anti -
biotic treatment duration compared to rout ine pract ice
(F igure 9).21 Shorter ant ib iot ic therapy is  associa ted wi th
reduced costs,  part icularly when broad-spectrum antibiot ics
are used.

An even more impressive impact on the treatment-related
costs may be expected from the possible  reduction of ICU
length of stay as demonstrated in one  study in medical and
another in surgical ICU pat ients t reated for sepsis. In both
studies the  pat ients in the PCT group were disposed from
ICU to normal ward 2 days ear l ier  than standard group
patients (Figure 7).19 ,33

PCT-guidance strategy was shown to be non-inferior
regard ing 28 day mortality compared to routine practice
(Figure 10).21

Early diagnosis – confident decisions

Recommendation
for stopping
 antibiotics

Ongoing
infection?

Important considerationsPCT [µg/L]

AB CONTINUE!

AB continue

AB stop

AB STOP!

≥1

≥0.5-<1

≥0.25- <0.5

<0.25

Very likely

Likely

Unlikely

Very unlikely

• Consider the course of PCT
• If antibiotics are initiated
- Daily measurement of PCT; discontinue antibiotics when PCT decreases
>80% of the peak level or an absolute PCT value <0.5 µg/L is reached

- If PCT remains high, consider treatment failure

• Always consider clinical course of patients in addition to PCT levels
• If antibiotics are discontinued, close clinical evaluation is recommended



Figure 10: 28 day mortality in patients treated based on PCT-guided  algorithm compared to those patients
treated according to routine practice 21

Figure 9: Duration of AB treatment guided by a PCT-based algorithm versus routine practice 21

9b: Total duration of AB treatment
The implementation of procalcitonin-guided algorithms decreased the total duration of
 antibiotic treatment by 4 days (fixed effect model: weighted mean  difference: 4.19 days;
95% confidence interval, 4.98 to 3.39).

Forest plot showing the comparison of PCT-guided
 algorithms vs. routine practice. The size of each
square represents the proportion of information
 provided by each study. The vertical line depicts 
the point of “no differ ence” between the two groups,
and the horizontal lines correspond to the 95%
 con fidence intervals (CIs). Diamonds represent the
pooled odds ratio (OR) for all studies.
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9a: Duration of AB treatment for first episode of infection
The implementation of procalcitonin-guided algorithms decreased the duration of antibiotic
therapy for the first episode of infection by approximately 2 days (weighted mean difference
2.36 days; 95% confidence interval, 3.11 to 1.61). 

With PCT guidance, the duration of antibiotic therapy 
of critically ill patients can be significantly reduced 

compared to  the standard approach, 
with a similar outcome in both groups.21
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Early clinical assessment 
of LRTI by sensitive PCT
 measurement
Sensit ive PCT measurement techniques wi l l  capture minor
 ele va t ions of PCT in the blood circulat ion 12,30 ,41 – therefore
the detection of clinically relevant bacterial infection is
possible at a much earlier stage of the disease.

Lower respiratory tract
 infection (LRTI) – major
cause of sepsis
I t  is common knowledge that the majority of septic cases in
the ICU are caused by pneumonia.10 LRTI should be con -
s idered as a potent ia l  pre-sept ic condi t ion which  requires
early diagnosis and treatment. Such an approach may help
to decrease the number of patients developing sepsis and,
subsequently,  increase their chance of  survival.

Diagnosis and monitoring 
of clinically relevant bacterial LRTI

Figure 11: PCT algorithm for patients with LRTI 39
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Recommendation
for  antibiotics

Bacterial
infection?

Important considerations and overruling criteriaPCT [µg/L]

AB YES!

AB Yes

AB No

AB NO!

≥0.5

≥0.25 -<0.5

≥0.1- <0.25

<0.1

Very likely

Likely

Unlikely

Very unlikely

• Consider the course of PCT
• If antibiotics are initiated
- Repeat PCT on days 3, 5 and 7; stop antibiotics using the same cut-offs
- If peak PCT levels are very high, then stop when 80-90%  decrease of peak
- If PCT remains high, consider treatment failure

• If antibiotics are withheld, control PCT after 6-24 h
• Initial antibiotics can be considered in case of
- Respiratory or hemodynamic instability, severest comorbi dities, ICU admission
- PCT <0.1 µg/L: CAP with PSI V or CURB >3, COPD with GOLD IV
- PCT <0.25 µg/L: CAP with PSI IV & V or CURB >2, COPD with GOLD III & IV
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Figure 13: Survival probability by days in acute heart failure patients with accompanying pneumonia
and PCT values >0.2 µg/L treated or not treated with AB 25

Identification of LRTI
 patients who  require
 antibiotic therapy
Due to the high specificity of PCT for bacterial infection, PCT
measurement at relatively low concentra tions can help to
differ entiate patients with  clinically relevant LRTI who
require antibiotic therapy (AB) from those with viral infection
or minor bacter ia l  in fect ion who do not requi re ant ib iot ic
treatment.10

For patients who are clinically assessed as requiring treat-
ment with antibiotics, but who have low PCT values (<0.25
µg/L), it is recommended that antibiotics should not be
 administered. For patients with very low PCT values (<0.1
µg/L), AB treatment is strongly discouraged (see decis ion
algorithm, Figure 11).

Data are avai lable now from randomized control led tr ials in
about 3000 patients with LRTI, demonstrat ing that with this
 approach AB exposure can be significantly  reduced
without impairment of the outcome compared to standard
treatment (Figure 12).38,39

Figure 12: AB treatment based on standard clinical assessment of LRTI and guided by PCT level 38

Patient groups with LRTI and relative reduction of AB prescription by PCT guidance: CAP (community-
acquired  pneumonia); AECOPD (acute exacerbation of  chronic  obstructive  pulmonary disease); acute
bronchitis; others
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Consider infection also in
patients with other primary
diagnosis
PCT may also be helpful in patients presenting to the emer-
gency depar tment wi th other pr imary d isease, e.g. with
cardiac insuf f  ic iency, but who have concomitant infect ion,
e.g. pneumonia. I t  was observed that  acute hear t  fa i lure
pat ients wi th e levated PCT leve ls who received ant ib iot ic
treatment had a better outcome than the control group not
treated with anti biot ics (Figure 13).25

PCT group

Control group
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Tailoring the duration of anti biotic therapy 
to the  individual need of patients with LRTI 
LRTI patients wi l l  usual ly be treated with AB for 7-10 days,
patients with community-acquired pneumonia (CAP) for 10-
14 days.

Several mono- and mult icenter randomized  control led tr ials
 demonstrate that the durat ion of therapy can be guided for
each patient individual ly by monitoring the development of
PCT  concentration over the course of antibiot ic treatment.

It is recommended that AB therapy conclude when PCT
levels fall below 80-90% of peak value and i t  is strongly
recommended that AB therapy conclude when PCT levels fal l
below 0.1 µg/L (Figure 11).39

The integrat ion of PCT into diagnost ic and treatment algo-
rithms al lows a better identif ication of patients with cl inical ly
re levant bacter ia l  in fect ion and a more judicious AB pre -
scription. In  addition it becomes possible to tailor the
duration of therapy to the individual clinical situation of each
patient.

This PCT-based approach enables a more targeted use of
 clinical and financial resources by
• More targeted init iat ion of diagnostic measures l ike blood
 culture and imaging

• Reducing expenditures on antibiot ics both in hospital and
 primary care

• Reducing number of treatment days and overall AB exposure
• Reducing r isk of AB resistance development

With PCT guidance the duration of antibiotic therapy 
of LRTI patients can be significantly reduced 

compared to  the standard  approach, 
with a similar outcome in both groups. 10,11,21,38,39,42

Figure 14: Impact of PCT-guided treatment algorithm on antibiotic treatment
duration of patients with LRTI: Results of randomized controlled studies 39
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Clinical evidence 
and  medical impact of PCT 
Due to the high level of evidence for the impact of a PCT-
ass is ted c l in ica l  s t ra tegy (more than 2000 c l in ica l  and
scienti f ic publ icat ions with 14 randomized control led inter-
ventional studies), PCT has been included into a number of
national and international cl inical recommendations.

The American guidel ines for evaluation of new fever in cri t -
ical ly i l l  adult pat ients recommend serum PCT levels as an
adjunctive diagnostic tool for discriminating infection as the
cause for fever or sepsis presentat ions.34

PCT is recommended for early sepsis diagnosis and discon-
t inuat ion of  ant ib iot ic therapy e.g. by German Seps is
Guide   l ines 15 and Surviving Sepsis Guidel ines.14

The German guide l ines for the management of  adul t 
lower respi ra tor y t ract  in fect ions (LRTI )  recommend PCT 
for  ant ib iot ic s tewardship in pat ients wi th AECOPD and
commu  nity-acquired pneumonia.35

Recently, PCT was also included into the European guidelines
for management of adult LRTI.50



Early diagnosis – confident decisions

Healthy individuals: Determination of normal values with
a highly sensitive assay revealed normal values to be
below 0.05 µg/L.30

PCT serum concentrat ions are elevated in cl inical ly relevant
bacterial infections and continue to r ise with the increasing
severity of the disease. However, as an expression of individ -
ua l ly  d i f ferent immune  responses and d i f ferent c l in ica l

s i tuat ions, the same focus of infect ion may be associated
wi th vary ing ind iv idua l   e levat ions in PCT concentrat ions.
Therefore, c l in ic ians should use the PCT resu l ts  in con -
junction with the patient’s cl inical signs and other laboratory
f ind ings, and in terpret  the va lues in the context  of  the
patient’s cl inical situat ion.* The reference ranges below are
provided for guidance purposes only.

Interpretation of results

Diagnosis of systemic bacterial infection/sepsis 1,17

SIRS, sepsis, severe sepsis, and septic shock are categorized according to the criteria 
of the consensus  conference of the American College of Chest Physicians/Society of Critical Care Medicine.1

PCT <0.5 µg/L
Systemic infection (sepsis) is not likely.

Local bacterial infection is possible.

Low risk for progression to severe systemic infection (severe sepsis).

Caution: PCT levels below 0.5 µg/L do not exclude an  infection,  because localized infections 
(without systemic signs) may be  associated with such low levels. 
Also if the PCT measurement is performed immediately after  bacterial challenge  (usually <6 hours),
these values may still be low. In this case, PCT should be  re-assessed 6-24 hours later. 10

PCT ≥0.5 - <2 µg/L
Systemic infection (sepsis) is possible, 
but various conditions are known to 
 induce PCT as well.*

Moderate risk for progression to severe systemic infection (severe  sepsis). The patient should be
 closely monitored both clinically and by     re-assessing PCT  within 6-24 hours.

PCT ≥2 - <10 µg/L
Systemic infection (sepsis) is likely,  
unless other causes are known.*

High risk for progression to severe systemic infection (severe sepsis).

PCT ≥10 µg/L
Important systemic inflammatory  
response, almost exclusively due to  
severe bacterial sepsis or septic shock.

High likelihood of severe sepsis or septic shock.

Differential diagnosis of Lower Respiratory Tract Infections 10,39

PCT <0.1 µg/L 
Indicates absence of bacterial infection. Use of antibiotics strongly discouraged, also in the presence of impaired pulmonary  reserve in AECOPD.

PCT ≥0.1 - <0.25 µg/L
Bacterial infection unlikely. The use of antibiotics is discouraged.

PCT ≥0.25 - <0.5 µg/L
Bacterial infection is possible. Advice to initiate antimicrobial therapy.

PCT ≥0.5 µg/L
Suggests the presence of bacterial infection. Antibiotic treatment strongly recommended.



* NOTE: 
Increased PCT levels may not always be related to systemic bacterial infection.28

There are a few situations described where PCT can be elevated by non-bacterial causes. 
These include, but are not limited to
- neonates <48 hours of life (physiological elevation) (see reference values Figure 15)
- the first days after a major trauma, major surgical intervention, severe burns, treatment 
with OKT3 antibodies and other drugs stimulating the release of pro-inflammatory cytokines

- patients with invasive fungal infections or acute attacks of plasmodium falciparum malaria
- patients with prolonged or severe cardiogenic shock or prolonged severe organ perfusion  anomalies 
- patients with severe liver cirrhosis and acute or chronic viral hepatitis
- patients with small cell lung cancer or medullary C-cell carcinoma of the thyroid.
Low PCT levels do not automatically exclude the presence of bacterial infection.28

Such low levels may be obtained, e.g., during the early course of infections, in localized infections 
and in subacute endocarditis. Therefore,  follow-up and re-evaluation of PCT in clinical suspicion of
 infection is pivotal. The PCT measuring technique should be chosen depending on the  intended 
clinical use (see Figure 16). 

Fig ure 15a: Healthy newborns
95% ref er ence  range of PCT in healthy newborns (n=83) in the  first 48  hours  after
 birth. Indi vid u al meas ure ments are illus trat ed. The unbrok en line char ac ter iz es the
geo met ric mean and the dot ted  lines the 95% ref er ence  range.8

Fig ure 15b: Septic newborns
PCT val ues in neo nates pre sent ing symptoms of sepsis with in the  first 48  hours 
of  birth. Indi vid u al meas ure ments are   displayed. The unbrok en line  refers to the
geo met ric mean  while the dot ted  lines  refer to the 95% ref er ence  range in the
non-infect ed nor mal pop u la tion.8
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PCT reference ranges in neonates
Early and reliable differentiation of infected and non-infected
newborns is possible with PCT determination directly after
birth from cord blood when neonatal infection is suspected.
A value <0.5 µg/L practically excludes the presence of
infection (calculated best cut-off 0.6 µg/L with a negative
predict ive va lue of  99% and a post- test  probabi l i ty  of
0.001%). 20

After birth the PCT values of the newborn increase over the
first 24 hours and stay elevated during the first 2 days of l ife.

Therefore separate, well-defined reference ranges apply to new -
born  infants at different hours of age during the first 48 hours of
life (Figure 15a). However, also during these first 2 days of
life, the PCT values of newborns suffering from early
sepsis are significantly  higher than those of non-infected
newborns (Figure 15b), so that PCT can be used for sepsis
diagnosis.

The adult reference range appl ies from day 3 after birth. 8 ,9
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Practical aspects of PCT testing

Frequently asked questions Answers

PCT induction 
and kinetics

What is PCT and where is it produced? PCT is the prohormone of calcitonin. Whereas calcitonin is secreted 
by the C-cells of the thyroid after hormonal stimulation, PCT can be
 produced by numerous cell types and organs after pro inflammatory
 stimulation, especially when caused by  bacterial challenge.12

Rapid increase after bacterial infection

Half-life time in vivo

PCT increases ~3 hours after bacterial infection, 
reaching  maximum  values after 6-12 hours.12

About 24 hours

Patient  
monitoring 
with PCT

Frequency of PCT measurement for patient monitoring Minimum once per day

Interpretation of PCT concentrations  
during therapeutic monitoring*, e.g. after 
 surgical removal of septic focus and/or 
after start of antibiotic therapy

~50% reduction of PCT concentration per day over several days
�  Indication for success of therapeutic intervention  (surgery, 

antibiotic treatment)

Persistent high or further increasing PCT levels 
�  Indication for non-controlled infectious process justifying 

a re-assessment of therapeutic strategy 11,12,17,24,44

Interpretation of PCT concentrations  
during infectious disease monitoring*  
of high-risk patients, e.g. after extended 
surgery or polytrauma

Low PCT levels or a significant reduction of primarily 
increased PCT levels by ~50% per day over the subsequent 
2-3 days to reach low values.
�  No infectious complication

Persistent increased PCT levels or newly increasing PCT levels 
indicate  infectious complication
�  Infectious complication 12,16

Sample 
material and  
stability

Sample material for PCT measurement Depending on the used assay format human serum or plasma may be used.*
PCT values measured in patient samples of arterial blood are ~4% higher
than in samples from venous blood.28

Current assay formats are suitable for use with human serum or plasma only.
Other human body fluids or samples from other species cannot be used.

Stability
In vitro stability

At room temperature

At -20 °C 

Freeze/thaw, 3 cycles

Very stable in vitro,28 no special requirements for pre-analytical sample
 handling and storage

PCT is stable up to 24 hours in serum, plasma 25 and even in whole blood.4

Individual deviations might occur due to individual proteolytic activities.

Stable for months 40

<2% loss of PCT in the sample

PCT and blood 
culture 

What is the additive value of PCT 
measurement?

Can PCT measurement replace 
blood cultures?

PCT allows the fast identification of patients who need antibiotic 
treatment and where a blood culture is useful. 32,47

Blood cultures are needed for the identification of the causative
 micro organism in patients with suspected blood stream infection.

* For patient monitoring the same sample matrix should always be used.
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Which assay to use? Today a rapid, semi-quantitative assay is available
together with several  different immunoassays for quant itative determination
of PCT concentra tions. All PCT determinations can be measured in either
serum or plasma. Results are available within 18 minutes to 2.5 hours –

depending on the choice of method used. Choice of assay depends on
intended clinical use (Figure 16). (For  detail ed description of assays please
see enclosed assay information.)

Figure 16: Application of available PCT
assays for various clinical settings
(adapted from Christ-Crain & Müller 12)

Cut-offs for clinical decision making
(e.g. decision on prescription and duration
of AB therapy) depend on the clinical
setting. E.g., for  patients with COPD and
suspicion of infection, antibiot ics would
be prescribed at a lower PCT value
compared to a trauma patient without
concomitant disease.

Decision to prescribe or withhold anti-
biotics should be re-assessed within the
(second) 6-24 hours based on the patients
 clinical picture and PCT level. These values
should also be considered in the cl inical
decision making process  regarding the
 duration of antibiotic therapy as well as
considerat ion of the  cl inical course of
the disease.
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